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Overview

An Urgent Safety Report

The laws of aerodynamics, which make flight possible, can
be subverted in moments by a build-up of ice that in some
situations is barely visible. During icing conditions, ground
deicing and anti-icing procedures become an essential
element in safe operations. Moreover, in-flight icing issues
continue to be made more complex by a growing body of
new knowledge, including refinements in our understanding
of aerodynamics and weather.

This unprecedented multi-issue Flight Safety Digest brings
together a variety of informational and regulatory documents
from U.S. and European sources. Collectively, they offer an
overview of the knowledge concerning icing-related accident
prevention.

Documents included in this special report are from such
widely divergent sources as the International Civil Aviation
Organization (ICAO), the Association of European Airlines
(AEA), the U.S. Federal Aviation Administration (FAA), the
European Joint Aviation Authorities (JAA) and the Air Line
Pilots Association, International (ALPA).

In addition, pertinent articles from FSF publications have
been reprinted here.

The contents are organized into discrete sections, including:

e Deicing/Anti-icing industry update and operational
principles;

« A table and summaries of icing-related commercial
aviation accidents for the years 1946—1996, compiled
by the FSF editorial staff from various sources;

¢ Ground deicing and anti-icing;

 In-flight icing; and,

« Important resources.
Published at the onset of the icing season in the northern
hemisphere, this issue of Flight Safety Digest deserves
close reading by pilots, operations managers, ground crews
and dispatchers. Itrepresents another of FSF’s contributions

to the widest possible distribution of knowledge to enhance
aviation safety.

Flight Safety Foundation (FSF) is an international membership
organization dedicated to the continuous improvement of flight safety.
Nonprofit and independent, FSF was launched in 1945 in response to
the aviation industry’s need for a neutral clearinghouse to disseminate
objective safety information, and for a credible and knowledgeable

body that would identify threats to safety, analyze the problems and
recommend practical solutions to them. Since its beginning, the
Foundation has acted inthe public interest to produce positive influence
on aviation safety. Today, the Foundation provides leadership to more
than 660 member organizations in 77 countries.
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Foreword

“Strange as it may seem, a very light coating of snow or ice, light enough to be hardly visible, will have a tremendqus

effect on reducing the performance of a modern airplane.” These words are as true today as they were 58 yearg ago
whenFlight Sakty Founddion (FSF) bunder érome“Jeny” E Ledeer said them during a lecture on aviation
safety. And despite new technology, training and procedures developed since then to address the problem, accidents
related to icing conditions continue to occur.

This multi-issueFlight Safety Digesbrings together a variety of major informational and regulatory documents
issued by U.S. and European aviation authorities on the subject of icing-related accident prevention.

In the past 50 years, as shown by the table beginning on page 6 and accident summaries beginning on page 1P, ice
has played a role in numerous accidents that have killed crews and passengers and destroyed aircraft. The editorial
staff gathered these data from diverse sources to create a single comprehensive record of the losses from icing-
related accidents. Without any need for rhetoric, the table and summaries show, through statistics and factual narrgtive,
the grim results of icing-related accidents.

No phase of operations is immune to the threat. Recent U.S. examples of icing encounters with fatal consequences
include the following:

» A commuter flight impacted terrain during landing in December 1989, in Pasco, Washington, U.S., killing
both crew members and all four passengers. The aircraft had been in icing conditions for about 10 minutes
on approach;

» An air transport stalled on takeoff in March 1992, in Flushing, New York, U.S., killing two crew members
and 25 passengers; 24 persons survived. The aircraft had been deiced twice before leaving the gate; and,

» A commuter flight went out of control in icing conditions and dived into a soybean field en route to Chicagq,
Illinois, U.S., in October 1994, killing all 68 aboard.

Icing-related accidents have captured the aviation industry’s attention, and it is now widely understood that the
problem is international, not just regional. Even the national air carriers of countries with balmy tropical climates
are likely to fly to and from latitudes that can be gripped by icy conditions.

This issue ofFlight Safety Digest— published at the onset of the icing season in the northern hemisphere —
displays the international scope of efforts to guard against icing-related accidents. The issue would scarcely have
been possible without the labors of the organizations whose work is included here. And they are by no means|the
only contributors to progress in deicing and anti-icing. Numerous other organizations and individuals — too many

to recognize here without unfairly omitting some names — have played their valuable part.
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In connection with thiglight Safety Digestthe editorial staff wishes to offer several special acknowledgments.

In the areas of standards, specifications and recommended practices, two organizations in particular have been at the

leading edge: the Society of Automotive Engineers (SAE) Aerospace G-12 Committee and the International Standg
Organization (ISO). Once again, teamwork has been the key to progress. SAE has coordinated its efforts with
FAA and Transport Canada (TC); ISO has combined efforts with the AEA. (For an update on the latest publicatio
of these and other organizations, see “Deicing/Anti-icing Industry Update and Operational Principles,” page 1.) It
largely to these organizations that the aviation industry owes thanks for, among other things, up-to-date worldw
standards for deicing and anti-icing fluids.

In 1992, two years before the most widely publicized recent icing-related accident, the International Air Transpg

Association (IATA) created an international task force led by IATA's Capt. Tore Granaas, Finnair's Capt. Jorma

Eloranta and United Airlines’ Capt. David Stoddard to draft a ground deicing/anti-icing manual to be published h
the International Civil Aviation Organization (ICAO). (See “Manual of Aircraft Ground De/Anti-Icing Operations,”
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page 43.) The meetings in which the document was developed were an outstanding example of industrywide actjon,

encompassing civil aviation authorities, airlines, manufacturers, pilots, airport authorities and Flight Safety Foundatic

n.

In still another example of evolving, internationally based guidance on icing-related accident avoidance procedures,

the European Joint Aviation Authorities (JAA) continues to refine its Administrative & Guidance Material Section
Four, Operations, Part Two: Procedures Joint Aviation Requirements Operations (JAR OPS). See the Tempor
Guidance Leaflet (TGL), reprinted on page 103.

The Association of European Airlines (AEA), a long-time leader in ground deicing and anti-icing of aircraft, ha
demonstrated how effective measures can result from organizations working as a group to attack the icing probl
AEA, in a continuing campaign, has developed guidelines and methods for reducing the icing risk, especially regard
ground deicing and anti-icing of aircraft. (See “Recommendations for De-Icing/Anti-Icing of Aircraft on the Ground,
page 110.)

Finnair invested considerable resources to identify and resolve the effects of wing icing caused by cold-soaked f
(see “Small Airline Continues to Win Big Battle Against Aircraft Ground Icing,” page 134). Under the leadership o
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Capt. Eloranta, this research resulted in improved ground deicing and anti-icing procedures. Moreover, Finnair
developed a wing-ice detection device, which set the example for a still-burgeoning industry of products to detect
wing ice. Eloranta’s never-ending determination ensured that Finnair’'s findings and innovations were understopd

and shared throughout the industry.

As several documents adapted in this special issue attest, the U.S. Federal Aviation Administration (FAA) h
undertaken major efforts in icing-related research and regulatory updates. The lengthy list of regulatory and advig

as
ory

documents beginning on page 201, most of which were published by the FAA, shows the breadth of icing-accident

preventive measures.

The contents of this special issue speak compellingly of the need for continuing research and development

technological safeguards for ground operations and flight in icing conditions. But improved equipment, and even

improved operating procedures, do not in themselves guarantee safety. They must be applied with understandi
Pilots, air traffic controllers, ground crews and dispatchers must be fully knowledgeable about the effects of icing.

This Flight Safety Digesis dedicated to helping educate all personnel associated with flight operations in icing
conditions. This is not the last word on the subject; nothing could be, because research and experience create
issues and insights. As a whole, this special issue offers a sobering reminder that in this aspect of aviation, there
be no such thing as too much vigilance.

new
can
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Deicing/Anti-icing Industry Update and
Operational Principles

John Posta
Delta Air Lines

Update AEA. The Association of European Airlines (AEA) Task Force
establishes deicing/anti-icing fluid specifications, minimum
The airline industry, in concert with the U.S. Federal Aviation"equirements for deicing/anti-icing procedures and operatipnal
Administration (FAA), the European Joint Aviation Authorities requirements for deicing/anti-icing equipment. The AEA has
(JAA), Transport Canada (TC), the International Civil Aviation Published a deicing awareness booklet and is currently updating
Organization (ICAO) and several other international regulatorits Recommendations for De-Icing/Anti-Icing of Aircraft ¢n
agencies, has made tremendous steps to swiftly address safé§ Groundreprinted in this issue, page 110), and addressing
during winter weather operations. Their efforts have focusegtandardized deicing contracts, training standards, quality
on expanding research, enhancing deicing/anti-icingontrol audit programs, local wing-area frost prevention
procedures and ensuring proper and thorough training of airocedures, Type Il and Type IV fluid behavior problems, gff-
personnel involved. gate procedures and operational issues. The AEA is
coordinating its efforts with the JAA. The JAA is publishing
Organizations such as the Society of Automotive Engineer§echnical Guidance Letter (OPS) 1.345 (K and Other
(SAE), Association of European Airlines (AEA), ContaminantsFor more information on the AEA Deicing Task
International Standards Organization (ISO) and Internationdforce, contact the chairman, Adriaan Gerritsen at KLM Rayal
Air Transport Association (IATA) have coordinated ongoingDutch Airlines, telephone: + 31-20-6490559.
technical and operational efforts to provide the airlines and
regulatory agencies with the latest guidance. NeverthelesS8AE. The Society of Automotive Engineers Aerospace
the transition time to update these documents with the late§-12 Committee develops specifications, standards gnd
technological developments, advancements and standardg@sommended practices on deicing/anti-icing methods, fluids,
slowed by lengthy balloting processes. This causes airlingkeicing facilities, holdover times, ice detection, training
and agencies throughout the world to fall short of meetingeduirements, equipment and future deicing technology. The
the ultimate goal: to have the most efficient, effective and®®AE is coordinating its efforts with the FAA and TC. The FAA
safe deicing/anti-icing program for the upcoming season. V\fé publlshlng a Fllght Standards Information Bulletin for Air
must expedite the balloting process and strive to incorporatansportation (FSAT) on Deicing/Anti-icing. The SAE G-12
the latest changes and updates into our programs in a timedybcommittees are responsible for the following documents:
manner.
* Aerospace Materials Specification (AMS) 1424/
The following is an update on several associations in the Deicing/Anti-icing Fluid[Newtonian],Aircraft, SAE
industry. Type |
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DE/ANTI-ICING INDUSTRY UPDATE AND OPERATIONAL PRINCIPLES

« AMS 1428B,Fluid, Aircraft Deicing/Anti-icing,

and 1V, is expected to be updated at the October 1997
meeting. This document is being updated to address -
fluid dry-out problems, primarily with Type IV fluid.
Wind tunnel testing certification, to test the fluids

for aerodynamic acceptance, is proceeding as -
scheduled.

» Aerospace Recommended Practice (ARP) 4737B,
Aircraft Deicing/Anti-icing Methods with Fluigss
being updated and going out for balloting. This is
primarily to incorporate the revised Type Il and Type e
IV holdover time tables and the new Type lll table.

* ARP 4902Design and Operation of Deicing Facilities
has been balloted and approved by the Aerospace
Council and published.

* Aerospace Standard (AS) 11ke Detection is
published.

 ARP 5149,Training Requirements for Deicings .
published.

e AMS 1431A, Compound, Solid Deicing/Anti-Icing
Runways and Taxiwayand AMS 1435luid, Generig
Deicing/Anti-Icing Runways and Taxiwaymve been
published and are to be revised in October 1997.

For more information on the SAE G-12 Committee, contact e
Gina Saxton at SAE, telephone: + (412) 776-4841, extension
7319.

IATA . The International Air Transport Association Global
Deicing/Anti-icing Working Group produced a deicing/
anti-icing operations manual for the ICAO global safety
standards and operations manuals linked to mandated
procedures for member states. Dedicated international
representatives produced the following document:

« Doc. 9640-AN/940,Manual of Aircraft Ground
Deicing/Anti-icing Operations

This document is being updated and several additional chapterse
are expected to be added. For more information on the IATA
Global Deicing/Anti-icing Working Group: Capt. Tore Granaas

or Capt. Ashok Poduval at IATA, telephone: + (514) 844-6311.

ISO. Teamwork and cooperation are the key factors in
accomplishing the goal of safe winter weather operations.
The AEA and SAE have shown that this is possible by their
diligent and dedicated work together. The AEA and SAE are
combining efforts with changes/updates to the I1SO
documents. This is assigned to the ISO Deicing Working
Group, made up of AEA and SAE representatives and chaired
by Adriaan Gerritsen of KLM.

A number of operational principles concerning ground deici
anti-icing must be understood:

The following ISO documents are being revised to recogn
Non-Newtonian (Pseudoplastic), SAE Types Il, IIISAE specifications:

ISO 11075 Aerospace — Aircraft Deicing/Anti-icing

Newtonian Fluids, ISO Type |

ISO 11076 Aerospace — Deicing/Anti-icing Method

with Fluids

ISO 11077 Aerospace — Self-propelled Deicing/Anti

icing Vehicles — Functional Requirements

ISO 11078 Aerospace — Aircraft Deicing/Anti-icing

Non-Newtonian Fluids, ISO Type I

Deicing/Anti-icing
Operational Principles

Our responsibility is ensuring compliance with the

ze

n

ng/

clean aircraft concept. The captain has the final

authority to determine if the aircraft is airworthy and

can operate safely after being deiced/anti-iced.

Nevertheless, the ground deicing crew shares in

responsibility by providing an aircraft that complies

with the clean aircraft concept.

Deicing is a procedure for removing frozen

this

contamination from aircraft surfaces to provide a clean
surface. Normally this is done using heated (deicing)

fluids.

Anti-icing is a precautionary procedure that prote
against the formation of frozen contaminates on tred
surfaces of the aircraft for a limited period (the holdo
time).

Deicing/anti-icing is a combination of the deicing ar
anti-icing procedures. It can be performed in a o
step or two-step operation.

The one-step procedure is a combination of deic
and anti-icing performed at the same time with the sg
fluid. The fluid is heated and remains on the aircraft
provide anti-icing protection. This procedure can
repeated so as to minimize the time required
complete the final application.

The two-step procedure consists of two distinct flu
applications. The first step, deicing with a heated flu

cts
ted
er

nd
he-

ng
me
to
be

id
id,

is followed by the second step, anti-icing as a separate

fluid application. Normally, Type Il or Type IV fluid ig
used during the second step, but Type | fluid may
used.

be
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DE/ANTI-ICING INDUSTRY UPDATE AND OPERATIONAL PRINCIPLES

Type | fluid is an unthickened fluid that is normally .
applied as a mixture of glycol and water. Mainly, this
fluid provides protection against refreezing when there

Presence of fluid;

Radiation cooling;

is no delay or a minimal delay between deicing/anti- « Residual moisture on aircraft surface:
icing and takeoff and when there is not a high liquid ’
content of freezing precipitation. * Relative humidity;

Type 1l fluid is a thickened fluid that provides * Solar radiation; and,

protection against refreezing for longer periods and can .
be used when longer delays are anticipated. Protection

time is increased compared with Type | fluid during 5 qover times are only estimatesOnly if a scientific

weather conditions with high liquid content. Type Il ,mher could be derived to cover all these variables could
flwq prc_JV|des greater protection than Type | fluid pilot determine an exact number for the HOT.
against ice, frost or snow.

Wind direction and velocity.

the

e The HOT is determined by the pilot based on the

Type IV fluid is an enhanced-performance fluid with
characteristics similar to Type Il. Its anti-icing

effectiveness is superior to Type Il fluid and holdover
time (HOT) is increased significantly under most
conditions.

following information:

Precipitation type and intensity — when determini
intensity consider the rate, density and moist
content of the precipitation, environment
conditions, aircraft skin temperature and operatio
experience of the pilot. Because the HOT is only,
estimate by the pilot, it will vary based on pil
awareness, experience and degree of conserva

HOT is the estimated time that the anti-icing fluid will
prevent the formation of frozen contaminates on treated
surfaces of the aircraft during ground operations. HOTs
are used with an operator’s approved program and can
be developed by the operator, provided they are more
conservative than those in the currently approved tables.
The HOTs are intended to be used as operational
guidelines for departure planning and are used in
conjunction with a check of the aircraft surfaces.
Because of the many factors that affect HOTs they will
never be more than estimates of the fluids’
effectiveness. These factors include:

The HOT begins when the final application of deicin
anti-icing fluid begins. During some weather conditio
aircraft may have to be deiced/anti-iced several tim
Therefore, only the ground deicing/anti-icing cre
knows the start time of the final application. The grou
crew communicates to the flight crew the start time
the final application of fluid and other necessa
information, e.g., type of fluid and percent of glyc
mix for Type Il and Type IV, and that the aircraft critic

» Aircraft component angle, contour and surface surfaces have been checked.

roughness;
e HOTs do not mean that it is safe to take off in

e Ambient temperature;

Aircraft skin temperature;
Fluid type;

Fluid application procedure;
Fluid dilution/strength;

Fluid film thickness;

Fluid temperature;

Operation in close proximity to other aircraft,
equipment and structures;

Operation on snow or slush or wet ramps, taxiways S
ar

and runways;

Precipitation type and intensity (rate, density and
moisture content);

Deicing

weather conditions. The deicing/anti-icing fluid
provide no protection in flight. Therefore, during th
HOT, pilot vigilance and awareness are necessar
avoid takeoff in precipitation conditions in which th
aircraft is not certificated to fly.

The tables are only for six types of weather conditio
frost, freezing fog, snow, freezing drizzle, light freezi
rain and rain on cold-soaked wing. The times lis
depend on the type of anti-icing fluid, weather a
temperature.

Takeoff should occur before the determined holdo
time expires, as shown below.

Start Stop
Anti-icing Anti-icing
1 1

1

Takeoff
]
1

Taxi
Holdover
Time Expires

1
Holdover
Time Starts

Holdover Time

ng

ire
al
nal
an
)
ism.

—

o/
ns
es.
W
nd
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DE/ANTI-ICING INDUSTRY UPDATE AND OPERATIONAL PRINCIPLES

«  When determining the HOT, pilots must consider the < It will be necessary to adjust the HOT based on the
numerous factors that affect the fluid’s ability to provide numerous factors mentioned earlier.
protection against frozen contamination. Therefore, the
HOT is only approximate and must be adjusted after ¢ The HOT expires when the applied fluid loses |ts
considering all the variables. effectiveness or when the time determined by the flight

crew expire.

< Precipitation categories specify a time range or a single
time. Generally, when a range is given the lower time is About the Author
for moderate conditions and the upper time is for light
conditions. During heavy weather conditions the HOTJohn Posta, coordinator, flight control programs, Delta Afir
will be less than the lower time in the range. When a.ines, is a member of the IATA Global Deicing/Anti-icing
single time is given it may be necessary to adjust thgvorking Group, the SAE G-12 Steering Committee and|the
HOT downward after considering all the variables. ISO Deicing Working Group.
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Table 1
Icing-related Commercial Aviation
Accidents, 1946—-1996

FSF Editorial Staff

The data in this table and the icing-related aircraft accident summaries in the next section were drawn from priefs of
accidents by the U.S. National Transportation Safety Board (NTSB); individual NTSB official accident reports;;
Volumes 1 and 2 of the U.K. Civil Aviation Authority publicatioWorld Aviation Accident Summariirclaims
Major Loss RecordFlight Internationaj and Flight Safety Foundation’s in-house resources. There may be many
other icing-related accidents that do not appear in this table, which is not intended as the final word on icing-related
accidents. Although the editorial staff made major efforts to ensure the accuracy and clarity of the information,
minimal data were available in some reports.
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ICING-RELATED COMMERCIAL AVIATION ACCIDENTS, 1946-1996 (TABLE 1)
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Icing-related Commercial Aviation Accidents,
1946-1996 (Summaries)

FSF Editorial Staff

Introduction 3. Know the holdover time (HOT) for the type of deicing/
anti-icing fluid used on your airplane and do not exceed it;

Narratives for the icing-related aircraft accidents summarized
in this section were drawn from briefs of accidents by the ™
U.S. National Transportation Safety Board (NTSB),
individual NTSB accident reports and Volumes 1 and 2
of the U.K. Civil Aviation Authority publicationWorld
Aviation Accident SummanAirclaims Major Loss Record
Flight International and Flight Safety Foundation’s in-house
resources. There may be other icing-related accidents that
do not appear in these sources.

In snowy weather, avoid using reverse thrust to back away
from the gate. Snow can be blown onto the top of the
wings, where it can refreeze as rime ice;

5. Only a small amount of ice on the leading edge of the
wing can cause a significant decrease in the angle-of-aftack
stall margin;

6. Under certain conditions, airframe ice can form on the

For each accident, the editorial staff provides, where available: airplane in a matter of a few seconds;

the aircraft manufacturer and type; aircraft operator; general
weather conditions; type of flight plan; specific weather at the '
accident site; time of day; qualifications of the flight crew;
and for landing accidents, the nature of the approach. If any of

these elements is missing from the summary, it is because the ) ) o »
information was not found in the source material. 8. Flying at high angles of attack in icing conditions can
allow ice to form on the underside of the wings ahd

. fuselage, where it can significantly affect aerodynamic
Things to Remember performance but cannot be removed with on-board
equipment;

When tailplane ice was present, aircraft have been knpwn
to lose pitch control when the wing flaps were extended
to their full position;

There are several good lessons for aviators in the following

accident summaries. They include: 9. Chunks of ice that detach from a jet engine nacelle cah be

ingested by the engine, where they can cause compressor

1. During preflight, do not trust your eyes to determine if ~ damage and instant engine failure; and,
there is ice on the airplane. The best way to find out is by

touch, if that is possible; 10. On aircraft with fuselage-mounted engines, aft of the

wings, ice on the wings can break loose as the wings

2. Any amount of adhering snow or ice on the upper wings flex on takeoff, and that ice can be ingested by the

is too much for takeoff; engines.
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ICING-RELATED COMMERCIAL AVIATION ACCIDENTS, 1946-1996 (SUMMARIES)

Abbreviations and Acronyms
Used in This Section
A&P — Airframe and powerplant
ADF — Automatic direction finder
AFM — Aircraft flight manual
ARTCC — Air route traffic control center
AT — Airline transport pilot/Airline transport rating
C — Commercial certificated pilot
CVR — Cockpit voice recorder
EPR — Engine-pressure ratio
FAA — U.S. Federal Aviation Administration
FARs — U.S. Federal Aviation Regulations
FDR — Flight data recorder
FI — Flight instructor
FL — Flight level
G — Gravity
GCA — Ground-controlled approach
IAS — Indicated air speed
IFR — Instrument flight rules
ILS — Instrument landing system
IMC — Instrument meteorological conditions
IR — Instrument rating
METO — Maximum except takeoff
NDB — Nondirectional beacon
OAT — Outside air temperature
PIREP — Pilot weather report
RPM — Revolutions per minute
SIGMET — Significant meteorological information
VFR — Visual flight rules
VHF — Very high frequency
VMC — Visual meteorological conditions

Icing-related Accident Summaries

May 26, 1996 « British Aerospace BAe 146 « Air Wisconsin
» Des Moines, lowa, U.S. ¢ Injuries: none

On a night flight at an altitude of 8,845 meters (29,000 feet) ithat aircraft icing certification requirements, operatior|
an area of thunderstorms and turbulence, the aircraft lost powegquirements for flight into icing conditions and FAA
on all four engines. The no. 2 engine was restarted before theblished aircraft icing information adequately accounted
aircraft made an emergency landing at Des Moines. The piléhe hazards posed by flight in freezing rain and other ig
reported that the aircraft was operating in severe icingonditions not specified in FARs Part 25, Appendix C; and

conditions.

The AFM prohibited flight in icing conditions above 7,930 qualifications: AT, IR, FI with 7,867 total hours of flight time,
meters (26,000 feet). The official accident report said that theith 1,548 hours in type.

AFM “required that the thrust management system
disconnected in icing conditions. There were indications {
the [thrust management system] was disconnected abou
seconds after engine rollback began.”

The report also found that “the AFM did not provide accur
information concerning ‘in cloud’ correction factor for th
OAT thermometer.” The probable cause was the “failure

be
hat
230

ate
e
of

the flight crew to follow proper procedures, which resulted

in an accumulation of ice and subsequent loss of en
power.”

Pilot's qualifications: AT, IR with 12,000 total hours of fligh
time, with 7,500 hours in type.

March 2, 1995 e« Cessna 208B -+ Martinaire -
Ardmore, Oklahoma, U.S. ¢ Injuries: 1 minor or none

The official accident report said that ice accretion was bey
the capacity of the aircraft’s deicing system. An emerge
landing was carried out in a field.

Oct. 31, 1994 « Avions de Transport Regional ATR-72-212
» American Eagle ¢ Roselawn, Indiana, U.S. ¢ Injuries: 68
fatal

It was dusk, and the weather was IMC. The aircraft was
holding pattern and descending to a newly assigned alti
of 2,440 meters (8,000 feet) when it experienced
uncommanded roll and impacted the ground following a ra
uncontrollable descent. The aircraft was destroyed. The
of control was attributed to a sudden, unexpected aileron hi
moment reversal that occurred after a ridge of ice accr
beyond the deicing boots.

The official U.S. accident report said that Avions de Transy
Regional failed to completely disclose to operators adeq
information about known effects of freezing precipitation
the ATR-72's operation; that the French Directorate Gen
for Civil Aviation's (DGAC's) oversight of the ATR-42 anc
ATR-72 had been inadequate, and that it had failed to

yine

—

ond
ncy

na
ude
an

Did,

loss
nge-
eted
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Contributing to the accident were: the FAA's failure to ens

FAA's inadequate oversight of the ATR-42 and ATR-72
ensure continued airworthiness in icing conditions. P

ed
n

ing

re
al
for
ing
the
to
lot

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « JUNE-SEPTEMBER 1997

13



ICING-RELATED COMMERCIAL AVIATION ACCIDENTS, 1946-1996 (SUMMARIES)

to the aircraft, including breaking the right main landing ge
On the approach to Nalchik, the aircraft pitched up abruptlyupturing the fuel tank and bending the right-wing rear spa
then down, and control was lost. The aircraft impacted terrain
short of runway. Icing was suspected. Eighteen hours after the accident, 0.48 centimeter (0.19 i
of rime ice mixed with clear ice was observed on the lead
Feb. 24, 1994 « Vickers Viscount 813 « British World Airways  edges of the wing, the horizontal stabilizer and the vert
* Near Uttoxeter, England ¢ Injuries: 1 fatal, 1 serious stabilizer.

The aircraft took off in darkness in rain and snow. About 50rhe official accident report cited contributing factors to t
minutes after takeoff, while the aircraft was flying at anaccident. They included weather conditions that resulte
altitude of 4,500 meters (15,000 feet) in clouds, the no. 2n accumulation of ice on the aircraft's wing, and t

minute later, the no. 3 engine started to run down, and theirplane’s flight characteristics and/or handling techniq

crew requested an immediate descent and navigationahder conditions of wing ice contamination. Pilot

assistance from ATC radar. qualifications: AT, FI, IR with 5,000 total hours of flight timg
with 3,400 hours in type.

When engines no. 2 and no. 3 could not be restarted, the crew

declared an emergency and requested diversion to Birminghavarch 22, 1992 « Fokker F-28 ¢« USAIr ¢ Flushing, New

(England) Airport. No. 2 engine was then restarted, but no. ¥ork, U.S. « Injuries: 27 fatal, 9 serious, 15 minor or none

engine failed. The remainder of the flight was conducted with

only engines no. 3 and no. 4 operating. The aircraft, unable the weather was IMC, with a ceiling of 214 meters (700 fe

maintain altitude, struck the ground and was destroyed bgnd visibility of 1.2 kilometers (0.75 mile) in fog and fallin

postaccident fire. snhow. The OAT was 0 degrees C (32 degrees F).

The official accident report concluded that the engine failure$he aircraft had been deiced twice before leaving the gate
and the difficulty in restarting the engines resulted froni35 minutes had elapsed between the second deicing and t3
excessive ice accretion in the area of the engine intakes; thatdarkness. Following rotation at an airspeed 9.3 kilome
the airframe deicing system was handled incorrectly, allowinger hour (five knots) lower than prescribed, the airplane stal
an accretion of ice and snow during the descent; and that titecame to rest partially inverted and submerged in the w
inability to maintain altitude was the result of ice and snow otbeyond the runway.
the wings and airframe. Pilot’'s qualifications: AT, IR with 5,121
total hours of flight time, with 1,121 hours in type. Copilot’s The official accident investigation determined the probable c3
qualifications: AT, IR with 3,334 total hours of flight time, of the accident to be the failure of the airline industry and
with 2,181 hours in type. FAA to provide flight crews with procedures, requirements a
criteria compatible with departure delays in conditions condu
March 5, 1993 « Fokker F-100 « Palair Macedonian Airlines  to airframe icing, and the decision by the flight crew to take
 Skopje, Macedonia ¢ Injuries: 81 fatal, 16 serious without positive assurance that the airplane’s wings were
of ice accumulation after 35 minutes of exposure to precipita;
Weather was IMC, with high humidity and moderate wet snoviollowing deicing. Early rotation was cited as a contributi
falling. OAT was 0 degrees C (32 degrees F). Shortly after factor. Pilot's qualifications: AT, IR, FI with 9,820 total hou
daytime takeoff, while climbing through 366 meters (1,2000f flight time, with 2,200 hours in type. Copilot’s qualification
feet), the aircraft appeared to stall; it banked to the left, dived,507 total hours of flight time, with 29 hours in type.
to the ground, exploded and was destroyed. The aircraft had

nonslatted, turbojet, transport-category airplanes have I
Jan. 2,1993 « Saab 340A « Express | « Hibbing, Minnesota, involved in a disproportionate number of takeoff accide
U.S. ¢ Injuries: 31 minor or none where undetected upper wing ice contamination has been

as the probable cause or the sole contributing factor.”
During the night IMC approach, the first officer, who was the
pilot flying, asked the captain if he wanted to “pop the [deicingDec. 27, 1991 « McDonnell Douglas MD-81 « Scandinavia
boots.” The captain responded, “ ... It's going to the hangaAirlines System ¢ Stockholm, Sweden ¢ Injuries: 8 serious
I'll run’em on the ground.” 121 minor or none

engine failed, and the propeller autofeathered. Less thanagerator’s failure to provide adequate training on ﬂ‘he

Feb. 24, 1994 « Antonov An-12 « North Western Air column. Additional back pressure was applied, and the stall horn
Transport Directorate * Nalchik, Russia ¢ Injuries: 13 fatal ~ sounded. The ensuing hard landing caused substantial damage

ar,
I

nch)
ing
cal

he
d in
he

es
S

D
)

et)

| but
keoff
ers
led;
ater

wuse
the
aind
Cive
off
free
tion
ng

S

D.

not been deiced before takeoff. The accident report also said, “Accident history shows that
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unable to arrest the descent with back pressure on the contbafore. It had been parked outside all night in snow and

On final, a high sink rate developed, and the first officer waghe accident aircraft had arrived in Stockholm the ni%ht

in,

14 FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « JUNE-SEPTEMBER 1997



ICING-RELATED COMMERCIAL AVIATION ACCIDENTS, 1946-1996 (SUMMARIES)

with temperatures falling to 0 degrees C (32 degrees F) byhe report said, “According to the [aircraft] manufacturer, a
daybreak. During this time, supercooled fuel in the wing tanksing upper surface contamination that is only [0.36 millimeters
created what the official accident report called “almost(0.014 inch)] thick, about equal to the roughness of 80-grade
optimal” conditions for the formation of clear ice on the sandpaper, can produce a 25-percent loss of wing lift.”
wings.

Pilot's qualifications: AT, IR with 10,505 total hours of flight
On the preflight inspection, ice was observed on the aircraftme, with 505 hours in type. Copilot's qualifications: AT, IR
surfaces, and deicing was accomplished with Type | deicingith 3,820 total hours of flight time, with 510 hours in type.
fluid. The aircraft took off at one minute before sunrise. Weather
at takeoff was a ceiling of 244 meters (800 feet) and visibilitydan. 30, 1991 » British Aerospace Jetstream 31 « Carolina
of 10 kilometers (6.2 miles) in intermittent snowfall. According Commuter Air « Beckley, West Virginia, U.S. ¢ Injuries: 13
to the report, three passengers said that they saw ice coming séfrious, 6 minor or none
the upper sides of the wings as the aircraft took off.

En route weather was forecast to include light and occasipnal
Shortly after rotation, the right engine began to surge violentlynoderate rime ice and mixed ice in clouds. The pilots were
followed immediately by surging of the left engine. About anot aware of the conditions because they had not obtained in-
minute later, at an altitude of 1,011 meters (3,318 feet), bothight weather information or PIREPs. The aircraft was
engines failed. The crew glided the powerless aircraft to dispatched with an inoperative airframe deicing system.
successful off-airport landing about 10 kilometers (6.2 miles)
northeast of the airport. The flight arrived at Beckley in darkness. Weather was reported

as IMC, with 61-meter (200-foot) overcast with visibility of
The report concluded that the deicing procedures used h&2d4 kilometers (1.5 miles) in fog and drizzle. During the
failed to remove clear ice from the wings; and that during théetdown, light icing was encountered. On final ILS approach,
takeoff roll, chunks of the clear ice had broken off and beethe captain noticed a significant increase in ice accretion, which
ingested by the engines, damaging the compressors and caudiegcountered by using a higher-than-normal approach speed.
the engines to surge destructively. Pilot's qualifications: ATWhen full (50-degree) flaps were set, the aircraft began to
IR with 8,020 total hours of flight time, with 590 hours in buffet and pitched nose-down. The captain corrected with|full
type. Copilot’s qualifications: AT, IR with 3,015 total hours of back pressure on the control column, but the aircraft landed
flight time, with 76 hours in type. hard, collapsing the landing gear, and slid to a stop. The aircraft

was destroyed.
Feb. 17,1991 « Douglas DC-9 « Ryan International Airlines
* Cleveland, Ohio, U.S. ¢ Injuries: 2 fatal The official accident investigation found that the accident was

caused by flight into known adverse weather, which resujted
While making a night instrument approach to Cleveland, th& ice accretion on the aircraft and subsequent loss of air¢craft
crew of the accident aircraft was advised and acknowledgezbntrol (tailplane stall) when the flaps were extended fully.
that two PIREPs had confirmed the presence of rime icin@ilot qualifications: AT, IR with 5,000 total hours of flight
between 2,135 meters (7,000 feet) altitude and ground leveéine, with 3,400 hours in type.
in the local area.

Jan. 26, 1990 « Mitsubishi MU-2B-60 « Great Western
After landing, the crew remained in the cockpit while mailAviation « Near Meekatharra, Australia ¢ Injuries: 2 fatal
and cargo were transferred. Snow, reported as dry and blowing,
fell throughout the 35 minutes that the aircraft was on th&he aircraft departed Perth, Australia, shortly before midnight
ground. The aircraft was not deiced. Shortly after takeoff, abn an IFR flight plan. As the flight proceeded, the aircraft
an altitude of 15 meters to 31 meters (50 feet to 100 feet), thidimbed to its assigned cruising altitude of 6,400 meters
aircraft was seen to roll first slightly to the right, then severely(21,000 feet), where the pilot made a routine position report
to the left. These maneuvers were followed by a steep, almaster Meekatharra. One minute later, the pilot radioed that the
vertical roll to the right, a sharp increase in pitch and impactircraft was out of control and descending. Thirty seconds after
with the ground in an inverted attitude. that, he called again to advise that the aircraft was in ice|and

spinning down through 2,440 meters (8,000 feet). At 0105,
According to the official accident report, the cause of thehe aircraft impacted the ground in a near-vertical attitude and
accident was degraded aerodynamic lift caused by ice or frozevas destroyed.
snhow on the wings’ leading edges and upper surfaces. The
accident board theorized that the flight crew used the aircraftEhe official accident report said, “Analysis of the atmospheric
(hot wing) anti-icing system during the approach to Cleveland;onditions likely to have been encountered by the aircratt ...
and that falling dry snow had melted and refrozen while thevere conducive to the formation of airframe icing, and that
aircraft was on the ground and the anti-icing system wathe type of ice would probably have been rime ice or a mixture
automatically deactivated. of rime and glaze ice.”
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The report concluded that the aircraft probably accrued icinlylarch 3, 1989 ¢ Fokker F-28 ¢ Air Ontario « Dryden,
on the airframe that caused the airspeed to decrease to fBatario, Canada * Injuries: 24 fatal, 45 serious

point where the aircraft stalled and entered a spin; that the

pilot was not previously aware of the ice formation; and thafThe aircraft was fully loaded and had taken on fuel at Dryd
he did not take action to prevent the aircraft's speed frorhight snow had been falling while the aircraft was bei
decreasing. Pilot's qualifications: C, IR with 11,030 total hoursserviced, but the snowfall became heavy while the airc
of flight time, with 52 hours in type. waited for takeoff clearance, a period of about 10 minutes

Dec. 26, 1989 « British Aerospace Jetstream 31 « NPA On its takeoff run, the aircraft was reported by witnesse

United Express ¢ Pasco, Washington, U.S. « Injuries: 6 have labored down the runway, seeming to lack power. Sh

fatal after becoming airborne, the aircraft struck terrain in a woo
area near the runway. The aircraft broke into three pieces

Letting down for a night ILS approach, the aircraft was inwas destroyed by postaccident fire. The FDR and CVR w

icing conditions for about nine and one-half minutes. Generaixtensively damaged, and the tapes were later found to

weather was VMC, but the airport had a 305-meter (1,000melted.

foot) overcast, visibility 11 kilometers (seven miles) with an

OAT of 0 degrees C (32 degrees F). Survivors and other witnesses said that the wings
accumulated a layer of wet snow prior to takeoff.

The Seattle, Washington, ARTCC was using an expanded radar

range, and so did not provide precise positioning for th®ec. 21, 1988 « Cessna 207 « Baker Aviation  Kotzebu

aircraft, whose crew tried to continue an unstabilized approaciAlaska, U.S. ¢ Injuries: 6 minor or none

Recorded radar data were lost when the aircraft was about

four kilometers (2.5 miles) from the airport. Tower personnellhe air taxi pilot reported that he had encountered freez

next observed the aircraft in a steep, wings-level descerdrizzle and other icing conditions en route, and that, as are

Before reaching the runway, the aircraft nosed over furthehis aircraft had accumulated about one centimeter (0.38 i

struck the ground and was destroyed. of ice before he started his daylight approach. At the beginf

of the landing flare, the aircraft stalled, and the pilot was unIbIe

According to the official accident report, causes of theto regain control. The aircraft’s right wing struck the runw
accident included the icing conditions, improper ARTCCcausing substantial damage to the aircraft.
service and improper IFR procedures by the pilot-in-
command. The report also said that there was evidence thEte pilot said that the accident might have been prevents
ice had accreted on the airframe, including the horizontdie had showed greater concern for the ice on the airplan
stabilizers, which may have caused a tailplane stall. Pilot'approaching the landing with excess airspeed and a lo
qualifications: AT, IR with 6,600 total hours of flight time, than-normal flap setting.
with 670 hours in type.
Probable causes for the accident were listed in the offi
Nov. 25, 1989 « Fokker F-28 « Korean Air » Kimpo, Korea »  accident report as improper in-flight planning and an inadver
Injuries: 6 serious, 42 minor or none stall. Contributing factors were the low ceiling, icing conditio|
and ice on the wings. Pilot qualifications: C, FI, IR with 1,7
The official accident report stated, “The aircraft would nottotal hours of flight time, with 83 hours in type.
become airborne. The left engine lost power due to ice on
the wing. The pilot lost directional control and aborted theDec. 16, 1988 « Mitsubishi MU-2B-60 « Broughton Air
takeoff.” The aircraft overran the runway, caught fire and wa$ervices « Near Leonora Airfield, Australia * Injuries: 10
destroyed. fatal

March 15, 1989 « Nihon Aeroplane Manufacturing Co. The twin-turboprop aircraft departed Bellvue Mine, Austral
NAMC YS-11 « Mid Pacific Airlines « Purdue University, in daylight. Its destination was Kalgoorlie, Australia, a trip
Indiana, U.S. ¢ Injuries: 2 fatal about one hour’s duration. The en route weather forecast
was given to the pilot cited the presence of tall cumulus clg
On final approach to Purdue University Airport, the aircraftand possible thunderstorms, but no mention was made 0
was reported to have suddenly lost altitude and struck thgossibility of aircraft icing.
ground 320 meters (1,050 feet) short of the runway. The
aircraft was destroyed. Weather at the time was 763-metéybout 15 minutes after takeoff, the pilot requested traf
(2,500-foot) ceiling, 24 kilometers (15 miles) visibility and information for a climb from his present altitude of 6,0
an OAT of 0 degrees C (32 degrees F). The official accidemneters (19,500 feet) to 6,400 meters (21,000 feet). He
report said that the aircraft may have stalled following icementioned that there were large clouds in the area. After b
accretion on its tail. advised that there was no traffic, the pilot said that he
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climbing to the new flight level. That was the lastNov. 23, 1987 « Beechcraft 1900 ¢ Ryan Air Service « Near
communication received from the aircraft. Seven minutes lateHomer, Alaska, U.S. ¢ Injuries: 18 fatal, 3 serious
the aircraft crashed into terrain and was destroyed by impact
forces and postaccident fire. En route, 7.6 centimeters (three inches) of ice accreted op the
leading edges of the aircraft’s wings, and full stabilizer ngse-
The official accident report said that “with a cloud base of [2,70@own trim was necessary to maintain level flight. As the flaps
meters to 3,400 meters (9,000 feet to 11,000 feet)] and amere lowered on final approach, the crew lost control ofEhe
ambient temperature of -14 degrees C [-25 degrees F] at Hircraft. The aircraft impacted terrain short of the runway and
195, the aircraft would have been operating in icing conditionsvas destroyed.
There was, therefore, a high probability of accretion of rime
and/or clear ice on the airframe when operating in cloud.” Investigation showed that the aircraft's center of gravity was
20 centimeters to 28 centimeters (eight inches to 11 inches)
The report concluded that the pilot probably flew into icingbehind the aft limit.
conditions and did not become aware of the accretion of
airframe ice prior to his loss of control of the aircraft; that theNov. 15, 1987 « McDonnell Douglas DC-9-14 « Continental
aircraft stalled as a result of wing ice contamination; and thakirlines « Denver, Colorado, U.S. ¢ Injuries: 28 fatal, 28
the aircraft struck ground in a left-hand spin in a near-verticaderious, 26 minor or none
attitude.
The weather was IMC, with a 153-meter (500-foot) ceiling,
Pilot's qualifications: C, IR with 6,249 total hours of flight visibility of 0.8 kilometer (0.5 mile) in fog and falling snow
time, with 134 hours in type. and an OAT of -2 degrees C (28 degrees F). Twenty-seven
minutes had elapsed since the aircraft had been deiced at the
Jan. 10, 1988 « NAMC YS-11 « Tao Domestic « Honshu, gate. Company procedures called for repeat deicing when in
Japan e Injuries: 52 minor or none icing conditions if a delay exceeds 20 minutes. On takeoff,
the first officer (the pilot flying) overrotated the aircra}]t.
During the takeoff run in snow showers, the elevator controlgircraft control was lost; the aircraft stalled, impacted the
were too heavy for the pilot to rotate the aircraft. The pilorunway and was destroyed.
aborted the takeoff. The aircraft overran the runway and came
to rest in the sea about 30 meters (98 feet) from the shor€he official accident report cited the causes of the accident as
incurring substantial damage. failure to remove ice or frost from the aircraft prior to takeaff,
and abrupt rotation. The report also said that the crew members
The accident report said that ice or slush on the controls mayere inexperienced in their respective positions. The captain
have affected elevator control. The pilot had determined thdtad 33 hours experience as a DC-9 captain; the first officer
ground deicing was not necessary. The pilot was reported to havad only 36 hours of jet experience, all in the DC-9. Pilot’s
been a captain in this type of aircraft for less than six months. qualifications: AT, IR, with 12,125 total hours of flight time,
with 166 hours in type.
Dec. 17, 1987 « Swearingen SA-226 < Avair « Chantilly,
Virginia, U.S. ¢ Injuries: 1 serious, 7 minor or none Oct. 15, 1987 - International (Aeritalia and Aerospatiale)
ATR-42 « Aero Transporti Italiani « Mount Crezzo, Italy ¢
Letting down through a cloud layer at night, the aircraftinjuries: 37 fatal
acquired apparent rime ice on its wing surfaces. The captain
elected not to use engine-inlet anti-icing. On final approach iicing conditions were forecast for the flight. The aircraft was
VMC, the left engine lost power, followed by a power loss orclimbing at an IAS of 246 kilometers per hour (133 knots) wien
the right engine. The aircraft made an emergency landing itne flight crew identified ice accumulation. At an altitude |of
an open field. The landing gear collapsed during rollout, and,880 meters (16,000 feet), the aircraft became uncontrollable,
the aircraft was substantially damaged. rolling from 40 degrees to more than 90 degrees, left and right.
The elevator controls were unable to keep the aircraft from
Ice chunks matching the shape of the leading edge of the righitching down, suggesting that tailplane ice had formed. The
wing and the shape of the propeller spinner were found lyingircraft flew into the ground and was destroyed.
near the aircraft.
Feb. 21, 1987 « Fokker F-28 « Reykjavik, Iceland ¢ Injuries:
Probable causes for the accident were cited in the accide®tminor or none
report as: improper in-flight planning and failure to use an
anti-icing system. Factors included the weather, wing iceQn final approach to landing, the pilot flared the airplane too
landing in an open field and the time (night). Pilotfar above the runway. The aircraft stalled and dropped onto
qualifications: AT, IR, 7,200 total hours of flight time, with the paved surface from about 4.6 meters (15 feet) in the air,
400 hours in type. causing substantial damage to the aircraft. A postflight
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inspection revealed a thin strip of ice on the leading edges gualifications: AT, IR, 2,530 total hours of flight time, wit
both wings. 1,809 hours in type.

Jan. 18, 1987 « Fokker F-27 « British Midland Airways « Jan. 31, 1986 « Shorts SD3-60 * Aer Lingus Commuter

Castle Donington Race Track, England « Injuries: 3 serious East Midlands Airport, England ¢ Injuries: 2 serious, 34
minor or none

The crew was conducting training NDB instrument approaches.

Icing was reported moderate to severe in stratus clouds thah route to East Midlands, the crew of this twin-turboprn

extended from 305 meters (1,000 feet) to 1,067 meters (3,5@0rcraft was advised of reported severe icing conditions betw

feet). OAT was about -4 degrees C (25 degrees F). 915 meters and 2,135 meters (3,000 feet and 7,000 feet) alt
in the area. During the descent from their 2,745-meter (9,(

The aircraft was on a single-engine approach at an altitude fifot) cruising altitude, the crew activated the anti-icing syste

op
jeen
itude
00-
ms

about 122 meters (400 feet) when it banked steeply, first tior several accessories, but, in keeping with their normal operating

one side and then to the other, then collided with the groungtocedures, did not use the wing and tail deicing systems

and was destroyed. An examination immediately after théhis time, the freezing level was at 305 meters (1,000 feet).

accident revealed 2.5 centimeters (one inch) of horn-shaped

clear ice on the leading edges of all surfaces. Radar indicatdthe aircraft was well established on a night ILS appro

that the IAS of the aircraft was unlikely to have been less thawhen, at an altitude of 305 meters, it began divergent rol

198 kilometers per hour (107 knots) during the approach. (Thascillations to the left and right and entered into a very h

flaps-up stalling speed of the F-27 is 178 kilometers per houate of descent. The captain was able to regain control o

[96 knots]). aircraft, but not before it struck power cables. The aircraft t
made contact with the ground and was destroyed.

Jan. 6, 1987 « Aerospatiale Caravelle 12 « Transwede

Stockholm, Sweden ¢ Injuries: 27 minor or none The official accident report cited a significant accretion
airframe ice as the probable cause of the accident, degradin

The aircraft lifted off normally. At an altitude of about 10 aircraft’s stability and control characteristics. Possible contribu

meters (33 feet), the aircraft pitched down and struck th&actors included the difficulty in detecting clear ice at nig

runway, collapsing the landing gear and destroying the aircrafiurbulence and delay in the application of go-around power.

The official accident report said that snow or ice on the

horizontal stabilizer may have gone unnoticed in the preflighPilot's qualifications: AT, IR with 7,528 total hours of fligh

inspection and recommended that rules for the removal of snaime, with 123 hours in type. Copilot’s qualifications: AT, |

and ice from aircraft before departure be strengthened. with 4,299 total hours of flight time, with 1,240 hours in type.

Dec. 15, 1986 « Antonov An-24 « CAAC « Near Lanzhou, Dec. 15, 1985 « Cessna C-207 « Ryan Air Service
China « Injuries: 6 fatal, 18 serious, 20 minor or none Napaskiak, Alaska, U.S. ¢ Injuries: 4 serious

Severe airframe icing was encountered during climbout. Thé/eather was IMC. The pilot attempted to make a VFR land
right engine failed, and the propeller was feathered. The aircradt dusk in freezing drizzle, rain and fog. During the appros
returned for landing but impacted terrain during the approacthe aircraft's windshield became covered with ice, and the
and was destroyed. was unable to keep the runway in sight. He abandoned
approach. When he applied power to go around, the air
May 16, 1986 » Beech 99C « Centennial Airlines « Laramie, lost altitude, struck terrain and was damaged substantiall
Wyoming, U.S. ¢ Injuries: 9 minor or none
The probable causes for the accident cited in the offi
By the time the daylight IMC flight reached its destination,accident report were: poor preflight and in-flight plannin
moderate to heavy ice accretion had formed on the aircratontinuing a VFR flight into unknown IMC, windshield ice
When the pilot flared the aircraft for landing, it stalled, bounceaverconfidence and disregarding the weather evaluat
on the runway and veered into a lighting fixture. The leftContributing factors included the current weather conditio
landing gear collapsed, and the aircraft skidded to a stopmproper weather evaluation, improper use of the pitot sys
substantially damaged. and the time of day. Pilot qualifications: C, IR with 2,568 to
hours of flight time, with 2,000 hours in type.
The weather at the time of the accident was 122-meter (400-
foot) ceiling, visibility of eight kilometers (five miles), with Dec. 15, 1985 « Douglas DC-3 ¢ Dillingham, Alaska, U.S.
fog and blowing snow. OAT was 1 degree C (34 degrees Fhnjuries: 3 minor or none
The official accident report listed the probable causes of the
accident as: icing conditions, failure to control airspeed andfter takeoff in VMC, the aircraft was not performing a
inadvertent stall. Snow was listed as a contributing factor. Pilatxpected, so the pilot landed straight ahead beyond the rur
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The aircraft sustained substantial damage. Witnesses said tifah. 5, 1985  Douglas DC-9-15 « Airborne Express |
the pilot had failed to clean a thick coating of ice off the aircrafPhiladelphia, Pennsylvania, U.S. ¢ Injuries: 2 serious
before takeoff.
The aircraft was parked on the ramp for 39 minutes in light
Dec. 12, 1985 « Douglas DC-8 « Arrow Air « Gander, freezing drizzle mixed with ice pellets and snow. Prior to the
Newfoundland, Canada * Injuries: 256 fatal night takeoff, the flight crew made a visual inspection, obsenved
no ice and declined an offer to have the aircraft deiced.
The accident flight arrived at Gander at 0904. Passengers were
deplaned, the aircraft was refueled, and supplies were loadeffter takeoff, the aircraft entered an uncommanded left foll
Prior to reboarding the passengers, the flight engineer was seamd both engines experienced compressor stalls. The captain
conducting a visual inspection of the external portions of thattempted to abort the takeoff. The aircraft touched down on
aircraft. the tail skid and right wing tip. It traveled about 610 meters
(2,000 feet) on the ground before coming to rest, sustaining
Weather at Gander included light freezing drizzle, snow grainsubstantial damage. An investigation determined that an Q.38-
or snow; a ceiling of 366 meters (1,200 feet); and visibility ofcentimeter (0.15-inch) thick layer of ice had been on the wings.
16 kilometers (10 miles). OAT was -4 degrees C (26 degrees
F). The aircraft was not deiced before takeoff, although airpoithe official accident report said that when a DC-9-15 aircraft
authorities later reported that other aircraft taking off fromexperiences an aerodynamic stall, the engines are susceptible
Gander that morning had requested deicing. to compressor stall. Cited in the report as probable causes of
the accident were: wing ice, failure to remove ice or frost from
Witnesses to the takeoff reported that the aircraft gained littlthe aircraft and inadvertent stall. Contributing factors included
altitude after rotation. Other witnesses said that the aircrathe adverse weather and the time of day. Pilot qualifications:
pitched up and entered a right bank as it crossed over the eAd, IR, 7,500 total hours of flight time, with 1,800 hours fn
of the airfield. The aircraft struck downsloping terrain aboutype.
one kilometer (3,000 feet) beyond the end of the runway and
was destroyed by postaccident fire. Feb. 5, 1985 « Douglas DC-3 « BO-S-AIRE Airlines ¢
Charlotte, North Carolina, U.S. « Injuries: 2 minor or none
The official accident report concluded that during the aircraft’s
approach to Gander, weather conditions were conducive Witnesses said that ice was on the aircraft before the pilot
ice accretion on the leading edges of the wings; and that whildtempted an instrument departure at night in freezing rain
on the ground at Gander, the aircraft was exposed to freezimgth the OAT of -2 degrees C (29 degrees F). During climbout,
and frozen precipitation capable of causing roughening on thée pilot was unable to maintain elevator control and returned
upper wing surfaces. to Charlotte. The aircraft overshot the runway and sustajned
substantial damage. Investigation determined that |the
The report cited as the most probable cause of the accidentwmdshield was covered with ice.
increase in drag and reduction in lift that resulted in a stall at
higher-than-normal airspeed at an altitude so low that recove#ccording to the official accident report, there was also icg on
was impossible. The most probable cause of the stall was citélte elevator surfaces. The report listed the probable causes of
as ice contamination on the leading edges and upper surfadbs accident as failure to remove ice or frost from the aircraft
of the wing. prior to takeoff and disregarding the weather evaluation. Pilot’s
qualifications: AT, IR with 4,700 total hours of flight time,
Pilot’s qualifications: AT, IR with 7,001 total hours of flight with an unknown number of hours in type.
time, with 1,081 hours in type. Copilot’s qualifications: C, IR
with 5,549 total hours of flight time, with 918 hours in type. Feb. 4, 1985 « Beech 65-A80 ¢ North Pacific Airlines ¢
Soldotna, Alaska, U.S. ¢ Injuries: 9 fatal
March 12, 1985 « de Havilland DHC-6 « Sea Airmotive ¢
Barter Island, Alaska, U.S. ¢ Injuries: 2 serious, 2 minor The crew made a night instrument approach into a field
or none obscured by a 92-meter (300-foot) overcast, fog, freezing
drizzle and a visibility of 1.2 kilometers (0.75 mile). The OAT
About 0.8 kilometer (0.5 mile) from the departure end of avas -3 degrees C (26 degrees F). The crew executed a missed-
temporary winter landing strip, the aircraft lost flying speedapproach procedure, during which time they reported that the
and contacted the terrain in a steep nose-down attitude. Margirsfcraft had accumulated a heavy load of ice.
weather conditions prevailed, with icing reported. Investigation
revealed that both wing leading edges were covered with aboWthile the aircraft was being vectored, a weather obsefver
0.5 centimeter (0.2 inch) of ice. An A&P mechanic who arrivedadvised the crew that the weather at Soldotna had fallen bglow
on the scene shortly after the accident said that the switch farinimums and recommended diverting to nearby Kenai,
the deicing boots was in the “off” position. Alaska. The crew did not acknowledge the message. [The
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aircraft collided with trees in high terrain. There was evidenc€ontributing factors cited in the official accident report we
that the aircraft was circling when it impacted, an unauthorizetbw ceiling, fog and snow, airframe icing, windshield icin

maneuver in that area. failure to maintain flying speed and improper landing flare.

Investigation revealed recurring problems with the aircraft'sJan. 13, 1982 ¢ Boeing 737-222 « Air Florida » Washington
anti-icing system, which was partially inoperative, and theD.C., U.S. ¢ Injuries: 78 fatal, 6 serious, 3 minor or none
absence of two deicing boots from the propeller blades. The

official accident report cited the probable causes of th®aytime weather included a 61-meter (200-foot) ceilir
accident as: improper in-flight planning, improper missed-wisibility 0.8 kilometer (0.5 mile) in falling snow and an OA|
approach procedure and failure to maintain minimum descemelow freezing. The aircraft was deiced with a solution
altitude. Contributing factors included inadequate anti-icingheated ethylene glycol and water without the engine-inlet p
deicing systems, operation with known deficiencies inor pitot-static covers installed. Contrary to procedures, reve
equipment, flight into known adverse weather, wing ice andhrust was used to help during pushback from the gate. A
failure to fly to an alternate destination. Pilot qualifications:pushback, the flight was delayed 49 minutes in continu
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AT, IR with 7,288 total hours of flight time, with 2,985 hours snowfall. While waiting, the aircraft was positioned near the

in type. exhaust of an aircraft ahead.

Jan. 13, 1984 « Fokker F-27 « Pilgrim Airlines « New York, On the takeoff run, an anomaly was noted in the eng
New York, U.S. ¢ Injuries: 1 serious, 23 minor or hone instrument readings, but the captain elected to continue

takeoff. The aircraft did not become airborne until about 6
Weather at the departure airport was VMC, with a reportetheters (2,000 feet) and 15 seconds past the normal lif

ceiling of 824 meters (2,700 feet) overcast, visibility 11.3point. The aircraft initially climbed but failed to accelerate.

kilometers (seven miles) and an OAT of -4 degrees C (28he aircraft settled, hit a bridge, plunged into a frozen ri
degrees F). and was destroyed.

The takeoff was made in daylight. As the captain raised thivestigation revealed that engine-inlet probes had bec
landing gear, the propeller on the left engine autofeathereBljocked by ice, resulting in false high readings for EPR
and the captain reduced power on that engine. Then the rigimeasure of engine thrust; and that the aircraft experier
engine lost power, and the aircraft began to descend. Thmssible pitch-up caused by snow and ice on the wings.
captain put the landing gear lever back down. The aircrafifficial accident report listed the probable causes of
struck the runway before the landing gear became fullnccident as: wing ice, improper planning, miscellaneous
extended and slid about 366 meters (1,200 feet) beforfailure to use anti-icing systems and failure to abort the take
stopping. The aircraft was damaged substantially. The accident report said that the crew had limited experieg
in cold-weather operations. Pilot qualifications: C, IR wi
The accident report said that the probable causes of th&300 total hours of flight time, with 1,852 hours in type.
accident were the flight crew’s failure to use engine anti-ice
on the inbound flight to John F. Kennedy International AirporDec. 16, 1981 ¢ Boeing 727 « Sterling Airways ¢ Gande
(JFK), New York; the captain’s failure to conduct a thoroughNewfoundland, Canada ¢ 180 minor or none
preflight inspection; and the flight crew’s decision to use engine
anti-ice on takeoff from JFK, which led to power losses orThe charter flight did not accelerate normally on takeoff. T
both engines. pilot flying rotated the aircraft below proper rotation speed
it neared the end of the runway. The aircraft struck thresk
Pilot’s qualifications: AT, IR with 7,012 total hours of flight lights and nine sets of approach lights before climbing aw
time, with 799 hours in type. Copilot’s qualifications: C, IR The crew flew the aircraft to Gander, where they landed with
with 3,161 total hours of flight time, with 179 hours in type. further incident.

Dec. 21, 1983 « Beechcraft 200 « Detroit, Michigan, U.S. « The investigation concluded that the aircraft’s decrea
Injuries: 4 minor or none performance was caused by erroneous engine gauge rea
caused by icing of the engine-inlet pressure probes.

Rime ice accreted on the aircraft during an ILS approach to

Runway 15, and a high sink rate developed. The aircraft madian. 16, 1981 « Douglas DC-6A ¢ Northern Air Cargo * Near
a hard landing 45 meters (148 feet) short of the runway an@ambell, Alaska, U.S. ¢ Injuries: 3 minor or none

was damaged substantially. Investigation showed that the right

side of the windshield was covered with ice, and that 1.3he pilot continued a daytime VFR flight into adverse weat
centimeters (0.5 inch) of ice remained unbroken on theonditions. The aircraft encountered freezing rain, and
horizontal stabilizer. After the accident, the stabilizer deiceformed on the windshield. While flying at normal cruise, t
boots were cycled and functioned properly. pilot misjudged his altitude and the clearance of the airc
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from an ice pack (a mound of sea ice); as he turned to reverSaortly after takeoff, the crew of the aircraft reported thatthe
course, the aircraft's wing tip hit the ice pack. The aircraftircraft was having difficulty climbing. The aircraft reached
remained airborne, but damage to the aircraft was substantiah altitude of about 519 meters (1,700 feet) and then descgnded
Pilot's qualifications: AT, IR with 11,000 total hours of flight into the ground and was destroyed.
time, with 8,000 hours in type.

The official accident report said that the probable cause of
Dec. 25, 1980 « Dee Howard 500 « Toronto, Ontario, the accident was degraded aerodynamic performance
Canada ¢ Injuries: 3 minor or none beyond the flight capabilities of the aircraft, resulting frgm

an accumulation of ice and snow on the airframe before
The airport surfaces were covered with 0.63 centimeter to fiviakeoff and a further accumulation when the aircraft was
centimeters (0.25 inch to two inches) of slush, and OAT waBlown into moderate to severe icing conditions. Contributing
near the freezing point. Before departure, the aircraft surfacéactors were the failure of the crew to get an adeqyate
were deiced but the landing gear was not. After takeoff, thpreflight weather briefing, and the failure of the U.S.
landing gear was raised immediately. National Weather Service to advise the flight crew of the

SIGMET.
In-flight temperatures were well below freezing. At Toronto,
the flight's destination, the aircraft made a normal visuaNov. 23, 1979 « Scottish Aviation Twin Pioneer « Anchorage
approach and touched down at about 185 kilometers per hoAtaska, U.S. ¢ Injuries: 2 minor or none
(100 knots). As the aircraft slowed, it suddenly yawed to the
right, pitched forward onto the propeller blades and came toAfter becoming airborne on a ferry flight, the aircraft was
stop. The tail then fell heavily to the runway, causing substantiainable to climb or accelerate. The pilot aborted the takeoff.
damage to the aircraft. The aircraft struck the airport boundary chain-link fence and

received substantial damage. Investigation revealed frost and
Investigation showed that both main wheels were locked bice on the wings, horizontal stabilizer and elevator. The pilot
ice on touchdown. The left-hand wheel broke free aftewas not type-rated and had only five hours as a copilot in the
skidding about 61 meters (200 feet). The right-hand wheedccident aircraft make and model.
remained locked until the aircraft stopped.

Nov. 19, 1979 « Cessna Citation  Castle Rock, Colorado,
April 24, 1980 « Beech 18S « Cedar Rapids, lowa, U.S. ¢« U.S. « Injuries: 2 fatal, 1 serious
Injuries: 1 minor or none

The aircraft was on an ILS landing approach when it
The weather at Cedar Rapids Municipal Airport was ceilinglisappeared from the radar display. Radio transmissions from
and visibility unlimited, with unfavorable wind conditions (a the flight crew had not indicated any problems. The wreckage
left quartering headwind of 28 kilometers per hour [15 knots])was found 11.3 kilometers (seven miles) outside the olter
Just after touchdown, a chunk of airframe ice fell off the lefmarker.
wing. The left wing rose; the right wing dipped, striking the
runway and causing substantial damage to the right wing tif.he aft fuselage and right wing were destroyed by ground fire.
Pilot's qualifications: AT, IR with 2,590 total hours of flight The engine instrument gauges indicated a low-RPM power
time, with 1,650 hours in type. setting. Most anti-ice switches were found in the “off” position.

Improper IFR operation, bad weather and suspected airframe
March 2, 1980 « On Mark B-26 Invader « California, U.S.« icing were cited in the official accident report as contributing
Injuries: 4 fatal factors.

The aircraft, which was operating near its aft center-of-gravityrhe pilot had been upgraded to captain six days earlier.|The

limit, went out of control, spun and was destroyed on impaatopilot had been certified two days prior to the accident.

with the ground. The official accident report attributed the

accident to airframe icing. April 4, 1979 « Beech E18 « Newburgh, New York, U.S.
Injuries: 1 serious

Feb. 16, 1980 « Bristol Britannia 253F « Redcoat Air Cargo

* Billerica, Massachusetts, U.S. ¢ Injuries: 7 fatal, 1 serious The aircraft arrived from Boston, Massachusetts, U.S.} in
darkness. Weather at Stewart Airport was 214-meter (100-

The aircraft took off from Logan International Airport, Boston, foot) ceiling, with visibility of 4.8 kilometers (three miles)

Massachusetts, in daylight and light snow and fog, with &r less in fog and an OAT of 3 degrees C (37 degrees F).|The

ceiling of 122 meters (400 feet) and visibility of 0.8 kilometerpilot was advised to hold for traffic and was warned of icing

(0.5 mile). A valid SIGMET for the Boston area reportedconditions at the holding altitude. The pilot missed his first

moderate to severe icing in precipitation. Pilots had reportegpproach. During go-around, the aircraft stalled, mushed (a

wind shear and turbulence in the Boston area. wings-level, nonflying descent) into the ground and was
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destroyed. The pilot’s qualifications: AT, IR with 3,897 total uncontrolled flight and was destroyed. Pilot's qualifications:
hours of flight time, with 99 hours in type. IR with 2,646 total hours of flight time, with 195 hours in typ

March 17, 1979 « Tupolev Tu-104 « Aeroflot « Near Moscow, Dec. 7, 1978 « Cessna 401A « Rockford, lllinois, U.S.
Russia ¢ Injuries: 90 fatal Injuries: 2 minor or none

While on scheduled passenger service from Moscow to Odesgter a previous en route stop in Chicago, lllinois, the airc

weather was freezing drizzle, 244-meter (800-foot) ceiling

The daytime IFR flight was scheduled from Benedum Airporwisibility 3.2 kilometers (two miles) or less in fog. The pil

in Clarksburg to Washington, D.C., U.S. Local weather waseveled off too high over the runway, stalled and made a |

falling snow and calm winds, with a visibility of 1.2 kilometers landing that caused substantial damage to the aircraft. Pi

(0.75 mile) or less. The aircraft took off with accumulatedqualifications: C, IR with 1,504 total hours of flight time, wit

show on the wings and tail surfaces. On initial climb, the pilo#27 hours in type.

lost control, and the aircraft crashed into the ground in an

inverted attitude. Pilot’s qualifications: AT, IR with 4,029 total Dec. 4, 1978 « de Havilland DHC-6 « Steamboat Springs

hours of flight time, with 529 hours in type. Colorado, U.S. ¢ Injuries: 2 fatal, 14 serious, 6 minor or
none

Jan. 19, 1979 « Learjet 25D « Massey Ferguson ¢ Detroit,

Michigan, U.S. ¢ Injuries: 6 fatal The pilot departed on a night flight from Steamboat Spri
to Denver, Colorado, in adverse weather conditions

The aircraft crashed during an attempted night landing oimcluded sleet, freezing rain and downdrafts and updrsg

Runway 9 at Detroit (Michigan, U.S.) Metropolitan Wayne OAT at the time of the accident was -3 degrees C (26 deg

County Airport. During the descent to the airport, the aircraff). In normal cruise, with visibility obstructed by blowin

flew in moderate to severe icing conditions. Shortly beforesnow, the aircraft struck a mountain in controlled flight at

the Learjet was to land, a McDonnell Douglas DC-9 wasltitude of 3,212 meters (10,530 feet) above mean sea I¢

cleared for takeoff. Witnesses saw the Learjet cross th€he aircraft was destroyed; the wreckage was not recov

threshold in a normal landing attitude and seconds later ralintil the next day.

violently. The Learjet was in a steep right bank when the wing-

tip tank struck the runway 805 meters (2,640 feet) from théccording to the official accident report, the weather excee

threshold and the aircraft burst into flames. the aircraft’s capability to maintain flight. Pilot's qualification
AT, IR with 7,340 total hours of flight time, with 3,904 hou

The official accident report determined that the probable cause type.

of the accident was the pilot’s loss of control, which may have

been caused by the wake turbulence of the departing aircraldec. 4, 1978 « Gates Learjet 25B « Anchorage, Alaskd

by a premature stall due to an accumulation of wing ice, by ©.S. « Injuries: 5 fatal, 2 serious

delayed application of engine thrust during an attempted go-

around or by any combination of these factors. Weather was reported as a measured ceiling of 702 m
(2,300 feet), visibility 48 kilometers (30 miles) and OAT

Jan. 19, 1979 « Piper Aerostar 601 « Grand Rapids, degree C (33 degrees F). The wind was 26 kilometers per

Michigan, U.S. « Injuries: 4 fatal, 2 serious (14 knots) gusting to 41 kilometers per hour (22 knot
SIGMETSs and pilot observations in the area warned of Ig

After a reportedly accurate weather briefing by flight servicdevel turbulence.

personnel, the pilot initiated the night IFR flight from Lansing,

Michigan, to Marquette, Michigan, in adverse weatherAs the aircraft flared on a daylight landing, the left wing

conditions. En route, sleet and freezing rain caused a buildup lightly contacted the runway. Power was reapplied; the airg

ice on the airframe and windshield, and the pilot elected to makken pitched up, rolled to the right, rolled back to the left g

an unscheduled landing at Grand Rapids. Weather there wasteuck the ground inverted. The aircraft was destroyed.

153-meter (500-foot) ceiling with visibility of 3.2 kilometers

(two miles) or less in fog and an OAT of -6 degrees C (21 degre@obable causes listed in the official accident report w|

F). On final approach, the pilot flared the aircraft well abovemproper operation of flight controls and unfavorable wi

the runway. The aircraft stalled, collided with the ground inconditions. Icing conditions, airframe ice and inadequate p

Cy

o

aft

Russia, the aircraft was reported to have crashed in freezimgas on a daytime IFR flight from Rockford to Minneapolis,
rain and fog. The aircraft was destroyed. Minnesota, U.S. (According to the official accident repart,
there is no record of the pilot having received a weather briefing
Feb. 12, 1979 « Frakes Mohawk 298 « USAIr « Clarksburg, while on the ground in Chicago.) The aircraft acquired airframe
West Virginia, U.S. « Injuries: 2 fatal, 8 serious, 15 minor ice and airframe buffeting began. The pilot elected to make an
or none emergency landing at Greater Rockford Airport, where the
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weather briefing were cited as contributing factors to theaircraft was vectored to Kulusuk, a VFR day-only airfield pn
accident. Pilot’s qualifications: C, IR with 7,000 total hoursthe east coast of Greenland, where the weather was reported
of flight time, with 650 hours in type. Copilot’s qualifications: as visibility of 0.8 kilometer (one-half mile) in blowing snoy,
C, with 2,635 total hours of flight time, with 21 hours in temperature of -4 degrees C (26 degrees F) and winds of 56
type. kilometers per hour (30 knots) gusting to 74 kilometers per
hour (40 knots).
Dec. 2, 1978 « Douglas DC-3 « Des Moines, lowa, U.S.
Injuries: 2 serious The pilot made three attempts at an NDB approach to Kulusuk.
On the third attempt, the aircraft collided with a mountain at
Weather at Des Moines was reported as 244 meters (800 feBf)9 meters (1,700 feet) elevation. At the time, the aircraft was
overcast, visibility 3.2 kilometers (two miles) in freezing 549 meters (1,800 feet) below the minimum safe altitude|for
drizzle, OAT -8 degrees C (18 degrees F) and winds of 2that area.
kilometers per hour (14 knots) gusting to 37 kilometers per
hour (20 knots). The official accident report cited the cause of the accident as
the inability of the aircraft to maintain altitude because| of
During a daytime radar surveillance landing approach, thairframe ice and the loss of one engine. Contributing factors
aircraft struck the upslope of an embankment about 92 metengere the lack of a published civil aviation approach procedure
(300 feet) short of the runway. The pilots said that theifcloud penetration) for Kulusuk, and turbulent weather. The
visibility was restricted by windshield icing. Icing was alsoaccident board theorized that the crew saw some lights|and
found on other aircraft surfaces. initiated a visual approach to what they mistakenly thought
was the airfield.
Nov. 27, 1978 « Douglas DC-9 « Trans World Airways «
Newark, New Jersey, U.S. ¢« Injuries: none Feb. 19, 1977 « Aero Commander 680 FL ¢ Savoonga
Alaska, U.S. ¢ Injuries: 2 serious, 1 minor or none
The weather was blowing snow and rain, with an OAT of -3
degrees C (27 degrees F). The aircraft was not deiced prior£oVFR daylight flight was continued into adverse weather
its departure. Shortly after takeoff, at an altitude of 20 meterhat included sleet and freezing rain. The aircraft was circling
(65 feet), control of the aircraft was lost. The aircraft struckits destination airfield in weather below field minimums +—
the ground in a tail-low attitude and came to rest about 856eiling 153 meters (500 feet), visibility less than 1.6
meters (3,800 feet) from the point of first impact. Damage t&ilometers (one mile) and an OAT of -12 degrees C (10
the aircraft was minor. degrees F) — when the pilot experienced a whiteout, which
is a loss of orientation with the visual horizon caused|by
Nov. 16, 1978 « Beech G18S « Hays, Kansas, U.S. ¢ Injuries: overcast sky and sunlight reflecting off snow. The aircnaft
2 fatal collided with the ground in controlled flight and was
destroyed. The official accident brief said that propeller jice
Weather at Hays was freezing drizzle, with a ceiling of 6Jand airframe ice were among the probable causes of the
meters (200 feet) and visibility of 4.8 kilometers (three milesjhccident. Pilot’s qualifications: C, IR with 19,076 total houyrs
or less in fog. The OAT was -1 degree C (31 degrees Fdf flight time, with 321 hours in type.
Approaching the airport at night, the aircraft failed to maintain
flying speed on final approach. The aircraft stalled, spunjan. 31, 1977 « Chase YC122 « Anchorage, Alaska, U.S| ¢
collided with the ground in uncontrolled flight and was Injuries: 1 fatal, 2 serious
destroyed. Pilot's qualifications: C, Fl, IR with 2,574 total
hours of flight time, with 1,095 hours in type. After this twin-reciprocating-engine military cargo aircraft took
off, witnesses saw it roll into a steep right turn and nose-Jow
Mar. 18, 1978 « Beech A65 Queen Air « Vernair Transport  attitude. This was followed by a nose-high attitude that was
Services * Near Angmagssalik, Greenland « Injuries: 2 fatal maintained until the aircraft impacted a street, slid into a hquse
and was destroyed. The copilot reported that the aircraft|\was
On a night IMC ferry flight from Sondestrom Fjord (BGSF) going in and out of a ragged ceiling at about 122 meters (400
to Reykjavik, Iceland, at an altitude of 3,355 meters (11,00€eet).
feet), the pilot declared an emergency, stating that the aircraft
was encountering severe airframe icing, that the right enging postaccident inspection revealed that the aircraft wing and
had failed, and that the aircraft was unable to maintaitail surfaces were covered with heavy hard frost. The openator
altitude. said that a broom had been used to remove the frost two hours
prior to takeoff.
Eight minutes later, the pilot informed BGSF that the aircraft
was at 2,440 meters (8,000 feet) and still descending; the pildhe pilot-in-command had flown the aircraft only three times.
requested a course that would take the aircraft over water. Tiidéne copilot was making his first flight.
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Jan. 15, 1977 « Vickers Viscount ¢ Linjeflyg « Near Bromma The accident causes cited in the official accident report
Airport, Stockholm, Sweden ¢ Injuries: 22 fatal included poor judgment, inadequate preflight planning and

initiating flight into adverse weather. Contributing factors were
The aircraft was on final approach to the airport. At an altitudslush on the runway, snow, icing conditions and an improperly
of about 351 meters (1,150 feet) and at a distance of abolsiaded aircraft — 167 kilograms (368 pounds) over allowable
five kilometers (3.1 miles) from the airport, it suddenly gross weight. Pilot’s qualifications: AT, IR with 14,159 tota
pitched down and went into a vertical dive. The aircrafthours of flight time, with 3,343 hours in type.
impacted terrain in a residential area and was destroyed.

Nov. 24, 1975 « Beech E18S ¢ Fort Wayne, Indiana, U.S.
The cause of the accident was determined to be ice on the leadInguries: 1 minor or none
edge of the horizontal stabilizer, which resulted in flow separation
and stabilizer stall. Contributing factors were the failure to infornThe weather at Baer Field was 61-meter (200-foot) ceiling,
the flight crew of the risk of severe icing in the Stockholm areayith visibility limited to 1.2 kilometers (0.75 mile) or less
and maintaining a too-low temperature on the tailplane anti-icinmh fog and falling snow and an OAT of 1 degree C (B3
mechanism, which resulted from reduced power settings for ategrees F).
extended period on engines no. 2 and no. 3.

The pilot attempted to take off with a 0.3 centimeter to 0.5
Jan. 13, 1977 « Douglas DC-8 « Japan Airlines « Anchorage, centimeter (0.13 inch to 0.19 inch) coating of rough (rime) ice
Alaska, U.S. « Injuries: 5 fatal on the upper surfaces of the aircraft. The aircraft became
airborne, but on initial climb it stalled and struck the ground,
The cargo flight departed Moses Lake, Washington, U.S., isustaining substantial damage. The official accident report gited
daylight bound for Tokyo, Japan. On initial climb, the aircraftthe pilot’s inadequate preflight preparation as one of the capises
stalled, impacted the ground and was destroyed by postaccideritthe accident. Pilot’s qualifications: C, IR with 7,400 total
fire. The official accident report cited the probable causes diours of flight time, with 3,125 hours in type.
the accident as alcoholic impairment of the pilot and the
presence of airframe ice. March 12, 1975 « Beech 95-C55 » Gaylord, Michigan, U.S|.
* Injuries: 1 minor or none
In remarks, the report said, “Failure of other flight crew
members to prevent captain from attempting the flight.” Pilot'sEn route IMC conditions resulted in an ice-covered windshield
qualifications: International Certificate, IR with 23,252 total by the time the aircraft arrived at its destination. Local weather
hours of flight time, with 4,040 hours in type. at the accident site was a 275-meter (900-foot) ceiling with
visibility of 1.6 kilometers (one mile) or less in falling snoyv.
Nov. 29, 1976 » de Havilland DH-104 « Albany, New York, The OAT was -4 degrees C (25 degrees F). The aircraft landed
U.S. ¢ Injuries: 6 minor or none in daylight, touched down adjacent to the runway in deep show
and was damaged substantially.
Weather was 122-meter (400-foot) ceiling, visibility restricted
to 1.6 kilometers (one mile) or less in fog and falling snow, withThe official accident report noted that the aircraft was not
an OAT of 0 degrees C (32 degrees F). After takeoff at daybreaquipped with anti-icing or deicing equipment. The probable
on an IFR flight plan, the aircraft stalled on initial climb. It causes of the accident also included attempting operation jwith
mushed into the ground and received substantial damage. known deficiencies in equipment. Pilot's qualifications: C, Fl,
IR with 2,710 total hours of flight time, with 360 hours in type.
According to the official accident report, the causes of the
accident were the presence of airframe ice and the failure feb. 21, 1975 « Gates Learjet 25 « Albuquerque, Ney
maintain flying speed. The report also said that the pilot haiexico, U.S. ¢ Injuries: 9 minor or none
received a weather forecast that was substantially correct.
Pilot's qualifications: AT, IR with 17,120 total hours of flight The pilot delayed action in aborting the takeoff. The aircra
time, with 210 hours in type. drag chute deployed and failed. The aircraft overran the runway
and collided with a dirt bank, receiving substantial damage.
March 16, 1976 « Beech 99 « Wappingers Falls, New York, Airframe icing, weather conditions and hydroplaning on a wet
U.S. ¢ Injuries: 1 serious, 8 minor or none runway surface were cited as causal factors in the official
accident report.
The aircraft took off on an IFR flight plan in daylight. Weather
was falling sleet and snow with visibility of 0.8 kilometer (0.5 Jan. 31, 1975 « Cessna 402B « Dodge City, Kansas, U.S.
mile) or less. On initial climb, the aircraft’s left wing dropped; Injuries: 1 serious, 2 minor or hone
the aircraft leveled momentarily, and then the right wing
dropped. The aircraft stalled, mushed into the ground and wdase aircraft left Wichita, Kansas, in daylight bound for Dodge
destroyed by postaccident fire. City Municipal Airport in sleet and freezing rain. Weather |at

o
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Dodge City was 122 meters (400 feet) overcast with 3.2he flight crew failed to recognize and correct the aircralft’s
kilometers (two miles) visibility in fog and freezing drizzle high-angle-of-attack, low-speed stall and its descending spiral.
and an OAT of -6 degrees C (21 degrees F). The stall was precipitated by the flight crew’s improper reaction
to erroneous airspeed and Mach indications, which had resplted
After a missed approach, the aircraft was unable to sustafrom a blockage of the pitot heads by atmospheric icing.
flight because of the ice accumulation. The aircraft collidedContrary to standard operational procedures, the flight crew
with the ground in controlled flight and was destroyed. Théhad not activated the pitot head heaters.
official accident report said that at the time of the accident the
windshield was fully iced over and the windshield deicer wagdan. 26, 1974 « Fokker F-28 « THY « Cumaovasi, Turkey ¢
turned off. Pilot's qualifications: C, IR with 2,600 total hours Injuries: 66 fatal, 7 serious
of flight time, with 320 hours in type.
The aircraft took off from Cumaovasi for Izmir, Turkey, shortly
Jan. 14, 1975 « Beech TC-45J « Evansville, Indiana, U.S. « after 0700. According to the report, the pilot-in-command made
Injuries: 2 minor or none a preflight walk-around inspection of the aircraft.

The mail flight took off downwind in darkness on a snowyWitnesses reported that shortly after takeoff, when the airgraft
runway. On initial climb, the aircraft stalled and mushed intavas only eight meters to 10 meters (25 feet to 30 feet) albove
the ground, substantially damaged. The official accident repothe ground, it suddenly yawed to the left and pitched ngse-
cited as the accident’s causes inadequate preflight planning, thewn. It contacted the ground in a nearly level attitude,
presence of airframe ice and failure to abort the takeoff. Pilot'disintegrated, caught fire and was destroyed.
qualifications: C, IR with 7,800 total hours of flight time, with
48 hours in type. The report said, “The aircraft stalled on takeoff due to over-
rotation and frost accretion on the wings.”
Jan. 2, 1975 « Beech E18S « Rockford, lllinois, U.S.
Injuries: 1 fatal, 2 serious Jan. 6, 1974 « Beech 99A « Johnstown, Pennsylvania, U.S. ¢
Injuries: 12 fatal, 5 serious
The aircraft was circling in the traffic pattern at Greater
Rockford Airport at night in sleet and freezing rain. TheThe aircraft took off from Pittsburgh, Pennsylvania, in darkness
ceiling was 305 meters (1,000 feet), visibility was 4.8at a weight greater than the allowable gross takeoff wejght
kilometers (three miles) or less in blowing snow, with anand with the aircraft center of gravity beyond the aft limit.
OAT of -2 degrees C (28 degrees F). The aircraft stalledihe weather at its intended destination, Johnstown-Cambria
rolled sharply to the left, impacted the ground and wagirport, was snow and fog, with a reported ceiling of 61 meters
destroyed. Loss of control, according to the official accidento 122 meters (200 feet to 400 feet) and visibility less than 3.2
report, was caused by an accretion of moderate rime ice &ilometers (two miles).
the wing during the aircraft's descent to the airport. Pilot's
qualifications: C, FI, IR with 2,295 total hours of flight time, On final approach, the aircraft dropped below the glide slppe
with 383 hours in type. for unknown reasons. In attempting to regain altitude, the
aircraft stalled, impacted the ground in uncontrolled flight and
Dec. 1, 1974 « Boeing 727 « Northwest Airlines « Near Stony was destroyed. The official accident report cited airframe|ice
Brook, New York, U.S. « Injuries: 3 fatal as a factor in the accident. Pilot’s qualifications: AT, IR with
6,331 total hours of flight time, with 383 hours in type.
The aircraft impacted terrain 12 minutes after leaving John F.
Kennedy International Airport, Jamaica, New York, on a nighOct. 31, 1973 « Douglas DC-3 « Superior Airways ¢
ferry flight. Three crew members, the only persons aboard th&/iebenville, Canada ¢ Injuries: 3 minor or none
aircraft, died in the crash. The aircraft was destroyed.
The aircraft took off with frost on the wings, and control could
The aircraft stalled at an altitude of 7,500 meters (24,800 feetiot be maintained after it became airborne at low airspeed.
and entered an uncontrolled, spiralling descent. Throughodihe aircraft collided with trees on the side of the landing strip
the stall and descent, the flight crew did not recognize the actuahd was substantially damaged.
condition of the aircraft and did not take the measures necessary
to return the aircraft to level flight. At an altitude of 1,000March 3, 1973 « llyushin I1-18 « Balkan-Bulgarian
meters (3,500 feet), a large portion of the left horizontalirlines « Moscow, Russia ¢ Injuries: 25 fatal
stabilizer separated from the aircraft, which made control of
the aircraft impossible. While on an instrument approach to Moscow/Sheremetyevo
Airport, the aircraft went into a steep dive about 4.8 kilometers
The official accident report determined that the probable cauggree miles) from the end of the runway. The aircraft struck
of this accident was the loss of control of the aircraft becaugbe ground and was destroyed by fire.
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The official accident report cited the probable causes of theide and had been scraped clean of snow. Weather was reg
accident as tailplane icing, probably because of the absenceasf clear, with the wind from 270 degrees at 9.2 kilometers
leading-edge heating (the actual operation of the tailplane antiour (five knots) and an OAT of -18 degrees C (0 degrees
icing system could not be determined because of the destruction
of the aircraft); the setting of full flaps, which caused awitnesses reported that the pilot had his head out the
deterioration of airflow past the underside of the tailplane; andiindow for the first 214 meters (700 feet) of the takeoff roll.
a negative G load of 0.6 to 0.5, caused by an upward pitchirey measured distance of 482 meters (1,580 feet) from
maneuver to correct a deviation from glidepath. threshold, the aircraft departed the right side of the runway
20-degree angle and struck a snow bank, causing subst
Dec. 6, 1972 « Douglas DC-3 « Superior Airways « Canada « damage to the nose section and left engine’s propeller bla
Injuries: 3 minor or none The official accident report said, “ [The accident aircraft] w
the seventh aircraft to operate this runway in a short time spg
While airborne, the captain was attempting to remove ice from
the windshield with a scraper. The aircraft entered a spiraRrobable causes of the accident were cited as: inadeg
and the pilot's corrective action was so violent that a highpreflight preparation, failure to maintain directional cont
speed stall ensued. The aircraft struck the ground in a nosaad weather-induced obstructions to vision.
down attitude and was destroyed.
Dec. 16, 1971 « Beech 65-B80 ¢ McCall, Idaho, U.S.
March 15, 1972 « Aircraft not identified « Brook Park, Ohio, Injuries: 1 serious, 3 minor or none
U.S. ¢ Injuries: 1 fatal
The daylight flight was from Missoula, Montana, U.S.,
The pilot reported for duty about 13 hours before the acciderBoise, Idaho, in IMC. While en route, the aircraft encounte
The flight departed in early morning darkness for Clevelandreezing drizzle and began to accumulate moderate to s€
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Ohio. En route, the aircraft encountered unforecast icinging on unprotected airframe areas. Unable to maintain altitude

conditions, and airframe ice formed. The pilot decided to makbecause of the ice, the pilot elected to make an emerg

an unscheduled landing at Brook Park, where the weather winding at an airport in McCall.

freezing drizzle, 92-meter (300-foot) ceiling, 3.2 kilometers

(two miles) visibility in fog, and the OAT was 0 degree C (32Weather at McCall was freezing drizzle and a ceiling of 3

degrees F). meters (1,000 feet). OAT was -7 degrees C (20 degrees F
final approach, the pilot lowered the landing gear prematu

The official accident report said that during the ILS approachyndershot the runway and collided with a snowbank. The air

the pilot did not compensate for the airframe icing. The aircrafustained substantial damage. Pilot’s qualifications: AT, IR \

failed to maintain flying speed. It stalled, mushed into the3,477 total hours of flight time, with 1,215 hours in type.

ground and was destroyed. Pilot’s qualifications: AT, IR with

3,891 total hours of flight time, with 510 hours in type. Dec. 8, 1971 « Beech Volpar * Grand Island, Nebraska, U.S.

* Injuries: 1 minor or none
Feb. 16, 1972 « Beech D18S « Jackson, Michigan, U.S.
Injuries: 2 fatal The pilot departed on an IFR night flight from Des Moineg
lowa, U.S., to Grand Island with a preflight forecast of ici
The night was clear when the aircraft took off. According toconditions both en route and at the destination.
the official accident report, an observer saw ice on the aircraft
before (and after) the accident. During climb, the aircraft'3Meather at Grand Island was freezing drizzle and snow,
right engine failed for undetermined reasons. The aircraft did ceiling of 92 meters (300 feet), visibility of 4.8 kilomete
not maintain flying speed; it stalled, impacted the ground anfthree miles) or less in fog and an OAT of O degrees C
was destroyed. The official accident report cited weather andiegrees F). The aircraft's deicing equipment was inadeq
airframe ice as contributing factors in this accident. Pilot'Sfor the amount of ice that accumulated on the airframe
qualifications: AT, IR with 6,566 total hours of flight time, windshield. The pilot made a hard landing on the runw
with an unknown number of hours in type. overloading the landing gear. On rollout, the landing g
collapsed, causing substantial damage to the aircraft. Pi
Jan. 30, 1972 « Douglas DC-3 « Douglas Aircraft Company qualifications: AT, IR with 3,690 total hours of flight time
* Boyne Falls, Michigan, U.S. ¢ Injuries: 12 minor or none  with 480 hours in type.

The crew observed ice on their aircraft's wings, and deicindlarch 18, 1971 « Beech TC-45H « Chicago, lllinois, U.S.
fluid was applied to the wings. A passenger who was in thinjuries: 1 minor or none

cockpit prior to taxi said that there was extensive frost on the

inside of the windshield. The runway used for the daylighiThe ceiling was 31 meters (100 feet) and the visibility was
takeoff was 1,281 meters (4,200 feet) long, 24 meters (80 fedt)ometer (0.25 mile) or less. The snow-covered aircraft m
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a daylight takeoff from O’Hare International Airport, Chicago, Feb. 9, 1970 « Hawker Siddeley Comet 4C « UAA - RienL
in falling snow and in a 90-degree crosswind. The aircraft waAirport, Munich, Germany e Injuries: 23 minor or none
160 kilograms (352 pounds) over its maximum allowable gross
takeoff weight, and the aircraft’s center of gravity was 15The takeoff was abandoned at an altitude of about 9.2 meters
centimeters (six inches) aft of acceptable limits. (30 feet) because of airframe buffeting. The aircraft sank
back onto the runway, then plowed through the boundary
The aircraft encountered ground water on its takeoff run anfiénce. The landing gear was torn off, and the aircraft was
swerved, but continued on its takeoff run and became airbornéestroyed.
Shortly thereafter, the aircraft stalled and mushed into the
ground, causing substantial aircraft damage. Pilot'®robable causes listed in the official accident report inclyde:
qualifications: C, Fl, IR with 2,350 hours of flight time, with the failure of the flight crew to remove the airfoil ice prior to
285 hours in type. the attempted takeoff; the improper use of wing deicing during
taxi, resulting in a ridge of ice on the upper side of the wing
Dec. 23, 1970 » Beech H18S « Lansing, Michigan, U.S. « near the leading edge; and improper operation of the fljght
Injuries: 2 serious controls, resulting in an overrotation.

The mail flight's night ILS approach was inhibited by a 92-Jan. 22, 1970 « Aero Commander 680V ¢ Aspen, Coloradg
meter (300-foot) overcast and visibility of 3.2 kilometers (twoU.S. « Injuries: 8 fatal
miles) or less in fog. The OAT was -4 degrees C (25 degrees
F). The official accident report said that the aircraft had beeBuring the daylight flight from Denver, Colorado, in icing
flying through sleet and freezing rain en route. On finalconditions (sleet and freezing rain), the pilot failed to follow
approach to Lansing Airport, the aircraft failed to maintainproper procedures for airborne deicing and anti-icing. The
flying speed, stalled and was destroyed. Pilot’s qualificationsaircraft windshield was covered with ice. When the aircraft
AT, IR with 6,267 total hours of flight time, with 2,535 hours arrived at Sardy Field, the weather was a 1,525-meter (5,000-
in type. foot) ceiling with visibility of eight kilometers (five miles) of
more in falling snow and an OAT of -1 degree C (30 degrees F).

March 22, 1970 « Beech C-45H « Binghamton, New York,

U.S. « Injuries: 3 fatal, 8 serious The pilot missed his first approach. There was no formal|go-
around procedure in the flight company’s manual. The pilot

The aircraft took off in daylight with an accumulation of snowfailed to follow the company’s informal go-around procedufe.

on the aircraft's wings and with snow falling. The weatherThe aircraft struck a mountain that was obscured from |the

was a 92-meter (300-foot) ceiling with visibility of 0.8 pilot’s view by windshield ice, and the aircraft was destroyed.

kilometer (0.5 mile) or less. OAT was 1 degree C (33 degreeRilot's qualifications: AT, IR with 5,865 total hours of flight

F). On initial climb, after the landing gear was retracted, théime, with 525 hours in type.

pilot attempted to abort the takeoff and land straight ahead

with wheels intentionally up. The aircraft stalled, mushedDec. 5, 1969 « Lockheed 18 (Lodestar) « Albuquerque, Ne

into the ground and was destroyed. Pilot’s qualifications: ATMexico, U.S. « Injuries: 11 fatal

IR with 6,630 total hours of flight time, with 106 hours in

type. While operating in IMC, the aircraft made an uncontrolled
descent during which its design limits were exceeded. [The

Feb. 14, 1970 « Beech E18S « Kansas City, Kansas, U.S. ¢eft wing failed and separated; the aircraft crashed and was

Injuries: 1 fatal destroyed.

<

The aircraft was on an IFR night flight. As the aircraft The official accident report listed the probable causes|as:
approached Kansas City, snow and freezing drizzle weregperation with known equipment deficiencies (no deicers fitted
encountered, and the aircraft accumulated ice on the airfrant@ aircraft) and continued VFR flight into adverse weather
and windshield. Weather at the airport was 366 meters (1,2@®dnditions. Factors included airframe icing, sleet and freezing
feet) overcast with visibility of 6.4 kilometers (four miles) or rain.
less in fog. The OAT was -6 degrees C (22 degrees F).

The report said, “The flight was operated in IFR conditigns
The official accident report said that the pilot was aware obut the pilot was rated for VFR only.”
the icing conditions, but that the aircraft had limited deicing
capability because of the failure of an engine-driven vacuurdec. 4, 1969 « Aero Commander AC1121B « Ehrenstroms
pump. On initial approach, the aircraft failed to maintain flyingFlyg « Stockholm, Sweden ¢ Injuries: 2 fatal
speed; the aircraft struck the ground in uncontrolled flight and
was destroyed. Pilot’s qualifications: C, IR with 2,014 totalShortly after takeoff, the aircraft stalled. It struck the groupd,
hours of flight time, with 1,133 hours in type. collided with a building outside the airport and was destroyed.
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The preliminary investigation found that takeoff was made~eb. 1, 1969 « Beech D18S « Kansas City, Missouri, U.S.
with frost on the wings, and that the maximum takeoffinjuries: 2 serious

weight and the rear center-of-gravity limit were both

exceeded. The pilot failed to make adequate preflight preparation

took off from Kansas City Municipal Airport at greater than

Oct. 3, 1969 « Beech 65-B80 « Denver, Colorado, U.S. « the aircraft’s allowed gross takeoff weight and with frost
Injuries: 5 fatal, 2 serious the wings. The weather at the time was fog, with visibility

and

on
of

less than 3.2 kilometers (two miles) and an OAT of -8 degrees

After normal cruise, the aircraft approached StapletorC (17 degrees F).

International Airport in Denver in daylight. Weather at the

airport was a 92-meter (300-foot) ceiling, with visibility limited On initial climb, the aircraft encountered sleet and freez

to 1.2 kilometers (0.75 mile) or less in falling snow and arrain. Ice accumulated on the airframe, and altitude could

OAT of 1 degree C (33 degrees F). (The 92-meter ceiling wase maintained. The aircraft stalled, mushed into the gro

above the decision height for an ILS approach to Runway 2&nd was destroyed. Pilot's qualifications: C, IR with 1,1

left, but below the minimum descent altitude for an airportotal hours of flight time, with 991 hours in type.

surveillance radar approach). The pilot was offered and

accepted the air surveillance radar approach. Dec. 27,1968 « Douglas DC-9 « Ozark Airlines « Sioux City|
lowa, U.S. ¢ Injuries: 3 serious, 65 minor or none

After failing in his first landing attempt, the pilot executed a

missed-approach procedure. During the go-around, the leftfeather at Sioux City Airport was freezing drizzle, with

engine failed from ice induction. The aircraft was unable t®44-meter (800-foot) ceiling and visibility of 4.8 kilomete

maintain flying speed, stalled and was destroyed when it strugkhree miles) or less in fog. The pilot failed to follow approv

the ground. The official accident report cites airframe ice as procedures and made a daylight IFR takeoff with ice on

contributing factor to the accident. Pilot's qualifications: C,airframe.

IR with 2,062 total hours of flight time, with 148 hours in

type. After takeoff, as the landing gear began to retract,

ng
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aircraft rolled sharply and violently to the right to an angle

March 25, 1969 « Cessna 402 « Chicago, lllinois, U.S. ¢ of bank estimated by the flight crew to have been 90 degr
Injuries: 8 minor or none The pilot leveled the wings, but the left roll continued, a

the left wing struck the runway. The pilot discontinued t
The weather was a 244-meter (800-foot) ceiling withtakeoff and leveled the wings again before the airc

ees.
nd
he
aft

visibility of less than 4.8 kilometers (three miles) in fog, sleestalled, struck the ground and was destroyed. Pilot’s

and freezing rain. The OAT was 1 degree C (33 degrees Fjualifications: AT, IR with 19,146 total hours of flight time,

The aircraft took off with patches of snow on the wings inwith 63 hours in type.

daylight. When the pilot discovered that the aircraft would

not climb, he aborted the takeoff. The aircraft hit the fenc®ec. 18, 1968 « Beech G18S ¢ Kenai, Alaska, U.S. ¢ Injurie

at the airport perimeter, causing substantial damage to tleserious, 5 minor or none

aircraft. The official accident report listed airframe ice as a

contributing factor in this accident. Pilot’'s qualifications: AT, Kenai weather was a ceiling of 519 meters (1,700 feet), v

IR with 3,750 total hours of flight time, with 510 hours in visibility of 4.8 kilometers (three miles) or less and an O

type. of -9 degrees C (16 degrees F). Circling the airport in dayli
the aircraft encountered heavy icing in snow and ice f

Feb. 25, 1969 « Fokker F-28 « LTU International Airways «  The pilot failed to maintain flying speed; the aircraft stall

Lapenhagen, Netherlands ¢ Injuries: 11 minor or none during an attempt to align with the runway in a poorly planr
approach and was destroyed. Pilot’s qualifications: C, IR

The aircraft was covered with a thin layer of ice. The pilot2,525 total hours of flight time, with 470 hours in type.

judged the ice accretion not significant enough to order its

removal before the flight. The official accident report saidJuly 1, 1968 « Aero Commander Jet Commander « Drake

“During takeoff, the aircraft was rotated to a pitch angle welField, Arkansas, U.S. « Injuries: 1 fatal

in excess of the recommended flight handbook data. Because

of the ice on the wing surfaces, the aircraft stalled and whilBoth engines flamed out at 12,505 meters (41,000 feet

vith
NT

jht,
0g.
ed
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banking to the right lost height.” daylight and sleet and freezing rain. Repeated efforts to restart
the engines during an emergency descent were unsuccessful.
The right wing tip hit the runway, causing substantial damag€ircling for a landing without power, the pilot was forced fo
to the aircraft. Causal factors listed in the official accidentlive the aircraft to maintain airspeed. A wing contacted the
report included: improper flight preparation, improperground, and the aircraft struck the ground short of the runyvay
operation of flight controls and icing conditions. and was destroyed.
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The official accident report determined that the probable causecretion on airframe surfaces. The report also said that pilot
was improper operation of powerplant and powerplant control$jad been accurately briefed on the weather situation. Pilot’s
failure to use carburetor heat/deicing equipment; andualifications: AT, IR with 9,271 total flight hours and 4,684
miscellaneous factors that included engine icing. in type.

Jan. 15, 1968 « Douglas DC-3 « UAA « Zifta, United Arab Nov. 19, 1966 ¢ Curtiss C46F « Keflavik, Iceland ¢ Injuries:
Republic ¢ Injuries: 4 fatal 2 minor or none

The nonscheduled cargo flight was preparing for a night flighThe aircraft was covered with snow. The pilot received
from Cairo, Egypt, to Beirut, Lebanon, in an aircraft with nopermission from the tower to taxi on the runway at high speed
deicing equipment. En route weather was forecast as occasiomaldetermine if the relative wind would blow the snow off.
thunderstorms, turbulence and moderate to severe icirithe aircraft reached an IAS of 92 kilometers per hour (50
conditions, which had been confirmed by a pilot’s report andnots), and much of the snow did blow away. The pilot then
two SIGMETSs. After an undetermined delay to wait for thetaxied the aircraft back to the downwind end of the runway
weather to improve, the aircraft took off in early morningand, with the tower’s clearance, took off.
daylight.
Shortly after becoming airborne, before the landing gear was
Twenty-five minutes later, the pilot contacted Cairo Approactretracted, the aircraft began a roll to the left. When full-right
Control. He advised that the aircraft was experiencing icingudder and full-right aileron failed to stop the roll, the pilot
and that the flight would return to Cairo. Shortly thereafterthrottled back on the right engine and put the wheels back on
the pilot repeated the message, adding that there was ittee runway.
accretion on the aircraft. At 0754, 34 minutes after takeoff,
the aircraft impacted terrain. The aircraft rolled off the paved surface and encountered|soft
earth. The right landing gear buried and folded under the right
The accident report said that the accident was caused by iagng, and the aircraft was destroyed. No probable causes for
accretion on the lifting surface of the aircraft, accompanied bthe accident were cited in the official accident report.
moderate to severe turbulence that resulted in the pilot’s loss of
aircraft control and the disintegration of the aircraft's main part$larch 18, 1966  Gates Learjet « Mutual Insurance « Lake
in the air. Contributing factors cited were the load of the aircraftyichigan, U.S. ¢ Injuries: 2 minor or none
which exceeded the approved load by about 500 kilograms
(1,102 pounds), and the effect of probable shifting cargo on thehe aircraft was successfully ditched in daylight following a
aircraft's center of gravity. double engine failure caused by engine inlet icing. The official
accident report cited the pilot's failure to use nacelle heating
Oct. 25, 1967 « Gates Learjet 23 « Executive Jet Aviation ¢ in icing conditions as the cause of the accident. The airgraft
Muskegon, Michigan, U.S. ¢ Injuries: 4 minor or none sustained substantial damage.

The aircraft had no wing or empennage deicers. It was circlinDec. 20, 1965 ¢ Grumman Gulfstream « Northern

to land when both engines failed following compressor stall€onsolidated Airlines « Bethel, Alaska, U.S. ¢ Injuries: 8

caused by engine ice ingestion. The aircraft was ditched inrainor or none

lake and was destroyed. The official accident report cited the

causes of the accident as attempting flight operations witAfter an inadequate preflight preparation, the aircraft took|off

known deficiencies in equipment and improper flight planningin daylight. Liftoff was premature; shortly after becoming

Airframe icing was cited as a contributing factor. airborne, the aircraft stalled and collided with the ground,
sustaining substantial damage. Although the weather at the

March 10, 1967 « Fairchild F-27 « West Coast Airlines « time of takeoff was clear, the official accident report cited

Klamath Falls, Oregon, U.S. « Injuries: 4 fatal airframe ice as a contributing factor in the accident. In additjon,
the report said that the aircraft was improperly loaded. Pilpt's

Freezing rain had fallen overnight, and there was airframe icgualifications: AT, IR with 2,500 total hours of flight time,

on the aircraft. In preparation for flight, the ice was notwith 215 hours in type.

removed, nor was deicing fluid applied. The aircraft took off

in early morning darkness on an IFR clearance and climbed dov. 20, 1964 « Curtiss C46 « Zantop Airways ¢ Detroit,

altitude. Shortly after takeoff, the aircraft becameMichigan, U.S. ¢ Injuries: 2 minor or none

uncontrollable and struck the face of a mountain at an altitude

of about 1,300 meters (4,500 feet). In predawn darkness, ground personnel deiced the airgraft.
Five centimeters to eight centimeters (two inches to three

According to the official accident report, the probable causeches) of snow were swept from the wings and tail, and an 8-

of the accident was the pilot’s loss of control due to icao-1 alcohol and ethylene glycol mixture was applied to the
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underlying layer of rough, crusted ice. The pilots indicatecequipment and engine power to maintain positive contro| of
that when they arrived at the aircraft they did not see any idbe aircraft under conditions of rapid airframe ice accretjon
on the wings or tail but noted what appeared to be loose snamd vortex-induced turbulence.
on top of the fuselage, and they found ice and snow on the
windshield. Dec. 21, 1963 « Convair 440 « Midland, Texas, U.S.
Injuries: 4 serious
The weather for the airport was 702 meters (2,300 feet) overcast
with visibility of 16 kilometers (10 miles) in light snow and The IFR flight departed in daylight from Houston, Texas,|to
an OAT of -3 degrees C (26 degrees F). The runway used fbtidland. The preflight weather briefing reported freezing
takeoff had been described several hours earlier as coverddzzle at Midland. The flight was conducted above all clouds
with rough ice and crusted snow about 0.6 centimeter (0.28t an assigned altitude of 4,880 meters (16,000 feet). Weather
inch) deep. at Midland when the flight arrived was: 61-meter (200-fopt)
ceiling, visibility less than 3.2 kilometers (two miles), light
Witnesses said that the aircraft appeared slow to beconfialling snow grains, fog and an OAT of -3 degrees C (27
airborne. Shortly after takeoff, as the power was beinglegrees F).
reduced, the aircraft began to vibrate. The pilot restored
takeoff power, but the aircraft settled to the ground past th€he crew conducted an ILS approach. Witnesses reported that
end of the runway with landing gear and flaps up. A smalimmediately after the aircraft broke out of the overcast, it began
fire erupted in the left-engine area but was extinguished with series of up-and-down pitch oscillations, with the thjrd
foam. The aircraft was destroyed. downward pitch continuing until the aircraft struck the ground,
where it was destroyed by postaccident fire. Witnesses falso
Investigation revealed a crust of rough opaque ice or frozereported that, after the fire was brought under control, they
show averaging about 0.33 centimeter (0.13 inch) thick on thebserved rime ice on the left-wing leading edge. This fice
upper surface of the right wing. Examination of the aircraftaccumulation was measured nine hours later and found to be
wreckage revealed no evidence to indicate mechanicdl 3 centimeters (0.5 inch) thick and 6.4 centimeters (2.5 inches)
malfunction or failure of the aircraft prior to ground impact. wide throughout its length.

Probable cause of the accident was a loss of lift during takeoffxamination of the wreckage failed to disclose any evidepce
caused by airframe icing. Inadequate deicing procedures awfimechanical failure. The wing and empennage anti-icersjand
preflight inspection were cited in the official accident reportthe propeller deicers were in the “off” position, and the crgw
as contributing factors. said that wing and empennage anti-icers were not used during
the approach. The crew also said that the approach was normal
March 10, 1964 « Douglas DC-4 « Slick Airways ¢ Boston, until the flaps were extended from the approach to the landing
Massachusetts, U.S. ¢ Injuries: 3 fatal position, at which time the oscillations began.

The weather at the airport was 214 meters (700 feet) overca3h the basis of these findings, the official accident report
with a visibility of 3.2 kilometers (two miles) in fog and sleet. concluded that an accumulation of rime ice on the tail airfoil
On a daylight ILS approach with radar advisory, rime icesurfaces resulted in a loss of pitch control when the flaps were
accretion on the horizontal stabilizer caused a loss of balancirxtended to the full position. The probable cause of the accident
air forces. The aircraft suddenly pitched nose-down, made amas cited as the failure of the crew to properly use the deicing
uncontrolled collision with the ground and was destroyedand anti-icing capabilities of the aircraft in known icing
Pilot’s qualifications: AT, FI, IR with 6,000 total hours of flight conditions.
time, with 815 hours in type.
Jan. 29, 1963 « Vickers Viscount 810 « Continental Airlines
March 8, 1964 « Douglas DC-3A « Snow Valley Ski ¢« < Kansas City, Missouri, U.S. ¢ Injuries: 8 fatal
Chicago, lllinois, U.S. « Injuries: 1 fatal, 1 serious, 34 minor
or none The aircraft was flying on an IFR flight plan in sleet and
freezing rain. Weather at Kansas City Municipal Airport was
Ice was accreting on the aircraft during its ILS approach t@15 meters (3,000 feet) overcast and eight kilometers (five
O’Hare International Airport, Chicago. The aircraft's deicingmiles) visibility; the OAT was -8 degrees C (17 degrees F).
equipment was not being used. The aircraft then encountered
a vortex wake from a departing large jet, and the ILS approadivhile the aircraft was on approach to a night landing,
was discontinued. The aircraft flew into an occupied housendetected ice on the horizontal stabilizer, in conjunction with
near the airport and sustained substantial damage. the aircraft’s airspeed and configuration, caused a loss of pitch
control. The aircraft collided with terrain in uncontrolled flight
The official accident report said that the probable cause @&fnd was destroyed. Pilot’s qualifications: AT, IR with 18,6111
this accident was the failure of the crew to use available deicirtgtal hours of flight time, with 3,409 hours in type.
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Feb. 13, 1960 ¢ Curtiss C46 * Associated Air Transportation traffic control, during which the crew reported that the VHF
» McGuire Air Force Base (MAFB), New Jersey, U.S. « radio was out of order, but did not indicate any problems with
Injuries: 57 minor or none the weather. About 10 minutes after the last radio report, the
aircraft struck a mountain peak 2,000 meters (6,500 feet) high
The flight to MAFB encountered light-to-moderate icing overand the aircraft was destroyed.
Charleston, West Virginia, U.S., and wing deicers and propeller
anti-icers were activated. By the time the flight reachedAccording to the official accident report, if the accident was
Baltimore, Maryland, U.S., aircraft engine power settings hadaused by meteorological factors, icing would have been the
to be constantly increased to maintain altitude, eventuallfactor most directly responsible. Severe airframe icing cquld
reaching METO power. This caused a sharp, unplanneldave created a sudden change in the aircraft's aerodynamic
increase in fuel consumption. During the final approach t@haracteristics, triggering a stall without giving the captain
MAFB, the aircraft stalled, settled onto the ground and camgme to take recovery action. The report stated, “Under seyere
to rest 366 meters (1,200 feet) short of the runway thresholiting conditions, the mechanical deicing equipment|is
The aircraft sustained substantial damage. practically inoperative.”

Investigation determined that the flight was improperlyOther possible factors were turbulence and the possibility that
continued to its destination, overflying a suitable alternat¢he captain decided to descend to escape icing conditions,
airport, despite known inadequate fuel reserves and severe icimistakenly believing that he had already passed the mountain
conditions; that the flight crew was not properly briefed onpeak.
the terminal and en route weather; and that the flight crew did
not properly monitor the weather while en route. April 6, 1958 « Vickers Viscount 745 « Capital Airlines ¢
Freeland, Michigan, U.S. « Injuries: 47 fatal
Jan. 18, 1960  Vickers Viscount « Capital Airlines « Charles
City, Virginia, U.S. ¢ Injuries: 50 fatal On a landing approach in restricted visibility, a steep turn was
made to align the aircraft with the runway. The aircraft stalled
While en route from Washington, D.C., to Norfolk, Virginia, and entered a spin at an altitude too low to allow for recovery.
U.S., the aircraft collided with the ground and burned neafhe aircraft struck the ground and was destroyed. The official
Charles City, Virginia. Investigation indicated that arming ofaccident report said that the probable cause of the accident
the engine ice protection system was delayed while flyingvas an undetected accretion of ice on the horizontal stabilizer
through icing conditions, causing an eventual power failure ithat, in conjunction with a specific airspeed and aircraft
all four engines. The no. 3 and no. 4 engines had been restartahfiguration, caused a loss of pitch control.
when the aircraft struck terrain.
Feb. 6, 1958 « Airspeed Ambassador « BEA * Riem Airport,
Feb. 1, 1959 « Douglas DC-3 « General Airways ¢ Kerrville, Munich, Germany ¢ Injuries: 23 fatal, 12 serious, 9 minor
Texas, U.S. « Injuries: 3 fatal, 4 serious, 21 minor or none or none

The flight made an en route stop in Pueblo, Colorado, U.SAfter the aircraft had been on the ground for two hours in
where a weather briefing indicated that icing conditions existethlling snow, the flight crew attempted a takeoff from Munich
over the route and were expected to continue. After the flightin a daylight flight to Manchester, England. The aircraft never
departed Pueblo for Kerrville, a series of radio communicationsecame airborne. It ran off the end of the runway, through a
from the aircraft indicated that airframe ice was accruing, anthaneuvering area, and struck a house and a wooden hut. The
that the accretion was becoming critical. Approaching itsircraft was destroyed.
destination, the aircraft's fuel was exhausted. The aircraft
impacted trees about 11 kilometers (seven miles) from the airpdfhe accident investigation concluded that during the two-hour
and the aircraft was destroyed by postaccident fire. stop at Munich, a rough layer of ice formed on the upper surface

of the wings as a result of the snowfall. This layer of |ce
The accident board determined the probable cause of th@paired the aerodynamic efficiency of the wings, greatly
accident to be the captain’s poor judgment in continuing inténcreasing the airspeed necessary for takeoff.
known and dangerous icing conditions.

Dec. 6, 1957 « L-1049G - Air France « Orly Airport, Paris,
Dec. 4, 1958 « Sud-est SE 161 (Languedoc) ¢« AVIACO < France e Injuries: 6 minor or none
Guadarrama Mountains, Spain ¢ Injuries: 21 fatal

Three Air France captains and an instructor pilot were
The IFR flight took off for Madrid, Spain, in daylight with an performing a semiannual check flight at night. The foufth
assigned cruising altitude of 2,900 meters (9,500 feet). Thend final landing was an ILS approach. Weather was IMC,
forecast freezing level was 2,200 meters (7,200 feet). Two amith a ceiling of 60 meters (200 feet), and visibility of 1.6
route radio transmissions were made from the aircraft to akilometers (one mile). According to witnesses, after making
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a normal approach, the aircraft tilted sharply to the leftfor the wing and tailplane were in use. The aircraft bega

n to

touched the ground 400 meters (1,312 feet) short of thiese altitude. It flew into terrain at an elevation of about 1,350

runway and then climbed a few meters. The aircraft themeters (4,500 feet) and was destroyed. At the time of
struck the runway and broke in pieces. The aircraft came taccident, the aircraft was in heavy fog, with the windshi
a halt outside the runway after the separation of the left wingovered by ice that reduced crew visibility.
and the right wing tip.

The accident report said that the accident was caused b

the
eld

y the

According to the official accident report, the accident resultedinusually heavy icing, and that a severe downdraft immedigtely

from excessive corrective maneuvers performed at the time pfior to the crash may have been a contributing factor.
contact with the runway. The report also said that icing on the
aircraft might have reduced its aerodynamic qualities. Jan. 17, 1956 « Douglas DC-3C ¢ Quebecair « Oreway
Labrador, Canada « Injuries: 4 fatal, 2 serious, 12 minor
Nov. 17, 1957 « Vickers Viscount 802 « BEAC « Near or none
Copenhagen, Denmark e Injuries: 2 minor or none
About one and one-half hours after takeoff, moderate to he
While the turboprop aircraft was holding an altitude of 1,06&ime ice was encountered on a night flight, and the crew f
meters (3,500 feet) in clouds at night, three of its four engingbe aircraft higher in an attempt to escape icing conditig
lost power, and the propellers autofeathered. The aircraft maddout 30 minutes later, the starboard engine failed ang
an off-airport landing and was destroyed. Loss of power wagropeller was feathered.
attributed to flameouts caused by lumps of ice breaking off

davy

ew

ns.
its

the engine cowlings and entering the air intakes. The aircraft could not maintain altitude on one engine and

began a slow descent. High terrain was ahead, so the ca
Oct. 4, 1957 « Douglas DC-3 « Eldorado * Fort McMurray, elected to return to Oreway, the flight’s departure point. 1
Alberta, Canada ¢ Injuries: 2 serious aircraft flew into the ground near the Oreway airport and
destroyed.
The aircraft was en route to Port Radium, Northwest Territories,
at an altitude of 2,745 meters (9,000 feet) when it encounteréithe investigation determined that the cause of the acci
light rime ice, which was disposed of by the aircraft's deicingvas the aircraft’s inability to maintain altitude on one eng
equipment. The aircraft then encountered freezing rain, arid icing conditions.
the buildup of ice was so rapid that the ice could not be removed
with the deicing equipment. Dec. 29, 1955 « Lockheed 18 (Lodestar) ¢ Gulf Refining
Near Londonderry, Ohio, U.S. ¢ Injuries: 2 fatal
The aircraft was cleared to descend to 2,135 meters (7,000
feet). During the descent the ice accretion continued. Th&he aircraft flew into terrain in daylight and was destroyed
aircraft could not maintain 2,135 meters; it continued taground fire. The official accident report stated, “The ... probg
descend, running through rain squalls. At an altitude of abowause of this accident was the accumulation of enough ig
1,373 meters (4,500 feet), severe turbulence was encountereesult in loss of control and the subsequent shedding of ver
The aircraft flew into trees and was destroyed. surfaces from the tail group of the aircraft.”

According to the official accident report, the probable cause dfeb. 26, 1954 « Convair 240 « Western « Near Wright,
the accident was the continuation of the flight into an area divyoming, U.S. ¢ Injuries: 9 fatal
freezing precipitation, where the accumulation of ice and severe
turbulence resulted in partial loss of control. A contributing factoi he flight was routine until about five minutes before the cra
was weather more severe than had been forecast. Weather in the area at the time was moderate to se
turbulence with severe icing conditions. The aircraft mad
Nov. 7, 1956 « de Havilland Heron Il « Braathens SAFE « rapid descent, struck at a high speed in a near-level atti
Hommelfjell, Tolga, Norway ¢ Injuries: 2 fatal, 10 serious and was destroyed.
or minor
Feb. 5, 1954 « Curtiss C46F « Flying Tiger « Romulus,
After takeoff, the daylight IFR flight first entered clouds at Michigan, U.S. ¢ Injuries: 2 minor or none
763 meters (2,500 feet). At its cruising altitude of 2,440 meters
(8,000 feet), the aircraft began to experience light icing, ané considerable amount of ice accreted en route. When pg
the pilot noticed that the IAS was 37 kilometers per hour (20vas reduced over the end of the runway, the aircraft drop
knots) below normal. in and bounced about six meters (20 feet). Power was ap
for go-around, and the gear was retracted. When the flaps
“From this point on,” the official accident report said, “it appearsraised, the aircraft settled in on its underside and slid to a
that the icing increased rapidly,” even though the deicing systenos the turf.
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Jan. 20, 1954 « Douglas DC-3A « Zantop Airways ¢ Near Ireland. Following an erratic takeoff in falling snow, the aircraft
Kansas City, Missouri, U.S.  Injuries: 3 fatal swung to left and failed to gain height. One or both of the
engines were heard to cut out intermittently. The aircraft strquck
The cargo flight was making an ADF approach to Fairfax Airporta tree near the end of the runway and dived into the ground.
Kansas City, in early morning darkness when it struck the ground
122 meters (400 feet) short of the runway and was destroyethe official accident report determined that the probable cause
The official accident report cited low-altitude loss of control,of the accident was the inability of the aircraft to gain height
resulting from an ice accretion on the airframe and the use shortly after becoming airborne. The captain’s failure to use
deicer boots at low air speeds, as the cause of the accident. the heat controls allowed ice formation in the carburgtor
intakes, which led to a loss of engine power. The effect ofithe
Jan. 7, 1953 « Curtiss C46F « Associated Air Transportation extended landing gear and the presence of snow on the wings
* Fish Haven, Idaho, U.S. ¢ Injuries: 40 fatal were possible contributing factors.

The aircraft began to encounter light to moderate turbulendeeb. 23, 1951 « Curtiss C46E « Slick Airways « Newhall

and light rime ice at the assigned cruising altitude of 3,96&alifornia, U.S. ¢ Injuries: 3 minor or none

meters (13,000 feet). Lower altitudes were reported as worse,

with moderate to heavy turbulence and icing. The crew oThe night flight encountered icing conditions more severe than

another flight, preceding this one by a few minutes, reportefbrecast. The pilots attempted to return to the departure ppint,

that they had avoided the turbulence in the area by increasihgt the aircraft had apparently picked up so much ice that

their altitude to 4,118 meters (13,500 feet). But the acciderdtltitude could not be maintained. The pilots made a forged

flight did not request a higher altitude. landing alongside a highway in mountainous terrain. The
aircraft hit a large iron pole, sheared a power-line pole, skidded

Evidence indicated that the aircraft, for reasons unknowrtp a stop and was destroyed.

descended into an area of high terrain where there was

turbulence and icing. The aircraft flew through trees on &eb. 16, 1950 « Douglas DC-3 « Eastern Airlines ¢ Lexington,

mountain, wings level, and was destroyed. Kentucky, U.S. ¢ Injuries: 18 minor or none

Nov. 1, 1951 « Curtiss C46F « Flying Tiger ¢ Cleveland, During letdown into Lexington, ice accreted on the leadjng
Ohio, U.S. « Injuries: 3 minor or none edges of the aircraft's wings and on the propeller blades. To
offset the reduced effectiveness of the wings and propellers,
The aircraft encountered unreported icing conditions en routie pilot increased airspeed on his approach. After the aircraft
to Cleveland. As the ice accreted on the aircraft, the lefanded without incident, only the left engine was secured| for
airspeed indicator failed, and the right one became erratic. Tmamp loading operations. No action was taken to remove ice
final approach was made at above-normal airspeed to allofkom the aircraft.
for the effects of ice on the airfoils, and touchdown was made
about halfway down the runway. Braking action on the slipperyWhen ramp loading was completed, the aircraft took off again.
runway was poor, and the aircraft overran the runway antdl stalled shortly after it became airborne, and the pilot was
through the boundary fence, causing substantial damage timable to regain control. The aircraft touched down, rolled
the aircratft. through a gully and came to rest in normal landing attitude.
Damage to the aircraft was substantial.

Aug. 8, 1951 « Douglas DC-3 « TAA « Barilla Bay, Tasmania,
Australia « Injuries: 2 fatal Oct. 9, 1949 « Curtiss C46F « Slick Airways ¢ Cheyenne
Wyoming, U.S. ¢ Injuries: 3 fatal
The aircraft took off at night on a scheduled flight to
Cambridge, Tasmania. One and six-tenths kilometers (onehe scheduled destination for the IFR flight was Denyer,
mile) north of the airport, the aircraft flew into the waters ofColorado, U.S., but weather eventually forced the flight to its
Barilla Bay and was destroyed. The accident was caused bysacond alternate at Cheyenne. Icing conditions were forgcast
loss of control during a low-altitude turn. The loss of controlen route, with the freezing level at 2,440 meters (8,000 feet).
was attributed in the official accident report to the presence of
ice on the aircraft’s surfaces. Reported weather at Cheyenne when the flight arrived was a
275-meter (900-foot) ceiling with visibility limited in sleef.
March 27, 1951 « Douglas DC-3 (Dakota) ¢ Air Transport  The flight crew reported severe turbulence and ice accretion
Charter « Near Ringway Airport, Manchester, England « immediately on beginning the letdown. During fina
Injuries: 2 fatal, 1 serious approach, the aircraft went out of control, crashed four
kilometers (2.5 miles) from the airport and was destroyed.
The aircraft was operating a night newspaper service fromhe aircraft’s wings and tailplane surfaces were not equipped
Ringway Airport, England, to Nutts Corner Airport in Belfast, with deicer boots.
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The official accident report stated, “Since wings and taibartially successful. Although visibility was below the fie

surfaces of aircraft were not equipped with deicer boots, theinimums, takeoff clearance was given to the pilot.

captain showed poor judgment in [making the flight] under

existing conditions.” The report cited the probable cause dfor about 305 meters (1,000 feet), the takeoff run appe

the accident as “the loss of control of the aircraft during amormal. Then, as the airplane became airborne, it swerve

instrument approach ... under conditions of heavy icing anthe left. The left wing then struck the ground and dragged

severe turbulence.” 36 meters (117 feet). The aircraft righted, made contact
the ground in a landing attitude and struck a revetment hat

March 2, 1949 « Douglas C-54B « Trans World Airways « A postaccident fire destroyed the aircraft.

Gander, Newfoundland, Canada « Injuries: 33 minor or

none The primary cause for the accident cited in the official accid
report was “attempting takeoff with ice on wings.”

The aircraft was letting down to Gander in icing conditions.

The windshield deicer had been turned off because a leakimdec. 31, 1948 « Douglas DC-3C » Air Cargo Express

seal allowed alcohol fumes to enter the cockpit. As a resulGleveland, Ohio, U.S. ¢ Injuries: 2 minor or none

except for a small corner on the pilot’s side, the windshield

was heavily coated with ice. On initial climb, the left engine stopped and the propeller v
feathered. The pilot began a shallow left turn in an attemg

The captain elected to make a GCA rather than go to dme up with a runway, apparently intending to abort the flig

alternate airport. After he acquired visual contact with thelhe aircraft lost altitude and struck the ground in a left wir

field, he continued the approach using both GCA and visualown attitude, receiving substantial damage.

references. The aircraft dropped below the glideslope and

collided with a power line short of the runway. The rightinvestigation revealed ice in the fuel line and the main f

wing struck the ground, causing substantial damage to ttstrainer. An accumulation of ice was found on the leading eg

aircraft. The aircraft remained airborne and landed on thef the wings, and considerable ice accretion was found or

runway. leading edges of the horizontal stabilizers.

The probable cause of the accident was cited in the officiddec. 19, 1948 « Douglas DC-4 « Alaska *« Minneapolig
accident report as an attempt to continue the approach unddinnesota, U.S. ¢ Injuries: 39 minor or none
conditions of restricted cockpit visibility caused by ice
accretion on the windshield. On an instrument approach with reduced meteorolog
visibility and ice on the windshield, the plane landed w
Jan. 6, 1949 « Douglas DC-3C « Coastal Cargo * 1,068 meters (3,500 feet) of runway remaining. Glare
Brandywine, Maryland, U.S. ¢ Injuries: 2 fatal and snow on the runway made braking ineffective. T
aircraft went off the end of the runway at 24 kilometers
The aircraft was first observed in level flight at a high altitudehour to 32 kilometers per hour (15 miles per hour to 20 m
The aircraft then began to go in and out of several spins f@er hour). The underside of the left wing struck an appro
the left, recovering briefly each time. At about 915 metersight, causing substantial damage to the aircraft. The pl
(3,000 feet) altitude, the aircraft leveled off; the rightwas taxied to the ramp.
horizontal stabilizer was seen to be bent upward and the
elevators were missing altogether. Shortly thereafter, thBec. 18, 1948 « Douglas DC-3 » Reeve Aleutian * Anchorag
aircraft went into a diving left turn, impacted terrain andAlaska, U.S. ¢ Injuries; 23 minor or none
burned.
Prior to takeoff, a check was made for ice on the wings
The pilot had reported icing conditions, and the officialcontrol surfaces. They were all free of ice except for the w
accident report said that evidence indicated that the pilot losteicing boots, which had a layer of ice about 0.6 centim
control of the aircraft because of ice. Severe air loads wel@.25 inch) thick. This ice was not removed.
subsequently encountered, either during the spin or the
attempted recovery, which caused the failure of the righ@fter takeoff and wheels-up, the aircraft could not gain altitu
horizontal stabilizer and the elevators. and began to settle. It finally contacted the ground, struck t
parked aircraft with its wing tips and came to rest about
Jan. 2, 1949 « Douglas DC-3C « Seattle Air Charter « meters (400 feet) beyond the end of the runway, damg
Seattle, Washington, U.S. ¢ Injuries: 14 fatal, 8 serious, 8 substantially.
minor or none
The captain’s failure to have all the ice removed from the wi
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Takeoff was impeded by ground fog, low visibility, and snowwas cited in the official accident report as a contributing cause

and ice on the wings. Attempts to clean the wings were onlgf the accident.
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Oct. 19, 1948 « Douglas DC-3 « Columbia Air Cargo « Nov. 19, 1947 « Douglas DC-3 « Willis Air Service ¢
Anchorage, Alaska, U.S. ¢ Injuries: 5 minor or none Richmond, Virginia, U.S. ¢ Injuries: 3 minor or none

After three hours on the ground in Anchorage, snow hadhe flight crew attempted a takeoff with the aircraft's wings
accumulated on the aircraft's wings. An attempt was made tgovered by a light coating of snow, which they apparently
remove the snow with brooms. Shortly thereafter, the aircraf*Pected would blow off. According to the official accident
took off. Observers noted that the takeoff used up the entif€POrt, the snow continued to adhere and adversely affected lift.
1,208-meter (3,960-foot) runway. Unable to gain altitude, thd he left wing dipped; the plane settled into the ground, still

aircraft entered a 30-degree bank to the left, dragged its |epithin the area of the airport, sustaining substantial damage.

wing through a stand of small trees and bushes and landed in .
the brush, sustaining substantial damage. Jan. 25, 1947 « Douglas DC-3 (Dakota) » Spencer Airways

» Croydon, Surrey, England e Injuries: 12 fatal, 4 serious,

. L . . 7 minor or none
An investigation revealed that the aircraft was 942 kilograms

(2,076 pounds) heavier than the weight shown on the aircraft-’ﬁne aircraft took off with snow or frost adhering to its lifting

weight-and-balance form. It was also determine_d that thgurfaces. Almost immediately after becoming airborne, the
snow had not been completely cleared from the wings be‘cor:ﬁrcraft banked to the right; then it rolled to the left, where the
takeoff. angle of bank approached 40 degrees and the port wing tip

was about 0.6 meter (two feet) off the ground.
March 2, 1948 « Douglas DC-3 « Meteor » Newark, New

Jersey, U.S. « Injuries: 2 minor or none The aircraft then rolled again to the right, the result of hard
starboard rudder applied to avoid flying into a hangar It
En route to Newark, the aircraft was exposed to icing conditionsounced on its right main landing gear and flew into a parked
for about 40 minutes. Shortly thereafter, the flight crewaircraft. Both aircraft were destroyed by postaccident fire
contacted Newark to request an emergency landing, which was
approved. The first approach was missed. On the secondne official accident report cited the snow and frost on the
approach, visual contact was made. As the aircraft passed ovéing surfaces as a contributory cause of the accident.
the approach lights, it stalled, shearing off the light supports ) )
and severing the right wing of the aircraft. The plane bounceB€¢- 19, 1946 « Douglas DC-3 (Dakota) « Scottish Airway
onto the end of the runway, continued its rollout under contrd! Northolt, Middlesex, England « Injuries: 5 minor or none
and was taxied to a parking area.

[

The aircraft failed to reach the normal rate of climb after
takeoff. It passed over the airport boundary in a pronounced
tail-down attitude, struck telegraph wires and finally came to
rest on the top of a block of houses near the airport. The aircraft
was destroyed. The accident report cited the pilot’s taking off

. . . . ) ... when the aircraft was almost entirely covered with snow as a
While making an instrument approach in a light drizzle, V'S'bleprobable cause of the accident

ice accreted on the aircraft’s wings. The ice was cleared off by
deicers. Later in the approach, at an IAS of 195 kilometers p&fept, 24, 1946 « Douglas DC-3 * A.R. Lyle « Point Barrow
hour (105 knots), the aircraft suddenly stalled and fell off toyjaska, U.S. « Injuries: 9 minor or none
the left. Full power was applied, and partial recovery was made.
The aircraft contacted the runway in a tail-high attitude, strikingrhe aircraft was landing in a 22 kilometers per hour (14 mjles
the left wing tip, tearing off the propellers and causingper hour) crosswind with light rime ice on the wings. The pilot
substantial damage to the aircraft. brought the tail down quickly, and the aircraft veered. The
pilot then attempted to take off again. When he found [the
Investigators concluded that ice remained on the under surfacascraft uncontrollable, he cut the power and dropped in hard,
of the wings, adversely affecting their lift. causing substantial damage to the airoraft.

Dec. 21, 1947 « Douglas DC-3C  Seattle Air Charter ¢
North Platte, Nebraska, U.S. ¢ Injuries: 30 minor or
none
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Manual of Aircraft Ground
De/Anti-Icing Operations

International Civil Aviation Organization (ICAO)

FSF editorial note: See current holdover time tables based on data from the Society of Automotive Engineers
the International Standards Organization (ISO), the Association of European Airlines (AEA), the relevant
operations manual and/or the appropriate civil aviation authority.
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The International Civil Aviation Organization (ICAQJanual of Aircraft Ground De/Anti-Icing Operatiorgs
been reproduced, in part, in this issud-lifht Safety DigestThe International Air Transport Association (IATA
Global De/Anti-Icing Industry Forum is making additional recommendations to revise the current ICAO mat

To purchase the most up-to-date version of the manual, contact:

International Civil Aviation Organization
Attention: Document Sales Unit

1000 Sherbrooke Street West, Suite 400
Montreal, Quebec, Canada H3A 2R2
Telephone: (514) 954-8219

nual.

Fax: (514) 285-6769
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Foreword

A review of the recent history of airplane accidents in the air transportation industry reveals a substantial number

which are related to winter operations. An examination of these accidents shows a strong need for formally develo

ped

regulations and procedures governing aeroplane de/anti-icing operations. This document comprises a summairy of

information essential to the planning and execution of de/anti-icing operations during conditions which are conduci
to aeroplane icing on the ground.

Reference material used to prepare this publication includes documentation from regulatory authorities, airlin
aeroplane manufacturers, equipment and fluid manufacturers, plus industry, academic, standardization and profess
associations. Detailed information from these sources is used throughout the text and such sources are shown i

ve

pS,
onal
n the

list of references. However, no reference is made to any specific instructions or recommendations given by aeroplane,

equipment or fluid manufacturers and these must also be taken into consideration.

The primary purpose of this document is to provide international de/anti-icing standardization within the civil aviation

industry. A general description of the various factors relating to aeroplane icing on the ground is provided. TH
document addresses the minimum procedural requirements necessary to conduct safe and efficient operations d
those conditions which require aeroplane de/anti-icing activities. Each operator is responsible for complying wi
the requirements imposed by aeroplane, equipment and fluid manufacturers, regulatory and environmental author
and individual operator programmes.

The International Air Transport Association (IATA) convened a Global De/Anti-Icing Task Force which met for the
first time in Helsinki in September 1992. This Task Force subsequently became the IATA Global De/Anti-Icin
Industry Forum in October 1993. In a co-operative effort between IATA and ICAQ, a drafting group was formed t
develop a “stand alone” ground de/anti-icing document which would be published by ICAO. The meetings conven
throughout the year for the purpose of developing this document were attended by representatives of civil aviat|
authorities, airline operators, aeroplane manufacturers, ground equipment and fluid manufacturers, pilot associati
and airport authorities.
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Glossary of Terms and Abbreviations

Glossary of Terms De-icing. The process which removes ice, snow, slush or frost

from aeroplane surfaces. This may be accomplished by
Anti-icing. Anti-icing is a precautionary procedure by which mechanical methods, pneumatic methods or through the use
clean aeroplane surfaces are protected against the formati@hheated fluids. Mechanical methods may be preferred under

of ice and frost and the accumulation of snow and slush for@xtremely cold conditions or when it has been determinedithat
limited period of time. the frozen contaminant is not adhering to the aeroplane

surfaces. When using heated fluids and optimum heat transfer
Clear ice A coating of ice, generally clear and smooth, buts desired, fluids should be applied at a distance from aeroplane
with some air pockets. It is formed on exposed objects durfaces in accordance with the approved operator procedure
temperatures below or slightly above the freezing temperatu@hd fluid manufacturer specifications.
by the freezing of supercooled drizzle, droplets or raindrops.

Del/anti-icing. A procedure combining both the de-icing
Cold-soak effect The wings of aircraft are said to be Process and the anti-icing process and which can be performed
“coldsoaked” when they contain very cold fuel as a result of? One or two steps:
having just landed after a flight at high altitude or from having
been refuelled with very cold fuel. Whenever precipitation fallsOne step de/anti-icing. This procedure is carried out with
on a cold-soaked aerop|ane when on the ground’ clear |CII%1 anti—icing fluid which is typlcally heated. The fluid is used
may occur. Even in ambient temperatures betwetd ad  to de-ice the aeroplane and remains on the aeroplane syrface
+15°C, ice or frost can form in the presence of visible moisturd0 provide anti-icing capability. Type I or Type Il fluids can be
or high humidity if the aeroplane structure remains°@ ér  uUsed, but the protection provided by Type | fluid is less than
below. Clear ice is very difficult to detect visually and may breakthat provided by Type Il fluid.
loose during or after take-off. The following factors contribute
to cold-soaking: temperature and quantity of fuel in fuel cellsTwo step de/anti-icingThis procedure contains two distin¢t
type and location of fuel cells, length of time at high altitudesteps. The first step, de-icing, is followed by the second step,
flights, temperature of refuelled fuel and time since refuelling@nti-icing, as a separate fluid application. After de-icing, a separate

overspray of anti-icing fluid is applied to protect the aeroplane’s
Critical surfaces A surface of the aeroplane which shall becritical surfaces, thus providing maximum anti-icing protection.

completely free of ice, snow, slush or frost before takeoff. The

critical surfaces shall be determined by the aeroplanPrizzle Fairly uniform precipitation composed exclusively of
manufacturer. fine drops very close together. Drizzle appears to float while
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following air currents although, unlike fog droplets, it falls to Shear force Shear force is a force applied laterally on
the ground. anti-icing fluid. When applied to a Type Il fluid, the she

force will reduce the viscosity of the fluid; when the she
Fog and ground fog A visible aggregate of minute water force is no longer applied, the anti-icing fluid should reco
particles (droplets) in the air reducing the horizontal visibilityits viscosity. For instance, shear forces are applied when
at the Earth’s surface to less than 1 kilometre. the fluid is pumped, forced through an orifice or wh

subjected to airflow. If excessive shear force is applied,
Freezing fog A fog formed of supercooled water dropletsthickener system could be permanently degraded and
which freeze upon contact with exposed objects and form anti-icing fluid viscosity may not recover and may be at
coating of rime/glaze. unacceptable level.

Freezing rain and freezing drizzldRain or drizzle in the form  Slush Water-saturated snow which with a heel-and-toe sl
of supercooled water drops which freeze upon impact witlown motion against the ground will be displaced with
any surface. splatter.

Frost. Referred to as “hoar frost”. A deposit of ice having aSnow Precipitation of ice crystals, mostly branched in the fo

crystalline appearance, generally assuming the form of scalex,six-pointed stars. The crystals are isolated or agglomer

needles or fans. Frost is formed by sublimation, i.e. when watéo form snowflakes.

vapour is deposited on surfaces whose temperatures are at or

below freezing. Dry snow When the ambient temperature is below or w
below freezing.

High humidity. An atmospheric condition where the relative

humidity is close to saturation. Wet snow When the ambient temperature is near or ab
freezing.

Holdover time Holdover time (HOT) is thestimatedtime

the anti-icing fluid will prevent the formation of ice and frost Visible moisture Fog, rain, snow, sleet, high humidit

and the accumulation of snow on the protected (treatedfondensation on surfaces), ice crystals or when taxiways

surfaces of an aeroplane. or runways are contaminated by water, slush or snow.

Precipitation intensity Intensity of precipitation is an Abbreviations
indication of the amount of precipitation collected per unit

time interval. It is expressed as light, moderate or heavy. EaCAEA  Association of European Airlines
intensity is defined with respect to the type of precipitation

occurring, based either on rate of fall for rain and ice pelletdPU  Auxiliary power unit

or visibility for snow and drizzle. The rate of fall criteria are : )

based on time and do not accurately describe the intensity a'tb‘gC Alr traffic control

particular time of observation. DIN  Deutsches Institut fuer Normung
Rain. Precipitation of liquid water particles, either in the formFP Freezing point

of drops of more than 0.5 mm in diameter or smaller drops _ _

which, in contrast to drizzle, are widely separated. FPD  Freezing point depressant

Rime A deposit of ice, produced by freezing of supercoolec!so International Organization for Standardization

fog or cloud droplets on objects at temperatures below ghaT  Outside air temperature
slightly above freezing. It is composed of grains separated by
air, sometimes adorned with crystalline branches. SAE  Society of Automotive Engineers
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1.2

Manual of Aircraft Ground
De/Anti-Icing Operations

International Civil Aviation Organization

Chapter 1
Introduction

Recent accidents in commercial air transport operations
and in general aviation indicate that misconceptions exist
regarding the effect on aeroplane performance and flight
characteristics of slight surface roughness on flightL.3
surfaces, caused by ice and snow accumulations. The
effectiveness of freezing point depressant (FPD) ground
de/anti-icing fluids is often misunderstood. During
development of this document, it was recognized that
guidance information should be directed to all segments
of aviation including aeroplane manufacturers, airline
operators, engineering, maintenance and service
organizations. In particular it is intended to be used by
flight crew of all aeroplane types and categories plus
aeroplane maintenance and service personnel.
Information contained in this document is general in
nature. Itis intended to increase the basic understanding
and to facilitate the development of standardized
procedures and guidance for the various segments of
the aviation industry.

Civil aviation regulations have been established in
some States since 1950, prohibiting take-off for
aeroplanes with frost, snow, or ice adhering to wings,
propellers or control surfaces of the aeroplane. The

effects of such icing are wide ranging, unpredictable
and dependent upon individual aeroplane design. The
magnitude of these effects is dependent upon many
variables, but the effects can be both significant and
dangerous.

Wind tunnel and flight tests indicate that ice, frost|or
show formations on the leading edge and upper surface
of a wing, having a thickness and surface roughness
similar to medium or coarse sandpaper, can reduce wing
lift by as much as 30 per cent and increase drag by up to
40 per cent. These changes in lift and drag will
significantly increase stall speed, reduce controllability
and alter aeroplane flight characteristics. Thicker|or
rough ice accumulations in the form of frost, snow|or
ice deposits can have increasing effects on lift, drag,
stall speed, stability and control, but the primary
influence is surface roughness relative to critical portions
of an aerodynamic surface. Ice on critical surfaces and
the airframe may also break away during take-off and
be ingested into engines, possibly damaging fan pnd
compressor blades. Ice forming on pitot tubes and static
ports or on angle of attack vanes may give false attitude,
airspeed, angle of attack and engine power information
for air data systems. It is therefore imperative that
take-off not be attempted unless it has been ascertgined
that all critical surfaces of the aeroplane are freg of
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1.6

1.7

adhering snow, frost or other ice formations. This vital
requirement is known as the “Clean Aircraft Concept”.

Most aeroplanes used in commercial air transport
operations, as well as some other aeroplane types, are
certificated for flight in icing conditions. Aeroplanes so
certificated have been designed and demonstrated to
have the capability of penetrating supercooled cloud
icing conditions in the forward flight regime. This
capability is provided either by ice protection equipment
installed on critical surfaces such as the leading edge or
by demonstration that ice formed, under supercooled
cloud icing conditions, on certain unprotected
components will not significantly affect aeroplane
performance, stability and control. Ice, frost and snow
formed on these surfaces on the ground can have a totally
different effect on aeroplane flight characteristics than
ice formed in flight. Exposure to weather conditions on
the ground that are conducive to ice formation can cause
accumulation of frost, snow or ice on areas of the
aeroplane where the ice protection provided is designed
for in-flight use only. In addition, aeroplanes are
considered airworthy and are certificated only after
extensive analyses and testing have been accomplished.
With the exception of analyses and testing to ascertain
the flight characteristics of an aeroplane during flight
in icing conditions, all analyses and certification testing
are conducted with a clean aeroplane flying in a clean
environment. If ice formations are present, other than
those considered in the certification process, the
airworthiness of the aeroplane may be invalid and no
attempt should be made to fly the aeroplane until it has
been restored to the clean configuration.

Common practice developed by the aviation industry
over many years of operational experience is to de/
anti-ice an aeroplane prior to take-off. Various techniques
of ground de/anti-icing aeroplanes were also developed.
The most modern of these techniques is the use of FPD
fluids to aid the ground de/anti-icing process and to
provide a protective film of FPD fluid (anti-icing) to
delay formation of frost, snow or other ice.

In scheduled airline operations, where large numbers of
aeroplanes are dispatched, the process of ensuririg8
airworthiness must be a team effort where each member
of the team has specific duties and responsibilities. In
the case of private aeroplane operations, all functions
may be performed by only one person, the pilot. In all
cases, the pilot-in-command has the ultimate
responsibility of ascertaining that the aeroplane is in a
condition for safe flight.

The only method currently known of positively
ascertaining that an aeroplane is clean prior to take-off is
by close inspection. Under conditions of precipitation,
fog or where moisture can be splashed, blown or

sublimated on to critical surfaces in sub-freezing weather,
many factors influence whether and how much ice, frost
or snow may accumulate and result in surface roughness.
Moreover, even in above-freezing weather conditions,|for
aeroplanes which have just landed after descending from
high altitude or have refuelled with very cold fuel, the
wings may be colder than 0°C due to fuel in wing tanks
being well below zero. This cold-soak effect may cause
ice to form on the wing surfaces. Most of the factors that
influence the cold-soak effect are listed below:

a) ambient temperature;

b) relative humidity;

c) precipitation type and rate;
d) fog type and density;

e) heat radiation;

f) wind speed and direction;

g) aeroplane surface temperature (including the
temperature of fuel in wing tanks);

h) presence of de-icing fluid;

i) de/anti-icing fluid type and temperature;

j) de/anti-icing fluid agueous solution (strength);
k) de/anti-icing fluid application procedure;

[) holdover times (and taxiing times from gate (o
departure runway);

m) operation in close proximity to other aeroplane jet

blast, equipment and structures;
n) operations on snow, slush or wet surfaces;

0) aeroplane component inclination angle, contour and
surface roughness; and

p) conditions under which the aeroplane is parked
(outside, fully or partially in hangar).

It is essential for personnel to understand and haye a
thorough knowledge of:

the adverse effects that ice, frost or snow on the
critical surfaces and airframe can have on aeroplane
performance and handling qualities;

a)

b) the various procedures that are available for

aeroplane ground de/anti-icing;
c) the capabilities and limitations of these procedures;

d) the variables that will influence the effectiveness|of

these procedures;

44
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2.2

2.3

2.4

2.5

e) the critical areas of the particular aeroplane; and

f) recognition that final assurance for a safe take-off
rests in a thorough pre-takeoff inspection or check3 1

Chapter 2

The Clean Aircraft Concept -
During conditions conducive to aeroplane icing during
ground operations, take-off shall not be attempted when
ice, snow, slush or frost is adhering to the wings,
propellers, control surfaces, engine inlets or other critical
surfaces. This standard is known as the “Clean Aircraft
Concept”. In this document, the Clean Aircraft Concept
deals solely with the fixed wing aeroplane.

Test data indicates that ice, snow, slush or froség
formations having a thickness and surface roughne
similar to medium to coarse sandpaper on the leading
edge or upper surfaces of a wing can significantly reduce
wing lift and increase drag.

These changes in lift and drag significantly increase stall
speed, reduce controllability and alter aeroplane flight
characteristics. Thicker or rougher frozen contaminants
can have increasing effects on the lift, drag, stall speed,
stability and control of the aeroplane. The primary
influence is created by any roughness located on critical
portions of an aerodynamic surface. These adverse
effects on the aerodynamic properties of the airfoil may
resultin a sudden departure from the commanded flighs.4
path and may not be preceded by any cockpit indications
or aerodynamic warnings to the pilot.

There are a large number of variables that have been
identified which can influence the formation of ice and

frost and the accumulation of snow and slush causingAeroplane Ground De/Anti-Icing Fluids

surface roughness on an aeroplane. These variables
include ambient temperature; aeroplane skin.1
temperature; precipitation rate and moisture content;
temperature; the fluid/water ratio of the de/anti-icing
fluid; relative humidity; and wind velocity and direction.
They can also affect the de-icing capabilities of de-icing
fluids and the anti-icing capabilities of anti-icing fluids.
Fluids used for anti-icing should not be considered to
have unlimited or defined anti-icing capabilities.

Numerous techniques for complying with the Clean
Aircraft Concept have been developed. Proper and
adequate de-icing, followed by an application of
appropriate anti-icing fluid, provides the best protection
against contamination. A visual or physical check of4.2
critical aeroplane surfaces to confirm that the treatment
has been effective and that the aeroplane is in
compliance with the Clean Aircraft Concept must be
accomplished.

Chapter 3
Aeroplane Icing on the Ground

Safe aeroplane operations during all types of weather
conditions are of utmost concern to all air carriers, airport
authorities and air traffic control.

Many atmospheric and ambient conditions can cduse
aeroplane icing on the ground. Some of these conditions
are frost, snow, freezing fog, freezing drizzle, freezing
rain and the cold-soak effect. The latter type of icing
can occur at ambient temperatures well above [the
freezing point. It is also important to understand that
mixed and changing atmospheric conditions can oveflap
during aeroplane operations on the ground requiring
constant vigilance by both flight and ground crews.

Other conditions which are conducive to icing
contamination on aeroplane surfaces are:

a) operations on ramps, taxiways and runways
contaminated by water, slush or snow. These
substances may be deposited on aeroplane surfaces
by wind, aeroplane operations, jet blast and/or|by
ground support equipment; and

b) warm aeroplane surfaces exposed to frozen
precipitation during below freezing conditions. The
warm aeroplane surfaces may cause melting and
refreezing of the precipitation.

In extremely severe blizzard or freezing rain conditions,
normal de/anti-icing procedures may be ineffective| in
providing sufficient protection for continued operations.

Chapter 4

The basic function of de/anti-icing fluids is to lower the
freezing point of freezing precipitation as it collects pn
the aeroplane and thus delay the accumulation of jice,
snow, slush or frost on critical surfaces. There are
principal classes of de/anti-icing fluids; they are knoyn
as Type | and Type Il fluids. Type | fluids are of|a
relatively low viscosity which changes only as a functipn
of temperature. Type Il fluids, however, contain| a
thickener system and are, therefore, of a higher viscgsity
which changes as a function of shear force, fluid/water
ratio and temperature. Generally, Type Il fluids have
better anti-icing properties than Type | fluids.

All de/anti-icing fluids must meet these criteria
established by the operator, fluid manufacturer and
aeroplane manufacturer. All de/anti-icing fluids myst
also be manufactured in accordance with 1$0
specifications.
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4.8

Type | Fluids

Currently, Type | fluids are available in concentrated o#.9
diluted (ready to use) forms. Concentrated Type | fluids
contain a minimum of 80 per cent glycol. The glycols

are monoethylene, diethylene or monopropylene glycols

(or a mixture of these glycols). The remainder consists

of water and inhibitors, but most fluids also contain4.10
wetting and anti-corrosion agents.

Concentrated Type | fluids must be diluted with water

to achieve a freezing point which is in accordance with
the appropriate application procedure. Due to
aerodynamic performance and/or freezing-point4.11
considerations, Type | fluids are not used in an undiluted
condition and are usually heated to enhance their
de-icing capabilities.

Type Il Fluids

Currently, undiluted Type Il fluids contain at least 50
per cent, by volume, of monoethylene, diethylene or™
propylene glycol (or a mixture of these glycols), wetting
agents, inhibitors and a thickener system. The remainder
of the mixture is water. The high viscosity of the fluid
combined with the wetting agents result in a thick
. . 5.2

coating when sprayed on the aeroplane. To providé
maximum anti-icing protection, Type Il fluids should
be used in an undiluted condition. However, Type Il
fluids are also used in a heated and diluted condition for
de/anti-icing applications.

Type Il fluids show a loss of viscosity once exposed to
a design level of shear force. The air flow during the
take-off roll exposes these fluids to the shear force design
level, causing a loss of viscosity, thereby allowing the
fluid to flow off the critical portion of the wings prior to
rotation.

Falling precipitation will steadily dilute both Type I and
Type Il fluids until the fluid coating freezes. By
increasing the viscosity of the fluid (as in Type 1l), a
higher film thickness and, hence, a greater volume of
fluid can be applied. The greater volume of fluid can
absorb more freezing precipitation before its freezing
point is reached and therefore its holdover time is
increased. This protective advantage becomes importabt3
during freezing precipitation conditions when longer taxi
times are expected.

If an aeroplane has to be reprotected, under nb.4
circumstances shall that aeroplane which has previously
been anti-iced receive a further coating of anti-icing fluid
directly on top of the existing coating. When it becomes
necessary to apply another coating of anti-icing fluid,
the aeroplane surfaces must first be de-iced again before
the final coating of anti-icing fluid is applied.

Handling of Anti-Icing Fluids

Both Type | and Type Il fluids must be handled |i

accordance with fluid manufacturers’ recommendations,

health and environmental regulations and operg
requirements.

The potective properties of Type Il fluids will be
degraded when the fluid is subjected to contaminati
improper transportation or storage, excessive heatin
when exposed to excessive shear forces during f
transfer or use.

Quality control methods for handling de/anti-icin
fluids, as specified in the approved operator program
must be strictly followed at all times.

Chapter 5
Holdover Times

Holdover time (HOT) is the estimated time the anti-ici
fluid will prevent the formation of ice and frost and tk
accumulation of snow on the protected (treated) surfa
of an aeroplane.

There are numerous factors which have been ident
that can affect the de/anti-icing capabilities and holdo!
times of de/anti-icing fluids. These factors include,
are not limited to:

a) type and rate of precipitation;

b) ambient temperature;

c) relative humidity;

d) wind direction and velocity;

e) aeroplane surface (skin) temperature; and

f) del/anti-icing fluid (type, fluid/water ratio,

temperature).

Therefore, fluids used for anti-icing must not |
considered to have anti-icing qualities for a speci
period of time.

The actual holdover time begins when the fin
application of anti-icing fluid commences and ends wh
the applied fluid loses its effectiveness.

Holdover times should be published by the operato
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5.5

5.6

6.1

meteorological conditions, particularly the aeroplane
skin temperature and the rate of precipitation being
encountered.

. L . 6.2
At the completion of aeroplane de/anti-icing, the pilot-
in-command will be provided with the following
information:

a)

b)

fluid type;
fluid/water ratio (Type Il only);

c) start time of the last step in the de/anti-icing
procedure; and

d) confirmation that the aeroplane is in compliance with
6

the clean aircraft concept.

This basic information will assist the pilot-in-command
to estimate an appropriate holdover time.

The ISO holdover time tables, displayed in the
Attachment, give examples of the time frames of
protection that can be expected under various weather
conditions. The times of protection represented in
these tables are to be usedyagelinesonly and are
normally used in conjunction with pre-takeoff check
procedures.

Caution: Due to the many variables that can
influence holdover times, the time of protection will

be shortened or lengthened depending on the 6.4
intensity of the weather conditions. High wind
velocity and jet blast can also cause a degradation

of the protective film of anti-icing fluid. If these
conditions occur, the time of protection may be
shortened considerably. This may also be the case

when the aeroplane skin temperature is
significantly lower than the outside air
temperature.
6.5
Chapter 6

De/Anti-Icing Check Procedures
Ground De/Anti-Icing Checks

The pilot-in-command is responsible for ensuring that
the aeroplane complies with the Clean Aircraft
Concept prior to take-off. Certain checks are required
to enable this responsibility to be properly discharged.
These checks can be grouped under three main
headings:

a) checks prior to the application of de/anti-icing fluids; 6.6

b) checks after the application of de/anti-icing fluids;
and

Checks Prior to the Application of
De/Anti-Icing Fluids

The first check in this process is the walk-around or |
flight check, normally accomplished by the ground
flight crew. The aeroplane critical surfaces, fuselage
landing gear shall be checked for ice, snow, slush

frost in accordance with an approved operator plan.

ice, snow, slush or frost is discovered, de/anti-icing
the aeroplane must be accomplished.

Checks After the Application of
De/Anti-Icing Fluids

A check to ensure compliance with the Clean Airct
Concept is made immediately following the applicati
of de/anti-icing fluids and is accomplished by a qualifi
person in accordance with the approved operator |
and procedures.

The pre-takeoff check, which is the responsibility
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the pilot-in-command, ensures that the representative

surfaces of the aeroplane are free of ice, snow, s
or frost just prior to take-off. This check shall
accomplished as close to the time of take-off
possible and is normally made from within th
aeroplane by visually checking the wings or oth
critical surfaces.

The pre-takeoff check procedures are a critical par
the ground operation and become the only meang
which the pilot-in-command can ensure that t

aeroplane is in compliance with the Clean Aircraft

Concept prior to takeoff. If stipulated by the regulatg
authority, aeroplane manufacturer, operatio
specification or if requested by the pilot-in-comman
an external check of aeroplane critical surfaces sha
conducted by a qualified ground person.

The pilot-in-command has the responsibility
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continuously monitor the weather and aeroplane

condition to ensure compliance with the Clean Aircr,
Concept. If this requirement cannot be satisfied, by ei
an internal or external check of aeroplane criti
surfaces, then another de/ anti-icing of the aeropl
must be accomplished. Special equipment or proced
may be required to carry out this check at night or un
severe weather conditions.

Special Checks

A check for the presence of clear ice, frequently cad
by cold-soaked fuel in wing tanks, may be requir
during rain or high humidity conditions and for certa
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types of aeroplanes. This type of ice is very difficult|to
c) special checks. detect, especially in conditions of poor lighting or when
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7.2

7.3

7.4

7.5

7.6

the wings are wet. Special check procedures are required
to detect this type of icing and shall be included in the
approved operator programme.

Chapter 7
Responsibilities

The regulatory authority ensures that every operator shall
have an approved de/anti-icing programme or
procedures. The programme shall require that air carrier
operations comply with the Clean Aircraft Concept.

The regulatory authority ensures that relevant and
appropriate meteorological and other data are readily
available to the respective aerodrome users. This shall
be any time prior to or during aerodrome winter
operations which require de/anti-icing activities. The

data shall include, but not be limited to: 8.1

a) runway condition reports;
b) aerodrome taxiway/apron condition reports; and

c) aerodrome sequence reports.

The de/anti-icing programme shall clearly define areas
of responsibility for the operator. All persons involved 8.2
in ground de/anti-icing activities shall be trained and
gualified in the procedures, communications and
limitations of their area of responsibility. The de/
anti-icing programme shall cover all locations within
the operator’s route network including contract de/
anti-icing accomplished by others.

Operator

Ground de/anti-icing is, technically, a part of the8.3
operation of the aeroplane. The person in charge of the
de/anti-icing procedure is responsible for accomplishing
this procedure and verifying the results of the de/
anti-icing treatment. Additionally, the de/anti-icing
application information reported to the flight deck crew

is also a part of the technical airworthiness of the
aeroplane.

The person responsible for the de/anti-icing process must
be clearly designated. This person shall check the
aeroplane for the need to de-ice and initiate de/anti-icing_ 4
if required and is responsible for the correct and
complete de/anti-icing treatment of the aeroplane. The
final responsibility for accepting the aeroplane after de/
anti-icing rests, however, with the pilot-in-command.

To ensure compliance with the Clean Aircraft Concept,
the pilot-in-command shall evaluate:

8.5
a) actual and forecast weather conditions;

Aerodrome De/Anti-Icing Facilities

b) taxi times and conditions;
c) de/anti-icing fluid characteristics; and

d) other relevant factors.

The pilot-in-command is responsible for continuous
monitoring the condition of the aeroplane after d
anti-icing has been completed and that the aeropl
complies with the Clean Aircraft Concept at the time
take-off.

Chapter 8

Overview

Safe and efficient aeroplane operations are of prim
importance in the development of any aerodrome
anti-icing facility. Design considerations should inclu
siting, sizing, environmental issues and the operatig
needs of aerodrome users in an effort to maximize
de/anti-icing capacity while maintaining maximu
safety and efficiency.

The design of a de/anti-icing facility should, to the ext
practicable, meet the needs of air carriers and of
elements of the aviation community, as outlined
aeroplane ground de/anti-icing programmes. The ¢
of this effort should be that the facility be designed st
that it offers the maximum in safety, efficiency ar
flexibility to the user.

Need For a Facility

Aerodrome de/anti-icing facilities are required
aerodromes where ground snow and icing conditi
can be expected to occur. This would include aerodro
which serve aeroplanes that can develop frost or icé€
critical surfaces as a result of having very cold fuel
their fuel tanks, even though the aerodrome itself is
experiencing ground icing conditions.

Size, Capacity and Number of
De/Anti-Icing Facilities

There are numerous factors which affect the basic de
of any de/anti-icing facility. In determining the de
anti-icing operational capacity of the aerodrome, it
recommended that the aerodrome have facilities wit
de/anti-icing capability equivalent to the maximum pe
hour departure rate that can be managed by the 4
units during de/anti-icing operations.

Environmental concerns are becoming increasin
important in the design of any facility. It therefore follow
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8.6

that de/anti-icing facilities must be designed in accordance
with local environmental rules and regulations.
Environmental factors which have to be considered are:

a) protecting the environment against toxic substances;

b) the isolation and collection of used glycol and any
other de/anti-icing contaminants to prevent runoff8.7
into the normal aerodrome storm drainage system;
and

c) recycling the used glycol.

The size and number of de/anti-icing facilities on an
aerodrome shall be determined by, but not necessarily
limited to, all of the following factors.

a) Methods and procedures usetihe aerodrome gg
should plan for the use of the two-step de/anti-icing
procedure for all de/anti-icing operations even
though some operators may choose to use the one-
step procedure on some occasions. As the most
lengthy of the two procedures, the two-step
procedure increases estimated processing times argdg
may therefore require more and larger de/anti-icing
facilities. This method of planning should help to
ensure that the aerodrome is able to achieve the
maximum aeroplane departure flow rates.

b) Variations in meteorological conditionBrecipitation
type, rate and frequency all affect aerodrome de/
anti-icing operations. Aerodromes which normally
experience heavy snowfalls or freezing rain will
require more de/anti-icing facilities in order to
maintain aeroplane departure flow rates. When these
conditions frequently occur, consideration should also
be given to locating de/anti-icing facilities as close to
the runway as is practical.

c) Types of aeroplanes receiving treatmeiihe
application time required to de/anti-ice various types
of aeroplanes, for the same weather conditions, can
vary substantially. Narrow body aeroplanes require
less time than their wide body counterparts.
Aeroplanes with centre-mounted fuselage engines
require more time than aeroplanes with only

wing-mounted engines. 8.10

d) Performance capabilities of mobile de-icing vehicles
Mobile de-icing vehicles with reduced tank
capacities and limited fluid heating capabilities can
increase application times and adversely affect
aeroplane departure flow rates. Locating remote pad
facilities with storage capabilities as close as
practical to the runway can mitigate operational
limitations caused by this type of equipment.

e) Bypass taxi capability To further maximize
departure flow rates for all aeroplanes, the location

1 De/anti-icing facilities away from the terminal are

and size of de/anti-icing facilities should be such
that they allow for bypass taxiing during de/anti
icing operations.

Facility Location

The primary consideration in determining the location
of an aerodrome de/anti-icing facility is the time required
to taxi from the facility to the take-off runway. This is
because the taxi time begins at the conclusion of|the
anti-icing process and ends with the take-off. The taxi
time should be such that throughout the time required
for an aeroplane to taxi to the runway and take off, the
holdover time of the de/anti-icing fluid used remains|in

effect.

In calculating the taxi time from the de/anti-icing facility
to the departure runway, operators should bear in mind
that taxi times are slower in winter. They should also

consider whether there are any other time-related fagtors
specific to the aerodrome.

Other factors which might affect the location of
aerodrome de/anti-icing facility are:

a) environmental issues and considerations;

b) types of fluid applicators (mobile de/anti-icing
vehicles or gantry types);

c) access for mobile de/anti-icing vehicles or other gde/
anti-icing operations support vehicles;

d) types and size of aeroplanes required to be de/anti-
iced;

e) normal taxi routes in use on the aerodrome;
f) airspace protection and obstacle clearance;
g) safety clearances on ground; and

h) navigation/approach aid clearances on ground.

Terminal de/anti-icing

For some aerodromes, de/anti-icing facilities at gatgs or
adjacent to the terminal can adequately meet the de/anti-
icing demands of the aerodrome user and still allow
acceptable taxi times to the departure runway duting
ground icing conditions.

Off-terminal de/anti-icing

recommended when terminal de/anti-icing facilities
(including apron facilities) cause excessive gate delays
and taxi times.
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Remote pad de/anti-icing facilities

9.6

8.12 Remote de/anti-icing facilities located near departure

runway ends or along taxiways are recommended when

taxi times from terminals or off-terminal de/anti-icing

locations frequently exceed holdover times. The correct
design of these facilities can also improve flow control9-7
by permitting re-treatment of aeroplane critical surfaces
without the aeroplane having to return to more distant

treatment sites.

Clearance and Separation Standards for

De/Anti-Icing Facilities

8.13 All de/anti-icing facilities shall be designed, sited anolo'1
sized in accordance with the clearance and separation
standards established by the local regulatory authority.

9.1

Additionally, proximity to fixed and moveable objects
must be considered.

Chapter 9
Air Traffic Control (ATC)

The regulatory authority shall provide a comprehensive

10.2

10.3

air traffic control plan which relates to winter operations

and de/anti-icing activities.

Air Traffic Control Winter Operations Plan

9.2

9.3

9.4

9.5

The ATC winter operations plan shall provide for the
management of safe and efficient aeroplane movements

within the aerodrome traffic area during winter

operations and de/anti-icing activities. The plan shall
meet the needs of the aerodrome users while complying
with the requirements of the individual aeroplane and

ground de/anti-icing programmes and facilities.

This plan shall provide for the implementation of an
. . i 10.4
ATC programme during winter operations and de/

anti-icing activities which will ensure optimum

aeroplane arrival and departure “flow through” rates.

Details of the ATC winter operations plan shall be

included in all ATC controller's manuals.

The ATC plan shall provide for the shortest possible taxi
time to the departure runway for take-off after the

completion of the de/anti-icing of an aeroplane.

In developing the plan, full account should be taken 010.5
the relevant climatological information pertaining to the

aerodrome concerned. The plan shall provide for the

distribution of necessary meteorological information

from a reliable meteorological source to support the
management of safe and efficient aeroplane operations

and de/anti-icing activities.

The winter operations plan shall, if necessary, con
provisions for secondary de/anti-icing. In addition,

ain
it

may also contain provisions for centralized de/

anti-icing and remote pad de/anti-icing at t
aerodrome.

It is the responsibility of the regulatory authority

e

[0

coordinate the merging of the ATC winter operations

plans of contiguous national areas.

Chapter 10
De/Anti-lcing Communications

The communications between ground and flight crews
are an integral part of the de/anti-icing process and must

be included in every de/anti-icing procedure.

Prior to starting the de/anti-icing process, it is essential
that the ground and flight crews verify that the aeroplane

is properly configured in accordance with th
manufacturer’'s recommendations and the operat
procedures.

Upon completion of the de/anti-icing procedure g

e

DI'S

nd

the associated check of the aeroplane, which enspres

that it complies with the Clean Aircraft Concept, the

following information shall be communicated to th
flight crew:

a) fluid type;

b) fluid/water ratio (Type Il fluids only);

c) start time of the last step in the de/anti-icing

procedure; and

d) confirmation that the aeroplane is in compliance w
the Clean Aircraft Concept.

This information shall be recorded and communica

e

ith

ted

directly to the flight crew, in the prescribed order aboye.

The communication shall be in either written or verl
form and examples of this communication would be
follows:

al
as

a) “Type Il, 75/25, 1630 and clean aeroplane check

complete”; and

b) “Typel, 1630 and clean aeroplane check comple

Communications regarding any de/anti-icing rela

activities; i.e. holdover times, taxi times, ATC
flow control rates, etc., which occur between flight

crews and ATC, as a result of aerodrome win

operations and de/anti-icing activities, shall follow

e.

ed

~

er

communications procedures as outlined in the ATC

winter operations plan.
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Chapter 11 phenomena which could induce adhering frozen
De/Anti-Icing Methods contamination on aeroplane critical surfaces.

11. 1 De/anti-icing is generally carried out by using heated?-3 Aeroplane-mounted devicese those which are any
fluids dispensed from spray nozzles mounted on combination of point sensors, area surveying equipment
specially designed de/anti-icing trucks, de/anti-icing or performance monitoring devices. They too will be
gantry systems, small portable spraying equipment or designed to detect ice, snow, slush or frost on the critical
by mechanical r,neans (brushes, ropes, etc.). surfaces of the aeroplane and will meet aeroplane

’ ’ manufacturer, operator and regulatory authorjty

11.2 Deflanti-icing fluids are applied close to the skin of the requirements. Operational requirements of aeroplgne-
aeroplane to minimize heat loss and the usual techniques ~ Mounted systems ensure a design which will cover|the
employed are as follows: same operational environment for which the aeroplane

has been certified. The warning information will be
a) Fuselage Normally, spraying starts with the simple, straightforward and consistent with the current
fuselage. Spray along the top centreline and then display philosophy adopted by the industry.
outboard. Avoid spraying directly on windows.
. _ - ~12.4 The desired intent of systems using aeroplane-mounted
b) Wings and horizontal stabilizerSpray from the tip devices is to assure the flight crew that aeroplane
to the root and from the highest point of the surface  critical surfaces are free of frozen contaminants ptior
camber to the lowest point. to take-off.
c) Vertical surfacesStart at top and work downwards. 12.5 During system integration and installation, both the
d) Landing gear and wheel bayieep application of gr_ound-based devi_ces and aeroplz_ine-mounted devices
de/anti-icing fluid in this area to a minimum. High will meet the requirements established by operators,
pressure spraying is not recommended. aeroplane manufacturers and regulatory authorities. The
design of these devices should be compatible with
e) Engines/APUsAvoid spraying fluids into engines current de/anti-icing philosophies, fluids and procedures.
or APUs. Consult manufacturers’ recommendations. At this time, these devices are considered to be advisory
Ensure engines are free to rotate before start up and  in nature only.
that front and back of fan blades are free of ice. Bleed
systems must be switched off during de/anti-icing12.6 All of the information which is provided by either or
operations when engines or APUs are running. both of the ground-based or aeroplane-mounted devices
should:

11.3 De/anti-icing can be carried out as a one-step process ) o . ) .
using heated Type | or Type Il fluid to both de-ice and a) aSS|_st the pilot-in-command in operational decision-
anti-ice, or as a two-step process using heated Type | making;
fluid or hot water to de_-|ce foIIO\_/v_ed immediately by b) help to more accurately estimate the duration of the
Typg I_ or Type Il fluid to anti-ice. Temperature holdover time: and
restrictions must be observed.

c) minimize the need to return for a second de/
Chapter 12 anti-icing.
Ice Detection, Warning and Chapter 13
Prevention Systems -
y Training of Personnel
12.1 On the .baSIS of thelr planned fpnctlon and Iocatlonl&l To ensure a thorough understanding of all aspects of
ground ice detection and warning systems may b€ . ) 4
: o . winter operations, flight and ground crews must |be
separated into two principal categories. They are . e O
. . trained and qualified in procedures for safe de/
ground-based devices and aeroplane-mounted devices. . ) : g o
anti-icing operations during ground icing conditions.

12.2 Ground-based devicesill be designed to detect ice, This tfa'”'”g shall _mclude, but is not limited to_tre
snow, slush or frost on the critical surfaces of the following (as applicable to the type of operatiohs
aeroplane. They will normally consist of area surveying conducted):
equipment or systems and will meet aeroplane  g) recognition of relevant weather phenomena;
manufacturer, operator and regulatory authority
requirements as appropriate. In addition, some systems  b) effects of ice, snow, slush or frost on aeroplgne
will have the capability of warning of any weather performance, stability and control;
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c)
d)

e)

basic characteristics of aeroplane de/anti-icing fluids;

general techniques for removing deposits of ice,
snow, slush or frost from aeroplane surfaces (de-
icing) and for anti-icing these same surfaces;

de/anti-icing procedures in general and procedures
specifically recommended by the operator, aeroplane
manufacturer or fluid manufacturer;

[) use of holdover time tables for de/anti-icing fluid

m) special provisions and procedures for contract
icing and anti-icing (if applicable); and

n) environmental considerations for de-icing and ar

v

icing operations, i.e. locations for de-icing and anti-

icing, reporting spillage and hazardous was

control.

e

nti-

the

f) de/anti-icing equipment operating procedures; 132 Additionally, training for ground personnel shall inclu
. ) the following:
g) quality control procedures;
h) techniques for recognizing frozen precipitation on 3) i?:(i:r:uael hl?in(;;?]? (;E)fjratlon of de/anti-icing and a
aeroplane critical surfaces; g equip ’
i) de/anti-icing application data and communications b) procngres and m_e.th_ods fqr storage and handling
procedures; of de-icing and anti-icing fluids.
j) health effects, safety precautions and accideni3-3 The operator shall maintain accurate records of
prevention; training and qualifying of both flight and groun
personnel. This proof of qualification shall be for both
k) procedures and responsibilities for checks; initial and annual recurrent training.
Attachment
Table 1

Application of ISO Type | Fluid Mixtures (Minimum Concentrations)

Application — Type | Fluid

Outside Air Temperature

One-step Procedure

Two-step Procedure

°C °F De-icing/Anti-Icing First Step: De-Icing Second Step: Anti-lcingl
Water heated to 60°C (140°F)
At or_gbove At ozl’sagove minimum at the nozzle or a heat
' Freezing point of heated? mixture of fluid and water Freezing point of fluid
fluid mixture should be at Freezing point of heated fluid mixture shall be at least
least 10°C (18°F) below mixture shall not be more than 10°C (18°F) below actual
Below -3 Below 26.6

outside air temperature

3°C (5.4°F) above actual
outside air temperature

outside air temperature

1. To be applied before first step fluid freezes, typically within 3 minutes.
2. Clean aircraft may be anti-iced with cold fluid.

Note. — For heated fluids, a fluid temperature of not less than 60°C (140°F) at the nozzle is desirable.

Table 2
Approximate Holdover Times Achieved by ISO Type | Fluid Mixture

Holdover Times — Type | Fluid

Outside Air Temperature

Approximate Holdover Times with Reference to Weather Conditions (minutes)

°C °F Frost Freezing Fog Snow Freezing Rain Rain on Cold-soaked Wing
Atorabove O At or above 32 18 to 45 12 to 30 6to 15 2to5 6to 15
0to-7 32t019.4 18 to 45 6to 15 6to 15 1to3 —
Below -7 Below 19.4 12 to 30 6to 15 6to 15 — —

Note 1. — The user should check the latest ISO holdover data.
Note 2. — Freezing point of an ISO Type | fluid mixture shall be at least 10°C (18°F) below outside temperature.
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Table 3
Application of ISO Type Il Fluid Mixtures (Minimum Concentrations)

Application — Type Il Fluid

Concentration of ISO Type Il Fluid/Water Mixtures (Percentage by Volume)
QOutside Air Temperature One-step Procedure Two-Step Procedure

°C °F De-Icing/Anti-Icing First Step: De-Icing Second Step: Anti-Icingl
Water heated to 60°C (140°F)
minimum at the nozzle or
heated mixture of ISO type |

50/50 heated ISO type Il ©F Il fluid and water 50/50 1SO type Il
Heated 50/50 or suitable
mixture of ISO type | with
freezing point not more than

Below -7to-14 Below19.4t06.8  75/25 heated ISO type Il 3 C (5.4°F) above actual 75/25 1S0 type I
outside air temperature

Heated 75/25 or suitable

At or above -3 At or above 26.6

Below -3 to -7 Below 26.6 to 19.4

Below -14 to -17 Below 6.8 to 1.4 mixture of ISO type | with
— freezing point not more than 100/0 1SO type Il
Below -17 to -25 Below 1.4 to -13 3°C (5.4°F) above outside

air temperature

ISO type Il may be used for anti-icing below -25°C (-13°F) provided that a 7°C (12.6°F)
Below -25 Below -13 buffer is maintained. Consider use of ISO type | where ISO type Il cannot be used
(see Table 1).

1. To be applied before first step fluid freezes, typically within 3 minutes.

Note. — For heated fluid temperature not less than 60°C (140°F) at the nozzle is desired.

Table 4
Approximate Holdover Times Achieved by ISO Type Il Fluid Mixtures

Holdover Times — Type Il Fluid

Outside Air Concentration of ISO Approximate Holdover Times with Reference to Weather Conditions
Temperature Type Il Fluid/Water Rain on Cold-
°C °F Percentage by Volume Frost Freezing Fog Snow Freezing Rain soaked Wing
100/0 12 h 1h15minto 3 h 25mintolh 8 minto 20 min 24 mintolh
At or At or 75125 6h 50minto 2 h 20 min to 45 min 4 min to 10 min 18 min to 45 min
above 0 above 32
50/50 4h 35mintol1h30min 15 minto 30 min 2 minto 5 min 12 min to 30 min
100/0 8h 35minto 1 hr 30 min 20 min to 45 min 8 min to 20 min
BS)IO_V%’ 0 Bt%lciv; 22 75125 5h 25mintolh 15 min to 30 min 4 min to 10 min —
50/50 3h 20 min to 45 min 5minto 15 min 1 minto 3 min
Below -7  Below 19.4 100/0 8h 35minto1h30min 20 minto 45 min
to -14 to0 6.8 75125 5h 25mintolh 15 min to 30 min —
Below -14 Below 6.8 100/0 8h 35minto 1 hr 30 min 20 min to 45 min — —
to -25 to -13
Below -25 Below -13 100/0* ISO type Il fluid may be used for anti-icing below -25°C (-13°F) provided that a 7°C

(12.6°F) buffer is maintained. Consider use of ISO type | fluid where ISO type Il
cannot be used (see Table 2).

1. If 7°C (12.6°F) buffer is maintained.

Note. — The user should check the latest ISO holdover data.

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « JUNE-SEPTEMBER 1997 53



ICAO MANUAL OF AIRCRAFT GROUND DE/ANTI-ICING OPERATIONS

Bibliography 4. Aircraft Ground De-icing and Anti-icing (Interim Final
Rule), U.S. Federal Aviation Administration, 2
September 1992.

©

1. Recommendations for De/anti-icing Aircraft on the
Ground, Association of European Airlines, Eighths adyisory Circular — Ground De-icing and Anti-icin

Edition, 1992. Program — AC 120-60, U.S. Federal Aviatio
Administration, 19 May 1994.

5 &

2. Large Aircraft Ground De-icing — Pilot Guide, AC )
120-58, U.S. Federal Aviation Administration, 30 6- International Standard ISO — 11076:/1993E |—

September 1992 Aerospace — Aircraft De-icing/anti-icing Methods with
' Fluids, International Organization for Standardizatign,
1 July 1993.

3. “When in Doubt” — Small and Large Aircraft — Aircraft

Critical Surface Training, Transport Canada, January. Design of Aircraft De-icing Facilities — AC 150/5300-14
1994, U.S. Federal Aviation Administration, September 1993.

54 FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « JUNE-SEPTEMBER 1997



Ground Deicing and Anti-icing Program

Advisory Circular (AC) 120-60
U.S. Federal Aviation Administration

FSF editorial note: See current holdover time tables based on data from the Society of Automotive Engineers (SAE),
the International Standards Organization (ISO), the Association of European Airlines (AEA), the relevant flight
operations manual and/or the appropriate civil aviation authority.

To promote aviation safety, the U.S. Federal Aviation Administration (FAA) publishes a number of document
including advisory circulars (ACs). ACs, which provide guidance and information about the National Aifspac
System, are not binding unless incorporated in a regulation.

O

For a complete list of ACs, ordering information, prices (when applicable) and order forms, request the free
AC 00-2.9, “Advisory Circular Checklist,” from the U.S. Department of Transportation (DOT).

To order free ACs from the DOT, indicate title, publication number and number of copies requested and mgil to

U.S. Department of Transportation

TASC, Subsequent Distribution Office, SVC-121.23
Ardmore East Business Center

3341 Q 75th Avenue

Landover, MD 20785

Fax orders should be sent to: (301) 386-5394.

For-sale ACs may be ordered from:

Superintendent of Documents
U.S. Government Printing Office
P.O. Box 371954

Pittsburgh, PA 15250-7954
Telephone: (202) 512-1800
Fax: (202) 512-2250

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « JUNE-SEPTEMBER 1997 55



ADVISORY CIRCULAR (AC) 120-60

U.S.Department

Administration

1. Purpose.This advisory circular (AC) provides one means,
but not the only means, for obtaining approval of a Ground
Deicing and Anti-icing Program, and for ensuring
compliance with the Federal Aviation Regulations (FAR)
Section 121.629.

a. Part 121, Subpart E — Approval of Routes: Domestic
and Flag Air Carriers. Sections 121.105-107.

b. Part 121, Subpart F — Approval of Areas and Routes
for Supplemental Air Carriers and Commercial
Operators. Sections 121.123-127.

c. Part 121, Subpart G — Manual Requirements. Section
121.135.

d. Part 121, Subpart L — Maintenance, Preventive
Maintenance, and Alterations. Sections 121.363(b),
121.365-369, and 121.375.

e. Part 121, Subpart M — Airman and Crewmember
Requirements. Sections 121.383(a)(3), 121.401-403,

f. Part 121, Subpart O — Crewmember Qualifications.
Section 121.433.

g. Part121, Subpart P — Aircraft Dispatcher Qualifications
and Duty Time Limitations: Domestic and Flag Air
Carriers. Section 121.463.

h. Part 121, Subpart T — Flight Operations. Sections
121.533, 121.537, and 121.539.

Q Advisory
oy Circular

Ground Deicing and Anti-icing Program

Advisory Circular (AC) 120-60, May 19, 1994
U.S. Federal Aviation Administration (FAA)

2. Related FAR Sections. 3.

121.405,121.415, 121.418-419. 121.422, and 121.427.

i. Part 121, Subpart U — Dispatching and Flight Release
Rules. Section 121.629.

j- Special Federal Aviation Regulation No. 58. Advanced
Qualification Program.

Related Reading Material.The following material should
be useful in developing training program subject material
and instructions, and procedures for incorporation in the
certificate holder’'s manuals:

a. AC20-117, Hazards Following Ground Deicing and
Ground Operations in Conditions Conducive to Aircraft
Icing.

b. AC 120-58, Pilot Guide for Large Aircraft Ground
Deicing.

c. FAA publication, Winter Operations Guidance for Ajir
Carriers and Other Adverse Weather Topics.

Note AC 120-117, AC 120-58, and the FAA publicatign
may be obtained from the Department of Transportation,
M-443.2, General Services Section, Washington, DC
20590.

d. Publications of the Society of Automotive Engineers
(SAE): Aerospace Materials Specification (AMS) 1424,
“Deicing/Anti-icing Fluid, Aircraft, Newtonian — SAE
Type I;” AMS 1428, “Fluid, Aircraft Deicing/Anti-icing,
Non-Newtonian, Pseudo-Plastic, SAE Type II;” and
Aerospace Recommended Practice (ARP) 4737,
“Aircraft Deicing/Anti-icing Methods with Fluids, for
Large Transport Aircraft.” You can obtain copies of these
documents by writing to the Society of Automotive
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Engineers, 400 Commonwealth Drive, Warrendale5.
Pennsylvania, 15096-0001.

. Publications of the International Standards Organization
(ISO): ISO 11075, “Aerospace — Aircraft Deicing/Anti-
icing Newtonian Fluids ISO Type [;” ISO 11076,
“Aerospace — Aircraft Deicing/Anti-icing Methods with
Fluids;” ISO 11077, “Aerospace — Deicing/Anti-icing
Self Propelled Vehicles — Functional Requirements;”
and 1SO 11078, “Aerospace — Aircraft Deicing/Anti-
icing Non-Newtonian Fluids ISO Type Il.” Copies of
these documents can be obtained from American
National Standards Institute, 11 West 42nd Street, New
York, New York, 10036, (212) 642-4900.

4. Background.

a. Accidents Related to IcingAccording to information

received in 1992 from the National Transportation Safety
Board (NTSB), in the last 23 years there have been 15
accidents involving FAR Part 121 operators related to
the failure to deice and/or anti-ice aircraft adequately
before takeoff. On March 22, 1992, an airplane operated
by a U.S. air carrier crashed on takeoff from LaGuardia
Airport in a snowstorm during nighttime operations. The
NTSB determined that the probable causes of this
accident were failure of the airline industry and the
Federal Aviation Administration (FAA) to provide
flightcrews with procedures, requirements, and criteria
compatible with departure delays in conditions
conducive to airframe icing and the decision by the
flightcrew to take off without positive assurance that the
airplane’s wings were free of ice accumulation after
prolonged exposure to precipitation following deicing.

. Reassessment of Icing Proceduredrior to the
LaGuardia accident, the FAA and the aviation
community, in general, had placed priority on
emphasizing the need during icing conditions for the
pilot in command (PIC) to ensure a “clean aircraft”
before takeoff. The FAA believed that pilot education6.
appeared to be key to combatting the threat of wing icing.
The FAA still believes the PIC ultimately must make
the decision on whether or not to take off, based on a
thorough understanding of factors involved in aircraft
icing; however, the FAA has determined that certificate
holders conducting operations under FAR Part 121 must
provide their PIC’s with pertinent information and
operator-developed procedures and criteria so that the
PIC will be able to make a proper decision.

. Content of this AC. Accordingly, this AC provides
guidance about the program elements that should be
incorporated in an certificate holder’s approved ground
deicing and anti-icing program. It provides guidance and
suggestions about methods, but not the only methods,
for complying with all pertinent regulations.

Definitions. The terms used in this AC are not defined
FAR Part 1. They are defined here for a better understan
of this material.

a. Holdover Time. The estimated time deicing or anti-icin
fluid will prevent the formation of frost or ice and th
accumulation of snow on the protected surfaces of
aircraft. Holdover time begins when the final applicati
of deicing/anti-icing fluid commences and expires wh
the deicing/anti-icing fluid applied to the aircraft los
its effectiveness.

. Deicing. A procedure by which frost, ice, or snow
removed from the aircraft in order to provide cle
surfaces.

. Anti-icing. A precautionary procedure that provid
protection against the formation of frost or ice a
accumulation of snow on treated surfaces of the airc
for a limited period of time.

representative aircraft surfaces for frost, ice, or sn
conducted within the aircraft’s holdover time.

. Pretakeoff Contamination Check A check to make
sure the aircraft’'s wings, control surfaces, and ot
critical surfaces, as defined in the certificate holde
program, are free of frost, ice, and snow. It must
completed within 5 minutes prior to beginning takeg
This check must be accomplished from outside
aircraft unless the certificate holder’s program specit
otherwise.

Outside-the-Aircraft Check. A check to ensure that th

. Pretakeoff Check A check of the aircraft's wings of
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wings and control surfaces are free of frost, ice, and smow.

It mustbe completed within 5 minutes prior to beginni
takeoff. It mustbe accomplished from outside th
aircraft.

Program Elements.FAR Section 121.629(c) requires

9
e

a

certificate holder’'s ground deicing and anti-icing program

include at least the following elements:

a. Management plan including a detailed description of
operational responsibilities and procedures associ
with the implementation and conduct of the certifica
holder’s ground deicing/anti-icing program.

. A certificate holder’s holdover timetables and procedu
for the use of these tables by the certificate hold
personnel.

Aircraft deicing/anti-icing procedures and responsibiliti
pretakeoff check procedures and responsibilities,
pretakeoff contamination check procedures 3
responsibilities.

C.
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d. Initial and recurrent ground training and testing for flight
crewmembers and qualification for all other affected

personnel (e.g., aircraft dispatchers, ground crews,

management plan and the deicing/anti-icing
program with the appropriate air traffic control
tower (ATCT) personnel and other appropriate

contract personnel). airport authorities, including:
7. Management PlanFAR Sections 121.533, 121.535, and @i
121.537 state, respectively, that each domestic, flag, and
supplemental air carrier and commercial operator is
responsible for operational control. In order to properly
exercise operational control (when conditions at an airport
are such that frost, ice, or snow may reasonably be expected
to adhere to its aircraft), the certificate holder should
develop, coordinate with other affected parties, implement,
and use a management plan to ensure proper execution of
its approved deicing/anti-icing program. The FAA would (i)
accept an operator's management plan that identifies the
manager responsible for the overall deicing/anti-icing
program, identifies each subordinate manager, and describes
each manager’s functions and responsibilities under the
applicable FAR which are needed to properly manage the
certificate holder’'s deicing/anti-icing program. A plan
encompassing the elements discussed in the following
paragraphs is acceptable: b.

) Determine who will be authorized to enter inLo
agreements with the manager of the ATCT at each
airport regarding air traffic control (ATC
procedures during ground icing conditions, and
with each airport’'s manager regarding aircraft
secondary deicing/anti-icing locations and where
aircraft may conduct pretakeoff contamination
checks; and

Ensure that a detailed description of the deicing/
anti-icing program is incorporated in the certificate
holder's manuals for flight crewmembers,
dispatchers or flight followers, ground operations
personnel, and management personnel to usg
conducting operations under ground icing
conditions.

in

Maintenance. Determine who is responsible far
ensuring that enough trained and qualified personnel, as

a. Operations Determine the management position well as adequate facilities and equipment, are available

responsible for ensuring that all the elements of the
management plan and the deicing/anti-icing program

have been developed, properly integrated, and
coordinated; that the plan and program have been
disseminated to all those persons who have duties,
responsibilities, and functions to perform in accordance

with them; and that adequate management oversight of
the program continues to be maintained. The following

should be considered:

(1) At each airport where operations are expected to
be conducted in conditions conducive to ground
icing, determine who will be responsible for
deciding when ground deicing/anti-icing
operational procedures are to be implemented.

(2) Specify the functions, duties, responsibilities,
instructions, and procedures to be used by flight
crewmembers, aircraft dispatchers or flight
followers, and management personnel for safely
dispatching or releasing each type aircraft used in
its operations while ground deicing/anti-icing
operational procedures are in effect. A plan should
include a detailed description of how the certificate
holder determines that conditions at an airport are
such that frost, ice, or snow may reasonably be
expected to adhere to the aircraft, and when ground
deicing/anti-icing operational procedures must be
in effect.

(3) Determine who will be
coordinating the applicable portions of the

at each airport where operations are expected to be
conducted under conditions conducive to ground ic|ng

for the proper deicing and anti-icing of the certificate
holder’s aircraft. The following should be considered:

(1) Ensure that all necessary maintenance elements
of the management plan and the deicing/anti-icing
program have been developed, properly integrated,
and coordinated; that the maintenance plan and
deicing/anti-icing program have been disseminated
to all those personnel who have duties,
responsibilities, and functions to perform; and that
adequate management oversight of the progfam
continues to be maintained.

(2) Detail the functions, duties, responsibilitie
instructions, and procedures to be used by|its
ground personnel, maintenance personnel, and
management personnel for safely dispatching or
releasing aircraft used in its operations while
ground deicing/anti-icing operational procedurgs
are in effect.

U7

(3) Ensure that a detailed description of the
maintenance portion of the deicing/anti-icing
program is incorporated in the certificate
holder's manuals for the use and guidanice
of maintenance, ground, flightcrew, and
management personnel.

responsible for 8. Holdover Timetables and Procedures for Their Usd&zAR
Section 121.629(c)(3) requires that the deicing/anti-ic|ng
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program include holdover timetables and the procedures
for the use of these tables by the certificate holder’s
personnel. An acceptable program includes procedures to
be followed in the event that the holdover times, as
determined by the PIC from the certificate holder’s holdover
time tables, are exceeded. Each of these areas is discussed
in the following paragraphs and illustrated in figure 1.

specifically state that holdover time protection will
shortened in heavy weather conditions. The effectiveness
of deicing/anti-icing fluids is based on a number |of
variables (e.g., temperature, moisture content of jthe
precipitation, wind, and aircraft skin temperature).
holdover timetables are to be used for departure planping
and in conjunction with pretakeoff check procedures.
FAR Section 121.629(c)(3) requires the program include
procedures for the use of holdover timetables including
conducting pretakeoff check(s). A pretakeoff check|as
defined in FAR Section 121.629(c)(4) is a check of the
aircraft's wings or representative aircraft surfaces for

Note The procedures for the use of the holdover timetables
requires a pretakeoff check by the flightcrew. To effectively
use holdover timetables, they should be available in the
cockpit for flightcrews to use.

a. Responsibilities and Procedures he certificate holder’s

program should define operational responsibilities and
contain procedures for the flightcrew, aircraft dispatchers,
flight followers, and maintenance and ground personnel
applicable to the use of holdover times and resultant
actions if the determined holdover time is exceeded. These
procedures should include gate procedures,
communication between ground crew and flightcrew to
establish the start of holdover time and to relay other
pertinent information regarding the deicing/anti-icing
process, flight crewmember use of the pertinent holdover
timetables, coordination with dispatchers or flight
followers, and coordination with ATC.

. Development of Holdover Timetables Except as
provided in FAR Section 121.629(d), each certificate
holder is required under FAR Section 121.629(c)(3) to
develop holdover timetables for use by its personnel.
These timetables are required to be supported by data
acceptable to the Administrator. Currently, the only
acceptable data is that developed by SAE and 1ISO. ARP
4737, "Aircraft Deicing/Anti-icing Methods with Fluids,

for Large Transport Aircraft,” and ISO 11076,
“Aerospace — Aircraft Deicing/Anti-icing Methods with
Fluids,” contain the tables that are currently considered
acceptable for use by the certificate holders to develop
their holdover timetables. Holdover times exceeding
those specified in the current editions of the SAE and
ISO tables are currently not acceptable; however, the
certificate holder may require the use of more
conservative times than those specified in the SAE and
ISO tables. ...

. Use of Holdover TimetablesHoldover time ranges are
only an estimate of the time that deicing/anti-icing fluid
will prevent the formation of frost or ice and the
accumulation of snow on the protected surfaces of an
aircraft. Holdover time begins when the final application
of deicing/anti-icing fluid commences and expires when
the deicing/anti-icing fluid applied to the aircraft loses
its effectiveness. Holdover times vary with weather
conditions; the holdover time determined should be
appropriate for the existing weather conditions. ... It
should be noted the SAE and ISO holdover timetables

. Takeoff After the Holdover Time is ExceededUnder

frost, ice, or snow within the aircraft’s holdover time.
Depending on the length of the holdover time, weather,
or other conditions, pretakeoff check procedures
be accomplished several times during the aircra
holdover time. A pretakeoff check should he
accomplished just prior to taking the active runway for

departure. Air carrier manuals should contain detailed
procedures for using holdover timetables and the congduct
of pretakeoff checks in their operations.

. FAR Section 121.629(c)(3) also requires the certificate

holder’s program contain procedures for flight
crewmembers to increase or decrease the determined
holdover time in changing conditions. This requires the

flightcrew to maintain a continued awareness |of

environmental or situational conditions that could affect

the determined holdover time. Weather conditions that

could result in a change to the determined holdoyver

time include, but are not limited to, a significant rise
or drop in ambient temperature, an increase or decrease
in precipitation rate or intensity, water content, jor
density, a change in type of precipitation; e.g., rain to
freezing rain, light to heavy snow, or the end [of
precipitation. Procedures should consider the certifigate
holder’s capability to disseminate information, in rgal
time, concerning changing weather conditions.
Additional guidance regarding holdover timetables is
contained in AC 20-117, Hazards Following Groupd
Deicing and Ground Operations in Conditions
Conducive to Aircraft Icing; AC 20-158, Pilot Guide
for Large Aircraft Ground Deicing; SAE ARP 4737,
“Aircraft Deicing/Anti-icing Methods with Fluids, for
Large Transport Aircraft”; and ISO 11076, “Aerospace
— Aircraft Deicing/Anti-icing Methods with Fluids.”

FAR Section 121.629(c)(3), takeoff after the determined
holdover time is exceeded is permitted only if one|of
the three conditions described in e.(1)(2)(3) exists. The
certificate holder's program should detail actions that
must be accomplished if the holdover time is exceeded.

(1) A pretakeoff contamination check is completed|to
make sure that wings, control surfaces, and oaﬂ?er
critical surfaces, as defined in the certificate
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holder’'s program, are free of frost, ice, and
snow. The operator’s program must include
detailed aircraft type-specific procedures and
responsibilities for flightcrew and ground

personnel to use while accomplishing this check.
This check must be completed within 5 minutes
prior to beginning takeoff and must be

accomplished from outside the aircraft, unless the
certificate holder's program specifies otherwise.
Factors determining whether the check can be
accomplished from inside the aircraft include the
ability of the flightcrew to see aircraft surfaces,

lighting conditions, weather conditions, as well as

(@)

ability to assess the condition of the aircraft. The
certificate holder’s program should emphasize that
if any doubt exists as to the condition of the aircraft
after completing this check from inside the aircraft,
the takeoff must not be attempted. If doubt exists,
the PIC should request a pretakeoff contaminatjon
check be accomplished from outside the aircraft
or the aircraft should be redeiced and a new
holdover time determined; or

It is otherwise determined by an alternate
procedure, that wings, control surfaces, and other
critical surfaces, as defined in the certificate

other factors which determine the flightcrew’s holder’s program, are free of frost, ice, and snow.
Takeoff Operations in Icing Conditions
Deice
HO'
Takeoff Outside the Aircraft | yes
Operationsin — peeseees Check Satisfactory Takeoff
Icing Conditions FAR Part 121.629(d.)
:Approved Deicing/Anti-icing Program
Determine the Need e
for Deicing/Anti-icing Takeoff
yes
Deicing/Anti-icing Procedure
i Pretakeoff Check Yes, Within Holdover Time Takeoff
no Satisfactory
yes
or
Pretakeoff
no| Contamination Check | Y€S Takeoff
or Alternate Procedure axeo
Satisfactory
Figure 1
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Alternative procedures consist of procedures, used in their operations, the critical surfaces whijch
techniques, or equipment (such as wing icing should be checked on flight-crewmembaer-

sensors) that might be used to establish that the conducted preflight inspections, pretakeoff checks,
above mentioned surfaces are not contaminated. and pretakeoff contamination checks.

Any alternative procedure must be approved by

the certificate holder’'s principal operations (3) Critical surfaces should be defined for the usg of
inspector through the Manager, Air Transportation ground personnel for conducting the chegk
Division, AFS-200, and the procedures should be following the deicing/anti-icing process and for

included in the certificate holder’s approved any pretakeoff contamination checks that may|be
program; or accomplished by ground personnel.

(3) The wings, control surfaces, and other critical b. Identification of Representative Aircraft Surfaces (for
surfaces have been redeiced and a new holdover  use in conducting pretakeoff checks onlyCertificate
time has been determined. Coordination procedures  holders should list in the flight manual or the operatians
with ATC and ground personnel should be detailed manual, for each type of aircraft used in their operatigns,
for the accomplishment of this redeicing. the representative surfaces which may be checked while

conducting pretakeoff checks.
9. Aircraft  Deicing/Anti-icing  Procedures and
Responsibilities, Pretakeoff Check Procedures and (1) Some aircraft manufacturers have identified
Responsibilities, and Pretakeoff Contamination Check certain aircraft surfaces which the flightcrew can
Procedures and ResponsibilitiesCertificate holders’ readily observe to determine whether or not ice,
manuals should contain detailed procedures for the deicing frost, or snow is accumulating or forming on that
and anti-icing process specific to each aircraft type. Certificate surface and, by using it as a representative surface,
holders should have aircraft type-specific instructions and can make a reasoned judgement regarding whether
checking guidelines and procedures for the use of their flight or not ice, frost, or snow is adhering to other
crewmembers and other personnel to determine whether or aircraft surfaces. Certificate holder operational
not aircraft surfaces are free of contaminants. experience can also be used to define
representative surfaces. In the absence of this
Note Takeoffs with underwing frost in the area of the fuel information, the following guidelines should be
tanks within limits established by the aircraft manufacturer, considered in identifying a representative aircraft
accepted by FAA aircraft certification offices, and stated in surface:
aircraft maintenance and flight manuals can be authorized
by the FAA. () The surface can be seen clearly to determjne
whether or not ice, frost, or snow is forming or
a. Identification of Critical Aircraft Surfaces . The critical accumulating on the surface.

aircraft surfaces which should be clear of contaminants

before takeoff should be described in the aircraft (i)  The surface should be unheated.

manufacturer’s maintenance manual or other

manufacturer-developed documents, such as service or (i) Surfaces such as windshield wipers should ajso

operations bulletins. be considered.

(1) Generally, the following should be considered to (iv) The surface should be one of the first surfagces
be critical aircraft surfaces, if the aircraft treated with deicing/anti-icing fluid during the
manufacturer’s information is not available: deicing/anti-icing procedure; however, designation

of representative surfaces is not limited to treated

(i) Pitot heads, static ports, ram-air intakes for engine surfaces.
control and flight instruments, other kinds of
instrument sensor pickup points, fuel vents, c. Techniques for Recognizing Contamination on
propellers, and engine inlets. Aircraft Critical or Representative Surfaces. In annual

and recurrent training, certificate holders must inclyde

(i)  Wings, empennage, and control surfaces. aircraft type-specific techniques for flight crewmembers

and other personnel for recognizing contamination|on

(i) Fuselage upper surfaces on aircraft with center critical and representative aircraft surfaces. These type-
mounted engine(s). specific techniques should be used while conducting

preflight aircraft icing checks, pretakeoff checks, and

(2) Certificate holders should list in the flight manual pretakeoff contamination checks. Some indications |for
or the operations manual, for each type of aircraft loss of effectiveness of deicing/anti-icing fluid or
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contamination on aircraft surfaces include surface freezing
or snow accumulation, random snow accumulation, and
dulling of surface reflectivity (loss of gloss) caused by

the gradual deterioration of the fluid to slush. Deicing/

anti-icing fluid manufacturers should also be consulted
for information on the fluid characteristics and indications

that the fluid is losing its effectiveness.

d. Types of Icing Checks FAR Section 121.629(c)(4)
identifies three different icing checks or procedures
which, when applicable, are required to be accomplished
under an operator’s approved deicing/anti-icing program:

(1) Aircraft Deicing/Anti-icing Procedure. The
aircraft deicing/anti-icing procedure includes a
check of the wings, control surfaces, propellers,
engine inlets, and other critical surfaces. This
check is an integral part of the deicing/anti-icing
procedure. Certificate holders should have
procedures which ensure that, following aircraft
deicing and anti-icing fluid application, this check
is conducted by qualified ground personnel. This
check determines if the wings, control surfaces,
propellers, engine inlets, and other critical surfaces
are free of frost, ice, or snow before pushback or
taxi. It should be noted that, for airplanes not
equipped with wing clear-ice detectors, a tactile
check of airplane surfaces is the only known
method to date to verify whether or not the surfaces
are uncontaminated. Communication procedures
should be established to relay pertinent deicing/
anti-icing information and the results of this check
to the PIC.

(2) Pretakeoff Check This check is aircraft type-
specific and is required under FAR Section
121.629(c)(3) anytime procedures for the use of
holdover times are required. It must be
accomplished within the holdover time, and is
normally accomplished by the flightcrew from
inside the cockpit. The aircraft's wings or
representative aircraft surfaces are checked for
contamination. The surfaces to be checked are
determined by manufacturer’s data, carrier’s
operational experience, or guidance contained in
this AC. The pretakeoff check is integral to the
use of holdover times. Because of the limitations
and cautions associated with the use of holdover
times, the flightcrew must assess the current
weather, other situational conditions, and the
aircraft's condition, and not rely on the use of
holdover times as the sole determinant that the
aircraft is free of contaminants. Several pretakeoff
checks may be required during the holdover time
period based on factors including the length of the
holdover time range, weather, or other conditions.
A continued awareness of the aircraft condition

3)

(i)

(ii)

should be maintained. A pretakeoff check sh0\|1Id
be accomplished just prior to taking the active
runway for departure.

Pretakeoff Contamination Check FAR Section
121.629(c)(3)(i) states that completing a pretakeoff
contamination check is one of the conditions that
allows a takeoff after a holdover time has been
exceeded. Certificate holders must haye
appropriate pretakeoff contamination chegk
procedures for flight crewmembers and other

qualified ground personnel’s use to ensure thatthe
aircraft wings, control surfaces, and other critigal
surfaces remain free of frost, ice, and snow when

a holdover time has been exceeded. The pretakeoff
contamination check must be completed within 5

minutes prior to beginning takeoff and must be
accomplished from outside the aircraft unless the
certificate holder’'s program specifies otherwige.
Reliance on representative surfaces are hot
satisfactory for determining the aircraft is free pf
contamination while conducting this check. If any
doubt exists concerning the aircraft's condition
after completing this check, the aircraft cannot tgke
off unless it is redeiced and a new holdover time
determined. The following should be considered
while developing procedures for this check.

Certificate holders who operate hard-wing
airplanes with aft, fuselage-mounted, turbinge-
powered engines should conduct pretakepoff
contamination checks from outside the airplane,
unless otherwise authorized in the certificdte
holder’'s approved program. The pretakeoff
contamination check for these airplanes should
include a tactile check of selected portions of the
wing leading edges and the upper wing surfaces.
Alternatives to a tactile check procedure may |be
approved. Alternative procedures must be
coordinated with the Manager, Air Transportation
Division, AFS-200. As of the date of this AC, only
one airplane manufacturer has developed|an
approved alternative to tactile pretakegff
contamination checks. This procedure is contained
in the manufacturer’s maintenance manual gnd
details the requirements for conducting this chegk.

Operators of other aircraft must conduct this check
from outside the aircraft unless they can show that
the check can be adequately accomplished from
inside the aircraft, as specified in the certificate
holder’'s program. The program must detail
procedures and requirements for the conduct of
this check. Certificate holders should consider the
following in the development of guidelines fgr
conducting pretakeoff contamination checks frgm
inside the aircraft:
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(A) Can enough of the wings, control surfaces, and
other critical surfaces be seen to accurately
determine whether or not they are free of
contaminants? This determination should consider
the aircraft type, the method of conducting the
check — that is, from the cockpit or cabin, and
other factors including aircraft lighting and other
ambient conditions.

(B) Does the certificate holder have procedures to
recognize, and have flight crewmembers been
properly trained on these procedures to recognize,
changes in weather conditions so they will be able
to determine if the wings, control surfaces, and
other critical aircraft surfaces could reasonably be
expected to remain free of contamination?

10. Initial and Recurrent Ground Training and Testing for
Flight Crewmembers and Initial and Recurrent
Ground Training and Qualification for Dispatchers.

a. Flight Crewmember Training and Testing The
operator’s training program must include a detailed
description of initial and annual recurrent ground training
and testing for flight crewmembers concerning the
specific requirements of the program and the duties,
responsibilities, and functions detailed in the program.
Flight crewmembers and dispatchers must be trained and
tested or qualified on at least the following subjects (after
each subject listed, recommendations concerning the
content of the training are provided):

(1) The Use of Holdover TimesHoldover times are
arange of times derived from an analysis of airline
experience and laboratory testing of the freeze
points of particular types of fluids (currently Type
| and Type Il) under various temperatures, fluid
concentrations, and humidity conditions. A
discussion of holdover times should include the
following:

(i) Definition of holdover time.

(A) Limitations and cautions associated with the use
of holdover times.

(B) Source of holdover time data.
(C) How to determine a specific holdover time from
the holdover time range that accounts for “heavy,”

“medium,” or “light” weather conditions.

(D) Adjusting holdover time for changing weather
conditions.

(i) Precipitation category (e.g., fog, drizzle, rain, or
snow).

(A)
(B)
(©)

(i)

(iv)
v)

(A)

(1)
(@)
3)

(4)

(B)
(©)
(D)

(vi)
(Vi)

(A)

(viii) Procedures when holdover time is exceeded.

(A)
(B)

(©)
(@)

Precipitation intensity.
Duration of precipitation.

Relationship of precipitation change to holdover
time.

Relationship of holdover time to particular fluig
concentrations and for different types of fluids

When holdover time begins and ends.
Communication procedures.
Communication between ground personnel and the
flightcrew to determine the start of holdover time,
and the particular holdover timetable to be used.
Communications from the ground crew to the
cockpit crew should consist of the following
information:

Fluid type; e.g., Type | or Type Il.

Fluid/water mix ratio.

Start time of final fluid application which is when
holdover time begins.

Accomplishment and results of post-deicing/anti
icing check.

ATC coordination.
Dispatch or flight following coordination.

Means for obtaining most current weather
information.

Use of holdover times by the flightcrew.
Procedures when holdover time is not exceeded.

When, where, and how to accomplish the
pretakeoff check.

Pretakeoff contamination check; or

Alternate means to determine whether or not
surfaces are free of frost, ice, or snow; or

Redeice and determine a new holdover time.
Aircraft Deicing/Anti-icing Procedures

Including Checks to Detect Contaminated
Surfaces, and Responsibilities

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « JUNE-SEPTEMBER 1997 63



ADVISORY CIRCULAR (AC) 120-60

(i)

(ii)

(i)

(A)

(B)

(iv)
(V)

(vi)
(A)
(B)
(vii)

(viil)

(A)

Deicingis a procedure by which frost, ice, or snow

is removed from the aircraft in order to provide
clean surfaces. The procedure can be accomplished
by the use of fluids, mechanical means, or by
heating the aircraft.

Anti-icing is a procedure by which the application Q)
of certain types of anti-icing fluids provides
protection against the formation of frost or ice and
accumulation of snow on treated surfaces of the
aircraft for a limited period of time (holdover time).

Deicing/Anti-icing is a combination of the two
procedures above. It can be performed in one or (2)
two steps.

One-step deicing/anti-icing is carried out with an
anti-icing fluid. The fluid used to deice the aircraft
remains on aircraft surfaces to provide limited anti-
icing capability. 3)

Two-step deicing/anti-icing consists of two distinct

steps. The first step, deicing, is followed by the
second step, anti-icing, as a separate fluid
application. When it has been determined that the
surfaces are clean, anti-icing fluid is applied to
protect the relevant surfaces, thus providing
maximum possible anti-icing protection (holdover (4)
time).

Safety requirements during fluid application.
Deicing/anti-icing fluid application procedures.
If applicable, remote deicing procedures.
Aircraft type-specific considerations.

Location-specific procedures.

(B)
Contractor Deicing/Anti-icing. In order to
comply with the rule, certificate holders who
engage in supplemental operations and employ
contractor deicing/anti-icing services and who are ©
unable to arrange for the training and qualification
of these personnel in advance should have a person
assigned to the flights who is fully trained under (D)
the certificate holders’ approved program to
supervise the deicing/anti-icing procedure.

Deicing/Anti-icing Checking Procedures and
Responsibilities The training program should have
aircraft type-specific surface contamination check
procedures and guidelines to include the following:

Types of Checks Required Each certificate 3)
holder should detail the types of checks required

and the methods for accomplishing these chegks.
This includes procedural steps for conducting the
check as well as the location, personnel
requirements, deicing equipment, and lighting
required to accomplish the check.

Flightcrew preflight inspection/cold weather
preflight inspection procedures. This is the normal
walk around preflight inspection conducted by the
flightcrew. This inspection should note any aircraft
surface contamination and direct any required
deicing/anti-icing operations.

Aircraft deicing/anti-icing procedures include |a
check performed by qualified ground personnel
after the deicing/anti-icing fluid application hg
been completed. This check is an integral part of
the aircraft deicing/anti-icing procedure.

%)

A pretakeoff check is performed by the flightcrew
prior to takeoff and within the holdover time. This
is a check normally conducted from inside the
cockpit. Identification of representative surfaces
and continual assessment of environmental and
other situational conditions should be included|in

the operator’s program.

Pretakeoff contamination check. This check|is
accomplished after the holdover time has begen
exceeded and must be completed within| 5
minutes prior to beginning takeoff. Each carrier
must define aircraft type-specific pretakeaoff
contamination check procedures. The check must
be conducted from outside the aircraft unless
otherwise approved in the carrier’s program.
Rather than accomplishing this check, the BIC
may elect to be redeiced and a new holdover time
established.

Identification of critical surfaces or representatiye
surfaces to be checked/inspected during each type
of check.

Techniques for recognizing contamination on the
aircratft.

Communications procedures to include
communications between the flightcrew, ground
personnel, ATC, and company station personnel.
Communications with ATC should include
coordinating deicing/anti-icing of the aircraft with
any proposed ATC push-back time and
coordinating any other special requiremerjts
needed for accomplishing required aircraft checks.

Aircraft Surface Contamination and Critical
Area Identification, and How Contamination
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(i)

(A)

(B)

(©)

(D)

(E)

(F)

(G)

(H)

Adversely Affects Aircraft Performance and
Flight Characteristics.

Aircraft Ground Icing Conditions . Certificate
holders should have a description of the following
conditions included in their program that would
implement ground deicing/anti-icing operational
procedures:

Inflight Ice Accumulation. Certificate holders ()
should have procedures for flightcrews of arriving
flights to report occurrences of inflight icing to
the personnel responsible for executing the
certificate holder’s deicing/anti-icing program.
Inflight ice accumulation could result in a ground
deicing situation when flights are scheduled for
short turnaround times; i.e., for 30 minutes or less,
and when ambient temperatures on the ground are
at or below freezing.

(ii)
Freezing Precipitation. Snow, sleet, freezing rain,
drizzle, or hail which could adhere to aircraft
surfaces.

Frost, including hoarfrost which is a crystallized
deposit, formed from water vapor on surfaces
which are at or below 0°C (32°F).

Freezing Fog Clouds of supercooled water
droplets that form a deposit of ice on objects in
cold weather conditions.

(i)

Snow. Precipitation in the form of small ice
crystals or flakes which may accumulate on, or
adhere to, aircraft surfaces.

Freezing Rain Water condensed from
atmospheric vapor falling to earth in supercooled
drops, forming ice on objects.

Rain or High Humidity on Cold-soaked Wing.
Water forming ice or frost on the wing surface
when the temperature of the aircraft wing surface
is at or below 0°C (32°F). This ice or frost may
freeze over the entire wing surface and on the wing
leading edge.

(iv)

Rain or High Humidity on Cold-soaked Wing
Fuel Tanks. Water forming ice or frost may form
on the wing surface when the temperature of the
aircraft wing surface in the vicinity of the wing
fuel tanks is at or below 0°C (32°F) due to cold-
soaked fuel. Certain aircraft are susceptible to the
formation of frost or ice on wing upper surfaces
when cold-soaked fuel is in the main wing fuel
tanks, and the aircraft are exposed to conditions
of high humidity, rain, drizzle, or fog at ambient

temperatures well above freezing. Under some
atmospheric and temperature conditions clear|ice
may form. The certificate holder’s program shoyld
include procedures for removing this type pf
contamination. In certain circumstances, this type
of contamination may not require the certificate
holder to implement its ground deicing/anti-icing
program.

Underwing Frost. Takeoff with frost under the
wing in the area of the fuel tanks (caused by cqld-
soaked fuel) within limits established by the
aircraft manufacturer, accepted by FAA aircraft
certification offices and stated in aircraft
maintenance and flight manuals, may be permitted.
This type of contamination may not require the
certificate holder to implement its ground deicing/
anti-icing program.

Critical Aircraft Surfaces . Certificate holders
should identify for each type of aircraft used jn
their operations, the critical surfaces which should
be checked on preflight and pretakeqff
contamination checks. Information from the
aircraft manufacturer (or from this AC if th
subject information is not available from the
aircraft manufacturer) should be used to determine
the critical surfaces for each aircraft type.

1%

Representative Aircraft Surfaces Certificate
holders should identify, for each type of aircraft
used in their operations, the representative aircraft
surfaces which should be checked during
pretakeoff checks. Information from the aircraft
manufacturer, or information developed from
carrier operating experience, should be used to
determine representative surfaces. In the absence
of such information, information from this AC can
be used to determine representative aircraft
surfaces.

Effects of Frost, Ice, Snow, and Slush on
Aircraft Performance, Stability, and Control.
The certificate holder should obtain information
on aircraft performance when undetected frost, ice,
snow, or slush could be adhering to aircraft
surfaces from the manufacturer of each type| of
aircraft it uses in its operations and should ensure
that its flight crewmembers and aircraft dispatchers
understand these effects. Accident data and
National Aeronautics and Space Administratipn
studies have confirmed that some aircraft
manufacturers’ data indicates that the effects| of
wing contamination may be significantly more

pronounced for hard-leading-edge (hard-wing)
airplanes than for slatted-leading-edge (slatted-
wing) airplanes. This data indicates for airplanes
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(A)
(B)

(©)
(D)
(E)

(F)
(4)

(i)

without leading-edge, high-lift devices that the
presence of even minute amounts of ice or other
contaminates (equivalent to medium grit
sandpaper) results in significant loss of wing lift,
which causes the airplane to stall at lower-than-
normal angles of attack during takeoff. The
discussion of these effects should include, but is

not limited to, the following subjects:

Increased drag and weight.

Tendency for rapid pitchup and wing roll off during

rotation.

Loss of lift.

Stall occurs at lower-than-normal angle of attack.

Buffet or stall occurs before activation of stall

warning.
Decreased effectiveness of flight controls.

Types, Purpose, Characteristics, and
Effectiveness of Deicing and Anti-icing Fluids

There are several kinds of deicing and anti-icing
fluids currently available, and each has different
characteristics and capabilities. Certificate
flight
crewmembers, aircraft dispatchers, and ground
personnel generally understand the purpose and
capabilities of the fluids used in the certificate
holders’ deicing/anti-icing program; and that their
flight crewmembers are generally knowledgeable
of the characteristics of each type of fluid.
Certificate holders should refer to the following

holders should ensure that their

SAE publications for additional information on

specific deicing and anti-icing methods and
procedures and on fluid characteristics and

capabilities: AMS 1424, “Deicing/Anti-icing
Fluid, Aircraft, Newtonian — SAE Type I;” AMS
1428, “Fluid, Aircraft Deicing/Anti-icing, Non-

Newtonian, Pseudo-Plastic, SAE Type IlI;” and

ARP 4737, “Aircraft Deicing/Anti-icing Methods
with Fluids, for Large Transport Aircraft;” and
the following 1SO documents: ISO 11075,
“Aerospace — Aircraft Deicing/Anti-icing
Newtonian Fluids 1SO Type I;” ISO 11076,
“Aerospace — Aircraft Deicing/Anti-icing

methods with fluids;” ISO 11077, “Aerospace —

Deicing/Anti-icing Self Propelled Vehicles —

Functional Requirements;” and 1SO 11078,

“Aerospace — Aircraft Deicing/Anti-icing Non-
Newtonian Fluids I1ISO Type II.” The following
subjects should be discussed:

Deicing fluids:

(A)
(B)
(©)
(D)

Heated water.
Newtonian fluid (SAE/ISO Type I).
Mixtures of water and SAE/ISO Type | fluid.

Mixtures of water and SAE/ISO Type Il fluid.

Note Deicing fluid should be applied heated to ass
maximum efficiency.

(ii)
(A)
(B)
(©)
(D)

Note SAE/ISO Type Il anti-icing fluid is normally applied

Anti-icing fluids:

Newtonian fluid (SAE/ISO Type I).

Mixtures of water and SAE/ISO Type | fluid.
Non-Newtonian fluid (SAE/ISO Type II).

Mixtures of water and SAE/ISO Type Il fluid.

cold on clean aircraft surfaces, but may be applied heg

Cold SAE/ISO Type Il fluid normally provides longer anti

icing protection.

(i)
(A)
1)
(2)
3)
(B)
1)
(2)

3)

(4)

(iv)
(A)

Fluid Characteristics.

Type | Deicing Fluids.

Unthickened.

Very limited holdover time.

Applied to form thin liquid film on wing.
Type Il Anti-icing Fluids.

Thickened.

Longer holdover times in comparison to those
Type | fluids.

Application results in a thick liquid film (a gel
like consistency) on wing.

Air flow over the wing (shear) causes the fluid
progressively flow off the wing during takeoff.

Fluid Specifications.

SAE and ISO Type | Deicing and Anti-icing

Fluids. The following specifications apply: SAE

AMS 1424, Deicing/Anti-icing Fluid, Aircraft,
Newtonian — SAE Type I.

Monoethylene Glycol (EG).

ure

ted.

of

[0
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2.

(B)

(©)

(D)

(E)

(F)

Propylene Glycol (PG).

ISO 11075, Aerospace — Aircraft Deicing/Anti-

icing Newtonian Fluids 1ISO Type I. These fluids

have been approved by nearly all aircraft
manufacturers for use on their aircraft when
properly applied. The ISO and SAE holdover
timetables for Type | fluids are applicable to these
fluids.

SAE and ISO Type Il Deicing and Anti-icing
Fluids. The following specifications apply: SAE
AMS 1428, Fluid, Aircraft Deicing/Anti-icing,
Non-Newtonian, Pseudo-Plastic, SAE Type Il; and
ISO 11078, Aerospace — Aircraft Deicing/Anti-
icing, Non-Newtonian Fluids 1ISO Type Il. These
fluids have been approved by most of the
manufacturers of large transport category
airplanes. In order to be classified as meeting SAE-
AMS 1428 and I1SO 11078 specifications, these
fluids must me et certain chemical performance
requirements, and the aerodynamic and high
humidity and freezing water spray endurance tests
that are required of Type Il fluids. These fluids
should be applied in accordance with appropriate
SAE/ISO methods documents. The SAE and ISO
holdover timetables for Type Il fluids are
applicable to these fluids.

Association of European Airlines (AEA) [b.

Deicing and Anti-icing Fluids. AEA Type |
deicing fluid and AEA Type Il deicing/anti-icing c.
fluids have been approved by nearly all
manufacturers of large transport category airplanes
for use on their aircraft when properly applied in
accordance with aircraft manufacturers’
recommendations. The holdover timetables
applicable to SAE and ISO approved fluids may
be applied for use with AEA Type | and AEA Type

Il Freezing Point Depressant (FPD) fluids.

United States Military Deicing Fluids.
Military Type | and Type Il designhations have
an entirely different meaning than SAE, ISO,
or AEA designations. A military Type Il fluid
does not indicate that the fluid has a longer
holdover time than a military Type | fluid.
Holdover times have not been established
for military deicing fluids. Since holdover
timetables do not apply, use of these fluids
should only be used in conjunction with a
pretakeoff contamination check.

Other Deicing/Anti-icing Fluids. Use of any

deicing/anti-icing fluid should be in accordance
with the aircraft manufacturers recommendations.
Holdover timetables are not approved for use for

(5)

any deicing or anti-icing fluid that does not meet
SAE, ISO or AEA approved specifications. Use
of any fluid that does not meet these specifications

should only be used as a last resort and when used
should be in conjunction with a pretakeoff
contamination check.

Deicing/Anti-icing Fluids Handling/

Performance Implications.The type of fluid used
and how completely the fluid flows off the wing
during takeoff determines the effects on the
following handling/performance factors. Thie
aircraft manufacturer may also provide
performance information regarding the use of the
different deicing/anti-icing fluids.

() Increased rotation speeds/increased field length.

(i) Increased control (elevator) pressures on takeoff.

(i) Increased stall speeds/reduced stall margins.

(iv) Lift loss during climbout/increased pitch attitude.

(v) Increased drag during acceleration/increased field
length.

(vi) Increased drag during climb.

left blank]

Other Affected Ground Personnel Training At least
the following subjects for ground personnel (i.e.,

maintenance mechanic, ramp agent, service personnel,

and contractors) should be discussed.

(1)

(i)

(ii)
(ii)
(iv)
(A)
(B)
(©)

Effects of Frost, Ice, Snow, and Slush on
Aircraft Surfaces. This discussion is intended tp
provide ground personnel with an understanding
of the critical effect the presence of even minute
amounts of frost, ice, or snow on flight surfacgs
and should include, but is not limited to, the
following:

Loss of Lift.

Increased drag and weight.

Decreased control.

Aircraft-specific areas.

Engine foreign object damage potential.

Ram-air intakes.

Instrument pickup points.
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(D)

(@)

(i)
(iii)
(iv)

v)
(vi)

3)

(i)

(ii)
(A)
(B)
(©)

(i)

(iv)

v)

(4)

Leading edge device (LED) aircraft (aircraft that
have slats or leading edge flaps) and non-LED
aircraft.

Fluid Characteristics and Capabilities Deicing/
Anti-icing fluids with differing properties exist and
may continue to be developed. To the extent that
they are being utilized by an air carrier, they should
be addressed in training programs:

General fluid descriptions.

Composition and appearance.

Health precautions/environmental considerations.

Differences between Type | and Type Il deicing/
anti-icing fluids.

Purpose for each type.

Capabilities.

(vii) Shearing characteristics in storage and handling.

(viii) Fluid application methods.

Holdover Times. A discussion of holdover times
should include the following:

Source of holdover time data.
Precipitation category.
Precipitation intensity.
Duration of precipitation.

Relationship of precipitation change to holdover
time.

Relationship of holdover time to particular fluid
concentrations for Type | and Type Il fluids.

Identification of when holdover time begins and
ends.

Communication procedures between ground
personnel and flightcrew to relay the start time of
the final deicing/anti-icing fluid application, the
type of fluid used, the fluids/water mix ratio, and
confirmation that the post application check was
accomplished and that the aircraft is free of all
contamination.

Equipment. An understanding of the capabilities
of the deicing equipment and the qualifications for

(ii)
(5)

(A)

(B)

(©)

(ii)

(A)

(B)

(6)

operation are necessary. The equipment porIIion
of the training program should include the
following:

Description of various equipment types.
Operation of the equipment.
Preflight Check.

In the predeparture sequence, ground deic|ng
may be initiated at one or more of the following
times:

On overnight aircraft prior to the flightcrew’s
arrival.

Following a check by the flightcrew and a request
for deicing.

After a normal preflight inspection by ground
personnel or the flightcrew, and after the crew| is
onboard the aircraft.

In each case, the preflight and the decision |on
whether or not to deice/anti-ice should be based
on appropriate consideration of the circumstances
and should include the following:

Weather conducive to frost or ice formation or
snow accumulation.

Aircraft critical areas (general and aircraft
specific).

Deicing/Anti-icing Procedures. Ground
personnel should be knowledgeable of deicing and
anti-icing application procedures:

Note For aircraft type-specific procedures, refer to the

aircraft operating manual.

(i)
(ii)

(A)
(B)
(©)
(D)
(i)

One-step deice and two-step deice/anti-ice process.
Communications from the ground crew to the
flightcrew should provide the following
information:

Fluid type.

Fluid/water mix ratio.

Start time of final deice/anti-ice application.

Post-application check accomplished.

Safety requirements and emergency procedures.
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(iv) Deicing/Anti-icing prior to aircrew arrival.

(v) Gate deicing procedures.

(vi) Remote deicing procedures.

(A) Aircraft-specific considerations.

(B) Location-specific procedures.

(C) Safety precautions.

(vii) Post-application check procedures.

(7) Pretakeoff Contamination Check This check is
accomplished when the holdover time has been
exceeded and must be completed within 5 minutes
of beginning takeoff. Each carrier must define the
content of the pretakeoff contamination check. The
check should be conducted from outside the
aircraft by qualified ground personnel unless the
certificate holder’'s program authorizes it to be
conducted from inside the aircraft by the
flightcrew. Training for ground personnel should
include the following:

()  When the check is required.

(i) The necessary resources, personnel, and

equipment to accomplish the check properly.

(i) Where the check could be accomplished.

11. FAR Section 121.629(d), “Outside-the-Aircraft Check”

What surfaces must be checked.

(iv)
(v) Procedures for relaying the condition of the aircraft
to the PIC.

(8) Contractor Deicing. Many certificate holders use
parties other than themselves to perform deicing.
The party with whom they reach an agreement to
provide deicing services could be another carrier,
a fixed-base operator or some other service
provider. Training for deicing services should
include the following:

() An approved contract training program. This
program should meet the carrier’s own training
standards.

(i)

Train-the-trainer program (the carrier trains the

contract deicing personnel or designated trainer)William J. White, Deputy Director, Flight Standards Servic

(iii) Alternative procedures at airports where contract[FSF Editorial Note: Appendix 1, which included holdov

appropriately qualified certificate holder employsé
provides supervision and quality control durin
the deicing/anti-icing process and ensur
contractor procedures meet the certificate holdé
approved program standards.
(iv) Guidance that the flightcrew will hold the contract
to their own approved program standards.

Ground Personnel Qualification Certificate
holders’ ground deicing programs should havg
gualification program and a quality assuran
program to monitor and maintain a high level
competence.

(9)

(i) The program should be tailored to the individu
airline with each air carrier maintaining its ow
quality assurance responsibility.

(i) The program should have a tracking system t
ensures that all required training has be

satisfactorily completed and recorded for all

ground personnel participating in the deici
process. Also, a list naming qualified deicin
personnel should be made available to all lo
managers responsible for deicing.

(iii)
the effectiveness of the training received by
deicing personnel. Recurrent training should
key to this process.

In Lieu of an Approved Ground Deicing/Anti-icing

Program. A certificate holder may continue to operate

without an approved ground deicing/anti-icing progran
it has approved procedures and properly trained persqg
for conducting an “outside-the-aircraft check” in accordar
with FAR Sections 121.105, 121.123, 121.135(b)(
121.415(g), and 121.629(d). Authorization for conduct
this check, in lieu of an approved program, should
contained in the certificate holder’s operations specificati
(OpSpecs). As stated in FAR Section 121.629(d), this ch
is accomplished when conditions are such that frost, ice
snow may reasonably be expected to adhere to the air
Under FAR Section 121.629(d), the check must
completed within 5 minutes of beginning takeoff and m

An ongoing review plan is advisable to evaluaJte
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holders’ manuals and training programs should de
procedures for accomplishing this check.
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service agreements are not present. For exampléme tables, has been omitted in this reprint because the tables
a trained and qualified flightcrew member or otherare no longer current.]
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Large Aircraft Ground Deicing

Advisory Circular (AC) 120-58
U.S. Federal Aviation Administration

FSF editorial note: Holdover time tables have been omitted in this report because the tables are no longe

See current holdover time tables based on data from the Society of Automotive Engineers (SAE), the Intefnatio
Standards Organization (ISO), the Association of European Airlines (AEA), the relevant flight operations manu

and/or the appropriate civil aviation authority.

I curr

To promote aviation safety, the U.S. Federal Aviation Administration (FAA) publishes a number of docu
including advisory circulars (ACs). ACs, which provide guidance and information about the National Air
System, are not binding unless incorporated in a regulation.

For a complete list of ACs, ordering information, prices (when applicable) and order forms, request t
AC 00-2.9, “Advisory Circular Checklist,” from the U.S. Department of Transportation (DOT).

To order free ACs from the DOT, indicate title, publication number and number of copies requested and m

U.S. Department of Transportation

TASC, Subsequent Distribution Office, SVC-121.23
Ardmore East Business Center

3341 Q 75th Avenue

Landover, MD 20785

Fax orders should be sent to: (301) 386-5394.

For-sale ACs may be ordered from:

Superintendent of Documents
U.S. Government Printing Office
P.O. Box 371954

Pittsburgh, PA 15250-7954
Telephone: (202) 512-1800
Fax: (202) 512-2250
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Preface

This advisory circular (AC) contains recommendations for ensuring the safe operation of large airplanes duri

icing conditions and guidelines for the development of adequate procedures for the deicing of large airplanes. :l: is

designed for the use of flight crewmembers, maintenance and servicing personnel, and other aviation perso
responsible for ground deicing and aviation safety in general. The guidelines and procedures offered in this AC
advisory in nature and do not carry the force of a regulatory requirement. However, prudent operators will find th
this information can further enhance safe operations and procedures.

In addition to a brief summary of the information contained in AC 20-117, “Hazards Following Ground Deicing an
Ground Operations in Conditions Conducive to Aircraft Icing,” this AC contains recent information and guidanc
materials regarding advanced deicing and anti-icing fluids and procedures for their use. It recommends adhereng
the clean aircraft conceptwhich proposes “get it clean and keep it clean” during operations in adverse weathe
conditions.

... This AC does not change or interpret agency regulations and does not authorize deviations from regulat
requirements.

David R. Harrington
Acting Director, Flight Standards Service
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Introduction The following list provides key points regarding aircraft deicing
and anti-icing procedures.

Federal Aviation Regulations (FAR) prohibit takeoff when
show, ice, or frost is adhering to wings, propellers, control
surfaces, engine inlets, and other critical surfaces of the aircraft.
This rule is the basis for thelean aircraft conceptlt is
imperative that takeoff not be attempted in any aircraft unless
the pilot-in-command (PIC) has ascertained that all critical
components of the aircraft are free of frozen contaminants.

The clean aircraft concept is essential to safe flight operations.
The PIC has the ultimate responsibilitp determine if the
aircraft is clean and that the aircraft is in a condition for safe
flight. This requirement may be met if the PIC obtains
verification from properly trained and qualified ground
personnel that the aircraft is ready for flight. The general
consensus of the aviation community is that a critical ingredient
in ensuring a safe takeoff in conditions conducive to aircraft
icing is visual and/or physical inspection of critical aircraft
surfaces and components shortly before takeoff.

Common practice developed by the North American and
European aviation communities is to deice and, if necessary,
to anti-ice an aircraft before takeoff. This is accomplished most
commonly by the use of heated aqueous solutions of Freezing
Point Depressant (FPD) fluids for deicing, followed by
anti-icing using cold, rich solutions that are thicker and have a

lower freeze point. Several different types of FPD fluids have *

been developed during the past 40 years, and many are in
common use today. Each of these various fluids has unique
characteristics and requires handling unique to that particular
fluid. More recently developed fluids, such as those identified

as International Standards Organization (ISO) Type Il and *

Society of Automotive Engineers (SAE) Type IlI, will last
longer in conditions of precipitation and afford greater margins
of safety if they are used in accordance with aircraft
manufacturers’ recommendations.

If improperly used, these fluids can cause undesirable and
potentially dangerous changes in aircraft performance,
stability, and control.

Ground deicing and anti-icing procedures vary depending
primarily on aircraft type, type of ice accumulations on the
aircraft, and FPD fluid typ&ll pilots should become familiar
with the procedures recommended by the aircraft manufacturer
in the Aircraft Flight Manual (AFM) or the maintenance
manual and, where appropriate, the aircraft service manual.

FAA AC 20-117 provides a basic understanding of frozen
contaminants and how they can affect aircraft performance
and flight characteristics. Most aircraft manufacturers provide
recommended procedures for deicing and anti-icing the
aircraft. The information contained herein is intended for basic
understanding purposes and as a quick-reference guide for
pilots and others. The pilot must refer to the specific procedures
developed for the aircraft

Most icing-related accidents have occurred when tthe
aircraft was not deiced before takeoff attempt.

The deicing process is intended to restore the airgraft
to a clean configuration so that neither degradation of
aerodynamic characteristics nor mechanical

interference from contaminants will occur.

The decision of whether or not to deice an aircraf
an integral part of the deicing process.

S

The ultimate responsibility for the safety of the flight
rests with the PIC of the aircraft.

It is essential that the PIC have a thorough
understanding of the deicing and anti-icing process and
the approved procedures necessary to ensure that the
aircraft is clean for takeoff.

Heated solutions of FPD, water, or both are more

effective in the deicing process than unheated solutions
because thermal energy is used to melt the ice, snow,
or frost formations.

Unheated FPD fluids or agueous solutions, especiglly
SAE and ISO Type Il, are more effective in the
anti-icing process because the thickness of the fjnal
residue is greater.

The freezing point of the final anti-icing coating should
be as low as possible. The recommended minimum
ambient temperature vs. freeze point buffers are shown
below:

Fluid Type OAT Range Buffer

SAE and I1SO Type | All 18°F
SAE and I1SO Type Il above 19°F 5°F
SAE and I1SO Type Il below 19°F 13°F

OAT = OQutside Air Temperature

Undiluted SAE and ISO Type Il fluids contain no less
than 50 percent glycols and have a freeze point of
-32°C minimum (-25.6F).

SAE and ISO Type Il fluids have a longer time pf
effectiveness (up to 45 minutes in light precipitatign)
than conventional North American or SAE and ISO
Type | fluids.
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A post-deicing/anti-icing check should be performedsurface (skin) temperature; deicing fluid type, temperature,

during or immediately following the ground deicing and concentration; relative humidity; and wind velocity
and anti-icing process. direction. Because many factors affect the accumulatio

frozen contaminants on the aircraft surface, FPD fluids u
A pretakeoff check may be required before takeoff rolffor deicing, anti-icing, or both shoukbt be considered tg
is initiated. The pilot may need the assistance ohave anti-icing qualities for a finite period. There is alway
qualified ground crews to perform pretakeoff checks.need for close inspection before takeoff.

Ice, frost, or snow on top of deicing or anti-icing fluids Numerous techniques for complying with the clean aircr

must be considered as adhering to the aircraft. Takeoffoncept have been developed by the aviation industry.

shouldnot be attempted. consensus of the aviation community is that the prim
method of ensuring safe flight operations in conditio

FPD fluids used during ground deicing are not intended¢onducive to aircraft icing is through visual or physig

for, and do not provide, ice protection during flight. inspection of critical aircraft surfaces to ascertain that t
are clean before takeoff. This consensus is valid regardle

Flight tests performed by manufacturers of transporthe deicing and anti-icing techniques used.

category aircraft have shown that most SAE and 1ISO

Type Il fluid flows off lifting surfaces by rotation speeds

(Vg). Some large aircraft experience performance Practices for PI|()_tS to

degradation and may require weight or other takeoff Ensure a Clean Aircraft

compensation. Degradation is significant on small

airplanes. » Be knowledgeable of the adverse effects of surf
roughness on aircraft performance and flig

Some fluid residue may remain throughout the flight. characteristics.

The aircraft manufacturer should have determined that

this residue will have little or no effect on aircraft « Be knowledgeable of ground deicing and anti-ici

performance or handling qualities in aerodynamically practices and procedures being used on your airc

quiet areas. However, this residue should be cleaned whether this service is being performed by yo

periodically. company, a service contractor, a fixed-base operg
or others.

Clean Aircraft Concept * Do not allow deicing and anti-icing until you ar

familiar with the ground deicing practices and qual

Test data indicate that ice, snow, or frost formations having a control procedures of the service organization.
thickness and surface roughness similar to medium or coarse
sandpaper on the leading edge and upper surface of a wing.

can reduce wing lift by as much as 30 percent and increase ensure that these areas are properly deiced

drag by 40 percent anti-iced.

These changes in lift and drag significantly increase stall speed, «  Ensure that proper precautions are taken during
reduce controllability, and alter aircraft flight characteristics. deicing process to avoid damage to aircraft compong

Thicker or rougher frozen contaminants can have increasing and surfaces.
effects on lift, drag, stall speed, stability and control, with the

primary influence being surface roughness located on critical « Ensure that a thorough post-deicing/anti-icing che

portions of an aerodynamic surface. These adverse effects on is performed prior to takeoff even though this may a
the aerodynamic properties of the airfoil may result in sudden be the responsibility of other organizations
departure from the commanded flight path and may not be personnel.

preceded by any indications or aerodynamic warning to the

pilot. Therefore, it is imperative thtdkeoff not be attempted « Be knowledgeable of the function, capabilitie
unless the PIC has ascertained, as required by regulation, that  |imitations, and operations of the ice protection syste
all critical surfaces of the aircraft are free of adhering ice, snow, installed on the aircraft.

or frost formations.

» Perform additional post-deicing checks related

More than 30 factors have been identified that can influence deicing or anti-icing as necessary or as required_
whether ice, snow, or frost may accumulate and cause surface

roughness on an aircraft and affect the anti-icing abilities of « Be aware that the time of effectiveness of EPD deic
FPD fluids. These factors include ambient temperature; aircraft or anti-icing treatments can only be estimated beca
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of the many variables that influence this time (holdover
time).

Antennas;

» Fuselage;
» Be knowledgeable of the variables that can reduce time

of effectiveness (holdover time) and the general effects * Exposed instrumentgtion .dEViCES such
of these variables. See list on page 10 of this AC and angle-of-attack vanes, pitot-static pressure probes,
AC 20-117. static ports;

«  Ensure that deicing and anti-icing are performed atthe ¢ Fuel tank and fuel cap vents;

latest possible time before taxi to the takeoff position. ) - _ .
» Cooling and auxiliary power unit (APU) air intake

« Do not start engines or engage rotor blades until it has inlets, and exhausts; and
been ascertained that all ice deposits have been
removed. Ice particles shed from rotating components *

may damage the aircraft or injure ground personnel. _ ) o
Once it has been determined through the post-deicing ¢

« Be aware that certain operations may producdhatthe aircraftis clean and adequately protected, the air
recirculation of ice crystals, snow, or moisture. should be released for takeoff as soon as possible.
procedure is especially important in conditions
» Be aware that operations in close proximity to othemprecipitation or high relative humidity (small temperatu
aircraft can induce snow, other ice particles, or moisturélew point spread).
to be blown onto critical aircraft components, or can
cause dry snow to melt and refreeze.

Landing gear.

Pretakeoff Check

» Do not take off if snow or slush is observed splashing
onto critical areas of the aircraft, such as wing leadinghortly before the aircraft takes the active runway for take
edges, during taxi. or initiates takeoff roll, a visual pretakeoff check is stron

recommended. The components that can be inspected va

Do not take off if positive evidence of a clean aircraftajrcraft design. In some aircraft, the entire wing and porti
cannot be ascertained. of the empennage are visible from the cockpit or the cabir]
other aircraft, these surfaces are so remote that only por

Post-deicing/Anti-icing Check of the upper surface of the wings are in view. Undersurfac

wings and the undercarriage are viewable only
Post-deicing/anti-icing checks should be performed during Ql?lgh—wmg-type a'fcraﬁ-.A prac_tlce N use by some operat
Is to perform a visual inspection of wing surfaces, lead

immediately following the ground deicing and anti-icing ine inlet d oth s of the aircraf
process. Areas to be inspected depend on the aircraft desi ﬂg_es,_englne INIets, and other components of the aircral
re in view from either the cockpit or cabin, whichever provi

and should be identified in a post-deicing checklist. Th . isibility. The PIC ire th ist
checklist should include, at a minimum, all items recommendeﬂi‘e maximum Vvisioility. the may require the assista

by the aircraft manufacturer. Generally, a checklist of this typtg.?f ttrallne?f af?d Sual'f'ed ground personnel to assist in
includes the following items: pretakeott check.

the PIC or another crewmember should look for, and exan

« Vertical and horizontal stabilizing devices, leadingany evidence of, melting snow and possible freezing
edges, upper surfaces, lower surfaces, and side paneggidition, any evidence of ice formation that may have b
induced by taxi operations should be removed. If the airg

» High-lift devices such as leading-edge slats and leadingas been treated with FPD fluids, aircraft surfaces shg
or trailing-edge flaps; appear glossy, smooth, and wet. If these checks indi

_ accumulations of ice, snow, or frost, the aircraft should
 Spoilers and speed brakes; returned for additional deicing and, where approprig

dditional anti-icing.
» All control surfaces and control balance bays; additionat anti-icing
Conducting a pretakeoff check in the manner described req
the PIC and other crewmembers to be knowledgeable of gr

« Engine inlets, particle separators, and screens; deicing procedures and danger signs. The post-deicing ¢
should ensure that ground deicing and anti-icing w
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are also clean. The pretakeoff check provides final confirmatioRrozen contaminants can also be removed from the surfa

for the pilot that the aircraft is free of frozen contaminants. an aircraft by using FPD fluids. There are a number of FP
available for use on commercial large transport categ

The decision to take off following pretakeoff check remaingjrcraft. The FPD’s used most often are glycol-based flu

the responsibility of the PIC produced by a number of North American, European,
Russian chemical manufacturers.

Need for a Clean Aircraft
FAR §8121.629, 125.221, 135.227, and 91.527 prohibit takeoff Delcmg and Antl-lcmg Fluids
when snow, ice, or frost is adhering to wings, propellers, o

control surfaces of an aircraft. This is commonly referred tcgsrrgme(;r; gc;i:g%eéoﬁ%ﬂgﬁég (?v)g:rrllear':lor;g r’g‘?fe;(cir;ieé
as theclean aircraft conceptThe degradation in aircraft : topdeice and anti-ice an aircraft bef())/r}(/e takeoff Ii/aric
performance and changes in flight characteristics when frozetﬁChni ues of around deicing and anti-icin ha;ve be
contaminants are present anele ranging, unpredictable, and develoqed Thegmost commongof these technig ues is 10
highly dependent upon individual aircraft desighhe ped. 4

magnitude of these effects can be significant. It is imperativgPD fluids in the ground deicing process and to anti-ice v

thattakeoff not be attemptadhless the PIC has ascertained,a protective film of FPD fluid to delay the reforming of ic

as required by the FAR, that all critical components of th%ﬂg\r’\;fto(;;r;i; ;ng?;lslrg:]zﬂléli\:lsllI(?PEOI;SE: rrleu;)s/cl;fte)gs
aircraft are free of ice, snow, or frost formations. Today’s FPD fluids have characteristics that are best defi

by a phase diagram or freeze chart as shown in Figure 1,

Flight safety following ground operations in CondltlonsFieneral characteristics of these fluids are describec

conducive to icing encompasses the clean aircraft conce
Understanding the need for a clean aircraft requires
knowledge of:

able 1.

Note Generally, the freeze characteristics of commercia
« Adverse effects of ice, snow, or frost on aircraftavailable FPD fluids are based on the “neat” (undiluted pren

performance and flight characteristics, which aresolution as furnished by the fluid manufacturer.
generally reflected in the form of decreased thrust,
decreased lift, increased stall speed, trim changes, adde basic philosophy of using FPD fluids for aircraft deici
altered stall characteristics and handling qualities; is to decrease the freezing point of water in either the lig
or crystal (ice) phase. FPD fluids are highly soluble in wat
» Various procedures available for aircraft ground deicinghowever, ice is slow to absorb FPD or to melt when in con
and anti-icing, including the use and effectiveness ofvith it. If frost, ice, or snow is adhering to an aircraft surfa
FPD fluids; the formation may be melted by repeated application
proper quantities of FPD fluid. This process can
+ Capabilities and limitations of these procedures irsjgnificantly accelerated by thermal energy from hea
various weather conditions; fluids. As the ice melts, the FPD mixes with the water therg
" ) ) _diluting the FPD. As dilution occurs, the resulting mixtu
«  Critical areas of aircraft such as the wings and taII;may begin to run off. If all the ice is not melted, addition
and applications of FPD become necessary until the fl
penetrates to the aircraft surface. When all ice has me
the remaining liquid residue is a mixture of water and FH
The resulting film could freeze (begin to crystallize) wi
only a slight temperature decrease.

» Recognition thatinal ensurance of a safe takeoff rests
in confirmation of a clean aircraft

Frozen Contaminants

Frozen contaminants in the form of ice, snow, or frost can  Iraditional North American Fluids
accumulate on exterior surfaces of an aircraft on the ground.
The type of accumulation on the aircraft surface is a key factoks shown in Table 1, there are various types of FP
in determining the type of deicing/anti-icing procedure thatavailable. These fluids are produced by chemi
should be used. manufacturers in North America and Europe. The FPD's u
to deice aircraft in North America are usually composed
Ice, snow, and frost should be removed before takeoff. Drgthylene or propylene glycol combined with water and ot
powdery snow can be removed by blowing cold air or nitrogeimgredients. Users can purchase this deicing fluid i
gas across the aircraft surface. Heavy, wet snow or ice caioncentrated form (80 percent—90 percent glycol) or i
be removed by using solutions of heated FPD fluids and wateplution that is approximately 50 percent glycol with
or by mechanical means such as brooms and squeegees. percent water by volume.
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ISO Commercial Fluids SAE and ISO Type |l fluids have been in the process of

introduction in North America since 1985. Widespread use of

These fluids were originally known as AEA Type | and SAE and ISO Type Il fluids began to occur in 1990. Similar

Type II. Specifications for these two types of FPD's are provideau'ds’ but w!th slight differences in characteristics, have been

in the ISO guidelines as ISO #11075, “Aircraft deicing/anti-icingd€veloped, introduced, and used in Canada.
Newtonian fluids 1ISO Type I” and 1SO #11078, “Aircraft

deicing/anti-icing non-Newtonian fluids ISO Type II.” u.s Military Aircraft Deicing Fluids

SAE C_or_nchial Fluids SAE Type | and Type Il fluids ar® The U.S. Department of Defense has issued military
very similar in all respects to ISO Type | and Type |l ﬂu'ds'specifications, “Anti-icing and Deicing-Defrosting Fluids|”

The minor differences will not be presented in this AC. Thesqnhese documents specify the following types of FPD’s:
FPD’s, specified by the SAE and ISO as Type | and Type II,

are distinguished by material requirement, freezing poin
rheological properties (viscosity and plasticity), and anti-icing .
performance. Phase Diagram of Aqueous

Glycol Solutions

SAE and ISO Type | Fluids These fluids in the concentrated 40
form contain a minimum of 80 percent glycols and are
considered “unthickened” because of their relatively low
viscosity. These fluids are used for deicing or anti-icing, bu
provide very limited anti-icing protection.

Caution: This diagram is not
representative -1 0
of any commercially
available aircraft ground
deicing or anti-icing fluids.

30

20 -
SAE and ISO Type Il Fluids. These fluids contain a minimum

of 50 percent glycols and are considered “thickened” becau
of added thickening agents that enable the fluid to be deposit 10 |-
in a thicker film and to remain on the aircraft surfaces unti
the time of takeoff. These fluids are used for deicing an
anti-icing, and provide greater protection than do Type I fluid o[-
against ice, frost, or snow formation in conditions conducivg
to aircraft icing on the ground.

-10

-20

-10 |- Diethylene Glycol

SAE and ISO Type Il fluids are designed for use on aircraf
with VV, greater than 85 knotés with any deicing or anti-icing

fluid, SAE and ISO Type Il fluids should not be applied unles
the aircraft manufacturer has approved their use regardless
rotation speed. SAE and ISO Type Il fluids are effective
anti-icers because of their high viscosity and pseudoplast
behavior. They are designed to remain on the wings of g
aircraft during ground operations or short term storage, therel -40
providing some anti-icing protection, but to readily flow off
the wings during takeoff. When these fluids are subjected t
shear stress, such as that experienced during a takeoff r 50 |-
their viscosity decreases drastically, allowing the fluids to flow
off the wings and causing little adverse effect on the aircraft’
aerodynamic performance. -60 |-

Ethylene Glycol

20 Propylene Glycol

-30

Temperature (F°)
Temperature (C°)

-30 |-

-40

-50

The anti-icing effectiveness of SAE and 1SO Type Il fluids ig
dependent upon the pseudoplastic behavior which can e
altered by improper deicing/anti-icing equipment or handling
Some of the North American airlines have updated deicin

-60

-80 [ N N B

and anti-icing equipment, fluid storage facilities, deicing ang 0 10 20 30 40 50 60 70 80 90 100
anti-icing procedures, quality control procedures, and trainin 2 1009% water 100% FDP
programs to accommodate the distinct characteristics of SA (e, e )
and 1SO Type |l fluids. Testing indicates that SAE and 1SQ FDP mixture with water, % FDP by weight
Type Il fluids, if applied with improper equipment, may lose

20 percent to 60 percent of anti-icing performance. Figure 1
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*  MIL-A-4823C Type I-standard » The freezing point of pure ethylene glycol is much higlLer
than that diluted with water. Slight temperature decregses
*  MIL-A-4823C Type ll-standard with inhibitor can be induced by factors such as cold-soaked fuel in
wing tanks, reduction of solar radiation by clouds
*  MIL-A-4823D Type | (propylene glycol base) obscuring the sun, ambient temperature cooling, wind
effects, and lowered temperature during development
*  MIL-A-4823D Type Il (ethylene and propylene glycol of wing lift. If the freezing point of the remaining film
mix) is found to be insufficient, the deicing/anti-icing
procedure should be repeated before the aircraft is
Military Types | and Il fluids are essentially the same, except released for flight.
that Military Type Il fluids contain a fire inhibitoMilitary
Types | and Il fluids are unrelated to SAE and ISO Typesland ¢« Full strength (undiluted) propylene glycol, having|a
Il fluids (see Table 1). strength of about 88 percent glycol at temperatures Jess
than -10C (+14F), is quite viscous. In this form
.. . propylene glycol based fluids have been found|to
Characteristics of FPD Fluids produce lift reductions of about 20 percent. Propylene
glycol FPD fluids are not intended to be used in the
Chemical Composition of FPD Fluids.Commercially undiluted state unless specifically recommended by|the
available FPD fluids are of the ethylene glycol or propylene aircraft manufacturer.

glycol family. The exact formulas of various manufacturers’

fluids are proprietary. It is important to understand that some

commercially available FPD fluids contain either ethylene Temperature Buffer

glycol or derivatives of ethylene glycol, such as diethylene

glycol, with small quantities of additives and water. VariousAmerican Practice. The practice developed and accepted

FPD manufacturers, upon request, will premix aqueouthe North American air carrier industry using traditional No

solutions of FPD for specific customer reasons. Before usingmerican fluids is to ensure that the remaining film has a fre

a solution of FPD, it is imperative that the ingredients bgoint of at least 20 below ambient temperature.

checked by close examination of the stock number and by

a quality control examination to ascertain that the fluidEuropean and Canadian Practice The practice developec

supply conforms to the customer need. FPD fluidby the European air carrier industry has been to ensure

manufacturers can supply methodology and suggesghe freezing point of residual SAE and ISO Type | fluids i

equipment needed for quality control examinations. It ideast 10C (18F) below ambient temperature. This is simil

desirable that the pilot understand the criticality of effectivao the North American practice, except for metric convers

quality control. differences. For SAE and ISO Type Il fluids, the free
temperature should be at leasC7(13°F) below ambient

Freezing Characteristics of FPD Fluids Before a fluid is  temperature. This temperature difference between SAE

used on an aircraft, it is crucial that the user knows ant50 Type | and SAE and ISO Type Il FPD fluids is primar

understands its freezing characteristics. These characteristitsaccommodate differences in fluid dilution rates which oc

can be determined through understanding of the fluidh freezing precipitation. Type Il fluids, which are thicker, w

procurement specifications and tolerances and througtot dilute to the same extent in a given period of time.

quality control inspections. FPD fluids are either premixed

(diluted with water) by the manufacturer or mixed by the .

user from bulk supplies. To ensure known freezing Current FAA Recommendations

characteristics, samples of the final mixture should be

analyzed before use. Generally the holdover time is increased with an expansio
the temperature buffer. Therefore, if the choice is availal

FPD Fluid Strength When Applied. Fluid strength or the Use the maximum buffers. Greater buffers require the us
ratio of FPD ingredients, such as glycol, to water should b&ore glycol, which is more costly and which increases
known if proper precautions, such as those outlined abovBurden for collection and processing of FPD spillage 2
are taken before application. It is crucial to realize that fluidunoff. FPD fluid mixtures and their attendant buffers sho
strength is a significant factor in deicing properties, as is thBe determined after consideration of the following factors
time that the FPD fluid may remain effective (holdoverthe listed order of priority.
time). ... . Safety
Do not use pure (200 percgnt)_ ethyleng glycol or pure propylene ,  Environmental impact
glycol fluids in nonprecipitation condition§he reasons for

this caution are explained below.  Cost
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Table 1
General Characteristics of Commercially Available FPD’s
Notes
Common Primary Active (see AC 20-117 for
Name Ingredients Viscosity  Primary Use more complete information)
North Ethylene glycol Low Deicing Includes AMS 1425, AMS 1427, and Mil-A-8243
American propylene glycol fluids. May not meet SAE nor ISO Type | specs.
SAE Type | Propylene/diethylene Low Deicing Propylene glycol based fluids not to be used
ISO Type | ethylene glycol undiluted at OAT < 14°F (-10°C). Aircraft
performance changes may result. AMS 1424
included. SAE, ISO specs similar.
SAE Type Il Propylene/diethylene High Deicing and For use on aircraft with V_ > 85 knots; lower
ISO Type I glycol with to Low anti-icing viscosity than AEA Type Il produced before 1988.
polymer thickener AMS 1428 included. SAE, ISO specs similar.
Mil-A-8243D Propylene glycol Medium Deicing Less toxic to animals. Not to be used undiluted.
Type | Not similar to Mil-A-8243C Type | or Il.
Mil-A-8243D 3 parts ethylene glycol, Low Deicing Similar to Mil-A-8243C Type | and II. Not
Type I 1 part propylene glycol approved as SAE or ISO Type Il
Arktika Ethylene glycol High Deicing and Not approved as SAE or ISO Type Il. Considered
(Russia) with thickener anti-icing thickened Type I. Effects on aerodynamics
unknown to date.
AMS = Aerospace Materials Specification
AEA = Association of European Airlines

For traditional North American and Type | SAE and ISO Fluids
the freeze point buffer of the anti-icing fluid should be as great
as possible but not less tharfCQ18°F).

contacts and is absorbed by the residual anti-icing fluid,
the freeze point is increased. A greater temperature buffer
provides a longer holdover time due to this effect; and

For SAE and ISO Type Il Fluighe freeze point buffer should .
not be less than those recommended by the SAE and ISO which
is currently 7C (13°F) at ambient temperatures beloWC7
(19°F) and 3C (5°F) at ambient temperatures abovéG7
(19°F).

Quality controlmargin for error.

Variables That Can Influence
Holdover Time

AC 20-117 RecommendationThe FAA's recommendation, This section provides a listing of some of the major variables
published in AC 20-117 in December 1982 and reissued ithat can influence the effectiveness of FPD fluids, especially
1988, is to ensure that the fluid freeze point is at lea¥t 20 when the fluids are being diluted by precipitation. The
(11°C) below the colder of the ambient or aircraft surface (skin)nfluence of these variables on the FPD fluids’ time |of
temperature. The reasons for this differential are to delagffectiveness is described in detail in appendix 3 of AC 20-117.
refreezing of the anti-icing fluid and to take into consideratiorThese major variables include:
such factors as:
» Aircraft component inclination angle, contour, and

» Temperature reductiorduring climb or in the surface roughness;
production of aerodynamic forces, and the possibility
that residual fluids (on surfaces, in balance bays, etc.)
will freeze at altitude;

Ambient temperature;

» Aircraft surface (skin) temperature;
» Freezing potentiain conditions conducive to icing. As

freezing precipitation or moisture from any source ¢ FPD fluid application procedure;
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» FPD fluid aqueous solution (strength); on health effects and proper safety precautions for
commercial FPD fluid is contained in the material safety d
*  FPD fluid film thickness; sheet for that fluid which is available from the flui
manufacturer and should be on file with the opera
*  FPD fluid temperature; providing the deicing or anti-icing service.

*  FPD fluid type; .. L.
Deicing and Anti-icing Procedures

* Operation in close proximity to other aircraft,

any
ata
d
tor

are more effective for providing anti-icing protection than
Pilots must be aware of the potential health effects of deicingyaditional North American fluids and SAE and ISO Type
and anti-icing fluids in order to ensure that proper precautionuids.
are taken during the deicing and anti-icing process and to

Passengers and crew should be shielded from all FPD fluisvo-step process, depending on predetermined practi
vapors by turning off all cabin air intakes during the deicingprevailing weather conditions, concentration of FPD used,
and anti-icing process. Exposure to vapors or aerosols of aayailable deicing equipment and facilities.
FPD fluid may cause transitory irritation of the eyes.
Exposure to ethylene glycol vapors in a poorly ventilatedrheone-step proceduris accomplished using a heated or,
area may cause nose and throat irritations, headaches, nauseane cases, an unheated FPD mixture. In this process
vomiting, and dizziness. residual FPD fluid film provides a very limited anti-icin
protection. This protection can be enhanced by the use of
All glycols cause some irritation upon contact with the eyedluids or by the use of techniques to cool heated fluid dur
or the skin. Although the irritation is described as “negligible,’the deicing process. A technique used commonly in the pg
chemical manufacturers recommend avoiding skin contact witto spray on a final coat of deicing fluid using a very fine m
FPD and wearing protective clothing when performing normaépplied in an arched trajectory so as to cool the fluid bef
deicing operations. contact. This produces a thicker fluid film which will hay
slightly enhanced anti-icing effectiveneg&xercise caution
Ethylene and diethylene glycol are moderately toxic fonwhen using this technique to ensure that freezing has
humans. Swallowing small amounts of ethylene or diethyleneccurred within the fluid previously applied
glycol may cause abdominal discomfort and pain, dizziness,

Because the glycol contained in FPD fluids is considerablipeicing is accomplished with hot water or a hot mixture
diluted with water and other additives, it is highly unlikely FPD and water. The ambient weather conditions and
that deicing personnel would ingest anything close to a leth&ype of accumulation to be removed from the aircraft m
amount (3 to 4 ounces of pure glycol). Detailed informatiorbe considered when determining which deicing fluid to u

and effects on the central nervous system and kidney3hetwo-step procedurgvolves both deicing and anti-icing.

equipment, and structures; Depending on the type of accumulation on the surface off the
aircraft and the type of aircraft, operational procedufes
«  Operation on snow, slush, or wet ramps, taxiways, an8mployed in aircraft ground deicing and anti-icing vary. The
runways; general procedures used by aircraft operators are similan and
are based on the procedures recommended by the aircraft
Precipitation type and rate; manufacturer, which, in turn, may be based upon procedpres
recommended by the fluid manufacturer, engine manufacturer,
«  Presence of FPD fluid; the SAE and ISO. ...
+ Radiational cooling; Pilot training can be accomplished through the use of manials,
films, and, to a limited extent, onsite observation. It is essential
« Residual moisture on the aircraft surface: that the PIC fully understand effective deicing and anti-icing
procedures. An annual review of these procedures by all pjlots
« Relative humidity; is required to maintain current knowledge of deicing gnd
anti-icing methods, since tliC is responsibldor ensuring
«  Solar radiation: and that critical aircraft surfaces are free from ice, snow, or frost
formations before takeoff. An aircraft may be deiced by any
«  Wind velocity and direction. suitable manual method, using water, FPD fluids, or solutipns
of FPD fluids and water. Heating these fluids increases their
deicing effectiveness; however, in the anti-icing process,
Health Effects unheated fluids are more effective. SAE and ISO Type Il fluids

better ensure the well-being of passengers and flightcremdeicing and anti-icing may be performed as a one-step or
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The second (anti-icing) step involves applying a mixture ofThese elements are recommended for use in recordkeeping,

SAE or ISO Type Il and water to the critical surfaces of theand are optional for flightcrew notification.
aircraft.

Examples of the Deicing/Anti-icing Information Format are
When heated water alone is used in the deicing processs follows:
the second step must be performed before refreezing occurs
— generally within 3 minutes after the beginning of the Type Il 100/0 1100h 16 Mar 1991
deicing step. If necessary, the process is conducted
area-by-area. As with any deicing or anti-icing fluid, SAE Typell 75/25 1330h 20 Apr 1992
and ISO Type Il fluid should not be used unless the aircraft Type | 70/30 0942h 17 Feb 1992
manufacturer has approved its use. SAE and ISO Type Il
fluids are designed for use on aircraft with M excess of o )
85 knots. This is to ensure sufficient flowoff of the fluid Deicing of Aircraft Surfaces
during the takeoff. ...
An aircraft must be systematically deiced and anti-iced in
Under no circumstanceshould SAE and ISO Type Il fluids, weather conditions conducive to icing (Figure 2). Each aircraft
in the concentrated (neat) form, be applied to the followingurface requires a specific technique to achieve a clean airgraft.
areas of an aircraft:
, The wings are the main lifting surfaces of the aircraft and must
*  Pitot heads and angle-of-attack sensors; be free of contaminants to operate efficiently. An accumulation
» Control surface cavities; of upperyving frost, SNow, -or ice_ chan_g_es the ai_r_fl_ W
characteristics over the wing, reducing its lifting capabilities,
+  Cockpit windows and nose of fuselage; increasing drag, increasing stall speed, and changing pitching
moments. The weight increase is slight, and its effects|are
» Lower side of radome underneath nose; secondary to those caused by surface roughness.
*  Static ports; On most aircraft, deicing of the wing should begin at the
« Airinlets: and leading-edge wing tip, sweeping in the aft and inboard
' direction. This process avoids increasing the snowload on
« Engines. outboard wing sections, which under some very heavy show
conditions could produce excessive wing stresses. This method
... FPD freezing points can be determined by using &lso reduces the possibility of flushing ice or snow deposits
refractometer or other similar techniques. into the balance bays and cavities.
o If ice accumulation is present in areas such as flap trackg and
Recommended Use of Deicing/ control cavities, it may be necessary to spray from the trailing
Anti-icing Codes edge forward. Also, under some weather or ramp conditions,
it is necessary to spray from the trailing edge.
Following ground deicing, anti-icing, and inspection by
qualified personnel, information supplied to the flightcrewThe extendable surfaces of the wing (i.e., leading-edge slats
should include the type of final fluid coating applied, theand trailing-edge flaps) should be retracted to avpid
mixture of fluid (percent by volume), and time of application.accumulating frost, snow, or ice during time at the gate or in
This may be transmitted to the pilot by a four element codeédvernight storage. A surface that is extended in weather
such as the following. conditions requiring deicing and anti-icing should be visually
inspected to ensure that the surface, tracks, hinges, seals, and
Element A specifies Type | or Type Il fluid; actuators are free of any contaminants before retraction. Flaps
and slats retracted during anti-icing will not receive a protective
Element B specifies the percentage of fluid within the film of FPD fluid and may freeze in precipitation or frost
fluid/water mixture (e.g., 75/25 = 75 percent conditions. Consult the aircraft manufacturer to ascertain|the
fluid and 25 percent water); most appropriate slat and flap management procedures.
Element C specifies the local time of the beginning of The tail surfaces require the same caution afforded the wing
the final deicing/anti-icing step (e.g., 1330); during the deicing procedure. The balance bay area betyween
and moveable and stationary tail surfaces should be closely
inspected. For some aircraft, positioning the horizontal
Element D specifies date (day, written month, year) stabilizer in the leading-edge-down position allows the FPD
(e.g., 20 April 1992). fluid and contaminants to run off rather than into balance bays.
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For some aircraft, the horizontal stabilizer must be in th
leading-edge-up position during deicing. Systematic Deicing of Aircraft in
Conditions Conducive to Icing

D

Balance bays, control cavities, and gap seals should be
inspected to ensure cleanliness and proper drainage. When
contaminants do collect in the surface juncture, they must be
removed to prevent the seals from freezing and impeding the
movement of the control surface.

The fuselage should be deiced and anti-iced from the top down.
Clearing the top of the fuselage manually instead of by spraying
requires that personnel use caution not to damage protruding
equipment (e.g., antennas) while deicing. Spraying the upper
section with heated FPD fluid first allows the fluid to flow
down, warming the sides of the fuselage and removing
accumulations. This is also effective when deicing the windows
and windshield of the aircraft, since direct spraying of the
surfaces can cause thermal shock resulting in cracking or
crazing of the windows. The FPD fluid must be removed from
the crew’s windows to maintain optimal visibility.

4%

Deicing the top of the fuselage is especially important on
aircraft with aft-mounted centerline and fuselage mounted
engines. The ingestion of ice or snow into an engine may result
in compressor stalls or damage to the engine.

The radome or nose of the aircraft should be deiced to elimingte
snow or ice accumulations from being projected into the crew|s
field of vision during takeoff. This area also contains navigation
and guidance equipment; therefore, it must be cleared of
accumulations to ensure proper operation of these sensors

Also, special precautions are necessary to ensure that residual
fluids do not enter sensitive instrumentation or flow over the
cockpit windows during taxi or takeoff.

The cargo and passenger doors must also be deiced and anti-
iced in order to ensure proper operation. All hinges and tracks
should be inspected to ensure that they are free of
accumulation. Although accumulation may not impair
operation on the ground, it may freeze at flight altitude and
prevent normal operation at the aircraft’s destination. Frozen -
accumulation may also cause damage and leakage on cargo Figure 2
and passenger door hatches.

Sensor orifices and probes along the fuselage require cauti§ause smoke and vapors to enter the cabin. Engine intake

openings and resulting fluid residue can result in fault)ﬁhUFdOV}/n- Any accumulation_ Sh0U|d. be removed while
instrument readings. Also, when protective covers used durir@ngine is cooling and before installation of plugs and cov

applications are not removed, faulty instrument readings caf\ny accumulation of water must be removed to prevent

result. compressor from freezing. A light coating of deicing flu
applied to the plug may prevent the plugs from freezing to
nacelle.

Deicing the Engine Area
Fluid residue on engine fan or compressor blades can re
Minimal amounts of FPD fluid should be used to deice theengine performance or cause stall or surge. In addition,
engine area and APU. FPD fluids ingested in the APU caoould increase the possibility of, or the quantity of, glya

areas

during the application of FPD fluid. Direct spraying into theseshould be inspected for the presence of ice immediately after
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vapors entering the aircraft through the engine bleed air
system.

Most turbojet and turboprop engine manufacturers recommend, ,
and some AFM’s require, that thrust levers be periodically
advanced to an N1 rpm of 70 percent to 80 percent during
ground operations. This practice prevents ice buildup that can
result in reduced thrust, dynamic imbalance of the fan or
compressor, or excessive induction of shed ice. The pilot must
be aware of these operating procedures and should comply
with procedures established for the aircraft.

Clear Ice Phenomena

Some aircraft have experienced formations of clear ice on the
upper surfaces of wings in the vicinity of integral fuel tanks.
Such ice is difficult to see arid many instances cannot be
detected other than by touwlith the bare hand or by means
of special purpose ice detector. These phenomena typically
occur on aircraft that have flown high altitude missions for a
sufficient time to cold soak the fuel in tanks, and the fuel
remaining in wing tanks at the destination is sufficient to
contact upper wing skins when rain or high humidity is present.
Upperwing frost can also occur under conditions of high
relative humidity.

In either case, ice or frost formation on upper wing surfaces
must be removed prior to takeoff. Skin temperature should be
increased to preclude formation of ice prior to takeoff. This is

often possible by refueling with warm fuel.

Clear ice formations of this type can cause aircraft performance
changes and can break loose at rotation or during flight, causing
engine damage on some aircraft types, primarily those with

rear mounted engines.

Central and Remote Deicing

Deicing and anti-icing near the departure end of the runway
has obvious advantages. This practice:

* Reduces the time between deicing/anti-icing and
takeoff;

» Facilitates the recycling of FPD in the deicing mixture;
» Reduces the potential environmental impact; and

» Facilitates the application of correct ratio FPD/water
for existing environmental conditions at departure.

This practice is encouraged where adequate facilities exist
and if performed by qualified personnel. It should not be
substituted for a pretakeoff check unless performed just prior
to takeoff.

Techniques for Implementing the

Clean Aircraft Concept

Establish training programs to continually update pilpts
on the hazards of winter operations, adverse effects of

ice formations on aircraft performance and flight

characteristics, proper use of ice protection equipment,
ground deicing and anti-icing procedures, deicing and

pretakeoff procedures following ground deicing or ant

icing, and operations in conditions conducive to aircraft

icing.

Establish training programs for maintenance or other
personnel who perform aircraft deicing to ensure
thorough knowledge of the adverse effects of |ce

formations on aircraft performance and fligh

t

characteristics, critical components, specific ground
deicing and anti-icing procedures for each aircraft type,
and the use of ground deicing and anti-icing equipment

including detection of abnormal operational condition

Establish quality assurance programs to ensure |t
FPD fluids being purchased and used are of the pro

S.

hat
per

characteristics, that proper ground deicing and anti-
icing procedures are utilized, that all critical areas are
inspected, and that all critical components of the aircraft

are clean prior to departure.

Perform thorough planning of ground deicing activities
to ensure that proper supplies and equipment |are

available for forecast weather conditions and th

responsibilities are specifically assigned and

understood. This is to include maintenance seryi
contracts.

at

ce

Monitor weather conditions very closely to ensure that

planning information remains valid during the groun
deicing or anti-icing process and subsequent aircr

operations. Type or concentration of FPD fluids,

d
aft

deicing or anti-icing procedures, and departure plans

should be altered accordingly.

Deice or anti-ice areas that are visible from the coc

pit

first so that during pretakeoff check the pilot may have
assurance that other areas of the aircraft are clean. Areas

deiced or anti-iced first will generally freeze first.

Use the two-stage deicing process where ice deposits
are first removed, and secondly all critical components

of the aircraft are coated with an appropriate mixtu
of FPD fluid to prolong the effectiveness of the ant
icing.

re
i-

Ensure thorough coordination of the ground deicing
and anti-icing process so that final treatments are

provided just prior to takeoff.
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When feasible, provide and use remote sites near the other purposes unless such uses are approved b
takeoff position for deicing, anti-icing, final aircraft manufacturer.

inspection, and to reduce the time between deicing

and takeoff. » Use FPD fluid types and concentrations that will de

y the

ice formations for as long as possible under the

Use multiple aircraft deicing or anti-icing units for prevailing condition9.
faster and more uniform treatment during
precipitation. .
Appendix 1

Use FPD fluids that are approved for use by the aircraft Appllcatlon Guidelines Tables
manufacturer. Some fluids may not be compatible with

aircraft materials and finishes, and some may hav&SF editorial note: Holdover time tables have been omitted

characteristics that impair aircraft performance andn this report because the tables are no longer current.
flight characteristics or cause control surfacecurrent holdover time tables based on data from the Socie

See
y of

instabilities. Automotive Engineers (SAE), the International Standards

Organization (ISO), the Association of European Airlin
Do not use substances that are approved for use gAEA), the relevant flight operations manual and/or t
pneumatic boots (to improve deicing performance) forappropriate civil aviation authority.

eS
ne
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Pilot Guide:
Small Aircraft Ground Deicing

Advisory Circular (AC) 135-17
U.S. Federal Aviation Administration

FSF editorial note: Holdover time tables have been omitted in this report because the tables are no longer curient.
See current holdover time tables based on data from the Society of Automotive Engineers (SAE), the Intefnational
Standards Organization (ISO), the Association of European Airlines (AEA), the relevant flight operations manugl
and/or the appropriate civil aviation authority.

To promote aviation safety, the U.S. Federal Aviation Administration (FAA) publishes a number of document
including advisory circulars (ACs). ACs, which provide guidance and information about the National Aiispac
System, are not binding unless incorporated in a regulation.

19>

For a complete list of ACs, ordering information, prices (when applicable) and order forms, request the free
AC 00-2.9, “Advisory Circular Checklist,” from the U.S. Department of Transportation (DOT).

To order free ACs from the DOT, indicate title, publication number and number of copies requested and mgil to

U.S. Department of Transportation

TASC, Subsequent Distribution Office, SVC-121.23
Ardmore East Business Center

3341 Q 75th Avenue

Landover, MD 20785

Fax orders should be sent to: (301) 386-5394.

For-sale ACs may be ordered from:

Superintendent of Documents
U.S. Government Printing Office
P.O. Box 371954

Pittsburgh, PA 15250-7954
Telephone: (202) 512-1800
Fax: (202) 512-2250
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Preface

This advisory circular (AC) contains information and recommendations to assist pilots in conducting ground operatigns
during weather conditions conducive to aircraft icing. It also contains information that can be used by other flight
crewmembers, maintenance, servicing, and other aviation personnel responsible for ground deicing and aviation
safety in general. Prudent operators will find that this information can further enhance safe operations and procedyres.

This AC contains recent information and guidance regarding deicing and anti-icing fluids and procedures for thei
use. It provides information and guidance on how to comply with the clean aircraft concept, which requires the
aircraft critical surfaces be free of contamination prior to beginning takeoff.

@
=

... The guidelines and procedures included in this AC are advisory. This AC does not change, or authorize any
deviations from the Federal Aviation Regulations (FAR).

William J. White
Deputy Director, Flight Standards Service
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Introduction philosophy, including the definition of frozen contaminants

and how they can affect aircraft performance and flight
FAR §§ 121.629, 125.221, 135.227, and 91.527 prohibit takeofharacteristics. The information contained herein is intengded
when snow, ice, or frost is adhering to wings, propellers, ofor basic understanding purposes and as a quick-reference

control surfaces of an aircraft. This is commonly referred t@uide for pilots of small aircraft (commuter, air taxi, and

as the clean aircraft concept. The degradation in aircrafteneral aviation). For aircraft type specific procedures, pilots

performance and changes in flight characteristics when frozeghould refer to the aircraft flight manuals or other

contaminants are present are wide ranging, unpredictable, afnufacturer documents developed for that particular type

highly dependent upon individual aircraft design. Theaircraft.

magnitude of these effects can be significant. It is imperative
that takeoff not be attempted unless the PIC has made certain,
as required by the FAR, that all critical areas of the aircraft are
free of ice, snow, and frost formations.

The clean aircraft concept is essential to safe flight operations. »

The PIC has the ultimate responsibility to determine if the
aircraft is clean and that the aircraft is in a condition for safe
flight. This requirement may be met if the PIC obtains
verification from properly trained and qualified ground
personnel that the aircraft is ready for flight. The general
consensus of the aviation community is that a critical ingredient
in ensuring a safe takeoff in conditions conducive to aircraft
icing is visual and/or physical inspection of critical aircraft
surfaces and components shortly before takeoff.

Understanding the need for a clean aircraft requires knowledge
of:

» Adverse effects of ice, snow, or frost on aircraft
performance and flight characteristics, including:
decreased thrust, decreased lift, increased stall speed,
trim changes, and altered stall characteristics and
handling qualities;

» Various procedures available for aircraft ground deicing
and anti-icing, including the use and effectiveness of
freezing point depressant (FPD) fluids;

» Capabilities and limitations of these procedures in
various weather conditions;

« Critical areas of aircraft such as the wings, propellers,
control surfaces, airspeed, altimeter, rate of climb, and
flight attitude instrument systems; and

To achieve compliance with trebean aircraft conceptit is
imperative that takeoff not be attempted in any aircraft unless
the pilot-in-command (PIC) is certain that critical components
of the aircraft are free of frozen contaminants. The revised
rules in Parts 121, 125, and 135 of the FAR are intended to
achieve implementation of the clean aircraft concept. The new
regulations require that the operator develop specific
procedures for the PIC. Those procedures may require having,
in place, specific procedures, qualified personnel, and adequate
equipment, and supplies.

FAA AC 20-117 provides general information for the basic
understanding of aircraft ground deicing issues and

Practices for Pilots to Achieve
A Clean Aircraft

The ultimate responsibilityfor the safety of the flight
rests with thepilot in commandf the aircraft.

For FAR Parts 135 and 125 operations a pretakeoff
contamination check must be completed within| 5
minutes prior to beginning takeoff.

The fact that FAR's require that pretakeoff
contamination checks be completed at least 5 minutes
prior to beginning takeoffioes not meaihat the
aircraft will always be safe for takeoff for a 5 minuie
period, or any other specific period of time. Under
some weather or operational conditions (as descriped
later), the time of effectiveness of FPD fluids may pe
less than 1 minute. Under those conditions, it|is
recommended that takeoff be delayed until the
weather conditions abate and then additional checks
should be conducted just prior to initiating takeoff
roll to achieve compliance with the clean aircraft
concept.

Be knowledgeable of the adverse effects of surface
roughness on aircraft performance and flight
characteristics.

Be knowledgeable of ground deicing and anti-icing
practices and procedures being used on your aircfaft,
whether this service is being performed by your
company, a service contractor, a fixed-base operator,
or others.

Do not allow deicing and anti-icing activities untjl
you are familiar with the ground deicing practices
and quality control procedures of the service
organization.

Be knowledgeable of critical areas of your aircraft and
ensure that these areas are properly deiced [and
anti-iced.

Ensure that proper precautions are taken during |the
deicing process to avoid damage to aircraft
components, surfaces, and instrumentation sensors.
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Ensure that a thorough post-deicing/anti-icing checlground operations) can occur and ice protection systems or
is performed as part of the deicing/anti-icing processprocedures should be activated when OAT is beloW 50
(10°C) and visible moisture in any form is present or when
Be knowledgeable of the function, capabilities,there is standing water, ice, or snow on the runway and/or
limitations, and operations of the ice protection systemsgaxiways
installed on your aircraft.
Aircraft In-Flight can encounter a variety of atmospheric
« Be aware that the time of effectiveness of FPD deicingonditions that will individually or in combination produge
or anti-icing treatments can only be estimated becausee formations on various components of the aircraft. These
of the many variables that influence this time (holdoverconditions include:
time).
»  Supercooled CloudsClouds containing water droplets
* The holdover times of deicing/anti-icing fluids should (at ambient temperatures below°82 that have
be used as guidelines and should not be relied upon as remained in the liquid state. Supercooled water droplets
the sole basis for a decision to takeoff. are very small (generally in the range of 5 to 100
micrometers) and will freeze upon impact with another
« Deicing and anti-icing should be performed at the latest object. Water droplets can remain in the liquid state at
possible time before taxi to the takeoff position. ambient temperatures as low as°fQrhe rate of ice
accretion and shape of ice formed on an aircraft
« Accumulation of ice, frost, or snow on top of deicing component are dependent upon many factors sugh as
or anti-icing fluids must be considered as adhering to cloud liquid water content, ambient temperature,
the aircraft. Takeoff shouldot be attempted. droplet size, and component size, shape, and velogity.
» Do not start engines until it has been ascertained that Note: One micrometer (micron) is one millionth of one
all ice deposits have been removed. Ice particles shed meter or 0.00003937 inches.
from rotating components (such as propellers) may
damage the aircraft or injure ground personnel. * Ice Crystal Clouds Clouds existing usually at ver
cold temperatures where moisture has frozen to|the
« Be aware that certain operations may produce solid or crystal state.
recirculation of ice crystals, snow, or moisture.
¢ Mixed Conditions. Clouds at ambient temperatures
» Be aware that operations in close proximity to other below 32F containing a mixture of ice crystals and
aircraft can induce snow, other ice particles, or moisture supercooled water droplets.
to be blown onto critical aircraft components, or can
cause dry snow to melt and refreeze. » Freezing Rain and Drizzle Precipitation existing
within clouds or below clouds at ambient temperatures
» ltis not advisable to take off if snow or slush is observed below 32F where rain droplets remain in the
splashing onto critical areas of the aircraft, such as wing supercooled liquid state. Freezing rain is generally
leading edges, or trailing edge flaps during taxi. differentiated from freezing drizzle as a function pf
droplet size where rain droplets range from 500 to 2000
e FPD fluids used during ground deicing are not intended microns and freezing drizzle droplets range less than
for, and do not provide, ice protection during flight. 500 microns.
. Aircraft on the Ground, when parked or during ground
Frozen Co_ntamlnants and operations, are susceptible to many of the conditions that can
Their Causes be encountered in flight in addition to conditions peculiar to
ground operations. These include:
Frozen contaminants in the form of ice, snow, or frost can
form and accumulate on exterior surfaces of an aircraft on the «  Frozen precipitation such as snow, sleet, or hail
ground. These contaminates may be caused by weather and or
operational conditions conducive of icing, generally described ¢ Residual ice from a previous flight Such
as follows: contaminants may exist on leading edges of wings,
empennage, trailing edge flaps, and other surfaces.
Aircraft on the ground or in flight are susceptible to
accumulation of ice formationg=fozen Contaminantg e Operation on ramps, taxiways, and runways
under various atmospheric and operational conditilins. containing moisture, slush, or snowResidual ice or
generally accepted that icing conditions (during flight or slush accumulated on airframe components during
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landing and taxi operations on contaminated runways,
taxiways and ramps, can remain in place if low
temperatures and other weather conditions exist unless
identified and removed. Contaminants of this type are
commonly found in wheel wells, on landing gear
components, trailing edge flaps, undersurfaces of wings
and horizontal stabilizers, and other components.

Supercooled ground fog and ice fagSimilar to
supercooled clouds found at altitude but caused by
advection or night time cooling and existing near
ground level.

Blowing snow Snow blown by ambient winds, other
aircraft or ground support equipment from snow drifts,
other aircraft, buildings, or other ground structures.

Recirculated snow Snow made airborne by engine,
propeller, or rotor wash. Operation of jet engines in
reverse thrust, reverse pitch propellers, and helicopter
rotor blades are common causes of snow recirculation.

High relative humidity . Conditions that may produce

frost formations on aircraft surfaces having a
temperature at or below the dew or frost point. Frost
accumulations are common during overnight ground
storage and after landing where aircraft surface
temperatures remain cold following descent from
higher altitudes. This is a common occurrence on lower
wing surfaces in the vicinity of fuel cells. Frost and

other ice formations can also occur on upper wing
surfaces in contact with cold fuel. On some aircraft
clear ice formations can occur that are difficult to detect.

Frost. Frost, including hoar frost, is a crystallized
deposit, formed from water vapor on surfaces which
are at or below T (32°F).

Underwing Frost. Operational experience as well as
research experiments with several aircraft have
indicated that underwing frost formations do not
generally influence aircraft performance and flight
characteristics as severely as leading edge and upper
wing frost; howeverit must be understood that some
aircraft designs may be more sensitive to underwing
frost than others and particular aircraft could be unsafe
with underwing frostit is required that underwing frost
be removed unless the FAA Aircraft Certification
Office accepts the aircraft manufacturer’s data for such
operations.

Polished Frost FAR 135 and other rules for small
aircraft allow takeoff with frost formations on the wing
surfaces if the frost is polished smooth, thereby
reducing the amount of surface roughness. It is

recommended that all W|ng frost be removed by meangest data indicate that ice, snow, or frost formations hay
of conventional deicing process, however, if polishingthickness and surface roughness similar to medium or co

of frost is desired, the aircraft manufacturer
recommended procedures should be followed.

Clear Ice PhenomenaSome aircraft have experience
formations of clear ice on the upper surfaces of wir
in the vicinity of integral fuel tanks. Such ice is difficu
to see and in many instances can not be detected
than by touch with the bare hand or by means @
special purpose ice detector. These phenom
typically occur on aircraft that have flown high-altitud
missions for a sufficient time to cold soak fuel
integral tanks, and the fuel remaining in these tan
after landing, is sufficient to contact upper wing ski
causing clear ice to form when rain, drizzle, wet sng
or high humidity is present (at, above, or below freez
ambient temperatures). Upperwing frost can also og
under conditions of high relative humidity.

Other Potential Locations of
Frozen Contamination

Areas under leading edge slats and portions of
trailing edge flaps (e.g.; leading edges and upp
surfaces of multi segment fowler flaps) might not
exposed to anti-icing fluids during the deicin
anti-icing process. Such unprotected areas may
exposed and susceptible to icing during precipitat
or high relative humidity conditions, in taxi, takeo
gueue, or takeoff configurations.

Leading edges of wings, empennage, slotted flap
engine air inlets, etc.; of arriving aircraft may

contain residual ice formations from previous flight
If ambient conditions are not such that these formati
would be dissipated by natural means, or removed
means of a deicing process, they will remain and

have significant effect upon aircraft performance a

flight characteristics during subsequent operations.

Wing flap tracks, landing gear wheel wells, control
bays, control seals, engine cowl inlets, etc

Ports, orifices, vents, air and fluid drains

Propellers and other rotating componentsduring
ground operations are exposed to conditions simila
those of forward flight. Some aircraft require operati
of inflight ice protection equipment while on th
ground. Others may prohibit, or inhibit by desig
operation of such equipment during ground operatig

The Effects of Contamination
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aerodynamic surface. These adverse effects on |the

Typical Effect of Contamination aerodynamic properties of the airfoil may result in sudden
On Lift and Drag departure from the commanded flight path and may not be
preceded by any indications or aerodynamic warning to|the
Lift Coefficient pilot. Therefore, it is imperative thtkeoff not be attempted
unless the PIC has made certain that the critical surfaces and
Y Uncontaminated components of the aircraft are free of adhering ice, snow, or

frost formations.
SQCL Max

——

Slight
Contamination More than 30 factors have been identified that can influgnce

whether ice, snow, or frost may accumulate and cause sufface
Greater roughness on an aircraft and affect the anti-icing abilities of
gontamination FPD fluids. These factors, among others, include: ambjent
temperature; aircraft surface (skin) temperature; deicing fluid
type, temperature, and concentration; relative humidity; and
wind velocity and direction.

Lift Coefficient ~C,

Snow, frost, slush, and other ice formations on other

components of the aircraft, can cause undesirable local air
flow disturbances, or restriction of air and fluid vents. They

can cause mechanical interference and restricted movement
Angle of Attack ~ ?, DEG of flight controls, flap, slat, speed brake, landing gear
retraction, and other mechanisms which are necessary for
safe flight.

SQCL Max

Drag Coefficient

Uncontaminated Ice formations on turbine engine and carburetor air intgkes
can cause a power loss, and if dislodged and ingested intp the
engine, can cause engine damage and/or failure.

Slight
Contamination

Great Ice formations on external instrumentation sensors, such as
reater . .
Contamination pitot-static ports, and angle of attack sensors can cause

improper indications or improper operation of certain systems
and components that may be critical to safe flight.

Key Points
The following list provides key points regarding operations in
ground icing conditions and aircraft deicing and anti-icing

procedures for small aircraft.
Drag Coefficient ~Cp

* Most ground deicing-related accidents have occurred

. when the aircraft was not deiced before takepff
Figure 1 attempt.

sandpaper on the leading edge and upper surfaces ofawing can  The deicing process is intended to restore the airgraft
reduce wing lift by as much as 30 percent and increase drag by  to a clean configuration so that neither degradation of
40 percent. See Figure 1. As illustrated in Figure 2, greater aerodynamic characteristics nor mechanical
surface roughness can increase these values. Some aircraft are  interference from contaminants will occur.
more susceptible to the effects of surface roughness than others.

* The decision of whether or not to deice an aircraf
Changes in lift and drag significantly increase stall speed, an integral part of the deicing process.
reduce controllability, and alter aircraft flight characteristics.
Thicker or rougher frozen contaminants can have increasing « It is essential that the PIC have a thorough

S

adverse effects on lift, drag, stall speed, stability and control, understanding of the deicing and anti-icing process and
and aircraft performance with the primary influence being the approved procedures necessary to ensure that the
surface roughness located on critical portions of an aircraft is clean for takeoff.
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Typical Effect of Wing Surface Contamination on Airplane Stall Speed

40
Ice, frost, or snow adhering
to the entire upper surface

30 —

Simulated frost
20 |foughness range — <

Percent increase in stall speed ~ V/v %

Ice, frost, or snow on
the leading edge only

0.0001
Roughness Element Height/Wing Chord (K/C)

0
0.00001

0.01

Figure 2

Heated solutions of FPD, water, or both are moréNarning: Some Deicing/Anti-lIcing fluids may not be
effective in the deicing process than unheated solutionapproved for use on certain aircraft. Your aircraft should

because thermal energy is used to melt the ice, snowpt be deiced or anti-iced with fluids or procedures not

or frost formations.

approved for use on your aircraft type. AEA/SAE/ISO Type |

fluids should not be used in the concentrate form. They shall
Unheated FPD fluids or agueous solutions, especiallpe diluted with water before use in accordance wjth

AEA, SAE and ISO Type Il, are generally more manufacturer’s instructions

effective in the anti-icing process because the final fluid
film thickness is greater.

Anti-icing should be performed as near to the takeoff
time as possible to minimize the risk of exceeding the
useful life or time of effectiveness of the anti-icing
fluid.

The freezing point of the final anti-icing coating should
be as low as possible. The recommended minimum
ambient temperature vs. freeze point buffers are shown
below:

Fluid Type OAT Range  Buffer

AEA, SAE and ISO Type | Al 18°F
AEA, SAE and ISO Type Il  above 19° F 5°F
AEA, SAE and ISO Type Il below 19° F 13°F

OAT = OQutside Air Temperature

Undiluted SAE and ISO Type Il fluids contain no less
than 50 percent glycols and have a freeze point 6G-3R
(-25.6°F) minimum. Diluted solutions have higher
(warmer temperature) freeze points.

SAE and ISO Type Il fluids have a longer time pf
effectiveness than conventional North American |or
SAE and ISO Type | fluids.

9%
o

A post-deicing/anti-icing check should be perform
during or immediately following the ground deicing
and anti-icing process.

Flight tests performed by manufacturers of large
transport category aircraft have shown that most SAE
and ISO Type Il fluid flows off lifting surfaces by
rotation speeds (Y on the order of 85 knots or greater.
Most fluid remaining dissipates during 2nd segment
climb. Some large aircraft experience performarice
degradation due to fluid residue and may require weight
or other takeoff compensationegradation of takeoff
and climbperformance, induced by Type Il fluids, may
be significant on smaller airplanes

92
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Flight tests with some small and large airplanes have
indicated that the test pilot does not usually notice FPD
fluid induced changes in performance (lift-off speed,
lift-off deck angle, best angle of climb, best climb rate)
and flight characteristics (stall margin, control margins,
and stability margins) even though these changes have
occurred and could be dangerous.

Propwash from operating propellers can cause rapid

degradation (blowoff) of FPD; e.g., SAE Type Il fluids
on wing and other surfaces within the slipstream.

Some fluid residue may remain throughout the flight
in aerodynamically quiet areas. The aircraft
manufacturer should have determined that this residue
(in aerodynamically quiet areas) will have no
significant adverse effect on aircraft performance,
handling qualities, or component operation. However,
this residue should be cleaned periodically.

Windshield wipersnay alone be a good indicatidimat
the aircraft is clean. However, if windshield wipers are
iced, it might indicate that other critical aircraft

components are no longer clean and are also contaminated.

Deicing procedures and equipment developed for large
transport airplanes may not be appropriate for some
smaller aircratft.

Conditions that are conducive to aircraft icing during
ground operations include:

Precipitation in the form of snow, freezing rain
drizzle, sleet, and hail.

- High relative humidity and low aircraft skin

temperature.

- Blowing or recirculated snow, other ice crystals

or water droplets.

- Splashing of water or slush.

Certain conditions can cause ice to remain on the
aircraft even though ground conditions, other than
ambient temperature, are not conducive to ground icing.
All residual frozen contamination must be removed
prior to subsequent takeoff.

- Residual ice formations may remain on leading

edges of wings and other surfaces following flight
operations in airborne icing conditions. The

aircraft should always be inspected for residual
ice formations and these ice formations must be
removed (properly deiced) prior to departure.

- Pneumatic boots, commonly used on small

airplanes of the type used in many FAR 135

- Vertical and horizontal stabilizing devices,

- Lift/drag devices such as trailing edge flaps.
- Spoilers and speed brakes.

- All control surfaces and control balance bays.
- Propellers.

- Engine inlets, particle separators, and screens.

- Windshields and other windows necessary

— Antennas.

- Fuselage.

operations, may retain some residual ice on leading
edge boots and aft of the boots during and
following flight in icing conditions.

Cold Weather Preflight
Inspection Procedures

—

Pilot preflight inspection/cold weather prefligh
inspection procedures. This is the normal walk-around
preflight inspection conducted by a pilot. This inspection
should be used to note any aircraft surface contamination
and initiate any required deicing/anti-icing operations.

A thorough preflight inspection is more important jn
temperature extremes because those temperdture
extremes may affect the aircraft or its performance] At

extremely low temperatures, the urge to hurry the

preflight of the aircraft is natural, particularly when
the aircraft is outside and adverse weather conditipns
exists, which make the preflight physically
uncomfortable for the pilots. This is the very time [to
perform the most thorough preflight inspection.

Aircraft areas that require special attention during a
preflight during cold weather operations depend on the
aircraft design and should be identified in the certificate
holder’s training program. The preflight should include,
at a minimum, all items recommended by the aircraft
manufacturer. A preflight should include items
appropriate to the specific aircraft type. Generally, thpse
items may include:

Wing leading edges, upper and lower surfaces.

leading edges, upper surfaces, lower surfaces,|and
side panels.

for
visibility.

- Exposed instrumentation devices such as angle-

of-attack vanes, pitot-static pressure probes, and

static ports.
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Fuel tank and fuel cap vents. ¢ Fuel tank and fuel cap vents;

Cooling and auxiliary power unit (APU) air  «  Cooling and auxiliary power unit (APU) air intake
intakes, and exhausts. inlets, and exhausts; and

Landing gear. + Landing gear.

Blowing Snow. If an aircraft is exposed to blowing

D

snow, special attention should be given to openings in Pretakeoff
the aircraft whgre snow can enter, free;e, and obstruct Contamination Checks
normal operations. The following openings should be
free of snow and ice before flight: FAR Parts 135 and 125 require that a pretakeoff contamination
Pitot tubes and static system sensing ports check be completed within 5 minutes prior to beginning
' takeoff.
Wheel wells. o )
A pretakeoff contamination check is a check to make sure the
Heater intakes. wings and control surfaces are free of frost, ice, or snow.
Engine air intakes and carburetor intakes. Procedures for conducting this aircraft type specific check must
be approved by the certificate holder’s principal operations
Elevator and rudder controls. inspector (POI) and referenced or described in the certificate
holder’s operations specifications.
Fuel vents.
Caution: Under extreme weather or operational conditions
Post-deicing/Anti-icing Checks contamination can occur in less than 5 minutes
Post-deicing/anti-icing checks should be performed as part di'€ components that can be checked vary by aircraft type
the deicing and anti-icing process. Generally, the followingnd design. In some aircraft, the entire wing and portions of
items should be checked, as applicable to the aircraft type affie empennage are visible from the cockpit or the cabin. In
recommended by the manufacturer. other aircraft, these surfaces are positioned such that pnly
portions of the upper surface or lower surface of the wings
«  Wing leading edges, upper surfaces, and lower surfacedfe in view. Undersurfaces of wings and the undercarringe
are viewable only from high-wing-type aircraft. A practice
« Vertical and horizontal stabilizing devices, leadingin Use by some operators is to perform a visual inspection or
edges, upper surfaces, lower surfaces, and side panef§ieck of wing surfaces, leading edges, engine inlets, and other
components of the aircraft that are in view from either the
«  High-lift devices such as leading-edge slats and leadin§0Ckpit or cabin, whichever provides the maximum visibility.
or trailing-edge flaps; The PIC may require the assistance of trained and qualifie
ground personnel to conduct the pretakeoff contamination
« Propellers; check.
«  Spoilers and speed brakes; If any aircraft surfaces have not been treated with FPD fluid,
the PIC or another trained crewmember should look for, and
«  All control surfaces and control balance bays; examine any evidence of, melting snow and possible freezing.
If the aircraft has been treated with FPD fluids, aircraft surfaces
«  Engine inlets, particle separators, and screens; should appear glossy, smooth, and wet. If these checks indjcate

accumulations of ice, snow, or frost, or ice formation that may

Windshields and other windows necessary for ﬂighthave been induced by taxi operations, the aircraft shoul
crew visibility; re-deiced/anti-iced.
Antennas;

Types of Deicing and Anti-icing
Fuselage: Equipment and Facilities

Exposed instrumentation devices such as angle-of2eneral. Manual methods of deicing provide a capability,

attack vanes, pitot-static pressure probes, static port§/€ar weather, to clean an aircraft adequately to allow a
and temperature probes; takeoff and flight. In inclement, cold weather conditior

1 be

in
safe
S!
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however, the only alternative is sometimes limited to placingise of portable, pressurized containers with spray wands,
the aircraft in a protected area such as a hangar to perform tim@pping the fluid on the surface requiring treatment from a
cleaning process by available means. A common practideucket, use of hand pumps attached to a supply tank|and
developed is to clean the aircraft in the hangar and providespreading the solution with a mop, brush or other suitable
protective coating of FPD fluid (anti-icing) to protect the devices to, in time, melt the ice to the extent that it can be
aircraft from ice or snow accumulation for a limited period ofremoved by manual means.
time prior to takeoff. Most modern airports have traffic
conditions and limitations of hangar space that, for the mosflobile Deicing and Anti-icing Equipment. Several
part, preclude indoor ground deicing. These airports usualljnanufacturers of various types of aircraft ground deicjng
have one or more fixed base operators who have the equipmeaguipment exist today to meet the ground support equipment
capability, and experience to clean the aircraft and providdemands of the aviation community. These ground support
brief protection to allow a safe takeoff to be performed. Mangquipments vary in types from simple trailers hauling a|55
airlines have repositioned ground deicing equipment for ramgallon drum of FPD fluid with a wobble pump and mop |to
deicing at major airports where icing conditions are prevalergophisticated equipment capable of heating and dispensing
in the United States, Canada, and European countries. Sofaege quantities of water and deicing fluid and capable of
airports or operators have installed permanently stationeglevating deicing personnel to heights necessary to have agcess
equipment at central locations where aircraft can be deicdad any area of the largest of today’s aircraft. Some of this
and anti-iced. Discussions of these types of facilities arequipment may not be compatible for use on small airplanes
contained in AC 20-117 and AC 150/5300-14. because of the very high pressures and very high temperatures
used in the deicing process for large airplanes.
Warm Hangars. Early methods employed the use of hangars
to avoid exposure to the elements or to provide a place f@entral and remote deicing Deicing and anti-icing near the
warming the aircraft and melting ice, frost, and snowdeparture end of the runway has obvious advantages, some of
formations prior to departure. This method generally requireshich are highlighted as follows:
that all moisture that could freeze is either removed or the
aircraft is also treated with FPD fluid to preclude freezing upon * Providgs a place for conducting pretakeoff
removal of the aircraft from the warm hangar into below contamination checks.
freezing ambient conditions. Some operators use warm hangars

for the complete deicing and anti-icing process with fluids. Reduces the time between deicing/anti-icing gnd

takeoff.

Wing and Other Covers The use of wing covers and covers _, . L i .
" 7 ; : This practice is encouraged where adequate facilities exist and
for other critical components such as windshields, engine aj : i
[ 1performed by trained and qualified personnel.

intakes, pitot probes, etc., are useful to lessen the extent 0
manual work or deicing fluid required to remove frost, snow,

or other ice formations from the aircraft. Deicing and Anti-icing Fluids

Mechanical Methods Various devices such as brooms, br”SheSCommon practice, developed by the North American

ropes, squeegees, fire hosesf or other devices; have been us pean aviation communities over many years of experience,
remove dry snow accumulations, to remove the bulk of largg 1 geice and anti-ice an aircraft before takeoff. Various
wet snow deposits, or to polish frost to a smooth surface. The?@chniques of ground deicing and anti-icing have bgen

manual methods require that caution be exercised to preclugig,e|oped. The most common of these techniques is to use FPD
damage to aircraft skins and other critical components. fluids in the ground deicing process and to anti-ice wit

L L . . protective film of FPD fluid to delay the reforming of ice, sn
Deicing and Anti-icing Fluids. These fluids are used for . fst Commercially available FPD fluids used for aircraft
quu_:kly removing frost and to pr_eyent or retard ice format!orbleicing are ethylene glycol or propylene glycol based. The
during overnight storage. In addition, they are used t0 assist fi,nera| characteristics of these fluids are described in Tablle 1.
melting and removal of snow or other ice formations such as

would develop as a result of freezing rain or drizzle, and fOfe pasic philosophy of using FPD fluids for aircraft deicing

assisting in the removal of ice or frost formations accumulatef ;4 gecrease the freezing point of water in either the liquid

during a previous flight. or crystal (ice) phase. FPD fluids are highly soluble in water;
however, ice is slow to absorb FPD or to melt when in contact

F A : with it. If frost, ice, or snow is adhering to an aircraft surface,
DeICIng/Antl icing Equipment the formation may be melted by repeated application of

Commonly Used for Small Airplanes proper quantities of FPD fluid. This process can e
significantly accelerated by thermal energy from heated

Portable Spray Equipment and Dispensers/arious methods fluids. As the ice melts, the FPD mixes with the water thereby
of applying FPD fluids have been utilized in the past, such adiluting the FPD. As dilution occurs, the resulting mixture
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may begin to run off. If all the ice is not melted, additionalof FPD’s are provided in the ISO guidelines as 1SO 110
applications of FPD become necessary until the fluidAircraft deicing/anti-icing Newtonian fluids ISO Type I” an
penetrates to the aircraft surface. When all ice has meltet50 11078, “Aircraft deicing/anti-icing non-Newtonian fluid
the remaining liquid residue is a mixture of water and FPDISO Type Il.”
The resulting film could freeze (begin to crystallize) with
only a slight temperature decrease. SAE Commercial Fluids SAE Type | and Type Il fluids arg
very similar in all respects to ISO Type | and Type Il fluids. T|
Traditional North American Fluids . As shown in Table 1, minor differences will not be presented in this AC. These FP
there are various types of FPD’s available. These fluids ampecified by the SAE and ISO as Type | and Type I,
produced by chemical manufacturers in North America andistinguished by material requirement, freezing poi
Europe. The FPD’s used to deice aircraft in North Americaheological properties (viscosity and plasticity), and anti-ic
are usually composed of ethylene or propylene glycoperformance.
combined with water and other ingredients. Users can purchase
this deicing fluid in a concentrated form (80 percent-90 percerf8AE and ISO Type I Fluids. These fluids in the
glycol) or in a solution that is approximately 50 percent glycotoncentrated form contain a minimum of 80 percent glyc
with 50 percent water by volume. and are considered “unthickened” because of their relati
low viscosity. These fluids are used heated and diluted
ISO Commercial Fluids. These fluids were originally known deicing or anti-icing, but provide very limited anti-icin
as AEA Type | and Type Il. Specifications for these two typegprotection.

Table 1
General Characteristics of Commercially Available FPD’s
Common Primary Active
Name Ingredients Viscosity  Primary Use Notes

Traditional Ethylene, propylene, Low Deicing Includes *SAE AMS1425, SAE AMS 1427, AF
North diethylene glycols 3609, Mil-A-4823, other pre-1993 Mil-Spec fluids
American and/or isopropyl and other commercially available fluids.

alcohol
AEA Type | Propylene and/or Low Deicing Propylene glycol based fluids not to be used
SAE Type | diethylene glycol undiluted at OAT < 14° F (10°C). Aircraft
(AMS 1424) performance changes may result.
ISO Type |
AEA Type Il Propylene and/or Low Deicing and For use on aircraft with V_ > 85 knots. Lower
SAE Type Il diethylene glycol and anti-icing viscosity than AEA Type Il produced before 1988.
(AMS 1424) polymer thickeners
ISO Type Il High
Old Mil Type | Ethylene, propylene Low Deicing No fire inhibitor. May not conform to SAE Type |

glycol Spec. See AC 20-117 for more detail.
New Mill Type |  Propylene glycol Medium

base
Old Mil Type Il Ethylene and Low Deicing With fire inhibitor. Does not conform to SAE Type
New Mil Type Il propylene glycol | Spec. See AC 20-117 for more detail.
Arktika Ethylene glycol Low Deicing Not currently approved as AEA, SAE or ISO Type
Arktika 2000 and thickeners High Anti-icing | or Type Il. Effects on aerodynamics unknown.

Prevalent in Russia.
* Beginning with the 1993-1994 winter season, North American manufacturers intend
to no longer produce AMS 1425 and AMS 1427 in favor of the new AMS 1424.
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SAE and ISO Type Il Fluids. These fluids contain a minimum Types | and I fluids are unrelated to SAE and ISO Types |ljand
of 50 percent glycols and are considered “thickened” becauskfluids.
of added thickening agents that enable the fluid to be deposited
in a thicker film and to remain on the aircraft surfaces untiSAE Type Il Fluids . Specifications for fluids for use on small
the time of takeoff. These fluids are used for deicing and antaircraft which would last longer but yet would have minimal
icing, and provide greater protection than do Type | fluidsaerodynamic effect, are being developed. These fluids|are
against ice, frost, or snow formation in conditions conduciveeferred to as Type Il fluids. Fluids of this type have bgen
to aircraft icing on the ground. developed and used to a limited extent, in large airplane
operations, and have generally been referred to as Type | 1/ 2
SAE and ISO Type Il fluids are designed for use on aircraftiuids as they possess characteristics in between Type | and
with V, greater than 85 knotsAs with any deicing or anti- Type II; i.e., last longer than Type | with less aerodynamic
icing fluid, SAE and ISO Type Il fluids should not be appliedeffect than Type II.
unless the aircraft manufacturer has approved their use
regardless of rotation speed. SAE and I1SO Type Il fluids arbse of Antifreeze and Unapproved FluidsUse FPD fluids
effective anti-icers because of their high viscosity andhat are approved for use by the aircraft manufacturer. Spome
pseudoplastic behavior. They are designed to remain on tliids may not be compatible with aircraft materials and
wings of an aircraft during ground operations or short ternfinishes and some may have characteristics that impair aircraft
storage, thereby providing some anti-icing protection, but tperformance and flight characteristics or cause control surface
readily flow off the wings during takeoff. When these fluidsinstabilities. Use of automotive anti-freeze is NOT approved.
are subjected to shear stress, such as that experienced duririggaime of effectiveness (holdover time) and its effects|on
takeoff run, their viscosity decreases drastically, allowing thaircraft aerodynamic performance is generally unknown.
fluids to flow off the wings and causing little adverse effect
on the aircraft's aerodynamic performance. L .
Characteristics of FPD Fluids
The anti-icing effectiveness of SAE and I1SO Type Il fluids is
dependent upon the pseudoplastic behavior which can Bghemical Composition of FPD Fluids Commercially
altered by improper deicing/anti-icing equipment or handlingavailable FPD fluids are of the ethylene glycol, diethylene
Some of the North American airlines have updated deicinglycol, or propylene glycol family. The exact formulas pf
and anti-icing equipment, fluid storage facilities, deicing andvarious manufacturers’ fluids are proprietary. It is important
anti-icing procedures, quality control procedures, and trainingp understand that some commercially available FPD flyids
programs to accommodate the distinct characteristics of SA€ntain one or more of these glycols plus small quantities of
and ISO Type |l fluids. Testing indicates that SAE and ISCQadditives and water. Various FPD manufacturers, upon
Type Il fluids, if applied with improper equipment, may loserequest, will premix aqueous solutions of FPD for specific
20 percent to 60 percent of anti-icing performance. customer reasons. Before using a solution of FPD, it is
imperative that the ingredients be checked by close
SAE and ISO Type Il fluids have been in the process oéxamination of the stock humber and by a quality control
introduction in North America since 1985. Widespread use ofxamination to ascertain that the fluid supply conformg to
SAE and ISO Type Il fluids began to occur in 1990. Similathe user need. FPD fluid manufacturers can supply
fluids, but with slight differences in characteristics, have beemethodology and suggest equipment needed for quality
developed, introduced, and used in Canada. control examinations. It is desirable that the pilot understand
the criticality of effective quality control.
Military Deicing Fluids. The U.S. Department of Defense
has issued military specifications, “Anti-icing and Deicing- Freezing Characteristics of FPD Fluids Before a fluid is
Defrosting Fluids.” These documents specify the followingused on an aircraft, it is crucial that the user knows and

types of FPD’s: understands its freezing characteristics. These character|stics
can be determined through understanding of the fluid
* MIL-A-4823C Type | — standard procurement specifications and tolerances and through
quality control inspections. FPD fluids are either premixed
*  MIL-A-4823C Type Il — standard with inhibitor (diluted with water) by the manufacturer or mixed by the

user from bulk supplies. To ensure known freezing
* MIL-A-4823D Type | — (propylene glycol base) characteristics, samples of the final mixture should|be
analyzed before use.
* MIL-A-4823D Type Il — (ethylene and propylene
glycol mix) FPD Fluid Strength When Applied. Fluid strength or the
ratio of FPD ingredients, such as glycol, to water should be
Military Types | and Il fluids are essentially the same, excepknown if proper precautions, such as those outlined abpve,
that Military Type Il fluids contain a fire inhibitoMilitary are taken before application. It is crucial to realize that flpid
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strength is a significant factor in deicing and anti-icing + Safety
properties. Fluid strength affects the time that the FPD fluid
may remain effective (holdover time). ... e Availability

Do not use pure (100 percent) ethylene glycol or pure propylene
glycol fluids in nonprecipitation condition§he reasons for
this caution are explained below.  Cost

Environmental impact

» The freezing point of pure ethylene glycol is muchFor traditional North American and AEA, SAE and ISO Type |
higher than when diluted with water. Slight temperature-luids, the freeze point buffer of the anti-icing fluid should be
decreases can be induced by factors such as colds great as possible but not less thafC1(A8F).
soaked fuel in integral tanks, reduction of solar
radiation by clouds obscuring the sun, ambientror AEA, SAE and ISO Type Il Fluidbe freeze point buffe
temperature cooling, wind effects, and loweredshould not be less than those recommended by the SAE and
temperature during development of wing lift. If the ISO which is currently T (13F) at ambient temperature
freezing point of the remaining film is found to be below -7C (19F) and 3C (5°F) at ambient temperature
insufficient, the deicing/anti-icing procedure should beabove -7C (19F).
repeated before the aircraft is released for flight.

(28]

«  Full strength (undiluted) propylene glycol, having a AC 20-117 Recommendation
strength of about 88 percent glycol at temperatures
less than -1TC (+14°F), is quite viscous. In this form, The FAA's recommendation, published in AC 20-117 is|to
propylene glycol based fluids have been found tcensure that the fluid freeze point is at leasE2Q1°C) below
produce lift reductions of about 20 percent. Propylenghe colder of the ambient or aircraft surface (skin) temperature.
glycol FPD fluids are not intended to be used in theThe reasons for this differential are to delay refreezing of|the

undiluted state. anti-icing fluid and to take into consideration such factors|as:
» Temperature reductiorduring climb or in the
Temperature Buffer production of aerodynamic forces, and the possibility
that residual fluids (on surfaces, in balance bays, etc.)
American Practice. The practice developed and accepted by will freeze at altitude;

the North American air carrier industry using traditional North
American fluids is to ensure that the remaining film has afreeze «  Freezing potentiaih conditions conducive to icing. As

point of at least ZUF below (lower than) ambient temperature. freezing precipitation or moisture from any source

contacts and is absorbed by the residual anti-icing fluid,
European and Canadian Practice The practice developed the freeze point is increased. A greater temperafure
by the European air carrier industry has been to ensure that buffer provides a longer holdover time due to this effgct;
the freezing point of residual SAE and ISO Type | fluids is at and

least 10C (18F) below ambient temperature. This is similar
to the North American practice, except for metric conversion ¢  Quality controlmargin for error.
differences. For SAE and ISO Type Il fluids, the freeze
temperature should be at leasC7(13°F) below ambient .
temperature. This temperature difference between SAE and Holdover Times
ISO Type | and SAE and ISO Type Il FPD fluids is primarily
to accommodate differences in fluid dilution rates which occuHoldover Time. For Part 135 operators that do not have|an
in freezing precipitation. Type Il fluids, which are thicker, will approved deicing/anti-icing program (under Sectipn
not dilute to the same extent in a given period of time. 135.227(b)(3)), which complies with Section 121.629(c), the
use of holdover timetables is for use in departure planning anly.
Current FAA Recommendations Generally the holdover The use of holdover times for these Part 135 operators doegs not
time is increased with an expansion of the temperature buffeelieve the pilot from conducting a pretakeoff contamination
Therefore, if the choice is available, use the maximum buffergheck. For Part 135 operators that have an approved deicing/
Greater buffers require the use of more glycol, which is moranti-icing program (under Section 135.227(b)(3)), they must
costly and which increases the burden for collection anébllow the appropriate Part 121 procedures.
processing of FPD spillage and runoff. FPD fluid mixtures
and their attendant buffers should be determined aftedoldover time is the estimated time deicing/anti-icing fluid
consideration of the following factors in the listed order ofwill prevent the formation of frost or ice and the accumulation
priority. of snow on the protected surfaces of an aircraft.
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Holdover time begins when the final application of deicing/aircraft in a heated hangar or by other normal deicjng
anti-icing fluid commences and expires when the deicing/antiprocedures.
icing fluid applied to the aircraft loses its effectiveness.

Frost, including underwing frost in the vicinity of integral fuel
Holdover time tables are based on fluid type, fluidtanks should be removed before takeoff. On some small aircraft
concentration, outside air temperature (OAT) and varioufrost formations may be polished smooth. Underwing frpst
weather conditions, e.g., frost, freezing fog, snow, freezingnay be allowed on some aircraft if the aircraft manufacturer
rain. SAE/ISO holdover tables and how they are used ateas underwing data accepted by the FAA Aircraft Certification
explained in Appendix A. Office showing that the aircraft can be operated safely under

such conditions.
Many other variables may affect holdover times, some of these

include: Dry, powdery snow can be removed by sweeping with| an
appropriate brush or broom or by blowicgd air or nitrogen
» Aircraft surface (skin) temperature; gas or other inert gasses across the aircraft surface. Heavy,

wet snow can be removed by mechanical means such as
* Operation in close proximity to other aircraft, squeegees and brooms, by using heated water, solutions of
equipment, and structures; heated water and deicing/anti-icing fluids, or a combination
of these techniques.
e Operation on snow, slush, or wet ramps, taxiways, and

runways; Any frozen contamination may be removed by placing the
aircraft in a heated hangar or by other normal deicjng
* Precipitation rate; procedures.

* Relative humidity; .. L.
g Deicing and Anti-icing

e Wind velocity and direction. Aircraft with Fluids

.. ... An aircraft must be systematically deiced and anti-iced in
Delcmg and Antl-lcmg Procedures weather conditions conducive to icing. The specific deicjng
method and procedure used depends upon the aircraft type,
Depending on the type of accumulation on the surfaces anghailable equipment, and the deicing/anti-icing fluids available.
components of the aircraft and the type of aircraft, operationalircraft operating under FAR 135 and other small airplanes
procedures employed in aircraft ground deicing and anti-icinghay not be permitted to use or have available some of the
vary. modern deicing/anti-icing fluids. Each aircraft surface requires
a specific technique to achieve a clean aircraft.
Ground deicing and anti-icing procedures vary depending
primarily on aircraft type, type of ice accumulations on theThe wings are the main lifting surfaces of the aircraft and must
aircraft, and FPD fluid typ&ll pilots should become familiar - pe free of contaminants to operate efficiently. An accumulation
with the procedures recommended by the aircrafiof upperwing frost, snow, or ice changes the airflow
manufacturerin the Aircraft Flight Manual (AFM) or the characteristics over the wing, reduces its lifting capabilities,
maintenance manual and, where appropriate, the aircraficreases drag, increases stall speed, and changes pitching
service manual. moments. The weight increase is slight, and weight effects
are secondary to the effects of surface roughness.
The general procedures used by aircraft operators are similar
and are based on the procedures recommended by the airci@ft most aircraft, deicing of the wing should begin at the
manufacturer, which, in turn, may be based upon procedurésading edge wing tip, sweeping in the aft and inboard
recommended by the fluid manufacturer, enginedirection. This process avoids increasing the snowload on
manufacturer, the SAE, 1ISO, AEA, and other standardizatioputboard wing sections, which under some very heavy show
organizations. conditions could produce excessive wing stresses. This
method also (for most aircraft) reduces the possibility| of
Caution: If improperly used, some deicing/anti-icing fluids flushing ice or snow deposits into conventional balance bays
can cause undesirable and potentially dangerous changes #nd cavities.
aircraft performance, stability, and control. In addition, the
fluid may not remain effective for the expected time If ice accumulation is present in areas such as flap trackg and
control cavities, it may be necessary to spray from the trailing
Ice, snow, frost, and slush should be removed before takeo#dge forward. Also, under some weather (wind) or ramp
Any frozen contamination may be removed by placing theonditions, it may be necessary to spray from the trailing edge.
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Propellers should be thoroughly deiced in the static modAlso, special precautions are necessary to ensure that residual
assuring that all blades are uniformly clean. fluids do not enter sensitive instrumentation or flow over the
cockpit windows during taxi or takeoff.
The extendible surfaces of the wing (i.e., leading-edge flaps
or slats and trailing-edge flaps) should be retracted to avoi@argo and passenger doors must also be deiced and antj-iced
accumulating frost, snow, or ice during time at the gate or im order to ensure proper operation. All hinges, tracks, and
overnight storage. A surface that is extended in weatheseals should be inspected to ensure that they are frge of
conditions requiring deicing and anti-icing should be visuallycontamination. Frozen contamination may also cause damage
inspected to ensure that the surface, tracks, hinges, seals, amdl leakage on cargo and passenger door seals.
actuators are free of any contaminants before retraction. Flaps
and slats retracted during anti-icing will not receive a protectiv&ensor orifices and probes along the fuselage require caution
film of FPD fluid and may freeze in precipitation or frost during the application of FPD fluid. Direct spraying into these
conditions. Consult the AFM, AOM, or Maintenance Manualopenings and resulting fluid residue can result in faylty
for recommended procedures to determine the most appropriatstrument readings. Also, when protective covers used during
slat and flap management procedures. applications are not removed, faulty instrument readings|can
result.
Tail surfaces require the same caution afforded the wing during
the deicing procedure. The balance bay area between movealni¢he use of heated water alone, care must be taken to assure
and stationary tail surfaces and areas adjacent to balance hotimzt water freezing does not reoccur or that water does| not
should be closely inspected. For some aircraft, positioning theollect in pockets, such as control balance bays, control seals,
horizontal stabilizer in the leading-edge-down position allow®tc. where refreezing might occur. Use of water alone |for
the FPD fluid and contaminants to run off rather than intaleicing is generally limited to temperatures abovd273°C)
balance bays. For some aircraft, the horizontal stabilizer muand where the water is heated (to facilitate deicing and
be in the leading-edge-up position during deicing. Somevaporation) to about 14B, followed by very close inspection
aircraft, with fixed or movable horizontal stabilizer, may to assure that refreezing does not occur.
require the elevator to be in a preset position.
A number of deicing/anti-icing fluids are available for use jon
Balance bays, control cavities, and gap seals should m®mmercial large transport category aircraft and some small
inspected to ensure cleanliness and proper drainage. Whaincraft, typically used in FAR 135 operations, if approved for
contaminants do collect in the surface juncture, they must hese by the aircraft manufacturer. The FPD’s used most often
removed to prevent the seals from freezing and impeding the the past were glycol-based fluids produced by a number of
movement of the control surface. North American, European, and Russian chemical
manufacturers. Most common fluids in use today conform to
The fuselage should be deiced and anti-iced from the topAE or ISO specifications. ... In any case, the procedures for
down. Clearing the top of the fuselage manually instead adeicing and anti-icing your aircraft must conform to the
by spraying also requires that personnel use caution not pyocedures developed for your aircraft and contained in your
damage protruding equipment (e.g., antennas) while deicingperations manual and other documentation.
Spraying the upper section with heated FPD fluid first allows
the fluid to flow down, warming the sides of the fuselageHeating of deicing/anti-icing fluids increases their deicipng
and removing accumulations. This is also effective whemffectiveness; however, in the anti-icing process, unheated
deicing the windows and windshield of the aircraft, sincefluids are generally more effective. SAE and 1SO Type Il fluids
direct spraying of the surfaces can cause thermal shockte more effective (last longer) in providing anti-icing
resulting in cracking or crazing of the windows. The FPDprotection than traditional North American fluids and SAE
fluid must be removed from the flight crew’s windows to and ISO Type | fluids. (See section entitled “Deicing and Anti-
maintain optimal visibility. icing Fluids” for more complete description of fluid types.

Deicing the top of the fuselage is especially important omeicing and anti-icing with fluids may be performed as a ohe-

aircraft with aft-mounted centerline and aft-side fuselagestep or two-step process, depending on predetermined
mounted engines. The ingestion of ice or snow into a turbingractices, prevailing weather conditions, concentration of RPD
engine may resultin compressor stalls or damage to the enginsed, and available deicing equipment and facilities.

The nose of the aircraft (radome area on some aircraft) shoulthe one-step proceduig accomplished using a heated FRD
be deiced to eliminate snow or ice accumulations from beingixture. In this process, the residual FPD fluid film provides
projected into the crew’s field of vision during takeoff. Thisa very limited anti-icing protection. This protection can pe
area may also contain navigation and guidance equipment; aedhanced by the use of cold fluids or by the use of techniques
if so, it must be cleared of accumulations to ensure propeo cool heated fluid during the deicing process. A technique
operation of these sensors. used commonly in the past is to spray on a final coat of
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deicing fluid using a very fine mist, applied in an archedSome of these areas can be deiced and anti-iced using a diluted
trajectory so as to cool the fluid before contact. With mostraditional North American or SAE Type | fluid however care
fluids this produces a thicker fluid film which will have should always be exercised to assure that neither FPD fluid
slightly enhanced anti-icing effectiveness. Using thisnor water enter pilot or static ports. Aircraft and engine
procedure caution must be exercised to assure that the deicimanufacturer recommended procedures should be strjctly
fluid has not begun to crystallize before application of thefollowed when deicing/anti-icing these areas. Some airgraft
final overspray. manufacturers require that protective covers be used during
the deicing process.
The two-step procedurn@volves separate deicing and anti-
icing steps. Deicing is accomplished with hot water or a hotaution: Protective covers not removed following deicing have
mixture of FPD and water. The ambient weather conditiongaysed accidents in the past. Post deicing and pretakeoff
and the type of accumulation to be removed from the aircrafaspections and checks must include checks to ensure| that
must be considered when determining which deicing fluid t@gvers have been properly removed and stowed
use. ...

) ) ... FPD freezing points can be determined by using a
Only fluids approved for use on your aircraft should be usedefractometer or similar devices and methods.

The second (anti-icing) step involves applying SAE or 1ISO
Type Il (if approved for use) or a richer mixture (but never the Deicing the Engine Area
full, undiluted concentrate) of the deicing fluid, preferably

unheated, to the critical surfaces of the aircraft. Minimal amounts of FPD fluid should be used to deice the

Caution: Exercise caution when using the two-steptechniqugnglne area and APU. FPD fluids ingested in the APU ('T
nstalled) can cause smoke and vapors to enter the cabin.

to ensure that freezing has not occurred within the quidE . - .
ngine air intake areas should be inspected for the presence

previously applied of ice immediately after shutdown. Any accumulation should

When heated water alone is used in the deicing process, tﬁ? removed while the engine is cooling and before installation

second step must be performed before refreezing occurs — plugs and covers. Any accumulation of Watgr must. be
removed to prevent the compressor from freezing. A light

ecqating of deicing fluid applied to the plug may prevent the
&ugs from freezing to the nacelle.

generally within 3 minutes after the beginning of the first
(deicing) step. If necessary, the process is conducted ar
by-area.

Caution: SAE and ISO Type Il fluids are designed for use off1Uid residue on engine fan or compressor blades can refluce
aircraft with rotation speeds (VR) in excess of 85 knots anf"gine performance or cause stall or surge. In addition,|this
therefore may not be usable on many small aircraft operating©u!d increase the possibility of, or the quantity of, gly¢ol
under FAR 135 and other rules. As with any deicing or antiY2POrs entering the aircraft through the engine bleed) air
icing fluid, AEA, SAE, or ISO Type Il fluid should not be use§YStem-
unless the aircraft manufacturer has approved its use

Most turbojet and turboprop engine manufacturers
Under no circumstanceshould AEA, SAE or ISO Type I recommend, and some AFM’s require, that thrust levers be

fluids, in the concentrated (neat) form, be applied to th@eriodically advanced to an N1 rpm of 70 percent to|80

following areas of an aircraft: percent during ground operations. This practice is intended
to prevent ice buildup that can result in reduced thruist,

+  Pitot heads and angle-of-attack sensors; dynamic imbalance of the fan or compressor, or excessive
induction of shed ice. The pilot must be aware of these

« Control surface cavities: operating procedures and should comply with procedures

established for the aircraft.
» Cockpit windows and nose of fuselage;

Note: On turboprop aircraft approved for use of and using
«  Lower portion of fuselage underneath nose (on radom8AE Type Il fluids specific procedures must be followed|to

of some aircraft); prevent blowoff of FPD fluid during high engine operating
speeds prior to takeoff. In most operations this can be done
e Static ports; by operation with the propellers disking (flat pitch) for engine
runups and by performing taxi operations with minimum
e Airinlets; and thrust and acceleration. Use of reverse thrust is also
discouraged since this may cause contamination of the FPD
e Engines. fluid.
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Because the glycol contained in FPD fluids is considera
Pilots must be aware of the potential health effects of deicingiluted with water and other additives, it is highly unlike

are taken during the deicing and anti-icing process and to bet@fmount (3 to 4 ounces of pure glycol). Detailed informat

and crew should be shielded from all FPD fluid vapors bygommercial FPD fluid is contained in the material safety d
turning off all cabin air intakes during the deicing and antisheet for that fluid which is available from the flui
icing process. Exposure to vapors or aerosols of any FPD fluiganufacturer and should be on file with the opera
may cause transitory irritation of the eyes. Exposure to ethylerFoviding the deicing or anti-icing serviee.

glycol vapors in a poorly ventilated area may cause nose and

throat irritations, headaches, nausea, vomiting, and dizziness. Ap endix A

All glycols cause some irritation upon contact with the eyes Appl|cat|on Guidelines Tables
or the skin. Although the irritation is described as “negligible,” o _ .
chemical manufacturers recommend avoiding skin contact withSF editorial note: Holdover time tables have been omit

FPD and wearing protective clothing when performing normain this report because the tables are no longer current.
deicing operations. current holdover time tables based on data from the Socie

Ethylene and diethylene glycol are moderately toxic forOrganization (ISO), the Association of European Airlin
humans. Swallowing small amounts of ethylene or diethylenAEA), the relevant flight operations manual and/or t
glycol may cause abdominal discomfort and pain, dizzinessippropriate civil aviation authority.

Health Effects and effects on the central nervous system and kidneys.

bly
ly

and anti-icing fluids in order to ensure that proper precaution$at deicing personnel would ingest anything close to a lethal

on

ensure the well-being of passengers and flightcrew. Passengéfs health effects and proper safety precautions for any

ata
d
tor

ted
See
y of

Automotive Engineers (SAE), the International Standards

ES
ne
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Joint Aviation Authorities (JAA)

FSF editorial note: See current holdover time tables based on data from the Society of Automotive Engineers (SAE),
the International Standards Organization (ISO), the Association of European Airlines (AEA), the relevant flight
operations manual and/or the appropriate civil aviation authority.

The material contained in this leaflet has been issued in accordance with Chapter 10 of Administrative and Guidance
Material, Section Four: Operations, Part Two: Procedures (Joint Aviation Requirements Operations [JAR OPS])| It
was decided that the text (which reflects changes to the NPA-OPS-7 text by the Operational Procedures Study
Group, following consideration of the Notice of Proposed Amendment [NPA] comments) should be published as a
Temporary Guidance Leaflet (TGL) pending international agreement on certain fluid specifications and other atters.

The TGL is therefore authorized for use by the national authorities on a voluntary basis. When these issuies have
been resolved, the text may need to be revised and circulated as a further NPA before final publication in JAR QPS
following any required NPA. This material will be added to JAR OPS in the form of an acceptable means of compliance

(AMC). This document draft is reprinted here with its editorial changes.

To purchase the most up-to-date version of the JAA JAR OPS, contact:

Westward Digital Limited

37 Windsor Street

Cheltenham, Gloucestershire GL52 2DG
England

Telephone: +44 1242 235 151

Fax: +44 1242 584 139

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « JUNE-SEPTEMBER 1997 103



JOINT AVIATION AUTHORITIES TEMPORARY GUIDANCE LEAFLET NO. 4

Proposed text to be published as a TGL OPS De-icing/Anti-icing. Text based upon the OC decision to contact the AEA
anti-icing group to bring the content up-to-date.

TGL OPS to JAR OPS 1.345(a)
Ice and other contaminants - Procedures
See JAR OPS 1.345(a).

1. General:

a. Any deposit of ice, snow, frost or slush on the external surfaces of an aeroplane may drastically a

. The procedures established by the operator for de-icing/anti-icing are intended to ensure that the airfram

Temporary Guidance Leaflet No. 4

Joint Aviation Authorities (JAA)

JAA — OC [Operations Committee] DRAFT
October 1, 1997

performance due to reduced aerodynamic lift and increased drag resulting from both the disturbed airflow
weight of the deposit. Furthermore, they may cause moving parts such as elevators, ailerons, flap 3
mechanism etc., to jam thus creating a potentially hazardous condition. Also, engine operation may be s
affected by the ingestion of snow or ice into the engine, causing engine stall or compressor damage. T
critical ambient temperature range is between +30°C and -10°C. However, ice may form on the top and und
fuel tanks containing large quantities of cold fuel at much higher ambient temperatures (possibly up to +
higher).

of contamination so that neither degradation of aerodynamic characteristics nor mechanical interference w
and, following anti-icing, to maintain the airframe in that condition for the appropriate holdover time
de-icing/anti-icing procedures should therefore include aeroplane type specific requirements and cover:

i. Contamination checks, including detection of clear ice and underwing frost (Limits on the thickness/
contamination, if published in the AFM or other manufactures documentation should be followed):

ii. De-icing/Anti-icing procedures (including procedures to be followed if de-icing/anti-icing is interrupte
unsuccessful);

de-icing/

ffect its

and the
ctuating
eriously
he most
erside of
I5°C or

e is clear
ill occur
The

area of

dor
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iii. Pretake-off checks; and

iv. The recording of any incidents relating to de-icing/anti-icing

v. The responsibilities of all personnel involved in de-icing/anti-icing.

Material for establishing operational procedures can be found in:

 ICAO Doc 9640-AN/940 “Manual of aircraft ground de-icing/Anti-icing operations”.
IS0 11075%) ISO Type | fluid;

IS0 11076%) - Aircraft de-icing/anti-icing methods with fluids;

 ISO 11077%*) - Self-propelled de-icing/anti-icing vehicles - Functional requirements.
e IS0 11078*) ISO Type Il fluid

 AEA “Recommendations for De-icing/Anti-icing of aircraft on the ground”

»  SAE ARPA4737 Aircraft de-icing/anti-icing methods with fluids

e SAE AMS 1428 Dealing with anti-icing fluids

e SAE AMS 1424 Type | fluids

*) As the revision period of ISO documents in general is about 5 years, these documents may not reflect the latest indust
standards.
2. Terminology:

Terms used in the context of this TGL have the following meanings:

a. Anti-icing. The precautionary procedure that provides protection against the formation of frost or ice and
accumulation of snow on treated surfaces of the airplane for a limited period of time (holdover time).

b. Anti-icing fluid. Anti-icing fluid includes but is not limited to the following:

i. Type I fluid;
ii. Mixture of water and Type | fluid;
iii. Type Il fluid;
iv. Mixture of water and Type Il fluid,;
v. Type IV fluid;
vi. Mixture of water and Type IV fluid.
NOTE: Anti-icing fluid is normally applied unheated on uncontaminated aeroplane surfaces.

c. Clear ice: A coating of ice, generally clear and smooth, but with some air pockets. It is formed and on e¢xposec
objects at temperatures below or slightly above the freezing temperature by freezing of supercooled|drizzle
droplets or raindrops.

d. Conditions conducive to aeroplane icing on the ground: Freezing conditions, Freezing fog; Freezing precipitation
Frost/Hoar frost, rain or high humidity (on cold soaked wing), Sleet, Slush, and Snow.

e. De-icing. The procedure by which frost, ice, snow or slush is removed from an aeroplane in order to |provide
uncontaminated surfaces.
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f.

NOTE: De-icing fluid is normally applied heated with a minimum temperature of 60°C at the nozzle in order to assure m
efficiency.

g.

. Holdover time. The estimatedPeriod of time for which an anti-icing fluid will prevent the formation of frost

De-icing fluid: De-icing fluid includes but is not limited to the following:
i. Heated water;

i. Type | fluid;

iii. Mixture of water and Type | fluid;

iv. Type Il fluid;

v. Mixture of water and Type Il fluid;

vi. Type IV fluid;

vii. Mixture of water and Type IV fluid.

De-icing/anti-icing. De-icing/anti-icing is the combination in which the procedure described in subparag
above and/or the procedure described in subparagraph e. above may be performed in one or two steps,
de-icing means, that de-icing and anti-icing are carried out at the same time using a mixture of anti-icing fl

aximum

aph a.
One-step
uid and

water. Two-step de-icing means that de-icing and anti-icing are carried out in two separate steps. The aerpplane is

first de-iced using heated water only or a heated mixture of de-icers fluid and water. After completion

of the

de-icing operation a layer of a mixture of anti-icing fluid and water or of anti-icing fluid only is to be sprayed over
the aeroplane surfaces. The 2nd step fluid must be applied, before the first step fluid freezes, typically within 3

minutes and, if necessary, area by area.

Freezing conditions.— Conditions in which the outside air temperature is below +3°C (37,4°F) and visible moisture

in any form (such as fog with visibility below 1.5 km, rain, snow, sleet or ice crystals) or standing water, slu
or snow is present on the runway.

Freezing drizzle. — Fairly uniform precipitation composed exclusively of fine drops [diameter less than Q.

(0,02 in)] very close together which freezes upon impact with the ground or other exposed objects.

Freezing fog. A suspension of numerous minute water droplets which freezes upon impact with ground

sh, ice

5 mm

Dr other

exposed objects, generally reducing the horizontal visibility at the earth’s surface to less than 1 km (5/8 nmile).

Freezing Precipitation: Means Freezing rain or Freezing drizzle.

Frost/Hoar-Frost. Ice crystal that form from ice saturated air at temperatures BEIGBXF) by direct sublimation
on the ground or other exposed objects.

on the protected surfaces of an aeroplane on the-gretmdobefiencing-the

> et o—bettv:

Light Freezing rain. Precipitation of liquid water particles which freezes upon impact with exposed objects
in the form of drops of more than 0.5 mm (0.02 in) or smaller drops which, in contrast to drizzle, are
separated. Measured intensity of liquid water particles are up to 2.5 mm/hr (0.10 in/hr) or 25 gférosidith
a maximum of 2.5 mm (0.10 in) in 6 minutes.

Pre-takeoff check. — This check ensures that the representative surfaces of the aeroplane are free of ice, s
or frost just prior to take-off. This check should be accomplished as close to the time of take-off as possibl
normally made from within the aeroplane by visually checking the wings or other critical surfaces, defined
aeroplane manufacturer.

Rain or high humidity (on cold soaked wing). Water forming ice or frost on the wing surface, when the temp
of the aeroplane wing surface is at or bel &\ @32°F)

DI

, either
widely

now, slush
e and is
by the

erature
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g. Sleet. — Precipitation in the form of a mixture of rain and snow. For operation in light sleet treat as light freezing
rain.

r. Slush. Snow or ice that has been reduced to a soft watery mixture by rain, warm temperature and/or chemice
treatment.

s. Snow. Precipitation of ice crystals, most of which are branched, star-shaped or mixed with unbranched crystals. A
temperatures higher than°G ((23’F), the crystals are generally agglomerated into snowflakes.

3. Anti-icing fluids:

a. Due to its properties, Type | fluid forms a thin, liquid-wetting film on surfaces to which it is applied which gjives a
rather limited holdover time depending on the prevailing weather conditions. With Type | fluids, increasing the
concentration of fluid in the fluid/water moes not povide any increase in holdover time.

b. Type II/IV fluid contains a thickener which enables the fluid to form a thicker liquid-wetting film on surfages to
which it is applied. Generally, this fluid provides a longer hold over time than Type | fluids in similar conditions.
With this type of fluid, the holdover time can be increased by increasing the concentration of fluid in the fluid/
water mix, up to the maximum hold over time available from undiluted fluid.

4. Anti-icing code

a. The operators procedures should include an anti-icing code which indicates the treatment the aeroplane h:
received. This code provides flight crew with the minimum details necessary to assess the holdover time anc
confirms that the aeroplane is clean.

b. The procedures for releasing the aeroplane after the treatment should therefore provide for the Commander to |
informed of:

i. The anti-icing code; and
iil. The date/time that the final anti-icing step commenced.
c. Codes to be used (examples):
i. “TypeI” at [Date/time] - To be used if de-icing/anti-icing has been performed with a Type | fluid.

ii. “Type I1/200” at [Date/time] - To be used, if de-icing/anti-icing has been performed with undiluted Type II
fluid.

iii. “Type 1l/75” at [Date/time]- To be used, if de-icing/anti-icing has been performed with a mixture of 75%|Type
Il fluid and 25% water.

iv. “Type IV/50" at [Date/time] - To be used, if de-icing/anti-icing has been performed with a mixture of{50%
Type IV fluid and 50% water.

5. Holdover protection:

a. Holdover protection is achieved by a layer of anti-icing fluid remaining on and protecting aeroplane surfages for a
period of time. With a one step de-icing/anti-icing procedure, the holdover-time begins at the commencement of
de-icing/anti-icing. With a two-step procedure, the holdover-time begins at the commencement of the|seconc
(anti-icing step). Holdover-time will have effectively run out:

(i) atthe commencement of the take-off roll; or
(i) when frozen deposits start to form/accumulate aeroplane surfaces.

b. The duration of holdover protection may vary subject to the influence of factors other than those spegified in
Holdover-tables. These other factors may include:
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6.

7.

i. Atmospheric conditions (e.g. the exact type and rate of precipitation, the wind velocity, the relative hu
and solar radiation); and

ii. The aeroplane and its surroundings (e.g. such as aeroplane component inclination angle, contour an
roughness, operation in close proximity to other aeroplanes (jet or propeller blast) and ground equipn
structures).

c. Holdover times are not meant to imply that flight is safe in the prevailing conditions if the specified hold-ovég
has not been exceeded. Certain meteorological conditions, such as freezing drizzle or rain, may be be
certification envelope of the aeroplane.

d. The operator should publish Holdover-time tables to be used in the Operations Manual. However, it sh
noted that holdover times should be used as guidelines only.

Procedures to be used:
a. Operator’s procedures should ensure that;
i.  When aeroplane surfaces are contaminated by ice, frost, slush or snow, they are de-iced prior to take
ii. Account should be taken of the wing-skin temperature versus OAT, as this may affect:
(A) the need to carry-out aeroplane de-icing/anti-icing; and
(B) the performance of the de-icing/anti-icing fluids.

iii. When freezing precipitation exists or there is a risk of precipitation adhering to the surface at the
take-off, aeroplane surfaces should be anti-iced. If both anti-icing and de-icing are required, the pr
may be performed in a one- or two-step process depending upon weather conditions, available eq
available fluids and the holdover time to be achieved;

iv. When longer holdover times are needed/desired, use of unheated undiluted Type Il fluid should be con

v. During conditions conducive to aeroplane icing on the ground or after de-icing/anti-icing, an aeroplan
dispatched for departure unless it has been given a check/inspection by a trained and qualified pers
check should visually cover all critical parts of the aeroplane and be performed from points offering su
visibility of these parts (e.g. from the antiicing vehicle or gantry itself or another elevated piece of equip
To ensure that there is no clear ice on suspect areas, it may be necessary to make a physically ch
touch);

vi. The required entry is made in the technical log. (See AMC OPS 1.915, paragraph 2, Section 3.vi.);

vii. When severe freezing precipitation exists, a pre-take off check of the aeroplane’s aerodynamic sur,
carried out by a trained and qualified person, if requested by the commander. This check/inspection s
carried out immediately prior to the aeroplane entering the active runway, or commencing the take-off
order to confirm that these surfaces are free of contamination;

viii. Where any doubt exists as to whether or not any deposit may adversely effect the aeroplane’s perf
and/or controllability, the Commander should not commence take-off.

Special Operational Considerations:

a. The operator should comply with any operational requirements such as an aeroplane mass decreas€
take-off speed increase when associated with a fluid application for certain types of aeroplanes.

b. The operator should take into account any flight handling procedures (rotation speed and rate, Take o
aeroplane attitude etc.) laid down by the manufacturers when associated with a fluid application.

c. The use of de-icing/anti-icing fluids has to be in accordance with the aeroplane manufacturer documentat
is particularly true for thickened fluids to assure sufficient “flow off” during take-off.
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8. Training requirements:

a. An operator should establish an appropriate de-icing/anti-icing training programme including commurjication
training for Flight Crew and those of his Ground Crew that are involved in de-icing/anti-icing.

b. The de-icing /anti-icing training programme should include additional training if any of the following are
introduced:

i. A new procedure;
ii. A new type of fluid and/or equipment; and
iii. A new type(s) of aeroplane.

c. The Operator should take all reasonable measures to ensure that if subcontracting the task of de-icing/anti-icin
the subcontractor is competent to execute the ¢ask.
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FSF editorial note: See current holdover time tables based on data from the Society of Automotive Engineer

the International Standards Organization (ISO), the Association of European Airlines (AEA), the relevant fligh

operations manual and/or the appropriate civil aviation authority.

5 (SA

To purchase the most up-to-date version of the document, contact AEA at:

Association of European Airlines (AEA)
350 Ave. Louise, Bte. 4

B-1050 Brussels, Belgium

Telephone: +32 2 6270600

Fax: +32 2 6484017
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Foreword

This document “Recommendations for De-Icing/Anti-Icing of Aircraft on the Ground” is the tenth edition of the
report of the AEA Task Force on De-/Anti-Icing Aircraft on the ground. It replaces previous editions of the AEAY
Recommendations.

This Task Force (composed of representatives from Air France, Austrian Airlines (since 1993), British Airways,
Finnair (previous Chairman), KLM (Chairman), Lufthansa, Sabena, SAS (Vice-Chairman) and Swissair) was set up
in 1982 to answer the requests of the Airworthiness Authorities following the problems of winter 1981/82. Sinde
1995, the Task Force cooperates with the Society of Automotive Engineers.

The purpose of this amendment is to introduce type IV fluid, a Quality Assurance Programme as well as an amendment
of the methods for de-icing/anti-icing. Draft text to replace ISO 11076 has been developed.

The legal framework for this document is provided in JAR-OPS 1.345.
The document has been approved by the AEA Technical and Operations Committee at its 46th meeting on 27th

September 1996 in Istanbul. The committee thereby encouraged aircraft operators to adopt as soon as possible the
appropriate recommendations and procedures and to implement the Quality Assurance Programme.

=]

These recommendations have been established by the AEA De-/Anti-Icing Task Force and are not legally binding.

Dr. Klaus Menninger
General Manager Technical Affairs

Sent to Delegates & Alternates of:
Technical and Operations Committee

TOC/Rules Sub-Committee
TOC/De-/Anti-Icing Task Force
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Recommendations for De-Icing/Anti-Icing of
Aircraft on the Ground

Association of European Airlines (AEA)

1. Introduction

As the methods document has changed significantly

address the latest development in fluid technology, the e

This document completely replaces the Ninth Edition
of De-Icing/Anti-Icing of Aircraft on the Ground.

upcoming winter period. The hold over time table for t
An update of the recommendations has been developed ¥ fluid incorporated herein has been approved by the
accommodate the latest “state-of-the-art” in de-/anti-icingtnd Transport Canada.

technology. Fluid specifications have been updated as well as

to
tire

proposal to update the ISO 11076 document is incorporated
in this tenth revision, so it can be used already in the

e
A

the methods of de-icing/anti-icing. A Quality AssuranceThe proposed updates have already been presented to the ISO
Programme has been defined and added. Type IV fluids haJ&chnical Committee (T/C) 20, Sub-committee (S/C) 9 in their
been introduced, offering longer holdover times when used ifeeting in London, June 12, 1996. S/C 9 accepted the AEA/

concentrated form.

SAE proposals in following motions:

This set of AEA recommendations is based upon the standards “N 130: The TC 20/SC 9, 27th Plenary Meeting

ISO 11075 (type 1 fluid), ISO 11076 (methods), ISO 11077
(equipment) and ISO 11078 (type 2 fluid) from the
International Standards Organization (1SO), it offers
amendments and additional information where necessary.

The AEA de-icing/anti-icing Task Force and the US Society
of Automotive Engineers (SAE) G-12 Committee on Aircraft
Ground De-Icing cooperated to develop updates for these
documents. The ISO documents will need update, which will
not be ready before coming winter season 1996/97. SAE on
their part, however, will incorporate those updates in the
applicable SAE documents already before the start of coming
winter season. For that reason reference to relevant SAE
documents will be made so that access to the latest information
is widely available.

unanimously agrees that ISO/CD 11075, 11076
11078, incorporating the changes prepared by

AEA-SAE De-icing/Anti-icing Task Force, be balloted

nd
the

to SC 9 as soon as possible, with the minimum allowable

response period. The object is to proceed to the DIS b
process with a minimum of delay.”

“N 131: In the interest of making available the late
technical developments affecting flight safety as sa
as possible, TC 20/SC 9 agrees to recognize
1996 revisions of SAE AMS 1424, AMS 1428 and AR
4737 as well as the AEA de-icing/anti-icin
recommendations and encourage all parties conce
to use these documents, as early as the 1996/1997 w/

allot

st
on
the
P

g
rned
nter,

as interim references while awaiting completion of The
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approval process of revisions to ISO 11075, 11076 an(This text is the latest “state of the art” and is intended to

11078~

Anywhere fluid types have been used in this document withoyt

the addition of “ISO” or “SAE”", reference is made to ISO

and SAE fluid types (for example, Type | fluid refers to 1SO).

. . . r
In locations where in this document, only ISO types are mdmateﬁ,]

reference to the applicable SAE fluid types is included.
Copies of the SAE publications are available from:

SAE, 400 Common Wealth Drive,
Warrendale, PA 15096-0001, USA.
Fax.: +1-412-776-0243, Phone: +1-412-776-4841.

Copies of the ISO documents are available from:

International Organization for Standardization,
Case Postale 56, CH-1211,
Geneve 20, Switzerland

ISO 11075, Aerospace — Aircraft De-Icing/
Anti-lcing Newtonian Fluids, ISO Type |

The document is not up-to-date, see 1. introduction. Reference:

SAE AMS 1424 A for latest “state-of-the-art”.

3. ISO 11076, Aerospace — Aircraft De-Icing/

Anti-lcing Methods With Fluids

The document is not up-to-date, see 1. Introduction. Reference:

SAE ARP 4737 A.
Precaution On Type IV Fluids.

Type IV fluids, offering significant operational advantages
in terms of hold over times, will be introduced during
winter 1996/1997.

However, under certain low humidity conditions some of
the fluids may, over a period of time, thicken and affect
the aerodynamic performance of the fluid during the
subsequent takeoff.

If gel residues of type IV fluids are found at departure,
the surface must be cleaned and reprotected as
necessary.

A sample of the gel residue should be shipped, with
sufficient information, to the responsible department for
further analysis/action.

The text of Section 3.1 thru 3.13 shall be used in
replacement of ISO 11076

update ISO 11076.)

.1 Scope

This document establishes the minimum requirements| for
ound-based aircraft de-icing/anti-icing with fluids to ensuire
e safe operation of transport aircraft during icing conditiﬂ:ns
(see also 3.8.3.2). All requirements specified herein jare
applicable only in conjunction with the referenced documents.
This document does not specify requirements for particular
airplane model types.

Note 1: Particular airline or aircraft manufacturers published manugls,

procedures or methods supplement the information contained in
this document.

Frost, ice or snow deposits, which can seriously affect|the
aerodynamic performance and/or controllability of an aircraft,
are effectively removed by the application of the procedyres
specified in this document.

De-icing/anti-icing by mechanical means is not covered
this document.

by

3.2 References

The following documents contain provisions which, through

reference in this text, constitute provisions of this document.
All documents are subject to revision, use always the latest
edition.

* IS0 11075:1993, Aerospace
—Aircraft de-icing/anti-icing Newtonian fluids,
ISO type 1.

* IS0 11077:1993, Aerospace
—Self-propelled de-icing/anti-icing vehicles
—Functional requirements.

IS0 11078: 1993, Aerospace
—Aircraft de-icing/anti-icing non-Newtonian fluids,
ISO type Il.

* SAE AMS 1424 A, De-icing/anti-icing fluid, aircraft
SAE type .

 SAE AMS 1428 A, Fluid, aircraft de-icing/
anti-icing, non-Newtonian (pseudo-plastic), SAE
types I/1I/IV.

« SAE ARP 4737 A, Aircraft de-icing/anti-icing
methods with fluids.

 SAE ARP 1971, Aircraft de-icing vehicle
—self-propelled, large capacity.
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3.3 Definitions protected surfaces of an aircraft, under weather conditior)s as
specified in section 3.13.

For the purposes of this document, the following definitions
apply. 3.3.7 Freezing conditions:

3.3.1 De-icing: Conditions in which the outside air temperature is below
+3°C (37.4°F) and visible moisture in any form (such |as
Procedure by which frost, ice, slush or snow is removed frorfog with visibility below 1,5 km, rain, snow, sleet or ige
an aircraft in order to provide clean surfaces. crystals) or standing water, slush, ice or snow is present on
the runway.
3.3.2 De-icing fluid:
3.3.8 Frost/hoar frost:
a) heated water;
Ice crystals that form from ice saturated air at temperatures
b) 1SO type | fluid in accordance with ISO 11075; below OC (32F) by direct sublimation on the ground or other
exposed objects.
c) mixture of water and ISO type | fluid;
3.3.9 Freezing fog:
d) ISO type I, type lll or type IV fluid in accordance
with 1SO 11078; A suspension of numerous minute water droplets which freezes
upon impact with ground or other exposed objects, generally
e) mixture of water and ISO type Il, type Il or type IV reducing the horizontal visibility at the earth’s surface to less
fluid. than 1 km (5/8 mile).

Note 2: De-icing fluid is normally applied heated in order to assure3.3.10 Snow:
maximum efficiency.

o Precipitation of ice crystals, most of which are branched,
3.3.3 Anti-icing: star-shaped or mixed with unbranched crystals. At temperafures

) _ ) _ ) higher than -3C (23°F), the crystals are generally
Precautionary procedure which provides protection against thgyglomerated into snowflakes.

formation of frost or ice and accumulation of snow or slush
on treated surfaces of the aircraft for a limited period of tim& 311 Freezing drizzle:
(hold overtime).

Fairly uniform precipitation composed exclusively of fine

3.3.4 Anti-icing fluid: drops (diameter less than 0.5 mm (0.02 in)) very close together
o ) which freezes upon impact with the ground or other expgsed
a) ISO type | fluid in accordance with ISO 11075; objects.
b) mixture of water and 1SO type | fluid; 3.3.12 Light freezing rain:

©) lS_O type I, Type Il or type IV fluid in accordance Precipitation of liquid water particles which freezes upon
with 1SO 11078; impact with exposed objects, either in form of drops of mpre
than 0.5 mm (0.02 inch) or smaller drops which, in conthast
to drizzle, are widely separated. Measured intensity of liquid
water particles are up to 2.5 mm/hr (0.10 inch/hr) or 25 grams/
dm2/hr with a maximum of 2.5 mm (0.10 inch) in 6 minutes.

d) mixture of water and ISO type I, type Il or type IV
fluid.

Note 3: Anti-icing fluid is normally applied cold on clean aircraft surfaces,

but may be applied heated. . . .y .
3.3.13 Rain or high humidity (on cold soaked wing):

3.3.5 De-icing/anti-icing:
Water forming ice or frost on the wing surface, when the

Combination of the procedures described in 3.3.1 and 3.3.3.temperature of the aircraft wing surface is at or belé@ (
may be performed in one or two steps. (32°F).

3.3.6 Holdover time: 3.3.14 Sleet:

Estimated time for which an anti-icing fluid will prevent the Precipitation in the form of a mixture of rain and snow. For
formation of frost or ice and the accumulation of snow on th@peration in light sleet treat as light freezing rain.
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specific measures to be performed on differeg
Snow or ice that has been reduced to a soft watery mixture by aircraft types.
rain, warm temperatures and/or chemical treatment.
e) Types of checks required.
3.3.16 Check:

An examination of an item against a relevant standard by a including actual operation of equipment.

trained and qualified person.
g) Safety precautions.

3.4 Abbreviations h) Emergency procedures.

OAT: outside air temperature, FP: freezing point i) Fluid application and limitations of holdover tim
tables.

3.5 General i) De-icing/anti-icing codes and communicatio
procedures.

The various local rules concerning aircraft cold weather
operations are very specific and shall be strictly adhered to.

=~

) Special provisions and procedures for contract de-ic
anti-icing (if applicable).

A pilot shall not take off in an airplane that has: i , i ,

[) Environmental considerations, e.g. where to de-i

a) frost, snow, slush or ice adhering to any propeller, spill reporting, hazardous waste control.

windshield or power plant installation or to airspeed,
altimeter, rate of climb or flight altitude instrument
systems;

m) New procedures and development, lessons learned
previous winters.

. _ , .. 3.6.3 Records
b) snow, slush or ice adhering to the wings or stabilizers

or control surfaces or any frost adhering to the uppegecords of personnel training and qualifications shall
surfaces of wings or stabilizers or control surfaces. aintained for proof of qualification.

3.6 Staff Training and Qualification 3.7 Fluid Handling

De-icing/anti-icing procedures must be carried out exclusivel{pe-icing/anti-icing fluid is a chemical product wit

by trained and qualified personnel. environmental impact. During fluid handling, avoid ar
unnecessary spillage and comply with local environmental

3.6.1 Training for crews health laws and the manufacturer’s safety data sheet.

Both initial and annual recurrent training for flight crews andDifferent Products Shall Not Be Mixed Without Additional
ground crews shall be conducted to ensure that all such cre@alification Testing.
obtain and retain a thorough knowledge of aircraft de-icing/

anti-icing policies and procedures, including new procedureiote 4: Slippery conditions can exist on the ground or equipment follow
and lessons learned the de-icing/anti-icing procedure. Caution should be exercig

particularly under low humidity or non-precipitating weath

.. . . conditions due to increased slipperiness.
3.6.2 Training subjects shall include but are not

limited to the following (when applicable): 3.7.1 Storage

a) Effects of frost, ice, snow, and slush on aircraft * Tanks dedicated to the storage of de-icing/anti-ic
performance. fluids shall be used.

b) Basic characteristics of aircraft de-icing/anti-icing ¢ Storage tanks shall be of a material of construct
fluids. compatible with the deicing/anti-icing fluid, a
specified by the fluid manufacturer.
c) General techniques for removing deposits of frost,

anti-icing. contamination.

ice, slush, and snow from aircraft surfaces and for < Tanks shall be conspicuously labeled to avoi

3.3.15 Slush: d) De-icing/anti-icing procedures in general alLd

nt

f) De-icing/anti-icing equipment operating procedurgs
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» Tanks shall be inspected annually for corrosion and/ofhe selection of a one- or two-step process depends lIJpon
contamination. If corrosion or contamination is evident,weather conditions, available equipment, available fluids and
tanks shall be maintained to standard or replacedhe holdover time to be achieved. If a one step procedure is
To prevent corrosion at the liquid/vapor interface and irused, then both 3.8.1 and 3.8.2 apply.
the vapor space, a high liquid level in the tanks is
recommended. For guidance regarding fluid limitations, see 3.8.3.1.

. The storage temperature limits shall comply with theNote 5:  Whereholdover time is critical, a two-step procedure using
manufacturer’s guidelines. undiluted fluid for the second step, should always be considefed.

» The stored fluid shall be checked routinely to ensure>-8:1 De-icing

that no degradation/contamination has occurred. ]
Ice, snow, slush or frost may be removed from aircraft surfaces

3.7.2 Pumping by heated fluids or mechanical methods. The following
procedures shall be used for their removal.

De-icing/anti-icing fluids can show degradation caused by
excessive mechanical shearing. Therefore only compatibl§8 1.1 Requirements
pumps and spraying nozzles shall be used. The design of the

pumping sys’tems shall be in accordance with the fluiqee gnow, slush and frost shall be removed from airctaft
manufacturer's recommendations. surfaces prior to dispatch or prior to anti-icing.

3.7.3 Transfer lines

3.8.1.2 General
Dedicated transfer lines shall be conspicuously labeled to
prevent contamination and shall be compatible with thé-or maximum effect, fluids shall be applied close to the surface
de-icing/anti-icing fluids to be transferred. of the skin to minimize heat loss.

3.7.4 Heating Note 6: The heat in the fluid effectively melts any frost, as well as light
deposits of snow, slush and ice. Heavier accumulations requir¢ the

i e . : : heat to break the bond between the frozen deposits and the strugture;
De-icing/anti-icing fluids shall be heated according to the fluid the hydraulic force of the fluid spray is then used to flush off {he

manufacturer’s guidelines. The integrity of the fluid following residue. The de-icing fluid will prevent refreezing for a period |of

heating shall be checked periodically. time depending on aircraft skin and ambient temperature, the fluid
used, the mixture strength and the weather.

3.7.5 Application

Application equipment shall be cleaned thoroughly beforé's'l'3 Removal of frost and light ice

being initially filled with de-icing/anti-icing fluid in order to

prevent fluid contamination A nozzle setting giving a solid cone (coarse) spray should be

used.

De-icing/anti-icing fluid in trucks shall not be heated in

. . Note 7: This ensures the largest droplet pattern available, thus retajning
confined or poorly ventilated areas such as hangars.

the maximum heat in the fluid. Providing the hot fluid is applied
close to the aircraft skin, a minimal amount of fluid will be required
The integrity of the fluid at the spray nozzle shall be checked to melt the deposit.

periodically.

3.8.1.4 Removal of snow

3.8 Procedures
A nozzle setting sufficient to flush off deposits shall be used.

These procedures specify the recommended methods for

de-icing and anti-icing of aircraft on the ground to provide alr{\Iote 8: The procedure adopted will depenq on the equipment available
dvnamicallv clean aircraft and the depth and type of snow; i.e. light and er or Wet_and heavy.
aerody y : In general, the heavier the deposits the heavier the fluid flow that
will be required to remove it effectively and efficiently from the
When aircraft surfaces are contaminated by frozen moisture, aircraft surfaces. For light deposits of both wet and dry snpw,
they shall be de-iced prior to dispatch. When freezing similar procedures as for frost removal may be adopted. Wet show
precipitation exists and there is a risk of precipitation adhering is more difficult to remove than dry snow and unless deposits|are
to the surface at the time of dispatch, aircraft surfaces shall be relatively light, selection of high fluid flow will be found to bg
o o ' ; more effective. Under certain conditions it will be possible to use
anti-iced. If both anti-icing and de-icing are required, the the heat, combined with the hydraulic force of the fluid spray| to

procedure may be performed in one or two steps (see 3.3.5). melt and subsequently flush off frozen deposits. However, where
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snow has bonded to the aircraft skin, the procedures detailed in minimum interval between de-icing/anti-icing and
3.8.1.5 should be utilized. Heavy accumulation of snow will always takeoff.
be difficult to remove from aircraft surfaces and vast quantities of

fluid will invariably be consumed in the attempt. Under these L.
conditions, serious consideration should be given to removing thég'S'2 Antl-lcmg
worst of the snow manually before attempting a normal de-icing

procedure. Ice, snow, slush or frost will, for a period of time, be prevented
from adhering to or accumulating on aircraft surfaces by the
application of anti-icing fluids. The following procedures shall

be adopted when using anti-icing fluids.

Heated fluid shall be used to break the ice bond. The method
makes use of the high thermal conductivity of the metal skirg.8.2.1 Required usage

3.8.1.5 Removal of ice

A jet of hot fluid is directed at close range on to one spot, untinti-icing fluid shall be applied to the aircraft surfaces when

the bare metal is just exposed. This bare metal will thefreezing rain, snow or other freezing precipitation may adhere
transmit the heat laterally in all directions raising theto the aircraft at the time of aircraft dispatch.
temperature above the freezing point thereby breaking the
adhesion of the frozen mass to the aircraft surface. By repeatin
this procedure a number of times, the adhesion of a large ard

of frozen snow or glazed ice can be broken. The deposits cafyi.icing fluid may be applied to aircraft surfaces at the time

then be flushed off with eithgr a low or high flow, dependingy¢ 4rrival (preferably before unloading begins) on short
on the amount of the deposit. turnarounds during freezing precipitation and on overnight

parked aircraft.

.2.2 Optional usage

3.8.1.6 General de-icing fluid application strategy
Note 10: This will minimize ice accumulation prior to departure and often

. . . . k b t de-ici ier.

For effective removal of snow and ice, the following techniques makes subsequent de-icing easier

shall be adopted. Certain aircraft can require unique procedurss . . . . .
. : n receipt of a frost, snow, freezing drizzle, freezing rain or
to accommodate design differences.

freezing fog warning from the local meteorological service,

. Wings/tailplane. Spray from the tip inboard to the rootamHC'ng fluid may be applied to clean aircraft surfaces piior

from the highest point of the surface camber to theto the start of freezing precipitation.

lowest. However, aircraft configurations and IocaIN e .- : .
. . . ote 11: This will minimize the possibility of snow and ice bonding pr
conditions can dictate a different procedure. reduce the accumulation of frozen precipitation on aircraft surfaces
and facilitate subsequent de-icing.

» Vertical surfaces. Start at the top and work down.
* Fuselage. Spray along the top center-line and theﬁ's'z'3 General

outboard. For effective anti-icing, an even film of fluid is required over

«  Landing aear and wheel bavs. The apolication o he prescribed aircraft surfaces which are clean or which have
99 ys-. PP een de-iced. For longer anti-icing protection, undiluted,

de-icing fluid in this area shall be kept to a minimum. .
De-icing fluid shall not be sprayed directly onto brakesunheated ISO type Il, type Il or type IV fluid should be used.

and wheels. The high fluid pressures and flow rates normally associated

i _- i i i i a)
Note 9: Accumulations such as blown snow can be removed mechanicall\{/\.”th de icing are not requ"ed for this operation and, where

However, where deposits have bonded to surfaces, they can B¥0SSible, pump speeds should be re_duced acgordingly. _The
removed by the application of hot air or by spraying with hot N0zzle of the spray gun should be adjusted to give a medium

de-icing fluids. spray.

* Engines. Deposits of snow should be removedvote 12: 1SO type I fluids have limited effectiveness when used for anti-
mechanically from engine intakes prior to departure. icing purposes. Little benefit is gained from the minimal holdover
Any frozen deposits that have bonded to either the time generated.
lower surface of the intake or the fan blades may be
removed by hot air or other means recommended bg.8.2.4 Anti-icing fluid application strategy
the engine manufacturer.

The process should be continuous and as short as possible.
 De-icing location. De-icing/anti-icing near the Anti-icing should be carried out as near to the departure time
beginning of the departure runway provides theas operationally possible in order to utilize maximum holdoyer
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time. The anti-icing fluid shall be distributed uniformly over of -25°C (-13F). The application limit may be
all surfaces to which it is applied. In order to control the lower, provided a7C (12.6F) buffer is maintained
uniformity, all horizontal aircraft surfaces shall be visually between the freezing point of the neat fluid apd

outside air temperature. In no case shall this
temperature be lower than the lowest operatiopal
use temperature as defined by the aerodynamic
acceptance test.

checked during application of the fluid. The correct amount is
indicated by fluid just beginning to drop off the leading and
trailing edges.

The most effective resqlts are o.btained by commencing onthe CAUTION: Some type IV fluids may, over a period

highest part of the wing section and covering from there of time under certain low humidity conditions,

towards the leading and trailing edges. On vertical surfaces, thicken and affect the aerodynamic performance

start at the top and work down. of the fluid during subsequent takeoff. If gel
residues of type IV fluids are found at departure,

The following surfaces shall be protected: the surface must be cleaned and reprotected ag
necessary.

a) wing upper surface and leading edges;

b) tailplane upper surface; 3.8.3.1.2 Application limits
An aircraft that has been anti-iced with undiluted ISO
type Il, type Il or type IV fluid shall not receive a
further coating of anti-icing fluid directly on top of
the contaminated fluid under any circumstances. If it

c) vertical stabilizer and rudder;

d) fuselage upper surfaces depending upon the amount

and type of pr_eCIpltz_itlon (especially important on is necessary for an aircraft to be reprotected priof to
center-line engined aircrafts). the next flight, the external surfaces shall first be
de-iced with a hot fluid mix before a furthefr
CAUTION: Itis possible that anti-icing fluids may not flow application of anti-icing fluid is made. (See also tables
evenly over wing leading edges, horizontal and vertical 3,4and5.)

stabilizers. These surfaces should be checked to ensure that
they are properly coated with fluid. 3.8.3.2 Aircraft related limits

3.8.25 De-lcmg/antl-l(_:lng nhear _the begmnmg of the The application of de-icing/anti-icing fluid shall be ip
departure runway provides the minimum interval between accordance with the guidelines of the airframe/engjne
de-icing/anti-icing and takeoff. manufacturers.

3.8.3 Limits and precautions
3.8.3.3 Procedure precautions
3.8.3.1 Fluid related limits 3.8.3.3.1 One-step de-icing/anti-icing is performed with an
anti-icing fluid (refer to 3.3.4). The fluid used to de-i¢ce

3.8.3.1.1 Temperature limits the aircraft remains on aircraft surfaces to provide limited
anti-ice capability. The correct fluid concentration shall
When performing two-step de-icing/anti-icing, the be chosen with regard to desired holdover time and is
freezing point of the fluid used for the first step shall dictated by outside air temperature and weather
not be more than°8 (5.4F) above ambient temperature. conditions. See tables 1 and 2.

(See also table 1 and table 2.)
CAUTION: Wingskin temperature may differ and
* IS0 type | fluids in some cases may be lower than OAT. A stronge
mix can be used under the latter conditions.
The freezing point of the ISO type | fluid mixture

used for either one-step de-icing/anti-icing or as a3 g 332 Two-step de-icing/anti-icing: the first step is performed

second step in the two-step operation shall be at least with de-icing fluid (refer to 3.3.2). The correct fluid
10°C (18F) below the ambient temperature. shall be chosen with regard to ambient temperature.
After de-icing, a separate overspray of anti-icing fluid
Undiluted ISO type I fluids shall meet aerodynamic and (refer to 3.3.4) shall be applied to protect the relevant
freezing point requirements. surfaces thus providing maximum possible anti-ice
capability. The second step is performed with anti-icing
* IS0 type II/II/IV fluids fluid. The correct fluid concentration shall be chosgn
with regard to desired holdover time and is dictated|by
ISO type II/III/1V fluids used as de-icing/anti-icing outside air temperature and weather conditions. See
agents have a lower temperature application limit tables 1 and 2.
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3.8.3.3.3

3.8.3.35

3.8.3.3.6

3.8.3.3.7

3.8.3.3.8

3.8.3.3.9

3.8.3.3.10

3.8.3.3.11

CAUTION: Wingskin temperature may differ and
in some cases may be lower than OAT.

3.8.3.3.12

A stronger mix can be used under the latter conditions.

3.8.3.3.13

The second step shall be performed before first step fluid

freezes (typically within 3 min), if necessary area by

area. If freezing has occurred on the critical areas of the

aircraft, the first step shall be repeated.

CAUTION: When a fluid conforming to ISO 11078
(Type I/I/1V fluid) is used to perform step two in a
two-step de-icing/anti-icing operation, and the fluid
used in step one is a Type | fluid conforming to ISO
11075, a test shall be made to confirm that the
combination of these fluids does not significantly
reduce the anti-icing performance of the ISO 11078
fluid.

3.8.3.3.14

3.8.3.3.15

With regard to holdover time provided by the applie@'s'&&16
fluid, the objective is that it be equal to or greater than

the estimated time from start of anti-icing to start of

take-off based on existing weather conditions.

3.8.3.3.4  Aircraft shall be treated symmetrically, that is, left-hand

and right-hand side shall receive the same and complete

treatment.

3.8.3.3.17

Note 13: Aerodynamic problems could result if this requirement is not met.

During anti-icing and de-icing, the moveable surfaces

shall be in a position as specified by the aircraft

manufacturer.

Engines are normally shut down but may remain running 8.3.3.18

at idle during deicing/anti-icing operations.

Air-conditioning and/or APU air shall be selected OFF,

or as recommended by the airframe and engine

manufacturer.

De-icing/anti-icing fluids shall not be sprayed directly3 8.3.3.19

onto brakes, wheels, exhausts or thrust reversers.

De-icing/anti-icing fluid shall not be directed into the
orifices of pitot heads, static vents or directly onto
airstream direction detectors probes/angle of attack3.8.3.4 Clear ice precautions

airflow sensors.

3.834.1

All reasonable precautions shall be taken to minimize
fluid entry into engines, other intakes/outlets and control

surface cavities.

Fluids shall not be directed onto flight deck or cabir8.8.3.4.2

windows as this can cause cracking of acrylics or

penetration of the window sealing.

All doors and windows should be closed to prevent:

a) galley floor areas being contaminated with slippery

de-icing fluids;

b) upholstery becoming soiled.

During the application of de-icing/anti-icing fluids, doo
shall not be closed until all ice or snow has been remo
from the surrounding area.

Any forward area from which fluid can blow back on
windscreens during taxi or subsequent take-off shall
free of fluid residues prior to departure.

If ISO type I, type Il or type IV fluids are used, al

traces of the fluid on flight deck windows should |
removed prior to departure, particular attention bei
paid to windows fitted with wipers.

De-icing/anti-icing fluid may be removed by rinsing wit
an approved cleaner and a soft cloth.

n

ved

be

ng

Landing gear and wheel bays shall be kept free from

build-up of slush, ice or accumulations of blown sno!

When removing ice, snow, slush or frost from airc
surfaces care shall be taken to prevent it entering
accumulating in auxiliary intakes or control surface hin
areas, i.e. remove snow from wings and stabilizer surfg
forward towards the leading edge and remove fr
ailerons and elevators back towards the trailing edge

Ice can build up on aircraft surfaces when descen
through dense clouds or precipitation during
approach. When ground temperatures at the desting
are low, it is possible for flaps to be retracted and
accumulations of ice to remain undetected betwg
stationary and moveable surfaces. It is therefqg
important that these areas are checked prior to depa
and any frozen deposits are removed.

Under freezing fog conditions, the rear side of the
blades shall be checked for ice build-up prior to start-
Any deposits discovered shall be removed by direct
air from a low flow hot air source, such as a cabin hea
onto the affected areas.

A flight control check should be considered accord
to aircraft type (see relevant manuals). This check sha
be performed after de-icing/anti-icing.

Clear ice can form on aircraft surfaces, below a layg
snow or slush. It is therefore important that surfaces
closely inspected following each de-icing operation,

order to ensure that all deposits have been removed.

Significant deposits of clear ice can form, in the vicin
of the fuel tanks, on wing upper surfaces as well
underwing. Aircraft are most vulnerable to this type
build-up when:

a) wing temperatures remain well beloWCO(32F)
during the turn around/transit;

b) ambient temperatures betweeriG2and +15C
(28°F and 59F) are experienced;
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Note 14: Clear ice can form at other temperatures if conditions a), c) and §.9.7 Fuselage
exist.

Fuselage shall be clear of ice and snow. Adhering frost may

be present in accordance with the aircraft manufacturer’s

manuals.

c) precipitation occurs while the aircraft is on the
ground;

d) frost or ice is present on lower surface of either .
wing. 3.9.8 Flight control check

This type of ice formation is extremely difficult to detect. A functional flight control check using an external obseryer
Therefore when the above conditions prevail, or whenmay be required after de-icing/anti-icing depending upon
there is otherwise any doubt whether clear ice hasircraft type (see relevant manuals). This is particularly

formed, a close examination shall be made immediatelymportant in the case of an aircraft that has been subjected to
prior to departure, in order to ensure that all frozengn extreme ice or snow covering.

deposits have in fact been removed.

Note 15: This type of build-up normally occurs at low wing temperatures3.10 Final Check Before Aircraft Dispatch
and when large quantities of cold fuel remain in wing tanks during
the turnaround/transit and any subsequent refueling is insufficie

n . . ..
- . ; 'An aircraft shall not be dispatched for departure under iging
to cause a S|gn|f|cant increase in fuel temperature.

conditions or after a de-icing/anti-icing operation until the

aircraft has received a final check by a responsible authorized
3.9 General Aircraft Requirements After person.

De-Icing/Anti-Icing

The check shall visually cover all critical parts of the aircraft
Following the de-icing/anti-icing procedures and prior toand be performed from points offering sufficient visibility pf
take-off, the critical aircraft surfaces shall be clean of all frostthese parts (e.g. from the de-icer itself or another elevated piece
ice, slush, and snow accumulations in accordance with thef equipment).
following requirements.

The authorized person shall indicate the check results in
3.9.1 Wings, tail and control surfaces accordance with section 3.9 by documentation, if applicable,

] ] ] according to airline or local airworthiness authority
Wings, tail and control surfaces shall be free of ice, snow, Slustquirements

and frost except that a coating of frost may be present on wing
lower surfaces in areas cold soaked by fuel between forward
and aft spars in accordance with the aircraft manufacturer3.11 Pre Take-off Check
published manuals.
When freezing precipitation exists, aerodynamic surfaces shall
3.9.2 Pitot heads and static ports be checked just prior to the aircraft taking the active runway
or initiating the take-off roll in order to confirm that they are
Pitot heads and static ports shall be clear of ice, frost, snojee of all forms of frost, ice, snow and slush. This|is
and fluid residues. particularly important when severe conditions are experierjced
or the published hold overtimes have either been exceeded or
are about to run out. When deposits are in evidence, the de-icing
peration shall be repeated.

3.9.3 Engine inlets

L . . 0
Engine inlets shall be clear of internal ice and snow and fan

shall be free to rotate. . .
If aircraft surfaces cannot adequately be checked from inside

3.9.4 Air conditioning inlets and exits the aircraft, it is desirable to provide a means of assisting the

flight crew in determining the condition of the aircraft. This
Air conditioning inlets and exits shall be clear of ice, frost anétheck should be conducted as near as practical to the begihning
snow. Outflow valves shall be clear and unobstructed. of the departure runway.

3.9.5 Landi d landi d . :
ancing gear and landing gear doors 3.12 Flight Crew Information

Landing gear and landing gear doors shall be unobstructed

and clear of ice, frost and snow. 3.12.1 De-icing/anti-icing operation

3.9.6 Fuel tank vents An aircraft shall not be dispatched for departure after a
de-icing/anti-icing operation until the flight crew has been

Fuel tank vents shall be clear of ice, frost and snow. notified of the type of de-icing/anti-icing operation performed.
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The standardized notification performed by qualifiedin a one-step de-icing/anti-icing operation the hold overtime
personnel indicates that the aircraft critical parts are checkdakgins at the start of the operation, in a two-step operatign at
free of ice, frost, snow, and slush, and in addition includethe start of the final (anti-icing) step. Holdover time will haye
the necessary de-icing/anti-icing code as specified in 3.12&fectively run out when frozen deposits start to form/
to allow the flight crew to estimate the hold overtime to beaccumulate on treated aircraft surfaces.
expected under the prevailing weather conditions with

reference to section 3.13. Due to their properties, ISO Type | fluids form a thin liquid
o o wetting film, which provides limited holdover time, especially
3.12.2 De-icing/anti-icing codes in conditions of freezing precipitation.

The following information shall be recorded and bewith Type I fluid no additional holdover time would be

communicated to the flight crew by referring to the last stepyrovided by increasing the concentration of fluid in the flujd/
of the procedure and in the sequence provided below: water mix.

a) the ISO fluid type; i.e. Type | for ISO type I, Type Il g Type II/IV fluid contain a pseudo plastic thickening agent
for ISO type II, Type Il for ISO type Il and Type IV hich enables the fluid to form a thicker liquid wetting film
for ISO type IV on external aircraft surfaces. This film provides for a longer

holdover time especially in conditions of freezing precipitation.

With this type of fluid additional holdover time will be provided

by increasing the concentration of the fluid in the fluid/water

mix, with maximum holdover time available from undiluted

b) the concentration of fluid within the fluid/water
mixture, expressed as a percentage by volume;

Note 16: no requirement for ISO Type | fluid

fluid.
c) the local time (hours/minutes) at the beginning of the
final de-icing/anti-icing step, Tables 3, 4, and 5 give an indication as to the time frame of
protection that could reasonably be expected under conditions
d) the date (written: day, month, year). of precipitation. However, due to the many variables that can
influence holdover time, these times should not be considered
Note 17: required for record keeping, optional for crew notification. as minimum or maximum as the actual time of protection may

be extended or reduced, depending upon the particular
Transmission of elements a), b), and c) to the flight crew conditions existing at the time.

confirm that a post de-icing/anti-icing check was completed

and that the aircraft is clean. The lower limit of the published time span is used to indicate
the estimated time of protection during moderate precipitation
Example: and the upper limit indicates the estimated time of protection

during light precipitation.
A de-icing/anti-icing procedure whose last step is the use of a

mixture of 75% of ISO type Il fluid and 25% water, cAUTION: Heavy precipitation rates or high moisture
commencing at 13:35 local time on 20 April 1992, is recordegomem, high wind velocity or jet blast may reduce

as follows: holdover time below the lowest time stated in the range
) Holdover time may also be reduced when aircraft skin
Type 11775 13:35 (20 April 1992) temperature is lower than OAT. Therefore, the indicated
times should be used only in conjunction with a

3.13 Holdover Time pre-takeoff check.

Holdover time is obtained by anti-icing fluids remaining onThe Responsibility for the Application of these Data
the aircraft surfaces. Remains with the User.
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One Step Procedure

Table 1

Guidelines for the Application of ISO Type | Fluid/Water Mixtures
(Minimum Concentrations) as a Function of Outside Air Temperature (OAT)

Two Step Procedure

conditions.

2 Clean aircraft may be anti-iced with cold fluid.

exceed fluid and aircraft manufacturers recommendations.
Caution: Wing skin temperatures may differ and in some cases may be lower than OAT. A stronger mix can be used under the latter

Y To be applied before first step fluid freezes, typically within 3 minutes.

OAT De-icing/Anti-icing First Step: De-icing Second Step: Anti-icing 2
-3°C (27°F) FP of heated fluid Water heated to 60°C (140°F) FP of fluid mixture
and above mixture? shall be minimum at the nozzle or a shall be at least
at least 10°C (18°F) heated mix of fluid and water 10°C (18°F) below
below -3°C below actual OAT actual OAT
(27°F) FP of heated fluid mixture shall
not be more than 3°C (5°F)
above actual OAT
Note: For heated fluids, a fluid temperature not less than 60°C (140°F) at the nozzle is desirable. Upper temperature limit shall not

One Step Procedure

Table 2

Guidelines for the Application of ISO Type Il and Type IV Fluid/Water Mixtures
(Minimum Concentrations) as a Function of Outside Air Temperature (OAT)

Two Step Procedure

-25°C (13°F)

more than 3°C (5°F) above actual
OAT

OAT De-icing/Anti-icing First Step: De-icing Second Step: Anti-icing D
-3°C (27°F) 50/50 heated? Water heated to 60°C (140°F) 50/50
and above Type Il or IV minimum at the nozzle or a heated Type Il or IV
mix of Type I, Il, or IV with water
below -3°C 75/25 heated ? Heated 50/50 Type Il or IV or 75/25
(27°F) to Type Il or IV suitable mix of Type | with Freezing Type Il or IV
-14°C (7°F) Point (FP) not more than 3°C (5°F)
above actual OAT
below -14°C 100/0 heated ? Heated 75/25 Type Il or IV or 100/0
(7°F) to Type Il or IV suitable mix of Type | with FP not Type Il or IV

conditions.

2 Clean aircraft may be anti-iced with cold fluid.

exceed fluid and aircraft manufacturers recommendations.
Caution: Wing skin temperatures may differ and in some cases be lower than OAT. A stronger mix can be used under the latter

Y To be applied before first step fluid freezes, typically within 3 minutes.

below -25°C ISO Type II/Type IV fluid may be used below -25°C (-13°F) provided that the freezing point of the

(-13°F) fluid is at least 7°C (14°F) below OAT and that aerodynamic acceptance criteria are met. Consider
the use of ISO Type | when Type Il or IV fluid cannot be used (see Table 1).

Note: For heated fluids, a fluid temperature not less than 60°C (140°F) at the nozzle is desirable. Upper temperature limit shall not

Caution: An insufficient amount of anti-icing fluid, especially in the second step of a two step procedure, may cause a substantial loss of
holdover time. This is particularly true when using a Type | fluid mixture for the first step (de-icing).
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Table 3
Guideline for Holdover Times Anticipated for ISO Type | Fluid Mixtures
as a Function of Weather Conditions and Outside Air Temperature (OAT)

Approximate Holdover Times Under Various Weather Conditions (hours:minutes)

OAT Freezing Freezing Light Freezing Rain on
‘C(F) Frost*) Fog Snow Drizzle***) Rain Cold Soaked Wing
above 0° (32°F) 0:45 0:12-0:30 0:06-0:15 0:05-0:08 0:02-0:05 0:02-0:05
0° to -10° (32°F to 14°F) 0:45 0:06-0:15 0:06-0:15 0:05-0:08 0:02-0:05
below -10° (14°F) 0:45 0:06-0:15  0:06-0:15

ISO Type | Fluid/Water Mixture is selected so that the Freezing Point (FP) of the mixture is at least 10°C (18°F) below actual OAT.

Table 4
Guideline for Holdover Times Anticipated for ISO Type Il Fluid Mixtures as a
Function of Weather Conditions and Outside Air Temperature (OAT)

Approximate Holdover Times Under Various Weather Conditions (hours:minutes)

ISO Type Il Fluid
Concentration Light Rain on
Neat-Fluid/Water Freezing Freezing Freezing Cold Soaked
OAT (\Vol%/Vol%) Frost*) Fog Snow Drizzle***) Rain Wing
above 0° (32°F) 100/0 12:00 1:15-3:00 0:20-1:00  0:30-1:00 0:15-0:30 0:20-0:40
75125 6:00 0:50-2:00 0:15-0:45 0:20-0:45 0:10-0:30 0:10-0:25
50/50 4:00 0:35-1:30 0:05-0:15 0:15-0:25 0:05-0:15
0°to -3°C 100/0 8:00 0:35-1:30  0:20-0:45 0:30-1:00 0:15-0:30
(32° to 27°F) 75125 5:00 0:25-1:00  0:15-0:30  0:20-0:45 0:10-0:25
50/50 3:00 0:15-0:45  0:05-0:15 0:15-0:25 0:05-0:15
below -3° 100/0 8:00 0:35-1:30 0:20-0:45 0:30-1:00**) 0:10-0:30**)
to -14°C 75125 5:00 0:25-1:00 0:15-0:30 0:20-0:45**)  0:10-0:25**)
(<27 t0 7°F)
below -14° to -25°C  100/0 8:00 0:35-1:30  0:20-0:45
(<7 to -13°F)
below -25°C 100/0 ISO Type Il fluid may be used below -25°C (-13°F) provided that the freezing point of
(below -13°F) the fluid is at least 7°C (13°F) below the actual OAT and the aerodynamic

acceptance criteria are met. Consider the use of ISO Type | when I1SO Type Il fluid
cannot be used. (see Table 3)
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Table 5
Guideline for Holdover Times Anticipated for ISO Type IV Fluid Mixtures
as a Function of Weather Conditions and Outside Air Temperature (OAT)

. Approximate Holdover Times Under Various Weather Conditions (hours:minutes )
Type IV Fluid
Concentration Light Rain on
Neat-Fluid/Water Freezing Freezing Freezing Cold Soaked
OAT (\Vol%/Vol%) Frost*) Fog Snow Drizzle***) Rain Wing
above 0°C 100/0 18:00 2:00-3:00  0:55-1:40 0:45-1:50 0:30-1:00 0:20-0:40
(>32°F) 75125 6:00 0:40-2:00  0:20-1:00 0:20-1:00 0:15-0:30 0:10-0:25
50/50 4:00 0:15-0:45 0:05-0:25 0:07-0:15 0:05-0:10
0°to -3°C 100/0 12:00 2:00-3:00  0:45-1:40 0:45-1:50 0:30-1:00
(32° to 27°F) 75125 5:00 0:40-2:00  0:15-1:00 0:20-1:00 0:15-0:30
50/50 3:00 0:15-0:45  0:05-0:20 0:07-0:15 0:05-0:10
below -3° 100/0 12:00 2:00-3:00  0:35-1:15 0:45-1:50"  0:30-0:55"
to -14°C 75/25 5:00 0:40-2:00  0:15-1:00 0:20-1:00"  0:10-0:25"
(<27 t0 7°F)
below -14° to -25°C  100/0 12:00 1:00-2:00  0:30-1:10
(<7 to -13°F)
below -25°C 100/0 ISO Type IV fluid may be used below -25°C (-13°F) provided that the freezing point
(below -13°F) of the fluid is at least 7°C (13°F) below the actual OAT and the aerodynamic

acceptance criteria are met. Consider the use of ISO Type | when ISO Type IV fluid
cannot be used.

Explanations to Table 3, Table 4, and Table 5

*)  During conditions that apply to aircraft protections for Active Frost .
**) The lowest use temperature is limited to -10°C (14°F).
*x*) Use Light Freezing Rain holdover times if positive identification of Freezing Drizzle is not possible.

Caution:

The time of protection will be shortened in heavy weather conditions. Heavy precipitation rates or high moisture content, high wind velocity
or jet blast may reduce holdover time below the lowest time stated in the range. Holdover time may also be reduced when the aircraft skin
temperature is lower than OAT. Therefore, the indicated times should be used only in conjunction with a pre-takeoff check.
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4. 1SO 11077, Aerospace — De-Icing/ When a new Station is to be opened up, an initial inspection
Anti-Icing Self Propelled Vehicles — must be carried put, before_ the start qf operations.. First_ly,
Functional Requirements complete a ‘Station Inspection Checklist’, then, using this

information, compile a ‘Station Inspection Report’. Distribute

Reference: SAE ARP 1971, Aircraft deicing vehicle __copies of poth docurr_lents to _the addressees listed a}t the gnd of

self—propelléd, large capacity.’ (No amendments are requiretHe checklist. Ir_nmedgtely pnortp the start of ope_rat|ons carry

at this time.) out a follow up mspecnon, ensuring that all ne.gatllve responses
have been actioned, then complete and distribute updated
copies of both the appropriate pages from the ‘Statjon

5. 1SO 11078, Aerospace — Aircraft De-Icing/ Inspection Checklist’ and the ‘Station Inspection Report'.
Anti-lcing Non-Newtonian Fluids, ISO 6.1.3 Responsibilities
Type Il

) ) ) Responsibilities for the delegation, regulation and contro| of

The document is not up-to-date, see 1. introduction. Referencgircraft ground deicing/anti-icing operations are defined| in

SAE AMS 1428 A for latest “state-of-the-art”, including type Company procedure

IV fluid.

The following responsibilities apply in regard to aircraft

6. Quality Assurance Programme operating under snow and ice conditions:

6.1.3.1 %] shall be responsible for ensuring that the
6.1 Station Quality Assurance Programme for ~ necessary infrastructurg is_in place at the_ Station§ under their
Aircraft De-icing/Anti-Icing Operations control, in order to maintain safe operations during ground
icing conditions. *] Official nominated by Operator)
6.1.1 Introduction
6.1.3.2 TheHandling Agent/Airline responsible for the

This Programme, that ensures compliance with the relevaf-icing/anti-icing operation shall maintain vehicles/

sections of JAR OPS 1.345, shall be introduced at all on-lin@quipment, fluids, training and procedures, in accordance with

stations where aircraft de-icing/anti-icing is either normallythe relevant 1ISO specification (ISO 11075 thru 11078).

carried out, or where local conditions may periodically lead

to a requirement for aircraft to be de-iced/anti-iced.6-1.3.3 Personnel carrying out the de-icing/anti-icing

Deficiencies, with regard to a station’s local de-/anti-icingOPeration are responsible for ensuring that the task is performed

procedures, will be identified and subsequently actioned! accordance with the requirements detailed in 1SO 11
through this Programme, thereby ensuring that the requiréd'd the Aircraft Maintenance Manual.
safety standards are maintained.

6.1.3.4 The person responsible for final release/dispatc
It is the responsibility of *] to ensure; the aircraft is responsible for ensuring that the aircraft has
de-iced/anti-iced in accordance with the requirements detg

1. compliance with this programme, in ISO 11076 and the aircraft Maintenance Manual and/or

D76

h of
een
iled
hat

relevant surfaces are free of frost, ice, slush and snow at the

2. that any outstanding deficiencies (negative responsetne of dispatch.
identified, are resolved as a matter of urgency,

6.1.3.5 After receiving the Anti-icing Code, the pilot in

3. that an effective audit programme is maintainedcommand (PIC) is responsible for ensuring that the rele
*] Official nominated by Operator) surfaces remain free of frost, ice, slush and snow until take

6.1.2 Inspection requirements 6.1.4 Station inspection report

Prior to the start of each winter period complete a ‘Statioi€omplete a Station Inspection Checklist (see section 6.1.

Inspection Checklist’, then, using this information, compile ahen use it to answer the following questions. A posit
‘Station Inspection Report’. Distribute copies of bothresponse will be required to each of the questions, in ordg
documents to the addressees listed at the end of the checkletsure compliance with JAR OPS 1.345.

Ensure that all negative responses are actioned, within the time

scale annotated on the inspection report, then complete agdl.4.1 Have personnel carrying out the de-icing/anti-ic
distribute updated copies of both the appropriate pages frooperations and those responsible for supervising them, |
the ‘Station Inspection Checklist’ and the ‘Station Inspectiontrained to ISO standards, understand their responsibilities
Report'. are authorized/approved?

ant
off.
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( )Yes ( )No (end date*]) 6.1.5 Station inspection checklist

6.1.4.2 Do personnel responsible for final release/dispatcB.1.5.1 General information
of the aircraft before flight, have received training in ‘Cold
Weather Operations’ (as specified in 1ISO 11076) and d&tation:
understand their responsibilities?
Date of Inspection:
( )Yes ( )No (end date*])
Type of Inspection:
6.1.4.3 Have tining records been maintained for the

personnel detailed in items 6.1.4.1. and 6.1.4.2? () Initial
() Follow-up
( )Yes ( )No (end date*])
( ) Annual

6.1.4.4 Copies of ISO 11076 are available to and have been o o o _
understood by, appropriate handling agency and airline staff21.5.2 Provision of de-icing/anti-icing services

( )Yes ( )No (end date*]) Company providing service:
Person in overall responsibility:

6.1.4.5 De-icing/anti-icing fluids have been approved,

correctly stored/ maintained and release documents retaian .
X ay to day contact person:
by the consignee?

( )Yes ( )No (end date*]) Telephone number(s):

- L . _ Telefax number:
6.1.4.6 De-icing/anti-icing vehicles and equipment have been

maintained to an approved maintenance schedule and cafira code:
dispense Type Il, Il or IV fluid without degrading it beyond

the required limits? Type of company:
( )Yes ( )No (end date*)) () Airline

. . . Airport Authorit
6.1.4.7 Records of mixture strength and viscosity checks C) P y

(viscosity checks only applicable to Type II, lll and 1V fluids) ( ) Ground service company
carried out on local de-icing/anti-icing fluids have been .
maintained and are available for inspection? () Military
() Other
( )Yes ( )No (end date*])

Valid contract signed:
6.1.4.8 Local responsibilities, as detailed on the previous

page, have been clearly defined and understood by the  ( )ves ( )No
appropriate personnel?
Detail companies that may be called on to provide ad-hoc
( )Yes ( )No (end date*]) de-icing/anti-icing operations and complete separate audit
survey for each:
Where a negative response is given to any of the questions,
remedial action shall be initiated as a matter of urgency.  6.1.5.3 Operational responsibilities

For each negative response specify an end date by which Who performs the initial check? (check for the need to de-jce)
the deficiency will have been rectified. () Duty Engineer
On completion, distribute copies of the ‘Station Inspection () Flying Engineer
Checklist’ (or updated pages from the checklist) and the

‘Station Inspection Report’, to the addressees listed at the end

of the checklist. ( ) Handling Agent

() Pilot-in-Command

*] Negative response only () Other*]
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Comments: () AMS 1424
() AMS 1428
() Other (specify)

Who requests de-icing/anti-icing?

( ) Duty Engineer

( ) Flying Engineer Has the fluid been approved?
() Pilot-in-Command () Yes ( ) No
( ) Handling Agent
Fluid B
() Other*]
Manufacturer:
Comments:

. - . ~_Brand nameltype:
Who checks the quality of the de-icing/anti-icing operation?

() Duty Engineer Specification fluid released to:

( ) Flying Engineer () ISO 11075
( ) Pilot-in-Command () IsO 11078
() AMS1424

( ) Handling Agent
() Other*] () AMS 1428

() Other (specify)
Comments:

) Has the fluid been approved?
Who checks that the appropriate surfaces are free of frozen
deposits during final release/dispatch? ( )Yes ( )No

( ) Duty Engineer ] ) ) ] -
(Copy this sheet and re-identify to include any additional flu

( ) Flying Engineer provided by this company)

() Pilotin-Command Have fluid release documents (Certificate of Conformity) be

( ) Handling Agent received from the fluid manufacturer for each fluid delive
. batch and retained by the consignee for inspection
(1) Otherr] necessary?
Comments: ( )Yes ( )No
*] Specify detail Have records of refractive index checks, carried out on flu
sprayed from each operational piece of de-icing/anti-ic
6.1.5.4 De-icing/anti-icing fluids equipment, been maintained and is the information avail

to the operators?
Specify all de-icing/anti-icing fluids likely to be used on
company aircraft by the previously named company providingwhere vehicles are equipped with a proportional mix syst
de-icing/anti-icing services: a representative range of samples, taken from the nozz
typical operational settings, shall be checked.)

Fluid A
( )Yes ( )No
Manufacturer:
Have records of viscosity checks, carried out on sample
Brand name/type: Type II, lll and IV fluids sprayed from the nozzle of ea
- _ appropriate piece of de-icing/anti-icing equipment at typi
Specification fluid released to: operational settings, been maintained and is the informa
() 1SO 11075 available to operators?
() IsO 11078 ( )Yes ( )No
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Note: Where no such viscosity checks are carried out, it will be necessagre training records maintained?
that representative samples (minimum 1 liter) of both diluted and
concentrated Type I, Ill, 1V fluids, will be taken annually from ( )Yes ( ) No
each operational piece of de-icing equipment and be forwarded

for analysis to *]. Samples shall be sprayed from the nozzle at a . ..
typical operational setting. How is the success of the training evaluated?

Theoretical Test
*] Nominated by Operator )

() Practical Test
6.1.5.5 Training ( ) Theoretical and Practical Test
() No Test

Do the personnel who perform the check for the need to

de-icing receive training in cold weather operations? Do the personnel who carry out the pre-departure/transit check

( )Yes ( )No receive training in cold weather operations?

i ()Yes ( )No
What standard are they trained to:
() 1SO 11076 What standard are they trained to:
() IsO 11076

() SAEARP 4737

() Co. Procedure (specify)
() Other (specify) ( ) Company Procedure (specify)
() Other (specify)

() SAE ARP 4737

Do they receive annual refresher training?

Do they receive annual refresher training?
( )Yes ( )No
()Yes ( )No

Have training records been maintained? o o
Are training records maintained?

( )Yes ( )No ()Yes ( )No

How is the success of the training evaluated: How is the success of the training evaluated:

() Theoretical Test () Theoretical Test

() Practical Test ( ) Practical Test

(1) Theoretical and Practical Test () Theoretical and Practical Test

(1) NoTest () No Test
Do the pergo_nne_l carrying out the de-ici_ng/anti-icing operatiofyhere required, Cold Weather Operations training for
receive training in cold weather operations? either company or agency personnel can be arranged

() Yes ( )No through * ]

*] Nominated by Operator
What standard are they trained to:

() ISO 11076 6.1.5.6 De-icing/anti-icing equipment (specify vehicle of
() s 3 each separate type/modification state)
AE ARP 4737

(') Company procedure (specify) Manufacturer/Model:
() Other (specify) Number in Fleet:

Do they receive annual refresher training? Tank 1 Fluid *]:
( )Yes ( )No Tank 2 Fluid *]:
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Tank 3 Fluid *]: What temperature is the de-icing fluid applied at?
Have vehicle tanks been labeled for fluid Type/Mix? (Temp. at nozzle):
( )Yes ( )No Can a hot mix of Type II, lll or IV fluid with water be sprayed
without degrading the fluid beyond required limits?
Fluid mixed:
( )Yes ( )No
() InBulk Unit
Can cold concentrate Type Il, Il or IV fluid be sprayed withqut

(1) Manually in Vehicle degrading the fluid beyond required limits?

By Vehicle Proportional Mix System
() By p y () Yes ( )No

What temperature is the de-icing fluid applied at? o ) )
Can the de-icing fluid spray reach all appropriate parts of{the

(Temp. at nozzle): aircraft?
Can a hot mix of Type II, lll or IV fluid with water be sprayed ()Yes () No

i i i i imits?
without degrading the fluid beyond required limits? Is the vehicle maintained to an approved Maintenance

( )Yes ( )No Schedule?
Yes No
Can cold concentrate Type Il, Il or IV fluid be sprayed without 0 O
degrading the fluid beyond required limits? *] Type/concentration of fluid (Copy this sheet as required to
include additional vehicle types)
( )Yes ( )No

6.1.5.7 De-icing/anti-icing faciliti
Can the de-icing fluid spray reach all appropriate parts of the e-icingianti-icing factiies

aircraft Where are de-icing/anti-icing operations carried out?

( )Yes ( )No () Gate

) o ) () After pushback *)
Is the vehicle maintained to an approved Maintenance

Schedule? ( ) Remote/Centralized Position*
( ) End of Runway*
()ves ()N () Other (specify)
ManufacturerModet: *) Is local NOTAM/Instruction (AIP) available from the Airport
Number in Fleet: Authority?
( )Yes ( )No

Tank 1 Fluid *]:

Is location negotiable?
Tank 2 Fluid *]: ¢

Tank 3 Fluid *]: ()Yes ( )No

Where de-icing/anti-icing is carried out at an area away from

Are vehicle tanks labeled for fluid Type/Mix? the gate, who certifies that the aircraft has been correctly
de-iced/anti-iced and that appropriate surfaces are free of all
()Yes ( )No forms of frost, ice, slush and snow?
Fluid mixed: Is fluid heated in a bulk unit?

() InBulk Unit ( )Yes ( )No

( ) Manually in Vehicle
If heated in bulk unit, what method of heating is employed

( ) By Vehicle Proportional Mix System and to what temperature?
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How is fluid stored:
( ) Barrels
( ) Mobile Tank(s)
() Fixed Tanks

Are all storage tanks labeled for fluid type/mix?

( )Yes ( )No

The distance between the spray nozzle and the surface
be approximately 3 m. and the fluid shall be spray
perpendicular to the surface.

Where different spray patterns and flow rates are used du

shall
ed

ring

routine de-icing/ anti-icing operations, samples shall be taken

at typical nozzle settings (e.g. fine, medium or coarse)
flow rates.

6.2.3 Procedure

Are all storage tanks checked in accordance with ISO 1107€§elect the required flow rate/spray pattern for the fluid tg

( )Yes ( )No

6.1.5.8 Accountability

Compiled by:
Position:
Signature:

Date:
6.1.5.9 Distribution

Copies to: *]

*] Nominated by Operator)

6.2. Fluid Sampling Procedure for Type I,
Type Il or Type IV Fluids

6.2.1 Introduction

simulate typical aircraft application.

sampled.

Spray the fluid to purge the lines and check the concentrs
of a sample, taken from the gun/nozzle after purging.

Should the refractive index indicate that the lines have
been adequately purged, repeat previous item until
concentration is correct for the fluid to be sampled.

(On certain vehicles it may be necessary to spray more
50 | of fluid, before the lines have been completely purge

Direct the fluid onto the sampling surface and spray an aded
amount of fluid to allow for a 1 liter sample to be taken.

Where a polythene sheet is used for sampling purpo
carefully lift the corners of the sheet and collect 1 liter of
fluid in a clean and dry bottle.

6.2.4 Reference fluid

For reference purposes, take a 1 liter sample of the base

and

be

tion

not
the

than
d).

uate
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he

fluid

from the storage facility and a 1 liter sample from the fluid
To ensure that the necessary safety margins are maintaingohk of the de-icing/anti-icing equipment/vehicle bei
between the start of the de-icing/anti-icing operation andampled.

takeoff, the fluid used to both de-ice and anti-ice aircraft

surfaces, must be in an “ex-fluid manufacturers” condition ang.2.5 Identification of samples

at the correct concentration. Due to the possible effect of

vehicle/ equipment heating and/or delivery system componentsitach a label to each sample, providing the following dat
on fluid condition, it is necessary for the sampling method to

« Brand name and type of the fluid (e.g. Kilfrost ABC-
Type Il, Hoechst MPII/Type I, other).

This section therefore describes the approved methods for

g

collecting samples of Type II, Il and IV fluids, sprayed from * ldentification of de-icing/anti-icing equipment/
operational aircraft de-icing/anti-icing vehicles/equipment, vehicle (e.g. Elephant Beta DT04, Fixed Rig R001,
prior to the necessary quality control checks (see section 6.3) other).
being carried out. .
» Indicate flow rate and spray pattern.
6.2.2 Method » Detail the place where the sample was taken from (e.g.
The application is made onto a clean polythene sheet (approx. nozzle, storage tank or equipment/vehicle tank).
2m x 2m) laid directly on the ground, or onto an aluminum ,  wixture concentration (e.g. 100/0, 75/25, other)
plate with associated recovery system. Depending on wind
speed/direction at the time of sampling the polythene sheet «  Station (e.g. BAK, other)
may require to be weighted down at the edges, to prevent
movement. * Calendar date sample was taken.
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Anti-Icing Fluids
* Repeat the procedure for other certified fluid mixtur
6.3.1 Introduction according to 6.3.6.1 and 6.3.6.2 in order to guarar
the correct function of the vehicle.
This test procedure for aircraft de-icing/anti-icing fluids is in
compliance with the AEA station quality assurance programmgote: checks should be performed at a daily basis.
for aircraft de-icing/anti-icing operations and with the relevant
sections of JAR OPS 1.345. The procedure ensures that the3.4 Laboratory check for fluids
required safety standards concerning the de-icing/ anti-icing
fluids quality will be maintained. When discrepancies will beThe laboratory check for the stored fluids shall always be m
determined, further investigation has to be conducted prior teefore the de-icing/anti-icing season and periodically dur,

use of the fluid. the de-icing/anti-icing season and upon request. The san
shall be taken from the storage tank and from the de-ic
6.3.2 Delivery check for fluids anti-icing vehicle nozzle.

Before filling the tank with the de-icing/anti-icing fluid, it shall For thickened de-icing/anti-icing fluids take the sample
be made sure that the brand name and the concentration of tiescribed in fluid sampling procedure for type Il, type Il a
product mentioned in the packing list correspond to the branpe IV fluids (see section 6.2).
name and the concentration mentioned in the storage tank.

Perform the laboratory check for fluids as follows:
A sample of the delivered product shall be taken and checked
from each batch before the storage tank/vehicle is filled.  Type | fluid:

Make the delivery check for fluids as follows: * Make a visual contamination check according
6.3.6.1.

Type | fluid :

» Make a visual contamination check according t0 6.3.6.1, .
» Make a pH-value check according to 6.3.6.3.

¢ make a refractive index check according to 6.3.6.2,
Type Il, type Il and type 1V fluids :
« make a pH-value check according to 6.3.6.3.
 Make a visual contamination check according

Type Il and type IV fluids: 6.3.6.1.

« make a refractive index check according to 6.3.6.2, ¢ Make a pH-value check according to 6.3.6.3.

« make a field viscosity check according to 6.3.6.4. 6.3.5 Field check for fluids

6.3.3 Operational check for fluids Field check for fluids shall be made always when stat
inspection is made. The samples shall be taken from the stc

The fluid or fluid/water mixture sample shall be taken fromtank and from the de-icing/anti-icing equipment nozzle.

the de-icing/anti-icing vehicle nozzles. Operational settings

for flow and pressure shall be used. Before taking the samplEor thickened de-icing/anti-icing fluids take the sample

the fluid shall be sprayed long enough that the fluid flow andiescribed in fluid sampling procedure for type I, type IlI

concentration are stabilized (see also section 6.2.3). The sampjpe 1V fluids (see section 6.2).

shall also be protected against precipitation. Make the

operational check for fluids as follows: Make the field test for fluids as follows:

Type |, type Il, type 11l and type IV fluids : Type | fluid:

* Make a visual contamination check according to ¢ Make a visual contamination check according
6.3.6.1. 6.3.6.1,

6.3 Test Procedure For Aircraft De-Icing/ « Make a refractive index check according to 6.3.6.2.

» Make a refractive index check according to 6.3.6.2.

«  Make a visual contamination check accordingt0 6.3.6.1, * Make a refractive index check according to 6.3.6.2.

« make a pH-value check according to 6.3.6.3, » Make alaboratory viscosity check according to 6.3.8.
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Type Il, type 1l and type 1V fluids :

6.3.6 Fluid test methods

make a refractive index check according to 6.3.6.2, Any equivalent method is permitted.

make a pH-value check according to 6.3.6.3. ) ) ]
6.3.6.4 Field viscosity check

This check shall be made with the falling ball method, where
Make a visual contamination check according totwo reference liquids represent minimum and maximym

6.3.6.1, permitted viscosity values which will be compared with tf
of the tested product.
make a refractive index check according to 6.3.6.2,

at

* Putthe sample into a clean sample tube, insert the steel

make a pH-value check according to 6.3.6.3, ball into the glass, fill it up completely and close |t,
return the sample tube into the test tool, turn the ﬂool
make a field viscosity check according to 6.3.6.4. into vertical position and let all steel balls reach the

lower end of the test tubes.

 When all 3 balls have reached the bottom of the tubes,

6.3.6.1 Visual contamination check turn the tool by 180 degrees to the inverse vertical
position.
* Put fluid from the sample into a clean glass bottle or ) o
equivalent, * The balls will move downwards with different speeds.
«  check for any kind of contamination (e.g. rust particles, *  The speed of the steel ball in the sample tube shall be
metallic debris, rubber parts, other), between the speed of the two other balls or be equal to

Any other equivalent method is permitted.

6.3.6.2 Refractive index check

the speed of one of them.

Any other equivalent method is permitted.

6.3.6.5 Laboratory viscosity check
Make sure the refractometer is calibrated and clean,

Perform the viscosity check in accordance with ASTM D 2196.

put a fluid drop taken from the sample or from the

nozzle onto the test screen of the refractometer anglhe measurements shall be carried out at rotation speefls of

close the prism, 0.3 rpm, 6 rpm and 30 rpm.

read the value on internal scale and use the correction «  The temperatures at which the measurements are 1
factor given by the manufacturer of the fluid in case and the spindle number shall be reported.
the temperature of the refractometer is nét @0

nade

» Compare the viscosity values with figures from fluid
e compare the value with the figures from the fluid manufacturer.
manufacturer,
o _ Any other equivalent method is permitted.
» clean the refractometer and return it into its protective
cover, o
6.4 Communication
Any other equivalent method is permitted.
To be de determined.
6.3.6.3 pH-value check
» take a piece of pH paper and put it in the fluid so tha?' Standardized Training
the pH paper becomes wetted with the fluid, ]
To be determined.
* remove the pH paper from the fluid and compare its
color with the color of the table provided with the pH . .
paper and read the corresponding pH value, 8. Rer_nOt_elcentra“Z_Ed De-Icing/
Anti-lcing Operations
» compare the pH value with the figures from the fluid
manufacturer, To be determined.
FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST » JUNE-SEPTEMBER 1997 133



Editorial note: This article (pages 134—150) is reprinted from the DecemberFligh2 Safety Digestit does not
necessarily reflect current practices of Finnair, whose ground deicing program is featured; in addition, other technical
specifications or references in the article may have changed since the original publication date, but remain informatjve.
Nevertheless, the editorial staff believes that the spirit and quality of Finnair's program deserve recognition as [an
example to emulate.

Small Airline Continues to Win Big Battle Against
Aircraft Ground Icing

A series of recent fatal air transport accidents attributed to icing has brought regulatory
changes and increased awareness of the danger of aircraft ground icing. One operator,
Finnair, has had a highly successful deicing program in operation for several years.

FSF Editorial Staff

Editors Note: Flight Safety Foundation was invited by Finnair'sgrowing, and taxi and hold times were increased,” spid
chief pilot, Capt. Urpo Koskela, to observe the airline’s grouncEloranta, who is known among colleagues for his outspoken
deicing/anti-icing operations in Helsinki. He arranged for and stubborn approach to problem-solving.
Roger Rozelle, FSF director of

publications, to meet with Capt. Jorma
Eloranta, director of special projects and
DC-10 captain, and other Finnai
employees involved in groung
operations.

Eloranta remembers when ice damaged
jet aircraft engines and aviation industry
officials used to say “there are no icing
problems.” But that isn't true today. After
years of research, trial-and-error and
relentless advocacy spearheaded by
Eloranta, Finnair has become a world
leader in winning the battle agains
aircraft ground icing. And it has mad
believers out of the industry.

“Performance of Type | deicing fluid
wasn't satisfactory,” said Eloranta as
leaned across the table where he
piled several stacks of papers and repor
on the subject of icing — ammunition to

AU
gapt. Jorma Eloranta

outline his description of the “icing problem.”

He told how many persons did not
and still do not — understand that
spraying glycol is not deicing.

“It is the heated water that melts the
ice,” he explained. “The glycol is only
there to prevent the water from
refreezing. One of the most important
things in deicing is the capability of the
equipment to produce enough pressure
to break into the ice and force the hpt
water under the ice to lift it from the
wing.”

He said that Finnair worked closely wit
Lufthansa German Airlines, Boeing an
the Von Karman Institute in Belgium tg
test fluids in actual operating condition
The Association of European Airline
also supported that project, which usg
a Boeing 737 airplane.

o -

D—Oo U<

o

“Type Il anti-icing fluids supposedly had thickening agents

that kept the fluid in a solid layer on the wing until it lost
“They were not giving the protection required for the airlinesadhesion — about rotation speed — caused by the airflow
especially from 1975 when traffic congestion in airports wa®ver the wing. But the fluids continued to stick to the wings
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During the testing program, it wa
determined that wing contaminatio
was the likely culprit in “plenty of
incidents where there had been so
loss of control after takeoff, especially
with the DC-9s that were not equippe
with leading edge wing slats, and eal
model Boeing 737s.”

the ground, how much more slippery

slipperiness, especially with the
aircraft.”

Eloranta said the fluids were designg
originally under laboratory conditions_}
and researchers were not using re
world conditions. Some fluids, he sai
were made to flow off the wing whe
air temperatures were close to freezi

eter electrical ice sensor built into the tank’s
were often 20 degrees cooler than tigper surface. Various data, including wind speeEﬂ'nOf damage to the other, but no

surrounding air. “The skin temperaturembient temperature, fuel temperature and otheras able to suggest a cause.

of the wing must determine the corre formation are recorded on a computerin the car.
. . everal Finnair first officers conduct tests t
deicing and anti-icing procedures, n

problem exacerbated when the W|n{£%“m'””m fuel tank on its roof that has a Vibrogjgnificant damage to one engine,

should be reevaluated because the temperature of the wing may

He readily admitted that today’s deicing and anti-icing fluidit. Since that was the only overnight stop, we decided th
mixtures are better than those of several years ago, but adddinate was a factor.”

“They have low toxicity,” he claimed
“They are biodegradable. The pollution
in the air is more harmful than usin
glycol in deicing. As for slipperines
when there is already snow and ice pn

_ _ termine optimum operating characteristics an % was not until a passenger, who was
the outside air temperature,” he assertethndards for the sensor. the aborted Zurich flight, wrote a letter t

“When the outside air temperature and Finnair and reported that he had seer
the wing surfaces are well below freezing, unnecessary sprayimpiece of ice break away from the wing during takeoff that th
should be avoided. After an aircraft is refueled, the situatioseemed to be an answer to the puzzling cause behind the ing

change significantly.” “Itdidn’t ring all the bells,” said Eloranta about the passeng
report. “It gave us a new perspective, but we didn’t understand

after rotation, which caused serious drag, reduced lift anthat none of them are sure cures against aircraft ground icing.
increased stall speed.” He also disagreed with U.S. reluctance to use Type Il fluids.

can

it get? | do not believe it increases

bi

During the 1970s and early 1980s, oth
problems were taking place that were n
readily explained. In 1981, after a taked
from Zdrich, an engine was shut dow

| : e The DC-9 returned to the airport an
not at temperatures well belowthat—/a car is equnpped W|th a S|mulated alrcraftanded safely. An examination revealg¢

a
[0}

at

Finnair Crews Battle Icy Morning in Helsinki

He considered sending me further north, to Lapland, where
memories from my school books of long ago called uprhe snow began to fall earlier than forecast — shortly aff
images of thick snowdrifts, fierce cold winds, invisible 1800. There was a possibility that warm temperatures wo
bodies cloaked in fur coats and great antlered reindeemelt the snow and there would be no snow or ice to rem
Firsthand experience grew less appealing. in the morning. Jorma shrugged his shoulders and s
“Wait and see.”
Jorma explained that winter weather tended to move across
Finland in a north-south line to the east. If there was inclemedust before | crawled into bed at midnight, | saw that sn
weather in the north, chances were that it was reflected in thveas no longer falling outside the window of my hotel roon
south. The best that we could do was hope. And at 0430, when | awoke, there was little evidence
show in the hotel courtyard, so | telephoned the airport
Finally, a forecast called for snow, beginning at midnight,

ending until noon. Above-freezing temperatures wouldnaintenance supervisor on the telephone. “We have alre
follow the snow. Jorma suggested that | make my own wagtarted.”

Icing conditions. | wanted to see firsthand the deicingo the airport no later than 0630, when morning operatign
process into which Capt. Jorma Eloranta had immersefbr departing flights began in earnest. A call to the
himself with near-evangelistic fervor. maintenance supervisor, who would be alerted to my arrival

would confirm the status of the ground deicing operations

with the heaviest snowfall expected about 0300 and ndtYes, there will be deicing,” said the voice of the
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cold weather — involved damage to engine fan blades thaéacted positively. “But the maintenance personnel were
was not indicative of traditional foreign object damage (FOD)so positive,” he said. “They were being given a new set

were bent, but not sharply. them to remove the ice. And they didn't want to perform

Eloranta said that during that period, fuel was expensive imaintenance people as well as | should have.”
Zurich, so the airline calculated that it saved money by

to Zurich. The aircraft would be parked overnight in Zirichthen-vice president of operations, recognized the problem

It was determined, finally, that the fuel carried in the wingas much as possible about fluids and the problems of ice

tanks was supercooled during the long high-altitude flight to

precipitation, clear ice formed on the wing. The ice was nearlgirculated information about how to recognize the conditions
warm fuel when possible. Pilots were also cautioned to red

Moreover, he discovered that even in moist air as much as T%el in wing tanks so that the fuel did not come in direct con
degrees above freezing, clear ice could still form on the wingsith the upper surfaces of the wings. Bulletins cautioned pi

“Oh yes, | think so,” he said, conveying a shred of doubt.on the ramp. Snow was on the aircraft. Snow was on th
vehicles. Snow was falling in the air.

| told him | was leaving immediately.

on the roadside. My spirits rose, amid a bit [of
guilt for hoping for the icy, freezing weathe
into which fellow aviators would have to laung
their aircraft while | remained safely on t
ground.

| was directed to the communications cen

e .gr.ound operations Werg Cazilizlzd c forms more readily over the wing root, where the cold fuel settles and ther|
the deicing trucks were assigned to specifj

aircraft to remove snow and ice. There were threentribute to colder temperatures.

Damage suggested soft FOD — several blades in a sectiduties to perform, but we had no tools or equipment to gi

§ more metal structure, including the landing gear components, which gan

Several incidents in the early 1980s — most at Zirich duringle said that Finnair warned its pilots of the problem, and they

physical check of the wing. | probably didn’t present it to the

tankering fuel in the wings on the inbound flight from Helsinki He said that Finnair management, especially Tero Mustakallio,

and

and return the next day to Helsinki. its broad scope, and they gave him a free hand — and a nearly
open-ended budget — to organize a testing program to learn

Zurich. After landing, if there was moisture in the air orAsthe phenomenon began to be understood by Eloranta, the airline

hat

invisible. During takeoff, the wings flexed at rotation and brokewould form ice and to develop methods to reduce the problem,
the ice free, and it flowed aft into the engines. such as avoiding tankering of fuel and refueling the aircraft with

uce
act
ots

as the result of supercooled fuel. “We determined that this i® respect holdover times, to watch for signs of refrosting ang, if
not just a winter problem, and seasonal transitions created doubt, to check through cabin windows. They were reminged

dangerous times for icing,” explained Eloranta. “So we requirethat these checks should be performed even during taxi, glong
the check for ice all year. It was the only way to put it in thewith guidance that they should avoid taxiing too close behind
minds of the people all the time to guarantee safety. Still, ibther aircraft, which could blow snow onto their own aircraft
took a couple of years for everyone to get used to the procedure.
And you can imagine that they really called me ‘crazy‘We sent out warnings internationally,” he said. “They went to
Eloranta.” McDonnell Douglas, the FAA [U.S. Federal Aviation
“Will there be any operations left for me to photograph?” Isupervisors on duty; behind them, through a large window,
asked in an anxious voice. there were parked aircraft and deicing trucks moving pn
the ramp. And most important, there was snow. Snow was

e
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Administration], Pratt & Whitney and aircraft operators. We“Everyone was supposed to have known by now about
told them that there was a potential risk to air safety by clear iqgaroblem,” said Eloranta, shaking his head from side to s
— nearly invisible to the eye — that could accumulate on aircraffHuman factors were at work. The mechanic checked and
wings under certain conditions while the aircraft was parked, iice and ordered deicing. Then the mechanic and pilot che
the ice was not discovered and removed before flight.” and confirmed that there was glycol on the surface. BU
was covering a solid
He said that the reactions to his warning were negative. “Bheet of clear ice tha]
was a real experience to travel to the United States and havladn't been remove
15-minute meeting with an aircraft manufacturer and be tolduring deicing.”
‘there are no problems,” he said. “No one believed me.
Everyone was totally negative. ‘Crazy Eloranta’ they calledHe said that the
me. But | always got a cup of coffee. incident emphasized '-,* —
the need for propef"
“l was frustrated, of course. But | decided that | wouldn't giveequipment to help
up easily. And we tried to get the word out through differentonfirm the presence
channels, such as talking directly to other operators.” of ice and then to
remove it. Hard hand
Eloranta said he believed that if Finnair had been a majdools were being used
carrier, his warnings might have been heeded sooner. He saidremove the ice, and
in those days it was sometimes difficult to be heard, even iwhen the tools were
safety matters, “but it isn’t true today.” not available, he saig
that everyone just had
Then, in 1985, a Finnair DC-9 aborted a takeoff at Helsinkito wait until the ice
When the aircraft was taken back to the hangar, large sheetsmoélted.
clear ice were found on the wings. During the ground roll on
uneven pavement, the wings flexed and the ice broke free afithis led to Finnair taking a more active role in developin
damaged both engines. specialized deicing truck [see “Finnair Crews Battle an

The gentle bend in the blades is char-
acteristic of soft foreign object damage.

Coveralls — in a size large enough, with high rubber bootsor the next several hours, patient Finnair employge
too large — had been set aside for me. | struggled into thergscorted me wherever | wanted to go on the ramp. Qy
and with my cap | resembled a Finnair lineman. Worriecactivities were coordinated by two-way radio with a
that snow, ice and deicing trucks would disappear beforgupervisor in the communications center, who advised|u
favorable light appeared, in spite of some assurances thahere the three deicing trucks on duty were located on th
would probably not be the case, | asked to be launched tamp, which was bustling with activity. Aircraft were taxieg
the ramp, where snow would fall on me. to and from the gates, and deicing trucks, along with
baggage trucks and catering trucks, were moving
from aircraft to aircraft. And everywhere there
were mechanics and flight crews scurrying in the
waning darkness of dawn.

| discovered that the occupants of deicing truck
No. 7 were friendly and spoke English. Veijq
Lappalainen, 27, and Tomas Cannelin, 22, had
been working as a team since they met each othe
during training when they joined Finnair “two
winters earlier.” [Many Finns seemed to measure
time in winters rather than years.]

They had both completed three-year vocational
training, and they were classified as “aircra
fitters.” They hoped to move up the ranks t
become mechanics. Both men had previous

The tuft of parachute cord moved freely, but underneath the snow, clear icepgperience Fj“V_ing trucks_, so they had np
formed, and the cord’s base was frozen solid. problems adjusting to driving a fully loaded
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Morning in Helsinki”] to meet the = | said ‘ifit succeeds, it's our idea. If it goes
rugged influences of Finland’s weath | wrong, it's crazy Eloranta’s idea.”
on aircraft ground icing.
By 1987, Eloranta said that the installation
Eloranta also began to consid was completed (after waiting two years,
mechanical and electrical methods tl he said, to get permission to install it from
could be used to detect ice on the wi the aircraft's manufacturer) in the coldept
“and again everybody just called area of one wing where it was most likely
‘crazy Eloranta.” He developed a sm3 to collect ice that would break off and be
tab with alternating horizontal colo ingested into the engine.
bands that could be used to judge
depth of accumulated snow and ice “| felt challenged,” he said. “I just hag
the wing. When clear ice was prese e to convince people that this was the way
refracted light would distort the colg to go. It was easier for me by then,
bands. Triangles painted on the win \ because | had a good record for what |
served a similar purpose. Fa==m had done so far.”
A mechanic holds a sheet of ice taken from the
He also used small tufts of parachut&ing of the Finnair DC-9 that aborted a takeofflt was a comprehensive program that
cord as indicators of clear ice on th@ Helsinki-Vantaa Airport in 1985 after flexing g£|ranta described. The aircraft was flown
. . L wings on the uneven runway broke the ice free, . .
wing; if the tufts didn’t move, theyang'it was ingested into the engines. on the line (the pilots supported the
were buried in clear ice. “But you have program) in actual operating conditions.
to be careful,” he cautioned. “Sometimes the ice freezes onEquipment was installed to monitor temperatures of outsideg air,
the base of a tuft and the remainder of the tuft is free. So thiging surface and fuel. Pilots made notes on daily flight reports
is not a foolproof device.” about how the ice detector system was working. McDonnell
Douglas became an active participant in the program, and| two
In the meantime, he said that he was able to convince Finnaiompanies that were involved in development of ice-detegtor
to allow him to install an electrical ice sensor in the uppesensors also worked closely with him.
surface of the wing of a DC-9. That meant electrical wiring
would have to be run inside the fuel tank. He said that it help€etFinally, the industry recognized that many soft FOD incidents
that he was then the DC-9 fleet captain. had to have been caused by clear ice,” said Eloranta. ‘{The
industry was asking for my help, putting on seminars about
“The manufacturer wasn’t against the idea, but it wasn’'the problem, publishing information on clear ice; and they
positive either,” Eloranta said, with a smile. “In Finnair, peopleweren’t calling me ‘crazy Eloranta’ anymore. It was satisfying.”
deicing truck that Water in the truck was heated, and the water temperature
weighed 27,000 was maintained at about 90 degrees C (194 degrees F +—[20
kilograms (60,000 degrees F below boiling). It was mixed with a Type | glydol
pounds), which that was colored red to make it easier to see treated greas
included 6,500 during the deicing process. The mix-ratio can be varied, [but
liters (1,690 U.S. the men reported that usually equal quantities of water and
gallons) of water, glycol were maintained. The fluid that left the nozzle was
2,500 liters (650 probably about 60 degrees C (140 degrees F). A computer
U.S. gallons) of system in the truck cab kept track of the details of each
glycol Type | and deicing operation, such as the amount of each fluid that was
1,400 liters (360 used. This information enabled the crew to know wher
U.S. gallons) of liquids had to be replenished and simplified Finnair’s billing
glycol Type II. for the services the men performed.
Hotwater under pressure in a tight stream
‘;"i";‘;;ﬁwrr]ed to break ice free from an«we ysyally refil  The men were rarely idle, and even then it was only far a
g the truck at least few minutes. | joined them as they moved from aircraft|ta
once during our aircraft and deiced each one. The driver did his best to
shift,” said Veijo. “But when things are busy, we may fill up position the truck for optimum spraying, while considering
three or four times. Two or three times a year we get so muche direction of the wind and the physical location of the
show that there are not enough trucks and there are delayaitcraft. The men had regularly alternated the cab-basket
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He said that the idea behind the Typical Pattern of Fully Developed Ice from Cold Soaked Fuel Above Wing

electrical sensor is his and that he Fuel Tank. Air Temperature Outside the

has been working for the past seven Fuel Tank Is Above Freezing

years toward the goal of it becoming

an integral part of production ' / / ' / ; /
aircraft. ; / ‘

/ /
/ PRECIPITATION, '/ //
| PRRCIPTATION,
’ /

/

~
~

/
“My final goal has been that the / !C;/E
status of the wing has to be ! / / ! / , /
determined in the cockpit with a /’/ / -y / / /
backup advisory device that cgn / / /
provide go/no-go information just /
before takeoff,” said Eloranta. “I'm
convinced that this type of syste
works properly.”

COLD FUEL

ST Y

=

Not Necessarily a Cold Weather Phenomenon
He expressed some ambivalengc&ource: Finnair

that Finnair would not share in the
profits of commercial marketing of the product, an”lfeltso sorry aboutthe SAS accident [Scandinavian Airlines
opportunity that he believes the company missed by nddystem MD-80 made an off-airport landing on Dec. 27, 1991,
being more profit-oriented and not capitalizing on itsafter ice was ingested into both engines during takeaqff],

knowledge. “Finnair has nothing,” he said with a shrug ofoecause it should have never happened,” he said, with emption
his shoulders, a frown on his face. “But it's not important.between gritted teeth. “A hand check of the top surface of the

Really.” wing was required, but it was not performed correctly so [the

ice was not discovered. At least the pilot was skilled and he
Finnair has continued an ongoing program to develop deicingas able to control the off-airport landing. No one was killed.
and anti-icing procedures, including training of ground
personnel and efforts to inform the aviation industry of its'‘Ground icing can happen to all aircraft. This is not an
findings. aircraft-type problem. The information about clear ice has

been available for some time, but it is obviously not getting
But he said that he was frustrated that the information was stib everyone. As an industry, we cannot be proud of pur
not reaching the industry. performance in this matter#

positions, so they each had a great deal of experience
an appreciation of all the factors that had to be conside
in accomplishing the job.

Before any spraying was done, the truck crew confirn
that all doors and windows were closed to prevent the fiu
from contaminating the floors with slippery liquids anj

soiling upholstery. They also made sure that control surfe e
were in the proper position — usually neutral.

One man remained in the truck cab, which was equip
with controls that adjusted the mixture being sprays
Tomas and | stepped into a basket that was lif
hydraulically with a system built into the truck, whic
promptly lifted us into the air — if necessary, more than
meters (40 feet) above the ground.

The wind was blowing at 16 knots from the southeast, ¢
the air temperature was hovering around 0 degrees C
degrees C (32 degrees F to 35 degrees F), and fro '
bird-like perch in the basket, we were well-exposed to F—
biting cold, made worse by a windchill temperatuirrost formed readily under the wings in the fuel tank area.
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Icing Degrades Aircraft Performance; Fluids Provide Best
Defense Against Ice on the Ground

Winter operations expose aircraft to weather conditions onommand of the aircraft to ensure that the aircraft's wing and
the ground that can have a severe influence on aircrafftorizontal stabilizer are free of contamination and that the
performance, stability, control and how ailerons, ruddersaircraft meets the airworthiness requirements for takepff.
sensors, flaps and landing gear mechanisms function. Mobinfortunately, pilots in the cockpit cannot always see srjow
large aircraft with conventional airfoils and leading edgeand ice on the wing or adequately judge the degree of
high lift devices are considered less sensitive to contaminatiaontamination on aircraft that are not usually equipped with
problems. Some aircraft without high lift devices appear t@ensors that reveal the presence of contamination.
be more sensitive to wing contamination. Contamination of

wing surfaces can result in pitching moment changes during Speciﬁc Weather Conditions Cause

takeoff rotation that could cause the airplane to act as if it Aircraft Icing on the Ground
were mistrimmed in the nose-up direction. After liftoff,

degraded lateral stability calls for more and more control . ]
wheel input to keep the airplane from rolling possinyThere are several weather conditions that can cause icing
followed by premature stall at lower than normal angles oProblems.

attack. ] o ] ]
» Freezing precipitation such as snow, sleet, freezing rain

A series of takeoff accidents attributable to wing ice accretion or drizzle can adhere to the aircraft's surfaces.
while the aircraft is on the ground, improper or inadequate . . .
deicing or anti-icing procedures and lack of aircrew awareness *  Frost (including hoar frost) is formed from water vapor

of the problems have focused attention on aircraft design and ~ onsurfaces that are at or below O degrees C (32 degrees
pilot training. F) and results in a crystallized deposit.

Regardless of the number of entities that may be involved in « Freezing fog creates clouds of supercooled water

aircraft deicing and anti-icing, U.S. Federal Aviation droplets that can form an ice deposit.

Regulations (FAR) 121.629¢ing Conditions and Joint

Airworthiness Requirements (JAR) 91.58herating in Icing *  Snow is precipitation in the form of small ice crystals |or
Conditions place the ultimate responsibility on the pilot-in- flakes that can accumulate.

| stood in the basket with Tomas as he directed the firer
r hose-like nozzle that sprayed the fluid onto the aircraft. |
" quickly recognized the rigors of this team'’s job. Billowing
fog engulfed us. And in moments, the entire aircraft nearly
disappeared below us into a grayish cloud.

Tomas communicated via a headset-intercom with Veijo
A‘ who slowly drove the truck to different locations around

. the aircraft that was being deiced to allow the basket
operator to spray all the appropriate surfaces.

| took the thick gloves off my hands so | could operate my
cameras, which were hung over my shoulders from str]}ps

and enclosed in clear plastic bags; the eyepieces and lenges
The small brightly colored horizontal tab was buried in protruded from holes | cut in the bags. Of course, moistuire
ig?\‘;"aﬁﬂﬂ ;tlieoanr_'ﬁ?' ﬁgg %rgv:?]?ﬂ :n‘gguiln'”mzat;ﬁgh‘)tf now covered all the lens surfaces. It didn’t matter though
characteristics of the wing. because | couldn’t see through the goggles that wer

supposed to protect my eyes. Precipitation, which alternate

between light rain and snow, was dripping on the outside
near -13 degrees C (9 degrees F). The extra layer of heaw§ the goggles, and they were fogged on the inside.
waterproof clothing with a hood, eye goggles, hearingemoved the goggles, and while | groped to reach a cleal
protector and gloves gave me the feeling of being wellhandkerchief (to wipe lenses and goggles) through thre

equipped for my experience. layers of clothing — all requiring various stages of being

oo

>
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» Freezing rain is water condensed from atmospheriperiod of time. Anti-icing fluid is usually applied cold to |a
vapor that falls to the earth in supercooled drops andlean aircraft surface.
then forms ice.

Deicing/anti-icing is a combination of the two procedures just

*  When the temperature of the aircraft wing surface is atlescribed and can be done either in one or two steps. When
or below freezing, rain or high humidity can form ice used for anti-icing, the fluid must be applied to a clean surface
or frost. to provide a barrier against the buildup of frozen deposits.

Deicing and Anti-icing Defined One-step deicing/anti-icing is usually done with an anti-icing
fluid that stays on the surface to provide a better antitice
Deicing is the method by which frost, ice or snow is removed@apability.
from the aircraft to clean the surface. Deicing fluid is usually
applied heated at about 82 degrees C (180 degrees F) dndx two-step procedure, deicing is followed by an application
sprayed under high pressure for maximum efficiency. Thef anti-icing. The separate overspray of anti-icing flyid
heat in the fluid melts frost as well as deposits of snow angrotects the clean surfaces and provides the greatest anti-ice
ice. In heavier accumulations, the heat breaks the borghpability.
between the frozen deposits and the airplane structure, while
the hydraulic force of the spray breaks the ice and flushes Holdover time is the estimated time anti-icing fluid will prevent
off the aircraft. The deicing fluid may prevent refreezing forthe formation of frost or ice and the accumulation of snow or
a short period of time, dependent on the temperature of th|dush on the protected surfaces of an aircraft under average
aircraft skin, ambient air temperature, the fluid used and theveather conditions. Many variables can affect holdover time,
mixture’s strength. making it inadvisable to consider table times as abso|ute
minimums or maximums because the actual time of protection
Anti-icing is considered a precautionary procedure to providean be affected by existing weather conditions. In heavy
protection against the formation of frost or ice andweather conditions, holdover time can be shortened. High
accumulation of snow or slush on a clean surface for a limitedinds or jet blast may degrade the protective film, and the

— He sprayed the wings, starting forward of the
- leading edges and sweeping aft from each
P wing outboard, then inboard to the wing roof.

He said this procedure prevented the snow
which can be very heavy when wet, from
putting too much strain on the outboard section
of the wing. The tail surfaces were treated
much the same as the wings.

Great care had to be taken not to direct the high
pressure stream into the cavities between the
control surfaces and the airframe, Tomas sajd
He said there was a possibility that water could
freeze in the cavities and jam the controls, and
noted that slush being swept off the aircraft could
\ create the same problem. This was one reasop
The mechanic gave a “thumbs-up” acknowledgment to the deicing truck cYéfdy it was important for the pilot to exercise
that the wing surface was clean and there was no ice on it. the controls and confirm that they moved freely
before takeoff. Anytime the deicing crew
unzipped, unvelcroed and unbuttoned — | wiped a glycolsuspected such a condition, a rich mixture of anti-icing flyid
laden sleeve across my forehead. Some of the fluid madeand water was sprayed at a low-pressure rate into the drea,
its way into my eyes and | was left with the minor stinginghe said.
sensation that | had been warned about by the aircraft fitters.
Tomas explained that the nozzle was adjusted normally tp
Through all of this, Tomas continued spraying, but saidconcentrate the Type | spray in a high-pressure stream.
“This weather isn’t bad at all. When it’s really bad weatherWhen ice was on the aircraft, he said that he directed fth
it's tough working outside.” hot fluid onto a particular section of the aircraft until it

D
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conducted by well-trained personnel.

Type | and Type Il Fluids Vary will blow away.
The Association of European Airlines (AEA), has designated Freezing Point L_owered in
fluids as either Type | or Type Il to distinguish between plain Type | Fluids

deicers and anti-icers. Fluids have also been described as
“Newtonian” or “non-Newtonian,” which the Society of Type I fluids are generally considered deicing fluids and pre
Automotive Engineers (SAE) defines as follows: effective because water has been heated to remove ice and

holdover time may be shortened considerably. Therefore, be achieved before flow begins. Type Il fluids
deicing experts recommend that indicated holdover times containing thickeners demonstrate a pseudoplastic
should be used only in conjunction with a pretakeoff inspection behavior, which is defined as a decrease in viscosity

with an increase in shear rate. Air must move faster
across the wing surface before the thickened flujds

snow. They have a lowered freezing point because glycol has
Newtonian fluids are fluids whose viscosities are sheabeen mixed with them. Such fluids work relatively quickly
independent and time independent. The shear rate ofamd do not cause damage to the aircraft surface. Type |
Newtonian fluid is directly proportional to the shear mixtures contain at least 80 percent glycol that can be either
stress. The fluid will begin to move immediately upon monoethylene glycol, diethylene glycol, propylene glycol|or
application of a stress. It has no yield stress that must mixture of these glycols. The balance is made up of water,
be achieved before flow begins. Type | fluids areinhibitors and wetting agents. Inhibitors prevent corrosipn,

considered Newtonian-type fluids. increase the flash point or comply with materia
compatibility and handling requirements. Wetting agents
* Non-Newtonian fluids are fluids whose viscosities used, allow the fluid to form a uniform film over the aircrg

are shear and time dependent and whose shear ratarfaces.
is not directly proportional to its shear stress. The
fluid will not begin to move immediately upon Glycols can be diluted with water. The freezing point

application of a stress. It has a yield stress that mustater/glycol mixture varies with the content of water. Typ

(0]

melted the ice and heated the metal surface of the aircrathey were careful not to spray into external probes, such
He said that as the heat spread in the metal, the ice Igsitot heads and static vents, as well as exhausts and th
adhesion, and it became easier to remove it from the aircragversers.

surface with the nozzle’s high-pressure stream.

After an aircraft was deiced, a ground mechanic or his

Spraying distance was less than 10 meters (33 feet), tliereman was called to inspect the aircraft's surface
maximum distance considered effective in maintainingSometimes a mechanic carried a ladder to the aircraft s
thermal energy and a forceful flow. Spraying closer tharcould climb onto the wing surface. Others drove a tru
3 meters (10 feet) was avoided to prevent deformatioequipped with a built-in walkway that extended beyond t
of skin panels. front end of the truck and could be located over a wirj

Once on the wing, the mechanic removed a glove and
The fuselage was also sprayed from the top down, whichis bare hand onto the wing surface, usually near the w
allowed the fluid to drain down the sides of the fuselageroot, to confirm that there was no ice on the wing. He a
They reported that this reduced the likelihood
of damaging the windows, which might he
crazed or cracked by the sudden shock of warm
fluid being sprayed directly on them, and|i
exposed gaskets and seals to less deteriorafig
They also acknowledged that cleaning t
fuselage was particularly important with cente
line mounted engines to prevent snow or ice fr
being ingested into the engine.

When they deiced beneath the wings to rem -
frost, they were especially cautious not to sp . ’ — . i e

i -

the qu.id onto the wheels and brake assernbliqug formed from the hot water used in deicing, but the Type | fluid did not se¢
especially when they were hot. They said thas add any slipperiness to the snow-covered ramp.
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fluids are usually diluted with water of the same volume. In dahat of molasses. About 45 percent to 48 percent of the mixture
50/50 mixture of water and glycol, the mixture has a loweis water.
freezing point than the concentrated fluid and, because of its
lower viscosity, it flows off the wing more easily. It is generally The viscosity of the fluid and the wetting agents allow fluid
agreed that the fluid does not present a hazard (i.e, increasiggrayed on the clean aircraft to adhere to the surface and act
slipperiness) to runway operations. as a protective cover. If the wing already has snow or ice an it,
the surface must be cleaned, usually with a Type | fluid before
Viscosity, or the measure of the resistance to flow caused bytlae Type Il fluid can be applied.
fluid’s internal friction, is dependent on temperature. Type |
fluids show a relatively low viscosity that changes withDuring takeoff roll, the fluid flows off the airfoil and ontp
temperature. The type of glycol used will also influencethe runway to leave a clean surface. Preliminary tests show
viscosity. Propylene-based fluids show higher viscosities thano evidence that small amounts of Type Il fluid affect the
monoethylene-based fluids. runway condition to any appreciable extent. However,|an
aircraft design working group has noted that when a gel-Jike
Type | fluids provide minimal holdover time, so they haveType Il anti-icing fluid is applied to an aircraft, not all of the
little benefit in situations that require substantive anti-icingfluid flows smoothly from the wings on takeoff. The Boeing
protection. Co. has advised that residue “generally results in measuiable
lift losses and drag increases” during takeoff.

Type ”_ I_:I'_"”ds PI’OVId.e Best Type Il fluids have been used extensively in Europe for more
Anti-icing Protection than 20 years, while only a few major airlines have used Type
II'in the United States during the past few years. Some industry
Type |l fluids are considered anti-icing. They contain at leasbbservers say some U.S. reluctance to accept Type |l fluids
50 percent per volume diethylene glycol or propylene glycolhas been because the products are proprietary to Eurgpean
different inhibitors, wetting agents and a polymer that acts aairlines and the cost for Type Il fluids can be double that of
thickening agent to give the fluids a high viscosity, similar toType | fluids.

notified the aircraft’s pilot that deicing had been performedvith water. He also reported the time that holdover had
and a hand check had confirmed that the wing was clear begun (the time started from when Type Il was first applied
ice. to the aircraft).

“If he doesn’t do a hand check for ice, he goes back tdhe information provided to the pilot about deicing and
work in the hangar and loses his certificate for a year,” saifluids is mandatory and it is the final clearance for
Veijo. Precipitation and temperatures hovering aroundirworthiness; the mechanic’s report is required by the
freezing required that anti-icing fluids be applied, so a Typ&ockpit checklist in Finnair's aircraft.
Il solution was sprayed immediately onto the aircraft’s clean
surfaces. Moreover, as long as the aircraft remains at the gate, {the
ground mechanic is responsible for the airworthiness|of
The men said that the Type Il fluid contained at least 56he aircraft, and he must ensure that the aircraft remdins
percent glycol and a thickening agent; no coloring wadree of ice. If, for example, there is a gate hold and the
added, so the fluid was clear [it appeared white to me] wheimoldover time is exceeded, the mechanic must make sure
it was applied. They said that it had to be handled properlyhat if any additional deicing or anti-icing is required, |t
from storage to application, to prevent degradation of fluidvill be performed. Even if there is no ice, conditions such
performance. It was kept at about 20 degrees C (68 degreas worsening weather and a continued gate hold may still
F), which was much cooler than Type |I. require that the aircraft be deiced and, if required, anti
iced.
To apply the Type Il fluid, the nozzle’s spray pattern was
widened and the flow pressure was reduced. The fluid wabhe deicing truck crew said that such situations do not occyr
applied until it was beginning to drip off the leading andvery often because when the airport is busy, their superviso
trailing edges of the aircraft. After the anti-icing wasgo into the control tower and work closely with the
completed, the driver advised the pilot that Type Il fluidcontrollers to coordinate the deicing procedures in conge
had been applied and in what percentage it had been mixadth air traffic control arrivals and departures.
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Comprehensive Deicing Procedures of metal at airports and on wing surfaces. By working wjith
New to U.S. Airlines, And Questions airplane manufacturers, SAE anticipates publication of flight
Linger about Type Il Eluids training materials to educate pilots.

While European airlines rely on AEA handbooks and hoIdoveDeICIng experts are not in agreement that Type i fluids are
he answer for all icing problems. Type | fluid performs well

tables, both of which have proved to be highly reliable in

if used on the aircraft shortly before takeoff, or when freezing
standardizing their deicing/anti-icing operations, the U.S. has h ad
no similar standards preC|p|tat|on is not a factor. However, only a few U.S. airparts
' allow for remote deicing near the departure end of the agtive
runway. Taxiing long distances for takeoff from a deicing

A Society of Automotlve_ Engmeers_ (SAE) Comm'ttee’facnny or waiting in line for takeoff limits the benefits of Type
composed of representatives from aircraft manufacturer ?’delcmg because of its short holdover time

makers of deicing equipment and fluids, the airlines, the Air
Line Pilots Association (U.S.), the FAA and European expert
has been developing U.S. specifications for fluids, procedures
and ground equipment used in deicing with both types of fluid
SAE also has been conducting various tests that inclu
measuring how fast contamination accumulates on test strip

ﬁ_ocal governments or airport authorities can impdse
restrictions that prevent U.S. carriers from using Type Il flujds

jased on their concerns about liabilities, cost and damage to
%e environment from the runoff of the glycel.

Sometimes Tomas and Veijo operated their truck togethdduring a brief period, when there were no aircraft to be|
with another crew’s truck to spray a large aircraft or todeiced, the men talked about their work and sipped hat
expedite a departure. When conditions are “bad” and acoffee poured from a thermos bottle. Both men spoke wjith
aircraft such as a DC-9 or MD-80 has several inches afonfidence and seemed to have a clear understanding pf
snow on its surfaces, 1,500-2,000 liters (390-520 U.Snot only what they did, but why they did it.

gallons) of fluid and about 20-minutes time will be required

to remove the snow, they said. They agreed that a mof&/e don’t need sugar in the coffee,” one of the fitters sa
routine task, such as removing frost from under the wingsyith a big smile on his face. “It's sweet already.” |
may require only 40 liters (10.6 U.S. gallons) of fluid and aunderstood what he really meant, because deicing fluid had
mere two-minutes time. finally made its way to my lips. It had a sweet taste.

id

They explained that in their training they had been told thaburing the non-winter periods, when deicing was npt
up to 3 mm (.12 inch) of frost and up to 2 mm (.08 inch) ofrequired, their duties changed, and they became responsiljle
ice could be allowed to remain on the underside of the wing®r changing seats, covers and cushions in the aircraft| qr
(per manufacturer’s operating approval) in the area of thehanging the physical configuration of an aircraft fro
fuel tanks. However, the pilot had to be informed of thetourist-class to business-class. They both agreed that {
condition so that he could make adjustments to takeoffked their work, but they looked forward to advancing and
calculations. Ice or frost outside the area of the fuel-tankecoming mechanics “in a warm hangar.”
area was not allowed and had to be removed.

> 3
D
<

The men recognized that they had very responsible positipns
Typically, an aircraft's engines were shut down (but wherthat were related directly to the safety of Finnair
they were operating, they were at very low power settingspassengers, crews and aircraft. They expressed|no
usually, the auxiliary power unit (APU) was operating. Themisgivings about their responsibilities and said that they
two aircraft fitters used a minimum of fluid in the enginebelieved that they were well-equipped and well-trained |tg
areas and avoided spraying into the engine inlets. Fluiderform their work.
sprayed into the APU created smoke in the cabin, a situation
that they felt was embarrassing, as well as potentiallj\We know our work is important,” said Tomas and echoed
harmful to the equipment. The driver communicated withby Veijo, each of them looking forward to a long shower
the pilot and requested shutdown of the air conditioningnd hot sauna at the end of the shift. “The pilots never hyrry
system when spraying began in the empennage area. us to do the job. They treat us with respdct.”

(%)

—RR
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New U.S. Rules Established for Aircraft
Ground Deicing and Anti-icing

The U.S. Federal Aviation Administration (FAA) has equipment; and requiring air carrier training programs, to
established (by way of an Interim Final Rule, which becamexamine the effect of wing leading edge contamination| on
effective November 1, 1992) a requirement for Federal Aviatiomerodynamic performance.
Regulations (FAR) Part 121 certificate holders to develop an
FAA-approved aircraft ground deicing and anti-icing programA contributing factor in the FAA's decision to publish this rule
and to comply with that established program anytimewvas a determination made during the 1992 Internatignal
conditions are such that frost, ice or snow could adhere to @onference on Airplane Ground Deicing that (under existing
aircraft’s wings, control surfaces, propellers, engine inlets angrocedures at the time) the pilot-in-command might be unable
other critical surfaces. to determine effectively whether the aircraft’s critical surfaces
were free of all frost, ice or snow prior to takeoff.
The FAA deemed the rule necessary following a number of
accidents attributed to aircraft icing. The FAA said that thelThe FAA rule is designed to provide an added level of safety
U.S. National Transportation and Safety Board (NTSB)o flight operations in adverse weather conditions and to
attributed at least 13 accidents in the past 24 years (Table drpvide enhanced procedures for safe takeoffs in such conditions.
page 147) to the failure to deice aircraft adequately before
takeoff. It was noted that contamination on the aircraft surfaceBhe new FAA rule also follows a July 23, 1992, Notice |of
during takeoff was the cause or a contributing cause. Proposed Rulemaking (NPRM) that allowed only 15 days|for
comments. Many industry observers felt that this was
The NTSB has also issued 30 safety recommendations thasufficient time to develop adequate in-depth responses.|The
cover such subjects as informing operators about theew Interim Final Rule allows for additional comments until
characteristics of deicing/anti-icing fluids; informing flight April 15, 1993. Those comments must be marked Docket |No.
crews about ice formation after deicing; reviewing information26930 and should be mailed in triplicate to: Attention: Rules
that air carrier operators provide to flight crews on runwayDocket (AG-10) Docket No. 26930, Federal Aviatian
contamination and engine anti-ice during ground operationgidministration, Office of the Chief Counsel, 800 Independence
requiring flight crew checks before takeoff if takeoff is delayedAve., SW, Washington, DC 26930. The FAA states that it will
following deicing; emphasizing to air carrier maintenanceconsider all comments received and that it will make charjges
departments the importance of maintaining ground suppotb the Interim Final Rule, if warranted.

An Unofficial Official Reports on Winters in Finland

The bellboys grunted as they passed the first bag into theay home to Washington, D.C., the driver of the black Ope
back of his cab, and he chuckled. He was my kind of taxived up to my expectations.
driver. Even in their foreign tongue, | understood that they
were all complaining to the somewhat rotund taxi driverThe 60-year-old man, with thinning dark hair, a balding
dressed in a thin leather jacket and warning him about thflerehead and dark-rimmed glasses, spoke in halting and
very heavy bags. thickly accented English, but he was easily understood. [H
said that he had been driving cabs for 30 years. Yes
“Schwarzenegger,” | spoke, and lifted my arms as aometime by the middle of those years he could say that he
weightlifter might, and the two bellboys laughed loudly. knew all of Helsinki’s streets. But today, he had forgotten
(Later, | wondered if they laughed at the joke or perhaps ahany of them. He chuckled.
the mighty sag that must have been pushed over my belt as
| raised my arms.) The taxi driver chuckled and carefullyAsked about the weather, he said the newspaper had
arranged the computer bag (11 kilos), camera bag (14 kilogeported that the Finnish winter of 1991-1992 was the
and the soft bag (22 kilos) of clothing and othershortest one during this century — a mere 47 days had been
paraphernalia, now stuffed with booty [trinkets] acquiredrecorded with temperatures of freezing or below. He offered
during my trip, and stacks of paper from Capt. Eloranta. his own weather observations based on a digital weather
system installed at his home within the city: The lowest
Taxi drivers, in my experience, are often great storehouseéemperature recorded by the device during the winter was
of local knowledge, and during the ride to the airport tol7 degrees C (1 degree F) and the highest was +9 degrges
catch the Finnair flight to New York, the next stop on myC (48 degrees F) he said.

(1]
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The Amendment are such that frost, ice, or snow may reasonably be expec

such that frost, ice or snow may reasonably be expecte

1. The authority citation of Part 121 continues to read agdhere to the aircraft and that ground deicing/anti-ic
follows: operational procedures must be in effect;

Authority: 49 U.S.C. 1354(a), 1355, 1356, 1357, 1401, 1421€i) Who is responsible for deciding that ground deicing/ar
1430, 1472, 1485, and 1502; 49 U.S.C. 106(g) (revised, Pulging operational procedures must be in effect;
L. 97-449, January 12, 1983).

(iif) The procedures for implementing ground deicing/an
2. Section 121.629 is amended by revising current paragraj¢ing operational procedures;
(b) and by adding new paragraphs (c) and (d) to read as follows:

(iv) The specific duties and responsibilities of each operatig
121.629 Operation in icing conditions. position or group responsible for getting the aircraft saf

airborne while ground deicing/anti-icing operation
(b) No person may take off an aircraft when frost, ice, or snoygrocedures are in effect.
is adhering to the wings, control surfaces, propellers, engine
inlet, or other critical surfaces of the aircraft or when the takeoff2) Initial and annual recurrent ground training and testing
would not be in compliance with paragraph (c) of this sectionflight crew members and qualification for all other affect
Takeoffs with frost under the wing in the area of the fuel tankpersonnel (e.g., aircraft dispatchers, ground crews, con
may be authorized by the Administrator. personnel) concerning the specific requirements of the appr:

He said that the next shortest winter had been recorded Winter has been difficult for the children. When they get
1929-1930, when there were 58 days of freezingkates and skis, there is no place to use them, he said — f
temperatures or below. That one, he said, was followethree years it has been like this.
by the longest recorded winter, in 1931, when there were
210 freezing days. The white birch trees — plentiful and sharing the roadsigde
with modern, low-rise business buildings and an occasiong
He said that the population seemed evenly divided abowmall, wooden cottage — hugged dark earth and brow
the cause or causes behind the unusually warm weathgrasses. Occasionally, there were small mounds of dirt

of Mount Pinatubo in the Phillippines. Others, he said, jusNo winter here.

followed an old Finnish tradition based on waiting: We wait

for spring, we wait for summer, we wait for winter. And And how is winter in Washington, he asked, as he place

this year we wait for winter next year. He chuckled. my bags, without a grunt or a visible sign of strain, on the
concrete outside the terminal?

During the 18-kilometer (11-mile) ride to the Helsinki-

Vantaa Airport, he explained that a river over which theJust like it is here in Helsinki, | said. Maybe colder.

road passed was usually frozen with thick ice. Today, he

said, it is already moving to the sea, a trip that usualljHe took the 130 Finnish marks from me for the fare, which

Helsinki, a historic fortress is built on an island. Duringtrip. And he chuckled¢
winter it is usually accessible by auto. This year, he said, a
boat is the preferred transportation to the island. —RR

News reports blamed dust from the recent volcanic eruptiosnow, apparently the remnants of piles cleared from roads.

doesn’t begin until early May. And a short distance fromincluded a small tip, waved goodbye and wished me a safe

The Interim Final Rule reads as follows: (c) Except as provided in paragraph (d) of this section, no person
may dispatch, release, or take off an aircraft any time conditjons

dto

adhere to the aircraft, unless the certificate holder has an
In consideration of the foregoing, the Federal Aviation@Pproved ground deicing/anti-icing program in its operatipns

Administration amends Part 121 of the Federal AviatiorsPecifications and unless the dispatch, release, and takeoff

Regulations as follows: comply with that program. The approved ground deicing/anti-
icing program must include at least the following items:

PART 121 — CERTIFICATION AND OPERATIONS:

DOMESTIC, FLAG, AND SUPPLEMENTAL AIR (1) A detailed description of:

CARRIERS AND COMMERCIAL OPERATORS OF

LARGE AIRCRAFT (i) How the certificate holder determines that conditions are
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Table 1
13 Jet Transport Accidents Attributed to Ice Accumulation During Past 24 Years

Date Airline Aircraft Location Fatalities Survivors
12/27/68 Ozark Airlines DC-9 Sioux City, lowa, U.S. 0 68
02/25/69 LTU International Airways F-28 Lapenhagen, Netherlands 0 11
01/26/74 THY F-28 Cumaovasi, Turkey 66
01/13/77 Japan Airlines DC-8 Anchorage, Alaska, U.S. 5
11/27/78 Trans World Airlines DC-9 Newark, New Jersey, U.S. 0 83
01/13/82 Air Florida B-737 Washington, D.C., U.S. 78
02/05/85 Airborne Express DC-9 Philadelphia, Pennsylvania, U.S. 0
12/12/85 Arrow Air DC-8 Gander, Newfoundland, Canada 256
11/15/87 Continental Airlines DC-9 Denver, Colorado, U.S. 28 54
03/03/89 Air Ontario F-28 Dryden, Ontario, Canada 24 45
11/25/89 Korean Air F-28 Kimpo, Korea 0 48
02/17/91 Ryan International Airlines DC-9 Cleveland, Ohio, U.S. 2 0
12/27/91 Scandanavian Airlines System MD-81 Stockholm, Sweden 0 129
Source: U.S. Federal Aviation Administration

program and each person’s responsibilities and duties under thraximum holdover time in the certificate holder’s holdover
approved program, specifically covering the following areas: timetable is permitted only when at least one of the follow|ng

conditions exists:
(i) The use of holdover times;

(i) A pretakeoff contamination check, as defined in paragraph
(i) Aircraft deicing/anti-icing procedures, including inspection (c)(4) of this section, determines that the wings, control
and check procedures and responsibilities; surfaces, as defined in the certificate holder’s program,|are

free of frost, ice, or snow;
(iif) Communications procedures;

(i) It is otherwise determined by an alternate procedure
(iv) Aircraft surface contamination, (i.e., adherence of frostapproved by the Administrator in accordance with the
ice, or snow) and critical area identification, and howcertificate holder’s approved program that the wings, control
contamination adversely affects aircraft performance and flighgurfaces, and other critical surfaces, as defined in the certifjcate
characteristics; holder’s program are free of frost, ice or snow;

(v) Types and characteristics of deicing/anti-icing fluids;  (iii) The wings, control surfaces, and other critical surfaces

are redeiced and a new holdover time is determined.
(vi) Cold weather preflight inspection procedures;

4. Aircraft deicing/anti-icing procedures and responsibilities,
(vii) Techniques for recognizing contamination on the aircraftpretakeoff check procedures and responsibilities, and pretakeoff

contamination check procedures and responsibilities. A
(3) The certificate holder’s holdover timetables and thepretakeoff check is a check of the aircraft’s wings |or
procedures for the use of these tables by the certificate holder&spresentative aircraft surfaces for frost, ice, or snow within|the
personnel. Holdover time is the estimated time deicing/antiaircraft's holdover time. A pretakeoff contamination check is a
icing fluid will prevent the formation of frost or ice and the check to make sure the wings, control surfaces and other crtical
accumulation of snow on the protected surfaces of an aircrafturfaces as defined in the certificate holder’s program, are|free
Holdover time begins when the final application of deicing/of frost, ice, and snow. It must be conducted within five minytes
anti-icing fluid commences and expires when the deicing/antiprior to beginning takeoff. This check must be accomplished
icing fluid applied to the aircraft loses its effectiveness. Thdérom outside the aircraft unless the program specifies otherwise.
holdover times must be supported by data acceptable to the
Administrator. The certificate holder's program must include(d) A certificate holder may continue to operate under this
procedures for flight crew members to increase or decreasection without a program as required in paragraph (c) of|this
the determined holdover time in changing conditions. Theection, if it includes in its operations specificationg a
program must provide that takeoff after exceeding anyequirement that, any time conditions are such that frost| ice
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or snow may reasonably be expected to adhere to the aircrdfiequently raised concern was that the proposed five-mir
no aircraft will take off unless it has been checked to ensutémitation is impractical because most airports did not hav
that the wings, control surfaces, and other critical surfaces afacility at a location close enough to the end of the take
free of frost, ice and snow. The check must occur within fiveunway to perform these checks. Other concerns wé

minutes prior to beginning takeoff. The check must bepretakeoff contamination checks with the engines runn
accomplished from outside the aircraft. (particularly propeller drive aircraft) are inherently unsafe
pretakeoff contamination check should be required follow

NPRM Comments Reviewed ground operations in all icing condition operations, not |

when holdover times are exceeded; checks from within
A review of some of the comments the FAA received to itircraft should be allowed in all cases, according to sd
July NPRM and FAA's response to those comments may beommenters, and should never be allowed, according to ot
useful in understanding how the FAA decided what the Interim

Final Rule should contain: The FAA responded that the rule would allow a takeoff after
expiration of a holdover time if a check conducted within fi
Takeoff Remains Pilot’s Decision minutes prior to takeoff determined that the wings, cont

surfaces, and other critical surfaces were free of frost, ice, or S
Several respondents expressed concern that nothing in +fad if the check was “accomplished from outside the aircraft ur

proposed rulemaking should change the existing policy thape program specifies otherwise.” The rule would also allow f

places the ultimate responsibility for a takeoff on the p”()t_in_check that must be conducted within five minutes prior to tak

command. Others believed that the dispatcher’s role in releasi§ @1 OPtional alternative for a certificate holder who does

an aircraft, possibly including the determination of holdovef'@ve @ deicing program, but this check must be accomplis

times jointly with the pilot-in-command, should be made clear(TOM outside the aircraft.

The FAA agreed that nothing in its rule would change FAR Parf € FAA said that those who commented confused
91.3(a), which states that, “The pilot-in-command of an aircraffrétakeoff contamination check in 121.629(c)(3) and (c

is directly responsible for, and is the final authority as to th&/ith the outside-the-aircraft check that is required
operation of that aircraft” The new approach is to give the pilot}21-629(d). The following describes the different procedy

in-command (and certificate holders) additional guidancend checks in the final rule:

developed procedures and, under certain conditions, grou . . .
ped p . L . . ' 9 .rll-gretakeoff check. This check is completed any time th
personnel support in determining the aircraft’s airworthiness in. . . - o
e - S ircraft is deiced or anti-iced and is integral to the use
potential icing conditions. Even though the pilot-in-comman . ) . - .
. . . - . oldover times. It is accomplished within the holdover tir
and supporting personnel will receive additional training and nd is normally accomolished by the fliaht crew from insi
the certificate holder establishes additional procedures, F. y P y g
states that the ultimate authority and responsibility for the . L o
. . P o » aircraft surfaces for contamination. For clarification, and
operation of the aircraft remain with the pilot-in-command. : ) . .
be consistent with the intended use of holdover timetab

The FAA did not agree that the role of the dispatcher needd§is check is included in 121.629(c)(4).
to be addressed a}‘ny further in para_lgraph 121'629.(C)’ Wh"fbretakeoff contamination check.This check is to determine
clearly states that “no person may dispatch ... an aircraft ar]i)/1
time conditions are such that frost, ice, or snow may reasonahpyéls been exceeded and mav be performed from either i
be expected to adhere to the aircraft, unless the certificate y be p

h_older has an approved deicing program and unIesE thaend weather conditions, as specified in the certificate hold
dispatch, release, and takeoff comply with that program.

approved program. When the pretakeoff contamination ch

. . . ... 1S used, it must be accomplished within five minutes
The FAA said the dispatcher is part of the team that will |n|t|aIIybeginning the takeoff. The aircF:)raft's critical surfaces. as def

determine whether it is safe for a flight to be dispatched in o )
L - L o . in the certificate holder’'s program, must be checked.
existing and anticipated icing conditions. However, a dispatcher

might n(_)t have all or the mqst current icing gnd Weathef?art 121.629(d) outside-the-aircraft checkThis check is
mforma‘uo_n that becomes aYa"a_‘b'? to the p"Ot"nfCQmman%quired only if a certificate holder does not have an appra
and Fhat is usgd by that p|Iot_ in initially determining andprogram and must be accomplished from outside the aird
possibly changing a holdover time. within five minutes of beginning the takeoff.

Pretakeoff Checks_ Aimed The FAA points out that none of the aforementioned checks

At Contamination substitutes for any Airworthiness Directive requirements. A

the feasibility of the five-minute limitation on pretako

Numerous questions were raised concerning the pretakeafbntamination checks or outside-the-aircraft checks, the K
contamination check and the optional outside check. The mostcognized that in many situations neither of the checks ma

ute
e a
off
Bre:
ing
" a
ng
st
the
me
hers.

the
ve
rol
now
less
DI &
pOff
not
shed

the
(4)
by
res

e
of

ne

de

the aircraft who will check the aircraft’s wings or representative

to
les,

h

e condition of an aircraft after the maximum holdover time

side

or outside the aircraft depending on the type aircraft, lighting

er's
eck
of

hed

ved
raft

are
5 to
.f
FAA
y be

148 FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « JUNE-SEPTEMBER 19

97



BATTLE AGAINST AIRCRAFT GROUND ICING

viable at certain airports, at certain peak departure times or durisgiall amount of frost on the underside of the wing in the area
certain weather conditions. The FAA observed that in the longf fuel tanks when consistent with the aircraft manufacturgr’s
term, as airport remote deicing and checking facilities are buittperating and servicing instructions.
or expanded, those checks would be more feasible. However,
the FAA pointed out that the five-minute limitation would arise The FAA responded that it did not intend to change its policy
in only two situations. One is when a certificate holder does natf permitting takeoff with small amounts of frost on the
have an approved ground deicing/anti-icing program. The othemderwings caused by cold soaked fuel within aircraft
is after a maximum holdover time is exceeded. manufacturer-established limits accepted by FAA aircraft
certification offices and stated in aircraft maintenance manuals
The FAA assumed that a certificate holder would elect not tand aircraft flight manuals. Language was added to the final
have an approved ground deicing/anti-icing program only if itule to make it clear that takeoffs with frost under the wing in
concluded that it would be more cost-effective to operatgne area of the fuel tanks are permitted if authorized by|the
without such a program. In electing not to have an approvefidministrator. The FAA said that affected certificate holders
program, the certificate holder has to take into consideratioghould include the type of aircraft involved and justificatipn
the possibility that it would have to delay or cancel flights infor these operations, including manufacturer-supplied data

icing conditions. As a practical matter, the FAA did not expecthowing how these operations are safely accomplished, a$ part
that such a certificate holder’s operations under its rule woulgf their proposed deicing program.

differ significantly from its past operations.

Type-specific Holdover Times
Not Required

The outside-the-aircraft check conducted within five minutes
of beginning takeoff would be the only alternative means of

operating in icing conditions in the absence of an approved ]
program under paragraph (c). Even if a certificate holder was More than half of the comments addressed the issue of the use

use the deicing facilities of another certificate holder who haSf holdover times, and the majority of the comments concerned
an approved program, the first certificate holder could not us&€ following issues: Appropriateness of holdover times being
the holdover times of the deicing certificate holder. This, sai§P€cific either to a certificate holder or to an aircraft type; ise
the FAA, is because the five-minute limitation under 121.629(d9f holdover times as mandatory rather than as guidelines; and
recognizes that pilots who operate without an operator-approv&§termining or changing holdover times.
program, as compared to pilots who operate under an approved ] -

program, may lack proper training and knowledge to determin-'éhe FAA’S rule requires certificate holders to develop holdover
effectively whether the aircraft is free of contamination prior tdimes with data acceptable to the FAA. The FAA acknowledged
takeoff. Without the proper training provided under an approvef’at the only holdover time data currently available to the
program, the pilot-in-command in possession of a holdover tim@dustry and acceptable to the FAA are those developed by
could easily make an uninformed decision in attempting to taki'® Society of Automotive Engineers (SAE) and the
off. In the absence of an approved program, the FAA will requirénternatlonal Organization for Standardization (ISO). Studies

the aircraft to be checked from outside the aircraft within fivd!ave been initiated to develop more precise holdover
minutes of beginning takeoff. timetables, and, as new data become available, new tables will

be developed and made available to the industry. Certificate
To certificate holders with an approved program where a maximufolders may develop other tables, but they should be aware
holdover time is exceeded, the FAA noted three alternativethat the FAA may need considerable time to verify the
The aircraft can be redeiced and a new holdover time establish@gceptability of newly developed tables.
The aircraft can take off if the certificate holder has obtained
approval of an alternate procedure (e.g., a new technology) thaS8\E/ISO-developed holdover times have been compiled |nto
capable of determining that the wings, etc., are clean. The thitables that are specific to fluid type (Type | or Type II) rather
alternative is to accomplish a pretakeoff contamination check ariian being specific to any aircraft. The tables use outside air
begin the takeoff within five minutes of completing the check. Itemperature (OAT) ranges, fluid concentrations or freezing
the takeoff could not be initiated within the five-minute limitation, point (FP) limitations and the general type of contamination
and if no alternate procedure has been established, the worst-cig®, frost, freezing fog or rain, snow and rain on a cold sogked
scenario for the certificate holder is that the aircraft must bwing) to determine an approximate holdover time range.
redeiced and a new holdover time established. The FAA did not
consider the potential delay to be unacceptable given the risks Die tables state that “the responsibility for the application
taking off when there would be considerable uncertainty about tHf these data remains with the users” and caution that they

possibility of aircraft surface contamination. are for use in departure planning only and that they shall not
be used as substitutes for a pretakeoff check. The tables
Underwing Frost Allowed provide approximate time ranges and are subject to individual

interpretation. The FAA determined that takeoff after
Comments expressed concern that the proposed rule could lezxteeding any maximum holdover time in a certificate
to rescinding previous FAA policy that allows takeoffs with aholder’s table is permitted only when acceptable alternatives
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are taken to ensure that the aircraft surfaces are free wiformation required to determine or change the proper holdpver
contamination. time may be available only to the pilot-in-command.

Several comments objected to the proposed language of Certificate Holder Determines
121.629(c)(3), which states that an approved deicing program Type of Fluid Used

must include “the certificate holder’s holdover times, specific

to each aircraft type” and stated that holdover times shouldgyera| comments recommended that the FAA mandate pr at
not be aircraft-type specific. Mq;t believed that holdover timeg, ¢ encourage the use of Type Il fluids, while others raised
should be standard for all certificate holders. questions about using Type I fluids, ranging from potential

. environmental problems to higher cost and limited availability.
In response, the FAA repeated that the only holdover timetables P 9 y

available were those developed by the SAE/ISO and that thegg . paa responded that it was up to the certificate holdef to

times are not aircraft-specific. Because holdover times a§etermine the type of fluids it would use, as each type has its

generally given as acceptable ranges, the FAA said, it iSenefits and intended usage. The FAA said that all the
conceivable that a rational analysis could lead to an acceptabig,rmation available indicated that there is no availability
deicing program in which type-specific holdover times aréyroblem with Type Il fluids.

provided within the ranges of acceptable holdover times given

in the SAE/ISO tables. In the final rule, the language does N@bther general comments included statements that NTSB acdident
prohibit the use of type-specific holdover times, but they ar@atistics related to icing problems do not address the thougands
not required. of successful takeoffs made annually during icing conditions jand

) that the NTSB investigation of the 1982 Air Florida accident
Several comments stated that holdover times were developed@g,ved that improper engine thrust was the main cause of the
guidelines and not as mandatory times. One comment suggestedqent and that perhaps icing problems alone were not the
that the holdover guidance provided in current and proposegpiem. The FAA responded that the NTSB's recommendatjons

advisory circulars was too general to be of genuine use and gt ased on its accident investigations and its other studies and
the FAA should commission SAE to recalibrate its charts to matcly, i effect, consider successful operations. In its investigation

standard U.S. National Weather Service reporting criteria.

of the Air Florida accident, NTSB cited as one of the probgble
causes the flight crew’s decision to take off with snow and ice on

The FAA reiterated that each certificate holder must develo e aircraft's airfoil surfaces.

its own holdover times with data acceptable to the FAA and, i

the maximum holdover time developed by the certificate holdegnqther comment suggested that the FAA should include in the
is exceeded, other actions must be accomplished before thgqyet any studies that it relied on to reach its conclusions, such as
aircraft can take off. The FAA will continue to work with the 6 conclusion that non-slatted aircraft wings are more susceptible
NWS to enhance reporting criteria. to lift loss than slatted aircraft wings. The FAA stated that it has
. . included in the docket a summary of wind tunnel tests of hard
Dispatchers commented that the proposed rule did ne, ading edge wings and slatted leading edge wings completed by

adequately reflect the role of the dispatcher under existing P%te U.S. National Aeronautics and Space Administration’s L

121 ruleg. They recommended that the dl_spatcher’s roIe_ l:I\-sesearch Center, although the difference in accident history of these
reflected in the rule language and that the dispatcher and pil &signs may not be fully explained by design differences.
in-command must work together in determining holdover time

0 ted that the dispatch Id be in a bett " echniques, said the FAA, including rotation rates and angles, are
ne suggested that the dispatcherwould be In a betier positigyl important factors to be considered in assessing stall propensity,
to enforce holdover times than the pilot-in-command. Sever

long with the rotation speed and the initially computed climb speed.
suggested that the proposed rule placed an unreasonable bur eé?ngle factor has not been isolated as the major explanation for
on the pilot-in-command, particularly in a case where the piloéI

. igerences in accident rates, the FAA shid.
would be expected to increase or decrease the determine

holdover time based on changing conditions. Other comments aqdition to the persons quoted in the icing-related articles,

one central agency to determine and revise, as appropriate,

holdover times for all certificate holders operating at that airporRolf Selin, supervisor; Paul Ruponen, supervisor; Tina Kunnas,

secretary, flight simulator department; Antero Harras, hepd
The FAA responded that the information required to determin@f Security; Jussi Ekman, p||0t, Tapani Vanttinen, Supervi or,
or change the proper holdover time includes outside aifne stations maintenance and training; Paavo Turtiainen,
temperature, type and concentration of fluid, weather conditionggrmer manager line maintenance; Tapani Hakola, head of

and time the last application of fluid began. This information i%imu|ator department; and Kaj Grundstrom, vice presid nt,
most readily available to the pilot-in-command, allowing theinyestor relations & cooperation projects.

pilot to determine quickly from the holdover timetable the
appropriate holdover time. The certificate holder’s program mayapio Kilpinen, director of Finland’s Civil Aviation Adminis|
include holdover coordination with the dispatcher, but theration, also contributed information.
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ICEMAN: State-of-the-art Ground Deicing/
Anti-icing Training on CD-ROM

Flight Safety Foundation, which was a major contributor in the technical
development of this product, strongly advocates comprehensive training for
the ground deicing and anti-icing of aircraft.

ICEMAN, an interactive multimedia training aid,
addresses U.S. Federal Aviation Administration
(FAA) Advisory Circular 120-60, Ground Deicing and
Anti-icing Program, training requirements for
obtaining FAA approval of an air carrier's winter
operations program. AC 120-60 grew out of attention
focused on aircraft accidents associated with
inadequate ground deicing and anti-icing after a
USAIr Fokker F-28 stalled during takeoff at LaGuardia Airport
in Flushing, New York, U.S., on March 22, 1992.

In CD-ROM format for IBM-compatible computers running
Microsoft Windows® 95, ICEMAN has been updated and
streamlined for the 1997-98 winter season. Customized
versions are being developed for several major domestic
airlines, while affordable generic versions are available for flight
crews and ground personnel. Canadian and other international
variations are under development. A version tailored to
corporate aviation combines affordable pricing with the
thorough training developed for use by major carriers.

Stuart Matthews, president, chairman and CEO of Flight Safety
Foundation, said that ICEMAN'’s training methods promote
uniform communication and consistent procedures. “A ‘common
language’ is especially important when pilots, ground crews
and dispatchers all perform essential tasks in ground deicing
and anti-icing of aircraft. Standardized training also contributes
to reliable results when contractors, including fixed-base
operators (FBOs), are responsible for application of deicing
and anti-icing fluids.”

ICEMAN was developed by AVEDSOFT, a Colorado-based
software development company, and in cooperation with the
Foundation.

Like other interactive multimedia products, ICEMAN allows
trainees to move at their own pace in a convenient location —

AVEDSOFT

AVIATION EDUCATIONAL SOFTWARE

even with a laptop computer in a pilots’lounge during
a layover. The software exemplifies the trend toward
delivery of computer-based training using off-the-
shelf personal computers, rather than expensive
media suites that often require specialized computer
personnel for operation.

e,

ICEMAN's self-directed training is appropriate for
adults of all educational backgrounds and attention spans. If a
trainee decides to end a training session, he or she can leave
an electronic bookmark permitting return to the same point in
the training later. A combination of video, photographs, animation
and narration presents the training in a form conducive to
understanding. Multimedia lets students learn by virtually doing.
Consistency is achieved in both the content and delivery of
training, and students have the opportunity to repeat a task until
they are comfortable with and competent at it.

ICEMAN's format permits easy reproduction, transmission from
one location to another, compact and inexpensive storage, easy
editing, augmentation and transformation, and rapid access
by anyone. Students receive immediate feedback on incorrect
understanding or performance.

Initial training in ICEMAN takes about 45 minutes for the airline
flight crew version and the corporate flight crew version, and
about 75 minutes for the ground crew version. Individual users
can progress more quickly or slowly, based on their knowledge
base. Multiple modules cover topics such as the clean aircraft
concept; aircraft deicing and anti-icing procedures; the types,
purposes and characteristics of Type |, Il and IV fluids; holdover
times; and proper checks, communications and situational
awareness. The ground personnel version covers additional
information on using refractometers and other deicing equipment.
Industry experts, Flight Safety Foundation and FAA resources
contributed to the accuracy and thoroughness of ICEMAN’s
contents. ¢

For more information about ICEMAN, contact Kathryn Beller, AVEDSOFT vice president,
at (303) 768-8960, by fax at (303) 768-8965 or by e-mail at kbeller@avedsoft.com.
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Reprinted fromAir Line Pilot, August 1995 with permission. Copyright ©198% Line Pilot, all rights reserved.

Inflight Icing: Certification vs. Reality ...
Where the Difference Can Mean Life or Death

Jan W. Steenblik
Technical editorAir Line Pilot

I remember from my days in Lester’s school that thideet from our altitude. We must not risk a repetition, and |yet
temperature is supposedly ideal for icing conditions. Yet sthe engines cannot remain at full power forever. But Hughen
far there is no evidence of ice, and | am even a littldeaves the throttles where they are.
disappointed becau_se thg most | have ever seenis a del'ca}.t?fromFate Is the Hunteby Ernest K. Gann
tracery across the windshield. ¢.In less than a minute, | am

swee}ting. Things are .begi.nning to happen very fast ... NRfoyejist and former airline pilot Ernest K. Gann was lucky.
good things. ..# The air is still not unduly rough, but ... the Although he and Capt. Hughen were obliged to “shake [fedr's]

ship is peginning to porpoise in_ an u_nbelievable rnannerfilthy hand” many times that night, Gann and his mentor and
Hughen is having a very rough time with the controls. Nowy, gy eight passengers all survived, without a scratch,| his

the sweat is dripping from his cheekbones, and he is breathir}garrowing initiation into the rigors of winter flying as a DC12

heavily.¢ “Try Knoxville again! On the loop!s His voice is copilot during the 1930s. Gann eventually told the tale of that

controlled, but there is the constriction of fear beneath hig,e 4y fatal flight in his magnificent nonfiction bestselfete
control. The ordered words come like pistol shets.. My Is the Hunter

attention is caught by the airspeed. One hundred and twenty

miles an hour! Only a few minutes before, we were cruising #s F/O Gann and Capt. Hughen struggled to stay alive long
170. Yet Hughen has not touched the power. A queasy sensatigibugh to divert to Knoxville in their ice-laden DC-2, they
passes through my stomach. The blood rushes to my head up§idre in serious trouble. Yet they were able to stay aloft for a

my cheeks feel aflame. My hands are suddenly hot and|atively long period of time. After they landed, mechanjcs
throbbing. I catch myself working my lips. These | know to bgyt the ice off the airplane with fire axes.

the beginning signals of fear. | cannot seem to stefHecause
my lips insist on making these silly formations, | cannot sayhe DC-2/-3-era airplanes could do that — i.e., take on a
anything about the airspeed. One hundred and twenty. We muygtjhtening amount of ice and still stagger through the sky.
not lose any more. With a load of ice, this ship will cease to flwith forgiving airfoils like the DC-3's Clark, a little ice might
at 100, possibly even sooner.+..A sudden, terrible shudder not bring the airplane down. Pilots grew used to sloggjing
seizes the entire airplane. At once Hughen shoves the throttlgsrough it and pressing on.
wide open and the nose down.The shuddering ceases.

Hughen wipes the sweat from his eyetShe almost got away In fact, many pilots today believe, based on their past experignces
from me!” ¢ The incipient stall has stolen an additional 300 flying Beech 18s, DC-3s, or older turboprop regional airliners
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INFLIGHT ICING : CERTIFICATION VS. REALITY

or corporate aircraft with less sensitive airfoils, that slogging-ARs do not contain any requirement or specification
through it is just part of life on the line in winter. They might certificating the airplane to any standard of handling
not realize that, in the more efficient aircraft they now fly, theyperformance in icing conditions — though the certificati
may be closer to putting thdife on the line. requirements for handling and performance with

uncontaminated wing are extensive.”
Simmons 4184 — A Wake-up Gong
To fully appreciate the inadequacies of FAA's curre

The Oct. 31, 1994, high-speed inverted dive of Simmon§ertification requirements for airframe icing protectic
Airlines Flight 4184 — an ATR 72 — into a soybean field SyStems, we need to take a few moments to review the |
near Roselawn, Ind., hammered a wakeup gong that was he&@fodynamics of icing in flight.

around the world.
Imagine that we are flying from clear air into cloud th

During the weeks and months that followed that accident, thontains icing conditions: The wing cleaves the cloud lik
design, certification, and operation of ATR 42 and 72 turboprogull knife, parting the air, redirecting it, pushing it dow|

regional airliners came under intense public, news media, arfdeating lift. Most of the air molecules flow over or und
government scrutiny. the wing in smooth, curving paths called streamlines
Fig. 1).

A joint U.S.-French special certification review conducted after
the SAI accident showed that the ATR 42 and 72 met currert few of the air molecules smash into the most forward f
certification requirements for flight into icing conditions. The of the leading edge, milling around in a frenzied eddy in fr
SAIl accident thus raised anew some old and disturbin@fWhat engineers call the stagnation point of the airfoil. Sg
questions about the fundamental soundness of the certificati@Hf molecules whirl in other small, tight eddies, caught betw,
process that FAA and foreign airworthiness authorities use € upper wing surface and the laminar air flow above the w
approve civil transport airplanes for flight in icing conditions.

The cloud we just entered is a fine mist of water droplets

In November 1994, ALPA's Executive Central Air Safety We won't quantify their size yet — suspended in the air.

for
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Chairman, Capt. David J. Haase (TWA), named an ALPAJroplets are “supercooled” — colder than 32 degrees F, ready

Inflight Icing Certification Working Group (IICWG). Chaired 1o freeze on the first solid object they touch.
by F/O Steve Green (TWA), a member of ALPAs national
Accident Investigation Board and a former regional airline pilo
with thousands of hours of turboprop experience, the ICWG o
also includes Capt. Steve Erickson (SAl) and Capt. Scott Droplet trajectories
McKee (TWE), both experienced ATR pilots, and F/O Jim

Bettcher (DAL), a former Air Force test pilot.

Stagnation point
One of the prime responsibilities of the ALPA IICWG is to ,/ AT
develop recommendations to give to FAA for overhauling the Streamlines

icing certification regulations. \

As the ALPA group has dug deeper into these issues during
the last several months, it has found a disturbing series pf Droplet trajectories
shortcomings in icing certification. 200 microns

The Problem

Stagnation point

_ ———
Since the days of the DC-2, more than 60 years ago,g _ .

manufacturers have equipped transport airplanes with airframe—

anti-icing and deicing systems. These systems have never beell_ \
\

intended to cope with all types or severities of inflight icing.

AIRFOIL

. - . Size of supercooled droplets greatly affects severity and
The problem, says F/O Green, is the “serious disharmony|scation of wing icing in flight. Larger droplets, having

between the criteria used for certification of an aircraft antl more inertia, penetrate streamlines more easily and hit
the criteria used for dispatch and operation of that aircraft.”| the wing farther aft.

Regarding certification, he continues, “the FAA certification Source: ATR; Rendered by:William A. Ford
requirements concern only the icing protection systems on the
aircraft, and then only in a limited icing environment. The Figure 1
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Most of the tiny droplets, having little inertia, follow the Appendix C, the “Bible” for FAA and manufacturers, spells
streamlines closely; the wing rushes smoothly between thaut the range of environmental conditions that manufactufers
droplets, pushing them out of the way without touching mosinust show their equipment can handle satisfactorily. Appendix
of them. Some of the droplets penetrate the confused air defines a different environmental icing “envelope” for egch

immediately in front of the stagnation point, strike the leadingf two conditions —

edge, and freeze. . . . .
(1) continuousmaximum icing (stratiform clouds),

We fly on into a region where some of the droplets are bigger. and

The bigger droplets do not follow the streamlines as well as the (2) intermittentmaximum icing (cumuliform clouds).
smaller droplets do. Some of the bigger drops hit the upper an
lower surfaces of the leading edge and freeze. The largest dr

strike the wing farther aft than the smaller drops. Some of th
larger drops also splash and run aft along the wing before thl
freeze completely. If they are big enough, they will actuall)}
strike the wing behind the area protected by the deicer boot.

ccjgr each of the two basic cloud types, Appendix C shows in
lagrams the maximum intensity of the atmospheric conditipns
e icing protection systems must deal with — the limits| of
e certification envelope.

The edges of each envelope are set by a combination of three

The ice continues to accrete on the wing, contaminating th\éa“ableS:

wing's so carefully designed shape. The streamlines close to (1) the liquid water content of the cloud,
the wing begin to break up; more and more of the wing’s energy
is wasted on sending air molecules swirling in unproductive
eddies. (3) the diameter of the cloud droplets.

(2) the ambient air temperature, and

The phrase “diameter of the cloud droplets” sounds about as

The wing’s lift decreases, and drag increases. . . L ,
plain and simple as you can get; it isn't. We’'ll come back to

This is the classic icing scenario — which Capt. Hughen anH‘at'
F/O Gann experienced in an extreme form. Gann wrote that

Capt. Hughen struggled to keep the DC-2 under control _But first, let’s look at the two icing “envelopes” diagrammed

but his struggle was to maintain slow flight on the edge of Appendlx C: The env_elope for continuous maximum Icing
stall, not a struggle to outmuscle a control wheel gone berse _he I_<|_nd fou_nd in stratiform CI.OUdS) assumes that the 'ang

conditions exist (1) across a horizontal distance of 17.4 nautical

miles (nm), (2) in an altitude band as much as 6,500 feet deep,
nd (3) within a pressure altitude range from sea level to FL220

see Fig. 3, page xx).

The DC-2 wallowed along, slow and sloppy. It did not,
however, abruptly pitch over, overpowering the pilots’ attempt
to pull the control yokes rearward (tailplane icing stall; se
“Turboprop Tailplane Icing,Air Line Pilot, January 1992).
The airplane did not abruptly roll over, its ailerons suddenl
deflecting nearly to their stops despite the pilots’ struggle
center them (SAI Flight 4184).

This envelope also covers a temperature range from +32 to
t¥22 degrees F, cloud liquid water content ranging from 0.04 to
9.80 grams/cubic meter (about 1/125 to 1/6 teaspoon of water
per cubic meter), and a “mean effective droplet diameter”

. . L . g\/IED) of 15-40 microns. One micron is one thousandth of a
As tests conducted during the special certification review of . - : . : .
millimeter; one millimeter is about half the diameter of the

the ATR 42/72 — plus pilot reports involving these and mhefead in a wooden pencil
turboprop regional airliners — have shown, certain ice shapes P '

on the wing can suddenly, dramatically change the airplanei§or intermittent maximum atmospheric icing conditions —

handling characteristics. In the worst case, a relatively smafl,, type associated with cumuliform clouds — the Appendix
amount of Ice on the wing can make. the alrplane d_|ff|(_:g|t O certification model assumes a horizontal extent of 2.6 nm, a
even impossible to control — without first causing a&gmﬂcantmessure altitude range from 4,000 feet to FL220, and a rx]ean
increase in drag and decrease in lift. effective droplet diameter of 15-50 microns (maximum s|ze

¢ ; donlv relat h as “tinv” “bi ,L0 microns larger than the continuous maximum icing limijt).
So I(;ir we V?j l:fse hon yftr”e atg/e ter[)ns iuc ash tny, f'gg_ef' For these conditions, the model assumes a liquid water content
colder,” and "arther ait” to describe the mechanics ot Icing.q o 55 9 grams/cubic meter (1/20 to 6/10 teaspoon of water

We haven't put hard numbers on these elements of the iCingy, o hic meter), and ambient air temperature of +26 to|-40
equation. For better or worse, FAA has. degrees F

FAA Certification Requirements For each type of icing, an Appendix C diagram plots clqud

liquid water content as a function of cloud horizontal extent

FAA's current certification requirements for large transport— liquid water content decreasing as cloud horizontal extent
airplanes’ icing protection systems are contained in FAR Paitcreases — for cloud conditions more extensive than the 17.4-
25, Appendix C. nm stratiform cloud and the 2.6-nm cumuliform cloud.
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In other words, Appendix C assumes that you might fly througln other words, no transport category aircraft is certificated|for
a longer cloud than the model’s standard icing cloud, but thdlight in freezing drizzle or freezing rain. The meteorologists
the longer the cloud, the less water it would hold per cubiwho analyzed the weather data recorded at the time and logation
meter. The model thus implies that the wing would be exposeaf the SAI Flight 4184 accident concluded in their report| to
to icing conditions for a longer period of time but thatrite =~ NTSB that they had found “a high probability that supercoaled
of icing accretion would be slower. drizzle drops were present in the ATR-72 holding pattern.”

The diagram stops at 310 nm for stratiform clouds and 5.21  Muddled Measurement Techniques
nm for cumuliform clouds.

Appendix C’s failure to deal with large droplets represents a
The rationale for these seemingly arbitrary numbers still uselmitation that is becoming more serious as research continues.
in today’s certification requirements lies buried in the distanBut even within the envelope, Appendix C is rife with
past. Appendix C is largely based on technical reports preparggoblems.
by the National Advisory Committee for Aeronautics (NACA,
predecessor to NASA) more than 40 years ago. For one thing, the industry uses different standards and methods

for measuring droplet diameter that can lead to significantly

One of those sources, NACA Technical Note No. 1855different results.
“Recommended Values of Meteorological Factors to be
Considered in the Design of Aircraft Ice-Prevention Each of these methods a’[tempts to deal with the fact that no

Equipment,” was published in March 1949 — when the queen@oud contains droplets all exactly the same size. Measuring
of the fleet were early-model Connies and DC-6s. the number, concentration, and size of the droplets is not ¢asy.

; Appendix C refers to “mean effective droplet diameter
Why Appendlx C Is Flawed (MED), an archaic term that was used decades ago with

) ) measurement devices that are now obsolete. The principal
Appendix C may be dry and arbitrary, but on the surface, jgerence between MED and the parameter generally Used

seems perfectly straightforward. Unfortunately, applyingiogay in icing certification tests — mean volumetric diameter,
Appendix C is not. or MVD — is that measuring MED requires using statisti¢al

) ) _ ) ~assumptions about the actual distribution of the droplet sjzes
Particularly vexing are several issues relating to droplet siz¢ the cloud.

Larger supercooled droplets pose more of a threat to aviation

safety than do smaller droplets because, as described earlighasyring MVD, on the other hand, requires no such statistical
larger droplets are more likely to hit the wing — and to hit 'tassumptions; the measuring probes protruding from the flight
farther aft. test aircraft can measure, in real time, all but a short range of
droplet diameters.
If the droplets strike the wing aft of the anti-icing/deicing
devices (on turboprops, pneumatic boots) on the leading edgsp far, no definitive work has been done to correlate the [two
and/or run back aft of the devices, ice may accrete on th@easures.
wing where the flight crew is powerless to get rid of it.
Recently, moreover, ALPAs icing team learned that different
When Appendix C was developed, it was assumed that veryyethods used by manufacturers to calculate MVD may yjeld
very few large droplets ever occurred in nature. Researcherssults that differ by as much as two to one.
are now beginning to believe that assumption was erroneous
and that large droplets may occur somewhat more frequent§This is simply intolerable,” F/O Green charges. “It calls into
guestion the validity of all icing certification.”
As discussed earlier, Appendix C requires manufacturers to
design their airframe icing protection systems to manage icing Droplet “Populations”
conditions created by supercooled droplets up to 40 microns
for continuous maximum icing conditions and up to 50Mean volumetric diameter, or MVD, may be superior to the
microns for intermittent maximum icing conditions. older MED measure of droplet size, but it is the subject of a
statistical controversy that has significant implications for
But those droplet sizes aren’t even close to those of freezirgjrcraft icing certification — especially in light of what more
drizzle, which FAA'sAircraft Icing Handbookdefines as has been learned about turboprop wing icing since the [SAI
supercooled droplets in the 200- to 500-micron range, and thoBéight 4184 accident.
of freezing rain, which is about 1,000 microns (1 millimeter)
in diameter (see Fig. 2, page Xx). “Understanding the meaning of ‘mean volumetric diameter
is important,” F/O Green cautions.
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Scale:
Approximately 50 times
actual size

Most of the time, super-cooled droplets
encountered in flight are not larger than
the ones in which airframe icing-
protection systems must be tested.
Sometimes, however, they actually are
much larger than the Appendix C micro-
scopic droplets; then flight crews may
become, in effect, unwilling test pilots.
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Continuous Maximum (Stratiform Clouds) Atmospheric Conditions
Liquid Water Content vs. Mean Effective Drop Diameter

.08

1. Pressure altitude
range S.L. -22,000 feet
2. Maximum vertical
extent 6,500 feet

3. Horizontal extent,
standard distance of
17.4 nautical miles
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Liquid water content
(in grams per cubic meter)

.02
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Mean effective drop diameter (in microns)

FAR Part 25, Appendix C, includes several diagrams — including this one — that define the environmental conditions
aircraft icing-protection systems must deal with satisfactorily to obtain FAA certification.

Source: NACA TN NO. 1855 Class IlI-M Continuous Maximum

Figure 3

“Mean volumetric diameter,” he explains, “is a statistical termA cloud with a “bimodal distribution” of droplet sizes would
that means that half the droplets within the parcel of air arbe like the “duplex” shotgun loads some hunters shoaot at
smaller than the MVD, and half are larger. Any given parcegjeese — for example, a mix of T (large) and BB (smaller)
of air containing supercooled water will have in it some veryshot — but with a modest sprinkling of shot of other sizes
small droplets and some very large droplets.” added.

Traditionally, this distribution was considered to belnthe case of the bimodal droplet distribution, the recent studies
“monomodal” — i.e., a graph showing the number of dropletsuggest that droplets in the 100-200 micron range — larger
of a certain diameter within the parcel of air would look likethan Appendix C covers but smaller than FAA's definition of
the traditional “bell-shaped curve” (or, for dromedary loversdrizzle — make up a statistically larger percentage of the
a single-humped camel) beloved by statisticians and teache#soplet population than previously thoughtthoutaffecting
who “grade on the curve.” the measured MVD.

In other words, in a given parcel of air, most of the dro IetRemember, this population of larger droplets — hiding their
' 9 P : P ?rue numbers behind the cloak of statistics — can crosg the

W0|U|d havel;approxm:ately thelje:)me d|art:\eter ﬁs the MVD,; o afts streamlines and hit the wing farther aft, and thus pose
:3” y a small percentage would be much smaller or MUCY y;0er threat to safety, than the droplets that actually are the
arger. size of the MVD.

Recent studies, however, have suggested that nature may not Acceptable Risk?
follow the simple bell curve in this case. A new, alternative

concept holds that the actual distribution of the droplet diametelgnother sobering issue that has come to light is that FAA
is “bimodal” — i.e., it looks like a two-humped camel. assumes that the probability of the aircraft flying into icing
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conditions outside the Appendix C certification envelope is IIn light of the better understanding we have today of the effelacts

in 1,000. of inflight icing on modern, high-efficiency airfoil designs,
reexamining it may be appropriate,” he argues.

By contrast, FAA requires manufacturers to show that the risk

of catastrophic failure of certain aircraft parts, systems, Ofzn gider, more ice-tolerant but less fuel-efficient airfoil may

operations is 1 in killion. have provided adequate handling qualities during maneuvering

_ L . to escape an encounter with icing that exceeds the Appendix C
In other words, FAA is saying, in effect, that the risk of, forenvelope, but newer wings may not.”

example, losing a wing to an extreme gust is acceptable if it IS
not likely to occur more often than once in a billion flights,
but that flying outside the Appendix C icing envelope is
acceptable if it happens only once in a thousand flights.

Over much of the United States, as every regional airline pilot
knows, a regional airliner operating in scheduled service is
more likely to be in icing conditions than out of them during

Put another way, to enjoy the same low level of risk in the tw@'@ny days in the winter.
situations, you'd have to be sure that flight outside the

Appendix C envelope was not likely to result in an accidentThe bottom line,” says F/O Green, “is that we need to be sure
more than once in a million of those flights. that the aircraft will fly well enough to let us escape an icing

encounter. At the very least, we need to be able to keep the
F/O Green points out that FAA's permissive assumption thatlue side up for the forced landing.”
the airplane can and will exceed the Appendix C envelope
one in a thousand times “is quite a high probability. Just like Capt. Hughen and F/O Gann in their D&€-2.
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ADVISORY CIRCULAR (AC) 91-51A

Q Advisory

U.S.Department

of Transportation C- r I r
Federal Aviation I C u q

Administration

Effect of Icing on Aircraft Control and

Airplane Deice and

Advisory Circular (AC) 91-51A, July 17, 1996

1. Purpose.This advisory circular (AC) provides information
for pilots regarding the hazards of aircraft icing and the use
of airplane deice and anti-ice systems.

4.

2. Cancellation. AC 91-51, Airplane Deice and Anti-ice
Systems, dated September 15, 1977, is cancelled.

3. Related Reading Material.The information contained in
this AC complements the documents listed below.

a. Current editions of the following AC’s may be 5.

obtained at no cost by sending a written request to U.S.
Department of Transportation, Subsequent Distribution
Center, Ardmore East Business Center, 3341 Q 75th
Avenue, Landover, MD 20785:

(1) AC 20-117, Hazards Following Ground Deicing
and Ground Operations in Conditions Conducive

to Aircraft Icing.

(2) AC 135-16, Ground Deicing and Anti-icing
Training and Checking.

(3) AC 135-17, Pilot Guide, Small Aircraft Ground
Deicing.

b. Current editions of the publications belowmay be
purchased from: New Orders, Superintendent of
Documents, P.O. Box 371954, Pittsburgh, PA 15250-
7954.

(1) AC 00-6, Aviation Weather.
(2) AC 00-45, Aviation Weather Services.

(3) AC 61-21, Flight Training Handbook.

Anti-ice Systems

(4) AC 61-23, Pilot's Handbook of Aeronautica

Knowledge.

Background. A review of aircraft accident and incider

t

reports indicates that pilots may not be fully aware of the

effects of icing on aircraft control. The review also indicai
that pilots may be unaware of the limitations of aircraft de
and anti-ice systems and the conditions under which t
systems are approved for flight into icing conditions.

Discussion.One of the hazards to flight is aircraft icing.

Pilots should be aware of the conditions conducive to ic
the types of icing, the effects of icing on aircraft cont
and performance, and the use and limitations of airG
deice and anti-ice equipment.

a. Itisimportant that a pilot understand the conditions
which are conducive to icingAn understanding of thes
conditions allows the pilot to evaluate the availal

11

es
ice
ose

ng,
ol
raft

le

weather data and make an educated decision gs to
whether an intended flight should be made. One of|the
best sources of available weather data is pilot reports.
The Federal Aviation Administration (FAA) encourages
all pilots to report their flight conditions when warranted.

(1) Forice to form, there must be moisture present in
the air and the air must be cooled to a temperature

of 0°C (32°F) or less. Aerodynamic cooling can
lower the temperature of an airfoil to 0°C even

though the ambient temperature is a few degr
warmer. However, when the temperature reac
-40°C (-40°F) or less, it is generally too cold f
ice to form. Ice is identified as clear, rime,

mixed. Rime ice forms if the droplets are sm
and freeze immediately when contacting t
aircraft surface. This type of ice usually forms
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areas such as the leading edges of wings or struts.
It has a somewhat rough looking appearance and
is a milky white color. Clear ice is usually formed
from larger water droplets or freezing rain that can
spread over a surface. This is the most dangerous
type of ice since it is clear, hard to see, and can
change the shape of the airfoil. Mixed ice is a
mixture of clear ice and rime ice. It has the bad
characteristics of both types and can form rapidly.
Ice particles become imbedded in clear ice,
building a very rough accumulation.

(2) The following table lists the temperatures at which
the various types of ice will form.
Table 1
Temperature Ranges for Ice Formation
Outside Air
Temperature Range Icing Type
0°C to -10°C Clear

-10°C to -15°C
-15°C to -20°C

Mixed Clear and Rime
Rime

b. There are two kinds of icingthat are significant to

aviation: structural icing and induction icing. Structural
icing refers to the accumulation of ice on the exterior
of the aircraft; induction icing affects the powerplant
operation. Significant structural icing on an aircraft can
cause aircraft control and performance problems. The
formation of structural icing could create a situation
from which the pilot might have difficulty recovering
and, in some instances, may not be able to recover at
all. To reduce the probability of ice buildup on the
unprotected areas of the aircraft, a pilot should maintain
at least the minimum airspeed for flight in sustained
icing conditions. This airspeed will be listed in the
airplane flight manual (AFM).

1)

Structural icing can block the pitot tube and static

ports and cause the breakage of antennas on the

aircraft. This can cause a pilot to lose or receive
erroneous indications from various instruments
such as the airspeed indicator and altimeter and
can cause a loss of communications and radio
navigation capabilities.
(2) The most hazardous aspect of structural icing is
its aerodynamic effects. Ice can alter the shape of
an airfoil. This can cause control problems, change
the angle of attack at which the aircraft stalls, and
cause the aircraft to stall at a significantly higher
airspeed. Ice can reduce the amount of lift that an
airfoil will produce and increase drag several fold.

3)

(4)

(5)

(6)

Additionally, ice can partially block or limit|

control surfaces which will limit or make contral

movements ineffective. Also, if the extra weig
caused by ice accumulation is too great, the airc
may not be able to become airborne and, if in flig

Nt
raft
ht,

the aircraft may not be able to maintain altitude.

For this reason, Title 14 of the Code of Fede

Regulations (14 CFR) prohibits takeoff when

snow, ice, or frost is adhering to wings, propelle
or control surfaces of an aircraft. This clean aircr
concept is essential to safe flight operations.

Another hazard of structural icing is the possit
uncommanded and uncontrolled roll phenomer
referred to as roll upset that is associated w
severe in-flight icing. Pilots flying airplane
certificated for flight in known icing conditiong
should be aware that severe icing is a condit
that is outside of the airplane’s certification icin
envelope. Roll upset may be caused by airfl
separation (aerodynamic stall) inducing se
deflection of the ailerons and loss of or degrad
roll handling characteristics. This phenomena @
result from severe icing conditions without th
usual symptoms of ice accumulation or a percei
aerodynamic stall.

The term “severe icing” is associated with the ra|
growth rate of visible ice shapes most oft¢
produced in conditions of high liquid water conte
and combinations of other environment
and flight conditions. Severe icing is ofte
accompanied by aerodynamic performan
degradation such as high drag, aerodynamic bu
and premature stall.

In addition, ice associated with freezing rain
freezing drizzle can accumulate on and beyond
limits of an ice protection system. This kind of ig
may not produce the familiar performang
degradation; however, it may be potential
hazardous. Freezing rain and freezing driz
contain droplets larger than the criteria specifi
by certification requirements. Temperatures ne
freezing can produce severe icing.

Another hazard of structural icing is the tailpla
(empennage) stall. Sharp-edged surfaces are n
susceptible to collecting ice than large blu
surfaces. For this reason, the tailplane may be
accumulating ice before the wings and c
accumulate ice faster. Because the pilot can
readily see the tailplane, the pilot may be unaw
of the situation until the stall occurs. There hal
been reports of ice on the tailplane without a
visible ice on the wing. This can occur if th
tailplane has not or cannot be deiced.
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(7)

(8)

A tailplane stall occurs when, as with the wing,
the critical angle of attack is exceeded. Since the
horizontal stabilizer counters the natural nose
down tendency caused by the center of lift of the
main wing, the airplane will react by pitching
down, sometimes uncontrollably, when the
tailplane is stalled. Application of flaps can
aggravate or initiate the stall. The pilot should
use caution when applying flaps during an
approach if there is the possibility of icing on
the tailplane.

Perhaps the most important characteristic of a
tailplane stall is the relatively high airspeed at the
onset and, if it occurs, the suddenness and
magnitude of the nose down pitch. A stall is more
likely to occur when the flaps are approaching the
fully extended position, after nose down pitch and
air speed changes following flap extension, or
during flight through wind gusts.

c. Small aircraft engines commonly employ a
carburetor fuel systemor a pressure fuel injection
system to supply fuel for combustion. Both types of
induction systems hold the potential for icing which
can cause engine failure.

(1)

(2)

The pilot should be aware that carburetor icing
can occur at temperatures between -7°C (20°F) and
+21°C (70°F) when there is visible moisture or
high humidity. This can occur in the carburetor
because vaporization of fuel, combined with the
expansion of air as it flows through the carburetor,
causes sudden cooling, sometimes by a significant
amount within a fraction of a second. Carburetor
ice can be detected by a drop in rpm in fixed pitch
propeller airplanes and a drop in manifold pressure
in constant speed propeller airplanes. In both types,
usually there will be a roughness in engine
operation. Some airplanes are equipped with
carburetor heat for use in both prevention and
removal of ice. The pilot should consult the AFM
or the pilot’s operating handbook for the proper
use of carburetor heat.

Fuel injection systems are less susceptible to
icing than the carburetor system. Ice, which can
partially or totally block the air from entering the
engine, forms on the air intake of the engine. The
usual indication of icing in a fuel injection system

d.

e.

is the same as in a carburetor system. An alternate f.

air source located inside the engine cowling is
used to provide air to the engine to continue
combustion. Usually, this source is operated
automatically and has a manual backup system
that can be used if the automatic system
malfunctions.

(1)

(@)

(See Table 2, page 164)

Ice detection is very importantin dealing with icing

in a timely manner. A careful preflight of the aircraft

should be conducted to ensure that all ice or frost is

removed before takeoff. This is especially true

larger aircraft where ice is difficult to see in some
locations. Also, it is more difficult to detect ice during
be

flight on such areas as the tail, which may

impossible to see. At night, aircraft can be equipp
with ice detection lights which will assist in detectin
ice. Being familiar with the airplane’s performan

the possibility of ice. Ice buildup will require mor
power to maintain cruise airspeed. Ice on the tailpl

and flight characteristics will also help in recognizi}g

n

ed

g
e

ne

can cause diminished nose up pitch control and hgavy
elevator forces, and the aircraft may buffet if flaps

are appliedice on the rudder or ailerons can caus
control oscillations or vibrations

When operating in icing conditions on the ground

or in flight, a pilot must have knowledge of aircraft

e

deicing and anti-icing procedures. Deicing is a procedure
in which frost, ice, or snow is removed from the aircraft
in order to provide clean surfaces. Anti-icing is a procgss

that provides some protection against the formatior

of

frost or ice for a limited period of time. There are variqus

methods and systems which are used for deicing

and

anti-icing. A pilot must be knowledgeable regarding the
systems and the procedures to be used on the spegcific

aircraft before operating in icing conditions.

of removing ice from an aircraft surface. Or
method is pneumatic boots. This system
commonly used on smaller aircraft and usual

provides ice removal for the wing and tail sectipn

There are numerous methods which are capable

e
is
ly

by inflating a rubber boot. Ice can also be removed
by a heat system or by a chemical fluid. Deicipg

the propeller is usually done by electrical heat,
it can also be done with a chemical fluid.

but

Anti-icing can be accomplished by using chemical

fluid or a heat source. Anti-ice systems are

activated before entering icing conditions to he

Ip

prevent the ice from adhering to the surface. These

methods provide protection for the wings, tal

propeller, windshield, and other sections of the

aircraft that need protection.

For an airplane to be approved for flight into icing

conditions, the airplane must be equipped with systems
which will adequately protect various components.
There are two regulatory references to ice protection:
the application to airplane type certification in 14 CFR
parts 23 and 25 and the operating rules contained in 14

CFR parts 91 and 135.
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Table 2
Icing Intensity, Accumulation

, and Pilot Action

Intensity Airframe Accumulation Pilot Action

Trace Ice becomes perceptible. Rate of accumulation of  Unless encountered for one hour or more, deicing/
ice is slightly greater than the rate of loss due to anti-icing equipment and/or heading or altitude
sublimation. change not required.

Light The rate of accumulation may create a problem if  Deicing/anti-icing required occasionally to remove/
flight in this environment for one hour. prevent accumulation or heading or altitude

change required.

Moderate The rate of accumulation is such that even short Deicing/anti-icing required or heading or altitude
encounters become potentially hazardous. change required.

Severe The rate of accumulation is such that deicing/ Immediate heading or altitude change required.
anti-icing equipment fails to reduce or control
the hazard.

(1) With regard to ice protection, airplane type flight characteristics, or performance. In such

(2)

certification is currently accomplished by meeting
either the requirements of § 23.1419 or § 25.1419.
These rules require an analysis to establish the
adequacy of the ice protection system for the
various components of the airplane based on the
operational needs of that particular aircraft. In
addition, tests of the ice protection system must
be conducted to demonstrate that the airplane is
capable of operating safely in the continuous
maximum and intermittent maximum icing
conditions, as described in part 25, appendix C.
The type certificate data sheet (TCDS) gives the
certification basis for the airplane and lists the
regulations with which the airplane has
demonstrated compliance. Therefore, when an
airplane complies with one of the regulations
which refers to part 25, appendix C, the icing
certification is indicated on the TCDS and in the
AFM. The AFM lists the equipment required to
be installed and operable. The AFM or other
approved material will also show recommended
procedures for the use of the equipment.

The operating rules contained in § 91.527 andb.
§ 135.227 also permit flight into specified icing
conditions provided that the aircraft has
functioning deice and/or anti-ice equipment
protecting specified areas of the aircraft. There are
aircraft with partial installations of deicing and/or
anti-icing equipment that do not meet the
certification or the operating regulatory
requirements for flight into icing conditions. Those
installations are approved because it has been
demonstrated that the equipment does not
adversely affect the aircraft's structure, systems,

cases, the AFM or other approved material mpust

explain the appropriate operating procedures for

the partial deicing and/or anti-icing equipment and

contain a clear statement that the aircraftas

approved for flight into known icing conditions.
(3) It is important for pilots to understand that an
airplane equipped with some types of deice and/
or anti-ice systems may not be approved for flight
into known icing conditionsTo be approved for
such flight, the airplane must be specifically
certificated to operate in known icing conditions.
(4) Also, it is important to remember that the
certification standards provide protection for the
majority of atmospheric conditions encountered,
but not for freezing rain or freezing drizzle or for
conditions with a mixture of supercooled droplets
and snow or ice particles. Some airfoils are
degraded by even a thin accumulation of ice aft of
the deicing boots which can occur in freezing rain
or freezing drizzle.

Summary. It is extremely important that pilots understand

the dangers of aircraft icing. Even if an airplane is equipped
and certificated to operate in known icing conditions, there
are limitations. Flight into known or potential icing
situations without thorough knowledge of icing and |ts

effects and appropriate training and experience in use of
deice and anti-ice systems should be avoided. It is important
to know both the pilot's and the airplane’s limitations. Pilots

should become familiar with the types of weather associated
with and conducive to icing and understand how to detect
ice forming on the airplane. Pilots should know the adverse
effects of icing on aircraft systems, control, and

164
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performance. They should also know how to respond to the look for irregular or jagged lines or pieces of ice that are
situation if accidentally caught in icing conditions. A  self-shedding. All areas to be observed need adequate
knowledgeable pilot is better prepared to make timely illumination for night operation.
decisions and promptly recognize the factors that can
contribute to aircraft icing accidents. 2. The aft limit of ice accumulation on the propeller spinner.
Nonheated propeller spinners are useful devices for sorting
7. Advisory Material. The procedures and techniques droplets by size. SLD icing will extend beyond normal ice
discussed in this AC are advisory in nature. They are general limits.
guidance and should not be construed as required operating
practices. This AC also contains numerous references t&. Granular dispersed ice crystals or total translucent or opaque
compliance with 14 CFR. The regulations themselves are coverage of the unheated portions of the front or side
not advisory, and compliance is required. Applicable windows. This may be accompanied by other ice patterns
operating limitations and procedures contained in on the windows such as ridges. These patterns may gccur
manufacturers’ FAA-approved flight manuals and other within a few seconds to one-half minute after exposure to
approved documents take precedence over the information SLD conditions.
contained in this AC. For specific guidance, pilots should
consult the appropriate FAA-approved flight manual. 4. Unusually extensive coverage of ice, visible ice fingers| or
ice feathers on parts of the airframe not normally covered
William J. White, Deputy Director, Flight Standards Service by ice.

Additional Cues Significant at Temperatures near

Appendix 1. Roll Upset Freezing:

This appendix is a summary of the cues that a pilot should. \isible rain (consisting of very large water droplets). [In
recognize and corrective actions that can be taken if the aircraft reduced visibility conditions, select taxi/landing lights “Op”

encounters an uncommanded or uncontrolled roll upset due to occasionally. Rain may also be detected by the sound of
severe in-flight icing. Itis based on the FAAs investigation of  droplets impacting the aircraft.
airplane accidents and incidents during or after flight in

freezing rain or freezing drizzle conditions causing severe iz, Droplets splashing or splattering on impact with the
flight icing. The term “supercooled large droplets” (SLD) windshield. Droplets covered by icing certificatio
includes freezing rain or freezing drizzle. envelopes are so small that they are usually below|the

threshold of detectability. The largest size of the drizzle

The most effective means to identify severe icing are cues that droplets covered is about the diameter of a 0.5mm pencil
can be seen, felt, or heard. The general information provided |ead.

in this appendix is intended to assist pilots in identifying

inadvertent encounters with SLD conditions. The suggestions, water droplets or rivulets streaming on heated or unheated

below are not intended to be used to prolong flight in conditions windows. The droplets or rivulets are an indication of high
which may be hazardous. Because of the broad range of jiquid water content (LWC) of any sized droplet.

environmental conditions, limited data available, and various
airplane configurations, pilots must use the manufacturer's, weather radar returns showing precipitation. Returns
airplane flight manual (AFM) for specific guidance on  showing precipitation suggest that increased vigilance| for
individual types of aircraft. all of the cues is warranted. Evaluation of the radar may

provide alternative routing possibilities.

=]

—h

Warning: This document describes two types of upset: roll
upset and tailplane stall (pitch upset). The procedures for
recovery from one are nearly opposite those for recovery from
the other. Application of the incorrect procedure during an
event can seriously compound the event. Correct identification
and application of the proper procedure is imperative.

Prevention/Correction
Before Takeoff:
1. Know the pilot weather reports (PIREP) and the forecast.

Detectlng SLD 2. Know where the potential icing conditions are located in

relation to the planned route and which altitudes and

Cues directions are likely to be warmer or colder. About 25% of
the cases of SLD are found in stratiform clouds colder than

1. Ice visible on the upper or lower surface of the wing aft of 0°C at all levels with a layer of wind shear at the cloud top.
the active part of the deicing boots. It may be helpful to There need not be a warm melting layer above.
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In-Flight: 2. Set appropriate power and monitor the airspeed/AOA.
controlled descent is a vastly better alternative than
1. Maintain awareness of the outside temperature. Know where uncontrolled descent.
the freezing level static air temperature (SAT) is located.
Be especially alert for severe ice formation at total ai3. If flaps are extended, do not retract them unless it can
temperature (TAT) near 0°C or warmer (when the SAT is determined that the upper surface of the airfoil is clea

these temperatures. given airspeed.

would be the temperatures given in a forecast. symmetrically by visual observation of the left and rig
wing. If not, follow manufacturer’s instructions.

b. TAT is measured by a probe having velocity with
respect to the air. Because of heating due to
compression upstream of the probe, the total
temperature will be warmer than the SAT. The
difference is kinetic heating or the so called “ramrise.
There is less kinetic heating in saturated air than in dr

Summary

gilerons or loss of aileron effectiveness may be caused b

by one degree. TAT and SAT are normally associate Bt - ) -y
accumulating in a sensitive area of the wing aft of the deigi

with air data systems.

2. Avoid exposure to SLD icing conditions, usually a X
temperatures warmer than -10°C (+14°F) SAT but possiblE2ng€ near freezing.
at temperatures down to -18°C (-1°F) SAT. Be alert for cues
and symptoms of SLD at temperatures down to -15°C (+5°F5>
SAT. Normally, temperature decreases betweer? - e -
approximately 1.5°C (2.7°F) for saturated air to 2.75°C (5oFPromptIy exiting the severe icing conditions before conty
for dry air with each 1,000 foot increase in altitude. In a
inversion, temperature may actually increase with altitudg?@zardous level.

Actions When Exposed to SLD Conditions: It is important to review the AFM for aircraft type-specif

1. Disengage the autopilot. Hand-fly the airplane. The autopild€!ated bulletins from the airplane manufacturer.
may mask important cues or may self-disconnect and present
unusual attitudes or control conditions.

Appendix 2.
2. Advise air traffic control and promptly exit the condition, Suspected Tailplane Sta”

using control inputs that are as smooth and small as possible.

3. Change heading, altitude, or both to find an area that is warméhis appendix is a summary of the symptoms a pilot sha
than freezing, substantially colder than the current ambieriecognize and corrective actions that can be taken if the airg
temperature, or clear of clouds. In colder temperatures, theggicounters a tailplane stall. This appendix applies only
may still be ice that has not completely shed adhering to trairplanes having tailplane pitch control. It is not applicable
airfoil. It may be hazardous to make rapid descents close &rcraft with foreplane (canard) pitch control.

the ground to avoid severe icing conditions.
On some airplane designs, if the horizontal tailplang

a. SAT is what would be measured from a balloon, and. Verify that wing ice protection is functioning normally and

an

be

0°C or colder). Many icing events have been reported at ice because retracting the flaps will increase the AOA at a

»Roll upset may occur as a consequence of, or prior to, a wing
§tall due to anomalous forces that cause the ailerons to deflect

air because it takes less heat to raise the same unit méggaecause the ailerons have lost effectiveness. Deflectign of

ice
ng

boots under unusual conditions associated with SLD and,
trarely, normal cloud droplets in a very narrow temperatiire

ilots can minimize the chance of a roll upset by be|ng
ensitive to cues that identify severe icing conditions and

ol

Pr handling characteristics of the airplane are degraded|to a

9]

information. Also, pilots should check any available icing

uld
lane

4. When severe icing conditions exist, reporting may assishadequately cleared of ice, either by anti-ice/deice sysfem
other crews in maintaining vigilance. Submit a PIREP offailure, failure to operate the system properly, or by ice, snow,
the observed icing conditions. It is important not toor frost left on critical sections of the airfolil, a tailplane stall
understate the conditions or effects of the icing observedcould occur. Generally, tailplane stall would be encountered

immediately after extension of the trailing edge flaps to|an

Roll Control Anomaly: intermediate position or, more commonly, after extension frlom
an intermediate position to the full down position. Usually,

1. Reduce the angle of attack (AOA) by increasing airspeetiilplane stall (or impending stall) can be identified by on€g or
or extending wing flaps to the first setting if at or below themore of the symptoms listed below occurring during or after
flaps extend speed (Y. If in a turn, roll wings level. flap extension. The symptom(s) may occur immediately| or
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after nose down pitch, airspeed changes, or power increasésMake nose down pitch changes slowly, even in gusting
following flap extension. conditions,if circumstances allow.
Warning: This document describes two types of upset: roll 5. If a pneumatic deicing system is used, operate the system
upset and tailplane stall (pitch upset). The procedures for several times in an attempt to clear the tailplane of ice.
recovery from one are nearly opposite those for recovery
from the other. Application of the incorrect procedure  Warning: Once a tailplane stall is encountered, the stall
during an event can seriously compound the event. Correct condition tends to worsen with increased airspeed ang
identification and application of the proper procedure is  possiblymay worsen with increased power settings at the
imperative. same flap setting. Airspeed, at any flap setting, in excess of
the airplane manufacturer’'s recommendations for the
Tailplane Stall Symptoms flight and _environme_nta! conditiqns, accompanied_by
uncleared ice contaminating the tailplane, may result in a
. _— I tailplane stall and uncommanded pitch down from which
1. Elevator control pulsing, oscillations, or vibrations* . :
recovery may not be possible. A tailplane stall may occul
2. Abnormal nose down trim change* at speeds less than VFE.
3. Any other unusual or abnormal pitch anomalies (possibly Summary
resulting in pilot induced oscillations)* ) )
Ice can form on the aircraft’s tail at a greater rate than on the
4. Reduction or loss of elevator effectiveness* wing and can exist on the tail when no ice is visible on the
wing. When ice is visible, do not allow ice thickness to exceed

dhe operating limits for deicing system operation or the sysfem
may not shed the tail ice. If the control symptoms listed above
are detected or ice accumulations on the tail are suspected,
land with a lesser flap extension setting and increase airspeed
commensurate with the lesser flap setting. Avoid uncoordinated
* May not be detected by the pilot if the autopilot is engagecf'ight (s_ide orfomard slips) and, to the ext_ent possible, restrict
crosswind landings because of the possible adverse effect on
pitch control and the possibility of reduced directional control.
Avoid landing with a tailwind component because of the
possibility of more abrupt nose down control inputs. Increased
landing distances must also be considered because of increased
airspeed at reduced flap settings.
1. Immediately retract the flaps to the previous setting and
apply appropriate nose up elevator pressure. Warning: Freezing rain, freezing drizzle, and mixed
conditions (snow and/or ice particles and liquid droplets)
. Increase airspeed appropriately for the reduced flamay result in extreme ice buildup on and aft of protected
extension setting. surfaces, possibly exceeding the capability of the ic
protection system. Freezing rain, freezing drizzle, mixed
. Apply sufficient power for aircraft configuration and conditions, and descent into icing conditions in clouds from
conditions. (High engine power settings may adverselabove freezing temperatures may result in runback ice
impact response to tailplane stall conditions at high airspeddrming beyond protected surfaces where it cannot be shed
in some aircraft designs. Observe the manufacturerand may seriously degrade airplane performance and
recommendations regarding power settings.) control.+

. Sudden change in elevator force (control would move no
down if unrestrained)

6. Sudden uncommanded nose down pitch

Corrective Actions

If any of the above symptoms occur, the pilot should:

(1]
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This article is reprinted from the January 189ight Safety DigestThe article was revised by author John P. Dow
Sr. based on his report prepared for the U.S. Federal Aviation Administration Aircraft Certification Service.

Pilots Can Minimize the Likelihood of
Aircraft Roll Upset in Severe Icing

Under unusual conditions associated with supercooled large droplets, roll upset can
result from ice accretion on a sensitive area of the wing, aft of the deicing boots.
Pilots must be sensitive to cues — visual, audible and tactile — that identify
severe icing conditions, and then promptly exit the icing conditions before
control of the airplane is degraded to a hazardous level.

John P. Dow Sr.
U.S. Federal Aviation Administration

On Oct. 31, 1994, an Avions de Transport Regionale (ATRaerodynamic stall. Roll upset can be caused by airflow
72-212, operating as American Eagle Flight 4184, suffered separation (aerodynamic stall), inducing self-deflection of the
roll upset during descent after holding in severe icingpilerons and/or degradation of roll-handling characteristics. It
conditions. The airplane crashed, killing all 64 passengers ansla little-known and infrequently occurring flight hazard that
the four crew members. can affect airplanes of all sizes. Recent accidents, however,
have focused attention on such hazards in relation to turboprop
Although the U.S. National Transportation Safety Boardaircraft.
(NTSB) has not announced its finding of probable cause for
the American Eagle accident, the NTSB reported that “evidendeespite the U.S. Federal Aviation Regulations (FARs) and|the
from air traffic control (ATC) sources and the airplane’s flightmost current aircraft certification requirements, the Ameri¢an
recorders have prompted the [NTSB’s] concern that the lodsagle accident is evidence that icing conditions and their effects
of control leading to the steep dive might be attributed to then airplanes are not completely understood. Simply put, pilots
weather conditions encountered by the flight and thenust not be overreliant on deicing/anti-icing equipment fitted
characteristics of the aerodynamic design and flight contradboard airplanes that have been certified for flight into icing
systems of the airplane.” conditions. Severe icing conditions can be outside the airplane-
certification icing envelope, and each pilot must be vigilant to
[The U.S. Federal Aviation Administration (FAA) on Dec. 9, avoid conditions beyond an airplane’s capabilities.
1994, prohibited ATR-42 and ATR-72 airplanes from flying in
“known or forecast” icing conditions, a restriction that wasThe U.S.Aeronautical (formerly Airman’s) Information
withdrawn on Jan. 11, 1995, provided that new training anlanual (AIM) defines severe icing as, “the rate of
flight procedures were followed, and pending the fitting of theaccumulation is such that the deicing/anti-icing equipment fails
affected ATRs with deicing boots covering a larger wing areafo control the hazard. Immediate flight diversion is necessary.”

Uncommanded and uncontrolled roll excursion, referred to aSeverity in the context of th&IM is associated with rapig
roll upset, is associated with severe in-flight icing. Roll upsegrowth of visible ice shapes, most often produced|in
can occur without the usual symptoms of ice or perceivedonditions of high liquid water content (LWC) and other
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combinations of environmental and flight conditions. ThisLanguage used in AIRMETs and SIGMETs to indicate the
kind of severe ice is often accompanied by aerodynamipotential for freezing rain or freezing drizzle would be
degradation such as high drag, aerodynamic buffeting arftnoderate,” “severe clear” or “mixed icing in cloud in
premature stall. precipitation.” Amplifying terminology in abbreviated form
(ZL/ZR ALF) indicating freezing rain or freezing drizzle aloft
Ice associated with freezing rain or freezing drizzle accretinghay be found in the remarks section.
beyond the limit of the ice-protection system is also described
as severe. This kind of ice may not develop large shapes, afIRMETSs are in-flight weather advisories issued only to amend
may not produce familiar aerodynamic degradation such as highe area forecast concerning weather phenomena of operational
drag, but nonetheless, may be hazardous. Freezing rain antkrest to all aircraft and hazardous to aircraft whose capability
freezing drizzle contain droplets larger than those consideredis limited by lack of equipment, instrumentation or pilpt
meeting certification requirements, and temperatures negualifications. According to thé&IlM, AIRMETs “cover
freezing can produce this kind of severe icing. moderate icing, moderate turbulence, sustained winds gf 30
knots or more at the surface, widespread areas of ceiling less
As prescribed by FAA policy, a 40-micron (one micron is onghan 1,000 feet [305 meters] and/or visibility less than three
thousandth of a millimeter) sized droplet diameter is normallyniles [4.8 kilometers] and extensive mountain obscurement.
used to determine the aft limit of ice-protection systenSIGMETSs are advisories concerning weather significant tq all
coverage. Drizzle-size drops may be 10 times that diametaircraft, including severe icing, severe and extreme turbulence
(400 microns), with 1,000 times the inertia, and approximateland widespread dust or sandstorms that reduce visibility to|less
100 times the drag, of the smaller droplets. than three miles (4.8 kilometers)].

Drizzle drops not only impinge on the protected area of th®uring the American Eagle accident investigation, the FAA
airplane, but may impinge aft of the ice-protection system anfbund additional accidents and incidents involving other types

accumulate as ice where it cannot be shed. of airplanes in freezing rain, freezing drizzle and SCOD.
Collectively these icing conditions arg

Freezing raindrops can be as large as 4,086 referred to as supercooled large droplets

microns (four millimeters). Freezing rain, No aircraft is (SLD).

however, tends to form in a layer — . .

sometimes coating an entire airplane. certificated for flight Ice can form aft of the ice-protection system

: in SLD conditions where the droplets strike
Freezing drizzle tends to form with less in supercooled-large- and freeze aft of the boots. Ice formation
extensive coverage than freezing rain, bldr0p|et (SLD) conditions. may be rapid in large-droplet and near-
with higher ridges. It also forms ice fingers freezing conditions where ice accretes aft
or feathers, ice shapes perpendicular to the of the boots because of the dirert
surface of the airfoil. For some airfoils, freezing drizzle appearsnpingement of the large droplets and because temperatures
to be far more adverse than freezing rain to stall anglejo not allow rapid heat transfer from the droplets that strike
maximum lift, drag and pitching moment. the leading edge. The droplets do not freeze immediately] but

flow aft to the spanwise ice formation and then freeze.
A little-known form of freezing drizzle aloft — also described

as supercooled drizzle drops (SCDD) — appears to have been Normal Symptoms May Be Absent
a factor in the American Eagle ATR-72’s roll upset.

SLD conditions may challenge contemporary understanding
SCDD Is New Challenge of the hazards of icing. Moreover, an airplane may not exHibit

the usual symptoms (warnings) associated with severe icing
SCDD is a new challenge. The physics of ice formation angrior to loss or degradation of performance, stability or control
altitude vs. temperature profiles differ between freezing drizzleharacteristicsNo aircraft is certificated for flight in SLD
and SCDD, but for the discussion of ice accretion only, freezingonditions.
drizzle and SCDD may be considered synonymous. Droplets
of supercooled liquid water at temperatures below 0 degred$he American Eagle accident airplane was operating n a
C (32 degrees F) having diameters of 40 microns to 408omplex icing environment that likely contained supercoojed
microns are found in both freezing drizzle and SCDD. droplets having an LWC estimated to be as high as 0.7 grams

per cubic meter and a temperature near freezing. Estimates of
Like freezing rain and freezing drizzle, SCDD conditions tendhe droplet diameter vary significantly depending on the
to be limited in horizontal and/or vertical extent. Theseestimating methodology, but the droplets with the most seyere
conditions are reported in AIRMETs but are not usuallyadverse consequences appear to be in the range of 100 microns
reported in SIGMETS, which report on conditions in areas ofo 400 microns, or up to 10 times larger than the droplets Upon
less than 3,000 square miles (7,770 square kilometers).  which normal certification requirements are based.
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Measuring Tem peratu re form farther aft because of the lower temperatures. Because

there is liquid runback, any ice formation aft of the leading edge

Static air temperature (SAT) is what would be measured ~ [€Nds to actlike a dam, making ice growth more rapid.

from a balloon, and is the temperature given in a forecast or
report. It is also referred to as outside air temperature (OAT).

Total air temperature (TAT) is obtained by a probe having
velocity with respect to the air. Because of kinetic heating on
the upstream side of the probe, TAT is warmer than SAT. SAT
is computed from TAT and other flight conditions by an air data
computer for dry air. There is less kinetic heating in saturated
air than in dry air.

Indicated outside air temperature  (IOAT) is measured by a
simple sensor in the airstream — essentially a thermometer.
Typically, IOAT values will be SAT or OAT plus approximately
80 percent of the difference between SAT and TAT.

e

Surface temperature varies with air pressure along the airfoil.
At the leading edge, where pressure is the highest, the surface
temperature will also be hlgher than farther aft. If the local Supercooled drops are at temperatures below freez|ng, y
surface temperature on the airfoil is warmer than freezing, no i) in 3 liquid phase. To change to solid, heat (called the
ice will form. Infrared measurements of a typical airfoil in the “heat of fusion”) must be removed from the liquid. Ice-frée

icing tunnel at a true air speed of 150 knots show that there . .
can be a decrease in temperature of more than 1.9 degrees C area shows that temperature at the leading edge is too war

Source: U.S. National Transportation Safety Board

freezing, there may be no ice on the leading edge, but ice can the temperature is colder on upper and lower surfaces.

The severe icing conditions caused ice to form on, and aft ofssentially produces a new airfoil with unique lift, drag, st
the deicing boots while the accident airplane was holding witangle and pitching moment characteristics that are diffe
the flaps extended. The ice aft of the boots could not be sheflpm the wing’s own airfoil, and from other ice shapes.
because the ice was not affected by the deicing boots, which
were functioning normally. When the flaps were retracted whild’hese shapes create a range of effects. Some effect
the aircraft’s airspeed remained constant, the airplane suffereelatively benign and are almost indistinguishable from
a roll upset. wing’s airfoil. Others may alter the aerodynamic characteris
so drastically that all or part of the airfoil stalls suddenly 3
Although the crew of the accident airplane may not have beemithout warning. Sometimes the difference in ice accret
aware that they were holding in severe icing conditions, thbetween a benign shape and a more hazardous shape a|
cockpit voice recorder indicated that they were aware of icasignificant.
accretion on their aircraft. Up to the time of the upset, the
autopilot was controlling the airplane, and the pilot was noThe effects of severe icing are often exclusively associa
feeling physical changes in control-wheel forces that relatedith ice thickness. For example, it is reasonable, in a giver,
to accumulation of ice on the aircraft. of conditions, to believe that a specific three-inch (7
centimeter) shape would be more adverse than a simila
o - e . . inch (3.8-centimeter) shape in the same place. Contrary to
Airfoil SenS|t|V|ty Varies one ériterion, howev)er, a Eve-inch (12.7-<I:Dentimeter) iceysh
on one specific airfoil is not as adverse as a one-inch (2
Although ice can accrete on many airplane surfaces, concegantimeter) ice ridge located farther aft on the chord. In ang
is focused on Wing—airfoil |C|ng Some airfoil designs tend tOexamp|e’ a |ayer of ice having substantial chordwise exte
be less sensitive to lift loss with contamination than other, MOrgore adverse than a three-inch ice accretion ha\/ing uppe
efficient, airfoils. Traditionally, the industry has relied on the|ower horn-shaped ridges (double horn).
infrequency of occurrence, limited extent of coverage,
forecasting and reporting to avoid freezing rain and freezingce can contribute to partial or total wing stall followed |
drizzle, and recognition to exit the conditions. roll, aileron snatch or reduced aileron effectiveness.

An infinite Variety of Shapes, thicknesses and textures of ICng stall is a common consequence of ice accretion.
can accrete at various locations on the airfoil. Each ice shapgm freezing drizzle can form sharp-edged roughn

(3.5 degrees F) along the airfoil. At temperatures close to  t0 remove heat of fusion from the supercooled drops, but
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elements approximately 0.5-centimeter to one-centimetasourse the atmospheric variables controlling the size, density,
(0.2-inch to 0.4-inch) high over a large chordwise expanstemperature, etc. of the water droplets. Similarly, the ice |has
of the wings’ lower surfaces (perhaps covering 30 percent tdiffering effects on the airfoils.
50 percent) and fuselage, increasing drag dramatically,

thereby reducing speed. Correcting for this demand3he implications can be illustrated with a wing. The airfoil|at
increased power, increased angle-of-attack (AOA) or both tthe tip is in all probability a different airfoil than at the root.|It
maintain altitude. Ultimately, such unmitigated adjustmentss probably thinner, may have a different camber, be of sharter
lead to exceedance of the stall angle and a conventional stalhord, and there are likely two degrees or three degrees of
likely followed by a roll. twist or washout relative to the root section.

Aileron snatch is a condition that results from an imbalance . . .
in the sum of the product of aerodynamic forces at an AOA Stall May Begln at ng Tlp
that may be less than wing stall, and that tends to deflect the

aileron from the neutral position. On unpowered controls, ifWwist or washout helps to ensure that the symmetric stall starts
is felt as a change in control-wheel force. Instead of requiringiPoard, and spreads progressively, so that roll control is not
force to deflect the aileron, force is required to return théost. Greater ice accretion has probably occurred at the tip,
aileron to the neutral position. With all else equal, smalleteaving it more impaired aerodynamically than the inboard
ailerons would have smaller snatch forces. Aileron instabilityving section. Stall, instead of starting inboard, may start at
sensed as an oscillation, vibration or buffeting in the contrdihe tip.

wheel is another tactile cue that the flow field over the ailerons
is disturbed. Because the tip section may have a sharper nose radius and

probably has a shorter chord, it is a more efficient ice collegtor.
Although flight testing using simulated ice shapes on the ATRAS aresult, ice accretion at the wing tip may be thicker, extend

72 (intending to simulate the conditions at farther aft and have a greater adverse effect
the crash location) demonstrated that these. than ice at the root.

forces were less than the 60-pound |ce accretion at the

certification limit for temporary application | . ] Even if the ice does build up at the root fto
in the roll axis, the forces’ sudden onset andViNg tip may be thicker, nearly the same thickness as that at the fip,
potential to cause a rapid and steep roll ice still tends to affect the smaller chord

attitude excursion were unacceptable. FAA extend farther aft and section, such as the wing tip, more

investigation has revealed similar roll hayve a greater adverse adversely.
attitude excursions affecting other aircraft

types that are equally unacceptable. effect than ice Power effects can aggravate tip-stall. The
effect of the propeller is to reduce the AOA
Ailerons that exhibit the snatch at the root. of the section of the wing behind it. At high-
phenomenon have control-wheel forces that power settings, stall on the inner wing tends
deviate from their normal relationship with to be delayed by propeller wash. But the
aileron position. Nevertheless, the ailerons may be substantia®ter wing does not benefit from the same flow field, so the
effective when they are deflected. outer wing tends to stall sooner.
. . . . Finally, because of its greater distance from the flight deck to
Flow Disruption Handlcaps Ailerons the outer wings, the crew may have difficulty in assessing ice
there.

Degradation of roll control effectiveness results from flow
disruption over the wing ahead of the ailerons, and the controlthis means that at some AOASs, the outer wings maybe
do not produce the rolling moments associated with a giveandergoing partial aerodynamic stall, while normal flow
deflection and airspeed. conditions still prevail over the inner parts of the wing. If sych

a stall occurs, there may be no pronounced break and the|pilot
Degradation of aileron control caused by ice may or may nahay not sense the stall, so the stall is insidious. This partial
be accompanied by abnormal control forces. If, for examplestall condition also accounts for a degree of degradatiop of
the airplane is displaced in roll attitude, through partial stalhileron effectiveness.
caused by ice, the pilot’s efforts to correct the attitude by
aileron deflection are defeated by the ailerons’ lack ofWhere ice builds up on a given airfoil depends on the AQA,
effectiveness. airspeed and icing variables. For example, the ATR accident

flight testing included flying in drizzle-size drops. At the tegst
Ice tends to accrete on airfoils in different ways, dependingirspeed, ice would predominantly build on the upper surfaces
on the airfoil, the AOA and other aircraft variables, and ofof the wings with the flaps extended to 15 degrees (resulting
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On the upper surfaces, there was little drag increase untibnditions. The models will be reviewed and upda
separation. On the lower surfaces, the expanse of rough iperiodically, based on correlation with observations and p
was accompanied by a substantial drag increase. reports (PIREPS).

In an icing environment, the propeller wash also tends t®ilots are best situated to submit a real-time report of ac
influence icing impingement on the airfoil. Unless theicing conditions. But there is no assurance that another airg
propellers are counter-rotating, the flow field is asymmetriavill transit that small volume of the sky containing SLD. If
over the wings, and ice impingement tends to be slightlgoes, there must be some way for the pilot to identify that
asymmetric as well. icing is caused by SLD and then submit the PIREP. Not
pilots may be sensitive to what SLD icing looks like on th
After aerodynamic stall occurs, reattaching flow generallyairplane, and PIREPs are a low priority during periods of h
requires a marked reduction of AOA and then refraining frontockpit workload.
increasing the AOA to the stall angle for that part of the wing.
This characteristic is configuration-dependent, and is ndin-flight meteorological conditions reported by the crew
limited to just one airplane type. one airplane may not reflect the hazards of that sg

For example, in two different airplane types studied in detailinvolved.

the stall angle for the outer wings was about five degrees with

ice accretion forward of the ailerons on the upper wing surfacéhe variables include the size and type of the airplane’s air
aft of the deicing boots. The normal stall angle was near 2€onfiguration, speed, AOA, etc. If the reporting airplane wa
degrees with no ice accretion. In both aircraft, reattachment ¢drge transport, the effect of icing may have been unnoti
flow occurred when the AOA was reduced to substantially lesand unreported, but the conditions could be a problem f
than the stall angle. Applying power and smaller airplane.

maintaining attitude may not be mos{
effective in recovering from an outer wing
stall, because the reduction in AOA does not

To avoid ambiguity, PIREPs fr_om an identical-model airplan
are most likely to be more useful, but eve

) through an icing layer would likely resul

In recent years, reports of roll excursions MUSt be well-defined. in a different ice accretion than on

associated with icing appear to have descending.

increased in frequency, especially among

turboprop airplanes used in regional airline commutetce accreted beyond ice-protection system coverage will

operations. One possible reason for this increase is that exposbreshed and will continue to accrete until the airplane exits

to icing conditions in general has dramatically increased.  icing conditions. Remaining in such icing conditions can

improve the situation.
In 1975, the number of annual departures for all U.S. major

the regional segment alone has grown to 4.60 million annualirplanes for the same cloud and tend to be subjective. No

departures. far from the American Eagle ATR accident site at about

same time, a jet airplane experienced a rapid ice accre

. - The jet airplane’s captain said that he had never experie

R_eg|0na| _A|rI|nes Have such a fast ice build-up. One inch (2.54 centimeters) of m

Hig her Icing Exposure ice accumulated on a thin rod-shaped projection from the ceg

windshield post in one to two minutes. The captain repo

Annual regional airline exposure to icing may be double thathe buildup as light rime. In these extraordinary conditio

of jet aircraft, which service the longer routes and tend tdoes “light” icing convey a message to others sugges
operate above most icing conditions at higher altitudes for @gilance or complacency?

greater percentage of their flight time.

The increase in operations suggests increased exposure to all Descriptions Not Always Accurate

icing conditions, so a commensurate increase in the number

of flights involving SLD could be expected. For whateverExtent of accretion, shape, roughness and height of ice ar
reasons, exposure to these hazardous conditions appears tortmst important factors affecting an airfoil. Unfortunate
more frequent than was previously believed. operational descriptors of rime, clear or mixed ice are

occur as rapidly. meaningful terminology the identical-model airplane climbing

in a smaller AOA) and predominantly on the lower surfaces cBubstantial effort is being placed into improving forecasts
the wings with the flaps retracted (resulting in a larger AOA)for all SLD. Since fall 1995, there have been preliminary
changes to mathematical models used to forecast these
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adequate to convey nuances of the icing environment and tlkenventional pneumatic ice-protection system able to deal with
hazards of SLD. Ice forming aft of the boots may be whitesuch extensive ice accretion would likely affect airfoil
milky or clear. Nonhazardous ice may also be described usimgerformance as much as the ice, would be expensive and would
the same terms. In the same cloud, one airplane may accréieheavy. Conventional electrothermal systems would require
rime ice, while another airplane — at a higher speed — accretesgtraordinary amounts of power.
mixed ice. To avoid ambiguity, meaningful terminology must
be well-defined. Because of the broad range of environmental conditions,

limited data available and various airplane configurations,
PIREPs are very useful in establishing a heightened sensetbie manufacturer’s pilot’s operating manual should |be
awareness to a possible icing condition and to aid forecasterensulted for guidance on a specific airplane type. The
in correlating forecast meteorological data with actual icesuggestions below are not intended to prolong exposure to
Although a forecast projects what may be, and a PIRERing conditions, but are a warning to exit the conditigns
chronicles what was, the most important issue is: What is thenmediately.
icing condition right now?

* Ice visible on the upper or lower surface of the wing

Cues that can be seen, felt or heard signal the potential for ice aft of the active part of the deicing bootslt may be

to form, the presence of ice accretion or icing severity. Cues helpful to look for irregular or jagged lines or pieces
may vary somewhat among airplane types but typically cues of ice that are self-shedding. For contrast, a portion of
include: the wing may be painted a dark color with a matte
finish, different than the color of the boots. The matte
» Temperature below freezing combined with visible finish can help identify initial formation of SLD ice|,
moisture; which may be shiny. All areas to be observed ne¢ed

adequate illumination for night operation.
* Ice on the windshield-wiper arm or other projections,

such as engine-drain tubes; * Ice accretion on the propeller spinner.Unheated
propeller spinners are useful devices for sorting
* Ice on engine-inlet lips or propeller spinners; droplets by size. Like a white wing, a polished spinfer
may not provide adequate visual contrast to detect $LD
» Decreasing airspeed at constant power and altitude; or, ice. If necessary, a dark matte circumferential band may

be painted around the spinner as a guide.
* Ice-detector annunciation.
 Granular dispersed ice crystals, or total

For example, experienced pilots rely on visual cues to translucent or opaque coverage of the unheateg
determine the presence of SLD. After confirming SLD, they portions of the front or side windows.These may
reroute to exit immediately from the SLD conditions. Because be accompanied by other ice patterns, such as ridges,
SLD conditions tend to be localized, the procedure has proved on the windows. After exposure to SLD conditions,
to be practical and safe. Using cues requires alertness to these patterns may occur within a few seconds to
existing conditions and a very clear understanding of the approximately one minute.

airplane and its systems. Pilots should have an equally clear
understanding of aviation weather and know what the ¢ Unusually extensive coverage of ice, visible ice
temperatures and conditions are likely to be to the left, right, fingers or ice feathers.Such ice can occur on parts of
ahead, behind, above and below the route of flight, and how to the airframe not normally covered by ice.
recognize severe icing.
At temperatures near freezing, other details take on new
Tactile cues such as vibration, buffeting or changes in handlingjgnificance:
characteristics normally trigger a mental warning that ice has
already accreted to a perceptible, and perhaps detrimental,» Visible rain (which consists of very large water
level. Typically, as ice increases in thickness, cues become droplets). In reduced visibility, occasionally select taii/
more prominent. aircraft landing lights ON. Rain may also be detected
by the sound of impact.
Using meaningful cues, pilots are trained to activate the various
elements of airplane ice-protection systems, and when ¢ Droplets splashing or splattering on impact with the
necessary, to exit the conditions. windshield. Droplets covered by the icing certification
envelopes are so small that they are usually below the
Experience suggests that it has been impractical to protect threshold of detectability. The largest size of the drizgle
airplanes for prolonged exposure to SLD icing because at its drops is about the diameter of an 0.002-inch (0.05-
extreme — it tends to cover large areas of the airplane. A centimeter) pencil lead.

—
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Preventive and remedial measures include the following. flaps to the first setting if at or below the flaps-exte
speed (). If in a turn, roll wings level.
Before takeoff:
»  Setappropriate power and monitor airspeed/AOA.
Know the PIREPs and the forecast— where potential A controlled descent is vastly better than
icing conditions are located in relation to the planned uncontrolled descent.

In flight:

When exposed to severe icing conditions:

» Disengage the autopilot and hand-fly the airplane.
The autopilot may mask important handling cues,
may self-disconnect and present unusual attitude
control conditions.

* Advise air traffic control, and promptly exit the
icing conditions. Use control inputs as smooth and
small as possible.

* Change heading, altitude or bothFind an area that

is warmer than freezing, or substantially colder th

Source: Avions de Transport Regional (ATR) the current ambient temperature, or clear of clouds.

Ice tends to accrete more on the upper surface (arrow) at low colder temperatures, ice adhering to the airfoil m
angle-of-attack associated with higher speeds or flap extension. not be completely shed. It may be hazardous to ma

rapid descent close to the ground to avoid severe i
conditions.

Water droplets or rivulets streaming on the heated

or unheated windows These may be an indication of ¢ Reporting severe icing conditions may assist othe

high LWC of any size droplet. crews in maintaining vigilance.Submit a PIREP of
the observed icing conditions. It is important not
Weather radar returns showing precipitation. These understate the conditions or effects.

suggest that increased vigilance is warranted for
all of the severe icing cues. Evaluation of the radalf roll control anomaly occurs:
display may provide alternative routing possibilities.

» Reduce AOAby increasing airspeed or extending wing

route, and which altitudes and directions are likely to _
be warmer and colder. About 25 percent of SLD icing * [f flaps are extended, do not retract them unless it

conditions are found in stratiform clouds colder than 0 can be determined that the upper surface of the
degrees C (32 degrees F) at all levels, with a layer of airfoil is clear of ice. Retracting the flaps will increas
wind shear at the cloud top. There need not be a warm the AOA at a given airspeed.

melting layer above the cloud top.

Stay aware of outside temperature Know the

freezing level (O degrees C static air temperatur
[SAT]). Be especially alert for severe ice formation at
a total air temperature (TAT) near O degrees C o
warmer (when the SAT is 0 degrees or colder). Man
icing events have been reported at these temperatur

Avoid exposure to SLD icing conditions(usually

warmer than -10 degrees C [14 degrees F] SAT, b
possible to -18 degrees C [-0.4 degrees F] SAT
Normally temperature decreases with each 1,000-fo
(305-meter) increase in altitude between approximatel
1.5 degrees C (2.5 degrees F) for saturated air, to 2.75 Source: Avions de Transport Regional (ATR)
degrees C (5 degrees F) for dry air. In an inversionlce tends to accrete more on the lower surface (arrow) at hig

temperature may increase with altitude. angle-of-attack (slower air speed).
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Assuming that a natural SLD icing environment data bage is

developed, that the icing envelope is amended and thaf test
means are modified and are validated to adequately evaluate
aircraft in all, or part, of the SLD environment: What then

NJ

Three-phase Program Established

To minimize the hazard of SLD, the FAA established a three-
phase program:

 Phase | — remedy problems in the accident airplane
type;
i » Phase Il — screen other airplane types similar to the

ATR-42 and ATR-72 for susceptibility to roll upset i
severe icing and correct susceptible airplanes; and,

>

Source: Avions de Transport Regional (ATR)

Granular pattern on the unheated portion of a window (arrow)

indicates freezing drizzle drops. » Phase lll —re-examine all aspects of icing certification,

including the large-droplet environment, weather
* \Verify that wing ice protection is functioning forecasting, crew training and aircraft operation.
normally and symmetrically. Verify by visual
observation of the left and right wings. If the ice- Phase | is complete. All ATR-42 and ATR-72 airplanes are
protection system is dysfunctional, follow the now equipped with extended deicing boots that approximately
manufacturer’s instructions. double the coverage on the upper surface of the outer wings.
The increased coverage of the ATR boots is intended to
Although there is ongoing atmospheric research, the SLbhinimize the hazard during inadvertent exposure to drizzle-
environment has not been extensively measured or statisticallyze drops while the crew takes steps to exit the icing condition.
characterized. There are no regulatory standards for SLD
conditions, and only limited means to analyze, test or otherwidehase Il examined types of turboprop airplanes used in
confidently assess the effects of portions of the SLDscheduled passenger service with unboosted controls| and
environment. pneumatic boots for susceptibility to roll upset in freezing rain
or freezing drizzle.
Ice shape—prediction computer codes currently do not reliably
predict larger ice shapes at temperatures near freezing becaliseJanuary 1996, the FAA issued 17 notices of proposed
of complex thermodynamics. rulemaking (NPRMs) for these airplanes, to require revising
the airplane flight manuals (AFM) to specify procedures that
Near freezing seems to be where SLD conditions are mostould prohibit flight in freezing rain or freezing drizzle (as
often — but not exclusively — reported. Further research usingetermined by certain visual cues), limit or prohibit the use of
specially instrumented airplanes will be necessary to accuratelarious flight control devices, and provide the flight crews
characterize the SLD environment. with recognition cues for, and procedures for exiting from,
severe icing.
In addition to energy balance problems, there are other
challenges not addressed by computer codes, such as the shalpe proposals were prompted by results of a review of|the
(and therefore drag) of large droplets as they are influencagquirements for certification of the airplane in icing
by the local flow field; fragmentation of drops; and the effectconditions, new information on the icing environment and icjng
of drops splashing as they collide with the airfoil. Ice sheddinglata provided currently to the flight crews.
and residual ice are not currently accounted for, either.

Phase Ill response will encompass all aircraft and the freeging
The U.S. National Aeronautics and Space Administratiomain/freezing drizzle icing environment. Included will be a re-
(NASA) and others are working on these computational taskesxamination of the adequacy of current aircraft certificatjon
and simultaneously pursuing validation of icing tunnels taegulations, and requirements for training, forecasting and
simulate SLD conditions. Those efforts will require comparisorflight in operations of aircraft in icing. Phase Il will commence
against measured natural conditions, but there is no universallyith an FAA-sponsored international conference schedyled
accepted standard on how to process or accurately characteriaeMay 6—8, 1996, in Springfield, Virginia, U.S.
data collected in the natural icing environment. Clearly, until
these tasks are complete, more specific certification issudsvo new technologies offer promise for SLD detection and
cannot be resolved. protection systems. There are improvements in the ability
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of ice detection systems to recognize ice. Increasinglpoasts a low power consumption between 0.5 watt to n

sophisticated designs of such systems appear able to measiit@n six watts per square inch, depending on the amb

the effect of ice on aerodynamic parameters. temperature. Conventional systems consume 10 watts t
watts per square inch. Hybrid systems that comb

Surface ice detectors sense the presence of contaminatiomnventional pneumatic boots and advanced electrotherma

on the detector surface. Some distinguish among ice, slusprotection are also being explored.

water, freezing point depressants and snow. Strip and area

detectors are capable of detecting the thickness of ice onGther low-energy innovations are electro-impulsive/expuls

deicing boot. deicing systems (EIDI/EEDS) that rapidly dischar
electrical energy stored in a capacitor through a coil

A recent design innovation measures the stall angle and othesnductive ribbons. Eddy currents or magnetic repuls

be a valuable tool for pilots because ice thickness is not ttecceleration, but small distance, to shed ice in the 0.02-
only determining factor. Location, roughness and shape atbickness range or larger.
important too. For example, on one airfoil, an 0.5-inch (1.3-
centimeter) step on the upper surface of the airfoil at 4 perceAnother proposed feature of emerging systems is a clo
chord reduces maximum lift by more than 50 percent. Yet thivop operation where a detector signals that ice has accr
same shape at 20 percent chord decreases maximum lift Bgtuates the system and then waits for another build-up.
only 15 percent. On another airfoil, distributed sandpaper-likéeature would allow surfaces to be individually operated
roughness elements on the upper wing may decrease lift lmptimum ice thickness.
35 percent.
These systems are in various stages of maturity and tes
These new aerodynamic performance monitors also claim /s with any system, testing must be successfully complg
somewhat predictive function, not just warning of airflow stallbefore there can be assurance that the system will perfor
as it occurs, but before stall occurs. intended function reliably in the entire icing certificatia
envelope — whatever that may be ultimately.
For detectors to reduce the hazard of SLD conditions, sufficient
detection and warning time for the crew to safely exit the About the Author
condition must be shown. The FAA has generally preferred
preventing or removing the formation of ice on a critical surfacdohn P. Dow Sr. is an aviation safety engineer with the
rather than advising of its presence. Federal Aviation Administration (FAA) in Kansas Cit
Missouri, U.S. He was the icing specialist on the FAA te
Recent advancements in ice-protection systems include iavestigating the susceptibility of turboprop airplanes to r
high-pressure pulsed pneumatic system with a conformalpset in freezing rain and freezing drizzle. Dow wag
metallic or composite leading edge that could replace theodeveloper of an international program to identify and remg
familiar black rubber boot. The system uses a 600 poundse-induced tailplane stall.
per square inch (PSI) pulse of air to reliably clear ice in the

pneumatic systems generally are operated when ice is allow8dbard (NTSB) Performance Group and Special Certificat
to build to 0.25-inch to 0.5-inch (0.6-centimeter to 1.3-Review Team for the American Eagle ATR-72 accident.
centimeter) thickness. has coordinated design approval of non-U.S.-manufactu

airplanes among the FAA, other airworthiness authorities g
Electrothermal systems consisting of metal-coated fibersianufacturers. He also has a commercial pilot certificate w
embedded within the paint system are being tested. One devitrilti-engine and instrument ratings.

range of 0.02-inch (0.05-centimeter) thickness. CurrenDow participated in the U.S. National Transportation Safe
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This article is reprinted from the February 1982¢ident Preventian

Tallplane Icing and Aircraft
Performance Degradation

Ice accretions on horizontal tail surfaces can decrease stall
margins, impair control, increase drag and decrease lift.

Porter J. Perkins
Senior Aerospace Engineer
Sverdrup Technology Inc.
and
William J. Rieke
Pilot
U.S. National Aeronautics and Space Administration (NASA) Lewis Research Center

Although the sensitivity of airplanes to inflight icing has beerperformance: the shape of the ice formation on the surface;
recognized for many years and can be minimized by icand, the amount or thickness of the ice.
protection systems, the advent of the medium-altitude

turboprop commuter transport aircraft has resulted in renewedshape of ice accretions

attention to the icing problem. This review of icing has been

prompted by several recent accidents that apparently wergerodynamic performance degradation is primarily influenged
caused by an oversensitivity to ice buildup on the horizontady the shape of the ice that forms and the amount of ice|that

stabilizer of these aircraft. accumulates. The amount of liquid water in the cloud and|the
. . duration of the exposure to icing primarily determine the
Icing Phenomenon Reviewed quantity of ice collected. Cloud droplet size is generally a
secondary consideration. Temperature can determing the
Icing cloud characteristics amount of accretion; if it is close to freezing, some of the

intercepted water droplets blow off before they can freeze.

Aircraft icing can occur: if the aircraft surface temperature
(which rises with increasing airspeed) is below freezing; somke accretion shape is a result of the rate of freezing on the
water in a cloud is liquid; and, the sizes of the cloud dropletgurface. Low temperatures and droplet impingement rates
are large enough to strike an aircraft surface rather than followater concentration X velocity), along with small droplets,
the streamlined airflow around them. Also, the clouds must bRromote rapid freezing on the surface. Such conditions progiuce

extensive enough along the flight path to form a discernibl@ rather smooth ice surface and pointed accretion shape galled
amount of ice. rime ice. However, temperatures near freezing, higher rates of

accretion and larger droplet sizes result in delays in freezing

Ice forms when supercooled liquid water droplets turn to ic&hen the droplets strike the surface. These conditions create
upon or after striking a moving surface. Two ice accretiodrégular ice formations with flat or concave surfaces
factors have the most adverse influence on aircraffometimes having protuberances (“double-horn” ice
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formation) facing the airstream either side of the airflow centemay depend on whether the aircraft is in a layer type
or stagnation line. This type of ice formation is usually(stratiform) cloud or a cumulus type cloud with large vertical
described as glaze ice. development. Ice can generally build up twice as fast in
cumulus clouds because of their high water content; but| the
Ice shapes are of extreme importance because the contoextent of the icing exposure in cumulus clouds is not nearly as
roughness and location of the ice formation on the variou®ng as that of stratus clouds, and the total amount accumulated
aircraft components can significantly deteriorate aerodynamicould be small.
performance. Glaze ice shapes, runback ice (formed when
water droplets flow in liquid form to freeze on a colder regionData acquired in past research studiese indicated the very
of the airfoil) and ice caused by freezing rain (large dropletimited vertical extent of icing clouds (90 percent within less
that do not follow the airflow but form ice on all surfaces theythan 3,000 feet vertically) so that during climb and descent,
strike) can produce significant aerodynamic penalties bycing will continue for only a short time, depending upon

decreasing lift and stall angle
and increasing drag and stg
speed. This is caused by the i
destroying the aerodynamig
necessary for peak airfoi
performance.

Ice thickness factors

In addition to the distancg
flown in icing clouds, the
amount of ice collected

depends upon the concentrati¢

of liquid water in the clouds
and a factor called thg
collection efficiency (the highe
the efficiency the greater th

airspeed and rate of climb. A
survey has disclosed that, at
constant altitude, 90 percent @

the icing encounters are less

than 50 miles in horizonta

extent and none measured

longer than 180 miles.

The greatest amount of liquid
water, and therefore the highes
rate of ice accretion, occurs
generally near the tops of
clouds. This condition is to be
expected from the physics of
cloud formation, i.e. the cooling
of ascending air and resulting
increase in condensation with

=

—

amount of ice collected) height above the cloud base.

Values of collection efficiency,
depend upon airspeed, size

the cloud droplets and size ar
shape of the moving surface.

Probability of encounter-
ing icing when in clouds

If an aircraft is flying in clouds
and the outside air temperature
(OAT) is sufficiently below
freezing to form ice on it, will
the airplane pick up ice? Not
necessarily. On the average, this
temperature probes, airfoils). aircraft has only approximately
For aircraft wings, the a 40 percent chance of icing,
collection efficiency can vary from near zero for very smalland that occurs near freezing temperafufesthe temperature
droplets to nearly 100 percent for large droplets in freezingets further from the freezing point (colder) there is less chance
rain. Because of their smaller leading edge radius and chodd picking up ice. If the temperature is below*2)the chance
length, tail surfaces have higher collection efficiencies thafor accumulating ice is 14 percent. Why does he temperature
wings and can collect two to three times greater ice thicknessffect the existence of icing? Most clouds below freezing are
starting to glaciate (change over to ice crystals), and the colder
the temperature the more rapidly this process occurs. Also,
the droplets may be too small to strike the wing in any

Two significant parameters of icing intensity for a given aircrafsignificant amount.
component are: the amount of liquid water and distribution of

droplet sizes in the clouds, which for a given airspeed determiritone were free to choose a flight level under 20,000 feet and
the rate of ice accretion; and, the total amount of icevary it as required between points A and B to avoid icing, the
accumulated in a given encounter, which depends upon ttiggquency and intensity of icing would be cut to a minimum,
amount of liquid water and the distance flown during the icingxcept for encounters during climb and descent. In these cases,
encounter. The rate of ice build-up and the amount collecteiie amount of ice formed would be a function of the thickngss

In general, the collection
efficiency is greatest for high
airspeeds, large droplets arasmmss
small objects (windshiel
wiper posts, outside

Ice can form on tailplanes and antennas faster than on wings.

Parameters determining icing intensity
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of the icing cloud layer and the rate of climb through it. OnlyOne might suggest that the certification values are too
about one in 10 single icing cloud layers exceed a thickness obnservative and that designs based on them provide over-
3,000 feet. None of the icing cloud thicknesses (single ogprotection. Yet, with the volume of air traffic that exists
multiple layers) that were measured totaled more than 6,00@orldwide, encountering extreme values of icing becomes a
feetin thickness. These data were acquired from instrumentgdssibility. Extreme values do exist and have been measured,
fighter-interceptor aircraft operating from air bases in theand can be extrapolated by statistical analysis beyond the
northern United States. measured values. However, the extreme values are limited in
horizontal extent and are a function of air temperature,
U.S. Federal Aviation Regulations (FAR) on icing decreasing with colder temperatures. Maximum instantan¢ous
values occur in very short distances (one-half mile) usuall
Extremes of icing have been defined in ice protection desigﬁumuliform ClOUdS; this situation could be critical for certain
standards adopted by the U.S. Federal Aviation Administratiopircraft components.
(FAA) in FAR Part 25, Appendix C for the certification of ice . . .
protection systems for transport airctafests of these systems Ice Crystals, Freezmg Rain or Drizzle
must be conducted to demonstrate that the airplane is capable Are Determining Factors
of operating safely in the conditions defined by the cloud

parameters that produce maximum icing. Ice is not accreted if a cloud is composed only of ice crystals.
If some liquid water is present (mixed clouds), ice does form,
Maximum icing conditions are treated separately for cumulugut the condition does not last long. In the presence off ice
clouds and for stratiform clouds. Icing cloud parameters argrystals, liquid drops evaporate because of the differende in
called “maximum intermittent” for cumulus clouds and saturation vapor pressure between ice crystals and liguid
“maximum continuous” for stratiform clouds. Separatedroplets. Usually, little, if any, icing is found in areas of snaw.
parameters were required because of the differences in vertical

and horizontal extents of the two cloud types. Cumulus cloudgowever, when flying below the snow level, aircraft icing can

are limited in horizontal extent but extend occur if a temperature inversion exists to melt
through a wide range of altitudes; stratiform . the snow and the resulting rain falls to a below-
clouds can extend long horizontal distances In severe ICINg freezing level — the conditions for freezin
but are limited in vertical thickness. g : i iti i
COhdItIOhS, evasive rain. These conditions are characterized by very

_ _ ) large drops and low values of liquid water.
Icing cloud meteorological parameters for gction would be  Despite the low concentration of liquid wate,

FAR Part 25 were based on historical data ired a considerable amount of ice can accumulate
obtained more than 40 years ago by the U.S. requireaq. because of the high collection efficiency of the
National Advisory Committee for Aeronautics large drops. In freezing rain, ice can form on

(NACA). Their use in establishing ice many different surfaces of the aircraft.
protection design standards has proved successful for many

different types of aircraft. These design standards wergreezing drizzle can occur under different conditions than

determined on the basis of an ice protection system providingeezing rain. Drops smaller than freezing rain are produced
nearly complete protection in 99 percent of the icingpy the joining process of coalescence and collisions of smalll
encounters, and that some degradation of aircraft performanggoplets; an above-freezing level is not necessary. Both fredzing
would be allowedl A statistical study determined that in the rajin and drizzle can exist down to ground level below a cloud

99 percent of the icing encounters, the probability ofdeck and thereby cause ice to form on aircraft surfaces during

exceeding the maximum values of all three icing parametelgnding, takeoff and ground operations if the aircraft surface
simultaneously (liquid water, temperature and droplet sizelemperature is below freezing.

would be equivalent to one in 1,000 icing encousiters

In severe icing conditions, evasive action would be required. Stall Can Be Caused by Ice

In previous recommendations for inflight reporting of icing On Tail Surfaces
intensity, the definition of heavy or severe icing was stated as

that situation where the rate of ice accumulation is such thdailplane stall is certainly not a new phenomenon. Howeyer,
the ice protection system fails to reduce or control the hazaitl has recently been thrust into the spotlight by a series of
and immediate diversion of the flight becomes necessary. Naiccidents involving turboprop aircraft. Several FAA
knowing the quantitative value of an existing icing condition,airworthiness directives (ADs) have been issued that affect
the point to emphasize is that a pilot cannot become complacesgveral different turboprop aircraft. The common element
by assuming that the aircraft’s certified ice protection systerfeading to these ADs appears to be a sensitivity to ice build-up
will provide complete protection under all conditions. Foron the horizontal stabilizer that results in control problems
example, it is not possible for designers to provide completehich can include an uncontrollable pitch-down during flap
protection against ice accretions caused by freezing rain. extension. The specifics of ice formation on the tailplane and
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the penalties associated with it may not be fully understoothil created by the extended flaps. This will increase the a
by many aircraft crew members exposed to the icingf attack of the stabilizer even more.
environment.

This situation is where tailplane ice can cause trouble. A s
A joint U.S. National Aeronautics and Space Administrationamount of ice contamination on the leading edge of
(NASA)/FAA International Tailplane Icing Workshop to horizontal stabilizer can interfere with the airflow on t

NASA Lewis Research Center in Cleveland, Ohio, U.Smaximum angle of attack.
Approximately 100 representatives from manufacturers, key

special interest groups and airworthiness authorities of Canada,Landing Approach After or During an

China, France, Germany, ltaly, Japan, the Netherlands, Icing Encounter May Cause Problems
Sweden, the United Kingdom, and the United States attended.

accretions also has been studied by the Swedish-Soviaircraft to wait until one-quarter inch to one-half inch of i

On some horizontal stabilizers one-half inch of a ice sh
The workshop provided the most complete information to datenay cause unacceptable aerodynamic penalties. In add

of the current fleet to determine whether unsafe conditionmore than the half inch of ice a wing may have collect
exist on various aircraft and the need for ice detection capabilifRemember, it is possible to have very little or no accumula
on the horizontal tail. The FAA is planning to conduct such a@f ice on the wings and yet have significant accumulation
survey with upcoming ice-detection studies. the tail.

The tailplane almost always has a sharp ip: . It also seems to be an accepted practice
leading edge than the wing, and therefore he SpeCIfICS of ice increase the landing airspeed some amoun
becomes a more efficient collector of ice as formation on the the wings are contaminated. It also may be t
speed and droplet size increase. It is possible the pilot has opted not to deice because ther
to have very little or no accumulation on the tailplane ... may only a minor accumulation of ice on the win
wing and yet have a significant accretion on Trouble may now come from two sides. The
the tailplane. not be fuIIy may be much more ice on the horizont

understood ... . stabilizer than on the wing, and the increas
In addition to the fact that the horizontal speed will create a much greater wing downwa
stabilizer is a more efficient collector, the and therefore higher angle of attack for t
aerodynamic effect of a given thickness of ice stabilizer. This may lead to separation of the flg
on the tail will generally be more adverse than the samen the lower surface of the stabilizer, a sudden chang
thickness of ice on the wing because of the ratio of thicknessgevator hinge moment and forward stick force that m

pilot may notice lightening stick forces, although the abg
Tailplane stall due to ice contamination is seldom a problersequence has happened suddenly and without a recogni
in cruise flight. However, when trailing edge flaps are extendedyarning when flaps are extended. The answer is to reduce
some new considerations enter the picture. On conventionahgle immediately, if altitude and airspeed permit.
aircraft, the horizontal tail provides longitudinal stability by
creating downward lift (in most cases) to balance the wingn most instances, this problem manifests itself when the f
and fuselage pitching moments. With flaps extended, the wingegment of flaps is extended (creating the greatest amou
center of lift moves aft, downwash is increased and thdownwash) at very low altitude during the landing phase. ]
horizontal tail, as a result, must provide greater downward liftodds of recovery from uncontrollable nose pitch-down at |
In some aircraft, depending on forward center of gravity (CGaltitude are poor. Adding airspeed in this case may actu
the tail may be near its maximum lift coefficient and a smalteduce the margin of safety. The remedy is to land at a red
amount of contamination could cause it to stall. flap angle or get rid of all of the ice.

As the aircraft slows after flap extension, the requirement foGenerally, the tailplane stall problem that has been prese
downward lift by the horizontal tail increases to increase thbere seems to be associated with aircraft which have
angle of attack of the wing and produce a given amount of liffollowing characteristics. They:

at a slower speed. With flaps full down and the aircraft at

approach speeds, the angle of attack of the horizontal stabilizer« Do not have powered control surfaces, and rely
is very high. It is high also because of the downwash over the aerodynamic balance to keep stick forces low;

ngle

mall
the
ne

address this problem was held November 4-5, 1991, at thenderside of the stabilizer because it may be working near its

The problem of horizontal tailplane stall caused by iceCurrent aviation wisdom advises the pilots of boot-equipped

ce

Working Group in the Field of Flight Saféty has collected on the wing before activating the de-icing system.

ape
tion,

on the tailplane icing problem. Among numeroussince the horizontal stabilizer is normally a more efficient
recommendations resulting from it were the need for a surveyollector of ice, it is very possible that it has collected much
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to chord length and leading edge radius. overpower the pilot. In aircraft without boosted controls, the
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» Have high efficiency flaps that produce relatively highLoss of engine-out capability
downwash which results in high angle of attack on the

tailplane; Analysis of the power required vs power available curves|for
the above situation with the aircraft at 6,000 feet, where|the
e Have non-trimmable stabilizers; measurements were made, indicated that without de-icing, the

aircraft would descend if one of the two engines failed. |[On
» Have efficient stabilizers with short chord length andmany routes, a 6,000-foot minimum en route altitude (MEA)
small leading edge radii; and, could spell disaster.

* Mostly have inflatable boots for ice protection. Loss of artificial stall warning

The characteristics listed above fit most of the turbopropctivation of an artificial stall warning device, such as a stjck
aircraft used in the regional airline fleet today. The six ADsshaker, is based on a preset angle-of-attack several knots above
regarding the effects of tailplane ice on turboprop commutesta|| speed. This setting allows warning prior to stall onset
aircraft plus several recent accidents have prompted a closgiaracteristics where buffeting or shaking of the aircraft occurs.
look at the problem. Thus, for an un-iced aircraft, the pilot has adequate warning
of impending stall. However, an iced aircraft may exhibit stall
One of the highlights of the NASA/FAA workshop was the gnset characteristics before stick shaker activation because of
recognition of the need for more education and training fothe affect of ice formations on reducing the stall angle{of-
pilots. This workshop recognized that much training, bothattack. In this case, the pilot does not have the benefit gf an
initial and recurrent, has been provided for recognition angtificial warning of stal
proper actions related to windshear; however, crew training
for operations in icing conditions have been emphasized less. References
Some of the current recommended procedures suggested
during crew training (e.g., increased airspeed) may actually  perkins, Porter J., “Icing Frequencies Experienced Dufing
exacerbate an already adverse situation at the horizontal tail. - cjimp and Descent by Fighter-Interceptor Aircraft,”
. NACA TN 4314, 1958.
Other Adverse Affects of Ice on Aircraft

Performance Examined 2. Perkins, Porter J., “Summary of Statistical Icing Cloud
Data Measured Over United States and North Atlantic,
Ice accretions can degrade the performance of aircraft by: Pacific, and Arctic Oceans During Routine Aircraft

Operations,” NASA Memo CCE-169, 1959.
e Causing loss of control, particularly during a critical

maneuver such as landing (e.g. tailplane stall as: Perkins, Porter J., Lewis, William, and Mulholland,
discussed above): Donald R., “Statistical Study of Aircraft Icing Probabilitigs
' at the 700- and 500-Millibar Levels Over Ocean Areas in

. Increasing total drag substantially; the Northern Hemisphere,” NACA TN 3984, 1957.

4. “lce Protection,” Airworthiness Standards: Transport
Category Airplanes, FAA Regulations Part 25, Sectjon
25.1419, Appendix C, 1974.

* Reducing lift and climb capability;

* Losing the capability to maintain altitude with one
engine out on a twin-engine aircraft; and, 5

“Aircraft Ice Protection,” Report of Symposium, April 28

. I . 30, 1969, FAA.
e Causing the loss of artificial stall warning.

6. Lewis, William and Bergrun, Norman R., “A Probabilit
Increase in total drag Analysis of the Meteorological Factors Conducive
Aircraft Icing in the United States,” NACA TN 2738, 1952.

NJ
<

Research measurements taken on an aircraft with a glaze ice
accretion disclosed a substantial increase of more than @0 Trunov, O.K. and Ingelman-Sundberg, M., “On the
percent in total drag compared to an un-iced condition. These Problem of Horizontal Tail Stall Due to Ice,” Swedish-
data were from a typical twin engine commuter type aircraft  Soviet Working Group in the Field of Flight Safety, 1985.
operating at a normal lift coefficieht

—

8. Ranaudo, Richard J., Mikkelsen, Kevin L., McKnigh
Loss of lift Robert C., and Perkins, Porter J., “Performarjce
Degradation of a Typical Twin Engine Commuter Type

Accompanying the above increase in drag was a 17 percent Aircraft in Measured Natural Icing Conditions,” NASA
loss of lift. TM 83564, 1984.
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The U.S. Federal Aviation Administration (FAA) publishes a number of documents, including FAA Flight Standards
Information Bulletins. Flight Standards Information Bulletin for Air Transportation (FSAT 97-03, 3/17/97) is
reproduced here in full. Additional copies are available from the U.S. Government Printing Office (GRO) at:
Superintendent of Documents, U.S. Government Printing Office, P.O. Box 371954, Pittsburgh, PA 15250-7954;

Telephone: (202) 512-1800; Fax: (202) 512-2250.

In-flight Icing Operations and
Training Recommendations

U.S. Federal Aviation Administration Order 8400.10
Flight Standards Information Bulletin for Air Transportation (FSAT) 97-03
March 17, 1997

1. PurposeThis bulletin provides Flight Standards Service

(AFS) principal operations inspectors (POI) guidance and
information concerning approved training programs for
flight crewmembers should they inadvertently encounter
in-flight icing conditions, including freezing drizzle/
freezing rain. It directs POI’s to ensure that all pertinent
meteorological information is provided to flight
crewmembers and dispatchers, both for preflight planning
and in-flight decision making when the route of flight may
be near areas of potentially hazardous weather conditions.
This bulletin is applicable to all operators of turbo prop
aircraft and not just operators of ATR-42 and ATR-72
aircraft.

2. Background.

A. On October 31, 1994, an accident involving an ATR-
72 occurred while the airplane was en route from
Indianapolis to Chicago. Post accident investigation
concluded the likely presence of freezing drizzle
aloft (also called supercooled drizzle drops (SCDD)).3.
For the purposes of ice accretion only, freezing
drizzle, freezing rain, and SCDD are considered
synonymous terms, comprising supercooled large
droplets (SLD), i.e. those icing conditions containing
droplets larger than the airplane icing certification
specifications. SLD may result in ice formation
beyond the capabilities of the airplane’s ice
protection system. While the flight crewmembers of

the ATR-72 were not aware that the icing conditions
they encountered would cause dramatic airplane
control difficulties, they were aware of the preserice
of icing.

B. Asaresult of the investigation of the ATR-72 accident,
the National Transportation Safety Board (NTSB)
expressed concerns that approved air carrier training
programs may not fully address procedures, shquld
flight into freezing rain or freezing drizzle bge
encountered. The NTSB expressed concern abdut a
lack of pertinent weather information dissemination
to flight crewmembers and dispatchers.

C. The NTSB has not completed its investigation |of
COMAIR flight 3272 that crashed on January 9, 1997
while on approach to Detroit, however preliminary
information indicates that in-flight icing may have
been a factor.

Discussion.

A. Safe operations during in-flight icing conditions
requires flight crewmember awareness of the potential
dangers of in-flight icing and under what conditions
in-flight icing may be encountered.

B. Knowing the type of in-flight icing and where in
flight icing might be encountered is essential |to

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « JUNE-SEPTEMBER 1997

183



FLIGHT STANDARDS INFORMATION BULLETIN FOR AIR TRANSPORTATION 97-03

4.

preflight planning and in-flight decision making,
should severe icing be encountered. Information is
available to both flight crewmembers and dispatchers
through airman’s meteorological information
(AIRMET), significant meteorological information
(SIGMET), Center Weather Advisories (CWA), and
the hazardous in-flight weather advisory service
(HIWAS).

C. After the ATR-72 accident, the Federal Aviation
Administration (FAA) issued several aircraft
specific airworthiness directives (AD) concerning
procedures to identify severe icing conditions,
knowledge of the airplanes certification limits, and
procedures to safely exit in-flight icing conditions
when necessary.

D. In September 1995, the FAA published a document
entitled, “Roll Upset in Severe Icing,” (ATTACHMENT
I) which describes icing conditions outside the
airplane’s certification icing envelope and provides
information about the background, preventative
measures, symptoms, and corrective measures on the
hazards of roll upset associated with severe in-flight
icing. This document can also be found on the Internet
at the Flight Standards Homepage. The address is http:/
www.faa.gov/avr/afshome.htm.

Actions.Training programs for pilots and dispatchers, if
applicable, should be reviewed and amended, if required.
Training programs should include:

(1) A discussion of approved ground deicing/anti-icing
programs, specifically emphasizing that these”:
programs apply only to airplane ground operations.
This discussion should emphasize that holdover time
is applicable only to ground operations. Should
freezing drizzle/rain conditions exist at takeoff time,
the possibility of severe in-flight icing must be
considered since holdover time does not apply after
the airplane reaches rotation speed.

(2) A review of meteorological conditions likely to cause 6.
freezing drizzle, freezing rain, or SCDD.

(3) Identification of weather information sources and their
use relative to in-flight icing. This should include use7.
of AIRMET's, SIGMET’s, CWA's, and HIWAS, as

appropriate, for the flight crewmember’'s an
dispatcher’s pre-flight planning and in-flight decisig
making processes.

(4) Discussion of procedures, including company and Air

Traffic Control (ATC) procedures, for pilot weathg
reports (PIREP) on severe icing to include reporti
procedures, content and use of PIREP’s.

(5) Discussion of information provided to flight
crewmembers including identification of severe icing

conditions, freezing rain and freezing drizzle, e
procedures should severe icing conditions
encountered, and ATC procedures.

(6) Review of changes to the Airplane Flight Manu

(AFM), Company Flight Manual (CFM), othef

appropriate company manuals, and minimu
equipment list (MEL) resulting from the applicab
AD'’s.

(7) For those airplanes affected by the AD’s, POI’s sh
ensure that all relevant material and requirements f
the applicable AD and all applicable MMEL chang
are incorporated into their operator’s compa
manuals.

(8) A review of the FAA publication, “Roll Upset in
Severe Icing,” (September 1995). [A revised versi
of that article appeared iRlight Safety Digest
January 1996, and is reprinted as the next sectio
this issue.]

Program Tracking and Reporting Subsystem
(PTRS) Input. POI's assigned to operators usin
affected aircraft shall make PTRS entries to record
actions directed by this bulletin as outlined in HBAT 9
08. The PTRS entry shall be listed as activity code num
1381; the National Use field entry shall be listed as acti
code, FSAT 97-03. POI's should use the comments seg
to record comments of interaction with the operators.

Inquiries. This bulletin was developed by AFS-200. An
inquiries regarding this bulletin should be directed to, AR
200 at (202) 267-3755, or by fax at (202) 267-5229.

Expiration. This bulletin will remain in effect until
March 31, 1998.
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FSF editorial note: As part of a long-term effort to address in-flight icing issues, the U.S. Federal Aviation
Administration released this action plan in April 1997. It is reprinted here slightly abridged.

Inflight Aircraft Icing Plan

U.S. Federal Aviation Administration

Introduction for which a consensus was achieved, but that do not call for
action) were identified. Each recommendation and consensus

The Federal Aviation Administration (FAA) Inflight Aircraft item was considered by the FAA Icing Steering Committee
Icing Plan describes various activities, including rulemakingin formulating this plan.
development and revision of advisory material, research

programs, and other initiatives that have already started or willhe FAA Aviation Weather Research (AWR) Program
be undertaken by the FAA in order to achieve safety wheBupports and manages most of the research described in the
operating in icing conditions. This plan provides brief details'Weather Forecasting” section of this plan as well as sgme

and milestones that will be tracked by the FAA Icing Steeringctivities described in the “SLD Characterization” section.
Committee. AWR activities are described in greater detail in “FAA

Inflight Icing Product Development Plan: Fiscal Year '97 (&
In preparing this plan, the FAA made extensive use 0i98,” dated October 15, 1996. All other FAA-funded reseafch
information obtained during the FAA-sponsored Internationafiescribed in the plan is supported and managed through the
Conference on Aircraft Inflight Icing held in May 1996. William J. Hughes Technical Center (identified in this
Certification requirements, operating regulations, and forecastocument as the FAA Technical Center). This resedrch
methodologies associated with aircraft icing were reviewe@ddresses safety issues of concern to the FAA Aircyaft
during the conference in an effort to determine if changes dgertification and Flight Standards Services. All reseajch
modifications should be made to provide an increased level gfescribed in the plan is contingent upon the availability of
safety. An important area of concern that was addresséflequate funding.
involves icing due to supercooled large droplets (SLDs).

The most current information was used in the development of
The conference included the following working groups: (1)the tasks and schedules contained in this plan. However| due
Icing Environment Characterization; (2) Ice Protection ando the complex nature of the tasks and the interrelationships
Ice Detection; (3) Forecasting and Avoidance; (4)between tasks, the plan may need to be revised periodically to
Requirements for and Means of Compliance in Icingreflect a change in scope or schedule.
Conditions (including Icing Simulation Methods); and (5)
Operational Regulations and Training Requirements. ThesEhe International Conference on Aircraft Inflight Icing was
working groups developed recommendations that call foattended by representatives from 21 countries. During and gfter
specific actions. In addition, consensus items (propositionthe conference, representatives of several of these countries
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expressed a commitment to improving the safety of airplanes under Part 91 of the FARs (14 CFR Part 91), since
when they are operated in icing conditions. Since aviation safety Section 91.527 does not apply to most general aviation
is a shared responsibility, the FAA welcomes these commitments aircraft.
and encourages other government agencies, foreign
airworthiness authorities, industry, and other sectors of the « Direct POIs to ensure that all air carriers that operate
aviation community to join together in pursuit of common goals aircraft under Part 121 of the FARs (14 CFR Part 121)
or to undertake complementary activities. In an effort to optimize require their dispatchers to provide pertinent weather
the various nations’ limited resources, the FAA will actively information to flight crews.
seek international cooperation [regarding] icing activities.
» Require that Hazardous Inflight Weather Advisory
Flight Standards Regulations and Service broadcasts include pertinent weather
. . information.
Guidance Material
Plan Details, Task 1BThe review includes, but is not limited
Task 1. Improve training and operating regulations andtg the following documents:
guidance material related to icing.
» Aeronautical Information ManuglAIM)
Task 1A.The FAA will require Principal Operations Inspectors
(EOIS) to ensure that training programs for persons opgra_ting «  Advisory Circular 91-51
aircraft under Parts 121 and 135 of the Federal Aviation
Regulations (FARs) (14 CFR [U.S. Code of Federal
Regulations] Parts 121 and 135) include information about ATC Handbooks 7110.65 and 7110.10
flight mtp free_2|_ng raln/f_re_ezmg drizzle conditions as well as Advisory Circular 135-9
conventional icing conditions.
Plan Details, Task 1A *  Winter Operations Guide
Responsible Party— Flight Standards Service. e Sections 91.527,135.227, and 121.341 of parts 91, 135,
and 121, respectively, of the FARs (14 CFR 91.527,
Schedule— March 1997: Completed Flight Standards 135.227, and 121.341)
Handbook (Information) Bulletin requiring POlIs to ensure that
training programs include information about all icing FAA Order 8400.10
conditions including flight into freezing drizzle and freezing
rain. *  Weather Service Operations Man&SOM), Chapter
D-22
Task 1B. A working group will review, revise, and develop
regulations and advisory material as necessary to accomplidie working group will also review the following documents
the following: and will attempt to coordinate with the internationgl
organizations that publish these documents. (The working
« Ensure that icing terminology (e.g., known, forecastgroup has no authority to revise the documents.)
observed, trace, light, moderate, severe, and “Appendix
C”icing [Appendix C of FARs Part 25 definesthe range *  International Civil Aviation Organization®lanual of
of icing conditions that aircraft seeking FAA Aeronautical and Meteorological Practi¢Bocument
certification must be able to encounter safely]) is used 8896-AN/893/4)
consistently and clearly by the Flight Standards
Service, pilots, dispatchers, the National Weather + World Meteorological Organization’s Annex 3
Service (NWS) Aviation Weather Center, the Aircraft
Certification Service, and Air Traffic. Responsible Parties— Flight Standards Service; Aircraft
Certification Service; FAA Technical Center; Aviation Weather
» Update guidance related to icing reporting and pilotCenter; and Air Traffic.
air traffic control, and dispatcher actions.
Schedule—
 Provide advisory information concerning ice
bridging. e March 1997: Completed Flight Standards Handbqok
(Information) Bulletins on freezing drizzle and freezing
+ Consider the need for an icing regulation that is rain training and pilots’ and dispatchers’ responsibilities
applicable to all general aviation aircraft operated regarding pilot reports (PIREPS).
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» February 1999: Complete revisions to the FAA materia(NOAA), National Air and Space Administration (NASA),
listed above. Department of Defense (DOD), NWS, various universitie

S,

and the private sector. The FAA has provided funding for three
»  April 1999: Determine whether or not a rule change igmajor field validation experiments: the Winter Icing and Storms
required. Projects (WISP) in the winters of 1989-90, 1992-93, and

1994-95. Planning is under way for a joint freezing drizg

le

Task 1C. The FAA will explore the feasibility of incorporating program with NASA Lewis Research Center (LeRC) during
icing performance and handling characteristics in airplan¢he winter of 199697 and for another WISP field effort in the

training simulators. winter of 1997-98.

Plan Details, Task 1C.To enhance pilot awareness of the The present AWR program direction is to refine the data pnd
effects of inflight icing, how inflight icing affects airplane information being provided to forecasters at the AWC|in

performance, and to provide realism to pilot training in arKansas City to improve the ability to forecast inflight icing,

inflight icing environment, the FAA will explore the feasibility especially in the cases of freezing rain, freezing drizzle, pnd
of incorporating icing performance and handling characteristicSLD aloft. The effort is focused on learning how to incorporate
in airplane training simulators. a variety of data sources into the forecast process, including
satellite observations, wind profilers, Next Generation Weather
Responsible Parties— Flight Standards Service; Simulator Radar (NEXRAD), and Terminal Doppler Weather Radar

Team; Aircraft Certification Service. (TDWR). The goal is to produce hourly three-dimension

al

icing forecast fields from model-based algorithms for aviatjon
Schedule— December 1997: Complete feasibility study. users with at least a one-hour lead time (up to as much asja 12-

Task 1D. The FAA will participate with appropriate only supports model and icing algorithm development, but
organizations to encourage coordination among manufacturefands the Experimental Forecast Facility (EFF) within
operators, associations, organizations, research communitié8¥C by which emerging icing forecasting technologies a

hour lead time) with high accuracy. The AWR program }ot

Iso

he

re

and pilots in the international community for development otested in an operational setting. Icing forecasts from the EFF
inflight icing training aids (written, pictorial, video, etc.) and are distributed currently in text or 2-D graphic format. A three-

advisory material. dimensional gridded system for use by flight service specialists,
pilots, and other users is planned. As a result of work completed
Plan Details, Task 1D thus far, in January 1996 the AWC issued the first-ever forecast

of freezing precipitation aloft.
Responsible Party— FAA Icing Steering Committee.

As the FAA continues to sponsor research, it will encourage ather

Schedule— Ongoing. governmental, academic, private, and international organizations
to pursue their own research. All such research should be
|Cing Forecasting conducted in mutual collaboration for maximum effectiveness.

Task 2.Improve the quality and dissemination of icing weathefR€sponsible Party— FAA Aviation Weather Research
information to dispatchers and flight crews. Program.

Task 2A. The FAA will continue sponsoring icing forecasting Schedule—
research that is intended to refine the data and information

being provided to forecasters at the Aviation Weather Center *  November 1996-March 1997: NASA LeRC/NCAR

(AWC) in Kansas City [Missouri, U.S.] to improve the ability freezing drizzle program to include forecasting of SLD

to forecast inflight icing, including icing due to SLDs. conditions.

Plan Details, Task 2A.The FAA sponsors icing forecasting  *  July—September 1998: Statistical verification of icing

research through the AWR program under the FAA Aviation algorithms completed. Determine upgrades to single
Weather Research Program. Inflight icing is currently AWR’s input and combined model-sensor input algorithms.
highest priority. Present work continues a seven-year history Report on NCAR-produced icing forecast guidance and
of FAA research in icing. (Activities described under 2A and value added by [Kansas City] AWC and Alaska AWC

2B of this task are described in greater detail in “FAA Inflight forecasters.

Icing Product Development Plan: Fiscal Year '97 & '98,” dated

October 15, 1996.) The program also has provided leveraging *  Fiscal Year '99 and beyond: Complete combined

of funds through cooperation with the National Science sensor-model icing algorithm and implement jat
Foundation National Center for Atmospheric Research [Kansas City] AWC and Alaska AWC. Develop higher
(NCAR), National Oceanic and Atmospheric Administration resolution icing guidance product (down to 10
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kilometers horizontal scale) commensurate with the model-sensor input icing diagnosis algorithm. NCAR
National Centers for Environmental Prediction (NCEP) installs satellite-based icing display at [Kansas City]
capability improvement. AWC and Alaska AWC.
Task 2B. The FAA will continue to support the use of + September 1997: Report on the feasibility of using
operationally available sensor technology (ground-based or remote sensor data to determine icing severity. Report
airborne sensors that send data to ground-based equipment)  on theoretical studies of possible NEXRAD/TDWR
for icing detection and diagnosis. The FAA also will consider upgrades for improving icing detection.
funding the development of new sensor technologies for icing
detection or diagnosis. *  October-December 1997: Implement upgrade to satellite

algorithm at [Kansas City] AWC and Alaska AWC.
Plan Details, Task 2B.(See also Task 3). As a result of FAA
efforts, in the summer of 1996, the first commercial aircraft ¢« November 1996—March 1998: (Tentative) Field
having a humidity sensor was flown. Humidity sensors will be experiment in western Great Lakes to test NEXRAD
installed on five additional aircraft within the year. These sensors upgrade concepts.
will allow automated reports of a key icing algorithm input
parameter — atmospheric humidity — to supplement the ¢ September 1998: Report on evaluation of NEXRAD

temperature and wind data already reported. This effort is highly upgrades tests.
leveraged with NOAA and the National Science Foundation
(NSF) in collaboration with United Parcel Service. Furthermore, Inflight Ice Detection

AWR is working with the governments of France and the United

Kingdom to obtain sensor certification on Airbus aircraft andrask 3.Accelerate development of airborne technologies that
Boeing 747 aircraft, respectively. After several months of flightemotely assess icing conditions by working with groups ﬂhat
tests and experience in using the humidity data to improvgiready are supporting research in this area.
forecasts, as many as 160 sensors will be deployed on air carrier

aircraft. This will greatly enhance the information available top|an Details, Task 3The development of equipment carried
meteorologists and numerical modelers. on an aircraft that could detect icing conditions in an area that

is remote from the aircraft would assist aircraft that are hot
While this airborne humidity sensor is an essential first stepertified for flight in icing conditions in avoiding those

inicing detection and forecast verification, it does not directlfconditions. The ability to remotely detect icing is envisioned
identify the icing phenomenon itself. The FAA will consider as an important capability of aircraft developed in accordance
funding research into icing detection technologies angyith the “avoid and exit” concept advanced as part of the
facilitating transfer of these technologies to industry. Advanced General Aviation Transportation Experiment

(AGATE). Such aircraft are not planned to be certified for flight
The AWR program-sponsored radar detection work has resultegl jcing conditions.

in several methodologies to determine icing altitudes, to determine

the amount and sizes of SLD, to discriminate between liquitkemote sensing could be useful to aid in avoidance of severe
droplets and ice crystals by combinations of ground- and satellitgsing conditions by all aircraft including transport airplanes.
based radars and radiometers, and to use low-cost balloon-borfige Department of Defense (DOD) and FAA are funding
packages for supercooled liquid detection and quantificationnyestigative research in this area; Cold Regions Research
Preliminary results have been published, yet thorough testingngineering Laboratory (CRREL) will provide the primary

under a variety of atmospheric conditions is needed to ensure f&hnical management. NASA LeRC is organizing a workshop
methods are sufficiently robust for technology transfer tqn the airborne remote sensing concept.

operational systems such as NEXRAD and TDWR.

Responsible Parties- FAA Technical Center, DOD, CRREL|,
The FAA will encourage other governmental, academicNASA LeRC.
private, and international organizations to pursue their own

research and technology transfer. All such research should Bghedule— July 1998: Reports on airborne remote sensing
conducted in mutual collaboration for maximum effectivenesstechnology proof of concept investigations.

Responsible Party— FAA Aviation Weather Research Certification Regulations and

Program. . .
Guidance Material

Schedule—
Task 4. Ensure that aircraft having unpowered ailerons and

» September-December 1996: Experimental, off-line (irpneumatic deicing boots do not have roll control anomaligs if
the NCAR environment) implementation of combinedexposed to certain SLD conditions.
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Task 4A.The FAA will develop and publish interim procedures Plan Details, Task 4B.In April 1996, the FAA issued 18
for aircraft receiving new, amended, or supplemental typ&Ds to require revisions to the FAA-approved Airplane
certificates. Flight Manual to provide flight crews with recognition
cues for, and procedures for exiting from, severe icjng
Plan Details, Task 4Aln 1994, an accident occurred in which conditions. The ADs were written because flight creivs
severe icing conditions outside of the icing certificationwere not provided with the information necessary|to
envelope contributed to uncommanded roll [on Oct. 31, 1994letermine (1) when an airplane is operating in icing
to an ATR 72-212 operating as American Eagle Flight 4184Jconditions that have been shown to be unsafe and (2) what
The accident profile was nearly replicated during flight testaction to take when such conditions are encountered.
when the aircraft was flown with ice shapes developed from
testing in an artificial icing cloud having droplets in the sizeThe ADs applied primarily to Part 23 and 25 airplanes that
range of freezing drizzle at a temperature near freezing. Thisave unpowered primary roll controls, pneumatic deic|ng
condition created a ridge of ice aft of the deicing boots antioots, and [that] are used in regularly scheduled revenue
forward of the ailerons. Dry air testing with this ice shapepassenger service in the United States.
resulted in uncommanded motion of the ailerons and rapid
roll. Subsequent mandatory modifications to enlarge th&he FAA will propose similar mandatory action through the
deicing boot to remove the ice formation corrected these unsafPRM process for all Part 25 and certain Part 23 airpldnes
characteristics. In addition, flight manual procedures werg¢hat have unpowered roll controls and pneumatic deicing bpots
adopted that allowed flight crews to identify inadvertent flightthat were not addressed by the earlier ADs. The Part 23 NPRMs
into severe icing conditions, and provided restrictions andvill address airplanes certificated in normal and utility
procedures to allow a safe exit from those severe conditionsategories (not used in agricultural operations) havjng
The deicing system modification provides an increased margimnpowered roll controls and pneumatic deicing boots thaf are
of safety in the event of an encounter with freezing conditionased in Part 135 on-demand and air taxi operation, and gther
exceeding the icing certification envelope. airplanes regularly exposed to icing conditions.

The FAA initiated a review of aircraft similar to the accidentThese Part 23 NPRMs will include:
airplane to determine if other type designs might experience

control difficulties should a ridge of ice form aft of the deicing +  All single and multi-engine turbopropeller powered
boots and forward of the ailerons. The investigation addressed airplanes

Part 23 and Part 25 airplanes that are equipped with pneumatic

deicing boots and nonpowered flight control systems and that «  All multi-engine piston powered airplanes
are used in regularly scheduled revenue passenger service in

the United States. » Single-engine piston powered airplanes generally

having retractable landing gear, constant speed
The FAA has determined that similarly equipped aircraft propellers, and powered by engines rated at 200
receiving new, amended, or supplemental type certificates horsepower or greater

should be evaluated for roll control problems if exposed to
SLDs. The procedures will be based upon those used duriiResponsible Parties— Small and Transport Airplane
the previous FAA evaluation program and will continue untilDirectorates
specific regulations are adopted to address conditions outside
of the current regulatory icing envelopes in Appendix C ofSchedule—
Part 25 of the Federal Aviation Regulations (14 CFR Part 25).

e August 1997: Publish NPRMs.
Responsible Parties— Small and Transport Airplane
Directorates e February 1998: Publish Final Rules.

Schedule— July 1997: Develop and publish guidanceTask 5. Task the Aviation Rulemaking Advisory Committee
applicable to airplanes receiving new, amended, ofARAC) with a short-term project to consider a regulation that
supplemental type certificates. requires installation of ice detectors, aerodynamic performance
monitors, or another acceptable means to warn flight crews of
Task 4B. The FAA will issue Notices of Proposed ice accumulation on critical surfaces requiring crew actjon
Rulemaking (NPRMSs) to require that certain aircraft exit(regardless of whether the icing conditions are inside or outside
icing conditions when specific visual icing cues are observedf Appendix C). ARAC will also be tasked with a long-term
The NPRMs will be applicable to aircraft that (1) haveharmonization project to develop certification criteria and
pneumatic deicing boots and unpowered ailerons and (2) weaglvisory material — possibly including envelopeés
not addressed by the icing Airworthiness Directives ADssupplementing those currently in Appendix C — for the spfe
issued on April 24, 1996. operation of airplanes in SLD aloft, in SLD (freezing rain|or
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freezing drizzle) at or near the surface, and in mixed phagelan Details, Task 6A4.The FAA Icing Handbookis a

analysis, testing, and certification of aircraft with i
Plan Details, Task 5The current icing certification regulations protection. The handbook is intended primarily for use
ensure that airplanes are safe for operation in icing conditiorasrframe, powerplant, and flight test engineers. The upg

(14 CFR Part 25). However, service experience has shown thiie following:
airplanes may encounter icing conditions exceeding [those

consequences. The initiative will provide certification stability and control with ice accretions
requirements to increase the level of safety when icing
conditions exceeding Appendix C are encountered. * Characterization of SLD icing conditions

Another key issue that requires analysis is the recognition of «  Analytical icing accretion and performance codes
aircraft icing. ARAC will be given the task to consider the

need for a regulation that requires installation of ice detectors ¢ Ice protection systems

or other acceptable means to warn flight crews of ice

accumulation on critical surfaces requiring crew action.  Responsible Party— FAA Technical Center.

Icing Handbook
Schedule—
Task 6A5. Develop an engine and propulsion icing AC.
» September 1999: Reach technical agreement.
Plan Details, Task 6A5The engine and propulsion icing A

AC 20-73, Aircraft Ice Protection It will also present
Task 6. Improve the regulations and guidance related tanformation that will cover engine certification and Part
certification of airplanes for operation in icing conditions engine induction system certification as a coordinated prog
defined by Appendix C.

Major areas to be covered include:
Task 6A1, 6A2, and 6A3.The FAA will review, revise, or
develop the following guidance material: * Ice shed damage conditions

* Review and revise Advisory Circular (AC) 20-73 Power loss instability conditions (e.g., rollbac
“Aircraft Ice Protection.” flameout, surge/stall, etc.)

» Review and revise AC 23.1419A “Certification of Part «  Acceptance criteria (acceptable damage, accept
23 Airplanes for Flight in Icing Conditions.” power loss, etc.)

» Develop AC 25.1419 “Certification of Part 25 Airplanes  «  Natural icing flight tests (Part 25 of the FARs [14 CH
for Flight in Icing Conditions.” Part 25])

Plan Details, Task 6A1, 6A2, and 6A3A review of existing Responsible Parties— Engine and Propeller Directorate
advisory material indicates that improvements can be made afidansport Airplane Directorate.

new information incorporated to benefit all users. The ACs will

address icing conditions that are defined by the current AppendBchedule— September: Issue final AC.

C. Consideration will be given to combining the information

into one AC. It is anticipated that additional advisory materialTask 6A6. Develop an AC to provide guidance on how
will be required for icing conditions outside [of those coveredevaluate the susceptibility of a horizontal tail to stall.

in] Appendix C (see Task 5).

Responsible Party— Aircraft Certification Service. tailplane when the leading edge was contaminated with
has been responsible for a number of catastrophic accid
Schedule— September 1998: Issue proposed ACs. It has been found that even the small amounts of ice that
accumulate before activation of an ice protection system
Task 6A4.Review and update FAKing Handbook cause reductions in the tailplane stall margin.

defined by the envelopes in Appendix C of Part 25 of the FARwill include, but will not be limited to, new information on

covered in] Appendix C, which may have catastrophic ¢ Airfoil and aircraft aerodynamics, performance, ahd

*  October 2001: Publish Final Rule. will provide certification guidance that is more definitive than

Plan Details, Task 6A6Aerodynamic stalling of the horizontg|

conditions. compendium of technical information pertaining to design,

e

by
ate

Responsible Party— FAA. Schedule— December 1977: Complete update of the FAA
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Airplanes with powered pitch control systems may be susceptibtbie FARs (14 CFR 23.1419), and Sections 25.1419 (fice
to this phenomenon in terms of alteration of the aerodynamigrotection”), 25.929 (“propeller deicing”), and 25.1093
characteristics of the tailplane. However, there has only bedfinduction system ice protection”) of Part 25 of the FARs (14
adverse service history with leading edge contamination o8FR Part 25.1419, 25.929, and 25.1093) and of Part 25 of the
airplanes with unpowered pitch control systems. Airplanes witldoint Airworthiness Regulations (JARs), and to produce
a history of accidents and incidents attributed to tailplane stadippropriate advisory material.
are required by the FAA to limit the use of flaps, modify the ice

protection system, or modify the horizontal stabilizer airfoilPlan Details, Task 6C

design. These changes improve the performance of the ice

protection system or increase tailplane stall margins. The FAResponsible Parties— Small and Transport Airplane
also evaluated the tailplane stall margins of other Part 121 amrectorates.

135 airplanes with unpowered pitch control systems and found

the margins to be adequate. Schedule— October 2001: Publish Final Rule.

In 1992, the FAA published a memorandum that prescribed Bask 7. The ARAC Flight Test Harmonization Working
zero-g pushover maneuver to investigate an airplane’&roup will complete the harmonization project to standardize
susceptibility to tailplane stall. The FAA now plans to developperformance and handling requirements and guidance
guidance material that will present design criteria andnaterial for certification of FAR/JAR 25 airplanes to safely
assessment methods that will aid manufacturers in the desigperate in the icing conditions of Appendix C.
of tailplanes that are not susceptible to stalling when the leading
edge is contaminated. Plan Details, Task 7Section 25.1419 of Part 25 of the FARs
(14 CFR Part 25) and Section 25.1419 of the JARs require
Responsible Parties- Small Airplane Directorate, Transport that the airplane must be able to safely operate in ceftain

Airplane Directorate. specified icing conditions. The Flight Test Harmonizatipn
Working Group was tasked with a project to standardize
Schedule— September 1999: Issue final AC. airplane performance and handling requirements |[for

demonstrating safe operation in icing conditions. The
Task 6B. The FAA will coordinate an evaluation of a harmonization project started when the JAA published Notice
reformatted Appendix C, which could [be easier to use forbf Proposed Amendment (NPA) 25F-219, “Flight
certification and for other purposes and which could be&Characteristics in Icing Conditions.” The NPA provides
incorporated into an AC. guidance for demonstrating acceptable airplane performance
and handling characteristics for flight in icing conditions.
Plan Details, Task 6BDr. Richard Jeck’s paper “Other Ways
to Characterize the Icing Atmosphere” (American Institute ofThe Flight Test Harmonization Working Group began work|on
Aeronautics and Astronautics 94-0482) suggests formats dis projectin October 1994. A number of technical issues ar¢ yet
the Appendix C data that could be used more easily bto be addressed, including coordination with other ARAC working
certification and research personnel. The FAA will considegroups relative to systems and avionics requirements during
writing an AC that contains the suggested formats, the use @ight in icing conditions. However, agreement has been reached
those formats, and an explanation of the process of translation the majority of performance and handling qualities issues.
between the present Appendix C envelopes and the proposed
formats. Dr. Jeck’s proposals do not necessarily require arigesponsible Party— ARAC.
change in the Appendix C envelopes.
Schedule— March 1999: Publish Final Rule and AC.
Responsible Parties— FAA Technical Center, Small and
Transport Airplane Directorates, FAA Icing Steering Task 8. (This task is left blank intentionally)
Committee.
Task 9. The FAA, in concert with airworthiness authorities
Schedule— throughout the world, will consider a comprehensive
redefinition of certification envelopes (such as those that appear
* August 1997: Solicit comments from the FAA, industry, currently in Appendix C) for the global atmospheric icing
and the research community. If the proposals are foundnvironment when sufficient information is available

to be desirable, then worldwide on SLD, mixed phase conditions, and other icjng
conditions, and when adequate simulation tools are available
* June 1998: Issue proposed AC. to simulate and/or model these conditions.

Task 6C. Task an ARAC working group to harmonize the Plan Details, Task 9.The lack of information to support
regulations of Section 23.1419 (“ice protection”) of Part 23 otomprehensive redefinition of certification envelopes for the

-
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global atmospheric icing environment was emphasizedting simulation facilities (tankers and tunnels) and icing
by numerous participants at the May 1996 Internationasimulation codes. The working group will develop level-of-
Conference on Aircraft Inflight Icing. Additionally, as the acceptance criteria for validation comparisons. The group will
number of aircraft increase, the probability of encounteringxamine correlation of ice shapes (including impingement)
intense icing conditions that were previously considered raritom icing facilities with those from flight in natural icing
increases. As available icing cloud information andconditions. In addition, the group will examine correlation|of

technologies improve, the FAA will consider a comprehensivéce shapes (including impingement) from ice accretion codes
change to the icing certification envelopes. This task isvith those from both simulation facilities and naturgal
extremely complex — it requires information from aroundconditions. The fidelity of artificial ice shapes needed|to
the globe and the cooperation of aviation authorities aroungpresent a natural event will be reviewed. Methods will|be
the world. In the interim, the FAA will work with ARAC examined to provide quantifiable information on cloud
to improve the safety of airplanes exposed to icing conditionsharacteristics, ice accretion shapes, and aero-performance
that exceed the current Appendix C icing envelopes (semeasurements in natural icing to determine the comparjson

Task 5). criteria for simulation. Methods for processing time-averaged
flight data will be evaluated to support replicating natural icing
Responsible Party— FAA Icing Steering Committee. events in ground-based facilities.

Schedule— June 2003: If appropriate, the FAA will propose The working group also will address methods for defining
a change to the envelope. tunnel/tanker cloud characteristics and their calibration and
accuracy. This will include instrumentation employed in the
Task 10.The FAA Human Factors Team will review the designestablishment of those calibrations and methods| to
philosophy of automatic autopilot disconnection due to amletermine the facility’s envelope. A set of equivalent icipg
external disturbance. conditions along with a standard model(s) will be identified
for use in comparing icing simulation facilities. Means |of
Plan Details, Task 100perational experience has shown thatcomparison to cross reference individual facility results will
in some autopilot modes, the autopilot has disconnected aftbe developed.
trimming the aircraft to stall entry during flight in icing. Loss
of control from ensuing roll and pitch excursions has resultetssues related to the simulation of freezing drizzle, freezing
[in] some instances. The human factors aspect of autopiloain, and mixed phase conditions either by a facility or a
use and disconnect during flight in icing will be addressed. computer code also will be examined.

Responsible Party— FAA Human Factors Team. Responsible Parties- NASA LeRC, FAA Technical Center
and Aircraft Certification Service.
Schedule— September 1997: Publish a plan and schedule.
Schedule—
Icing Simulation Methods

e August 1997: Develop interim recommendations pn
Task 11.Develop validation criteria and data for simulation validation criteria.
methods used to determine ice shapes on aircraft, including
icing tunnel, ice accretion computer codes, and icing tankers. * June 2001: Develop final recommendations pn

validation criteria.

Task 11A.Validation Requirement#& working group will be
formed to identify validation requirements for icing facilities Task 11B.Validation Data The FAA shall support research
(tunnels and tankers), and droplet impingement and icaimed at developing ice accretion data and associated
accretion computer codes. The validation requirements wifterodynamic effects that can be used for the validation of ice
be appropriate for use in certification. The working group willaccretion codes and analysis of aerodynamic performance
develop information describing validation criteria (including degradation due to icing. This research also can be used to
specification of limitations) for icing simulation facilities, form the basis of an evaluation of ice shape features resulting
including instrumentation and data processing methodologie8 critical performance loss.
as they relate to facility calibrations, and for impingement and
ice accretion codes. This will be a coordinated effort amon§lan Details, Task 11B.The NASA LeRC Modern Airfoils
research organizations, industry, and regulatory authoritie{c€ Accretions Program receives funding support from the

This material will be evaluated by the FAA for adoption asFAA. This program encompasses the development of jice
guidance material. accretions in icing tunnels on modern airfoils (2D) and wings

(3D) of interest to industry and the FAA. It includes the
Plan Details, Task 11AThe working group will establish a acquisition of aerodynamic data using icing tunnel accretion
plan for development of validation criteria for experimentalmodels in high quality aerodynamic tunnels.
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Responsible Parties- NASA LeRC, FAA Technical Center. » Large-dropletice (spanwise step accretions beyond the
“normal” impingement zone);
Schedule— September 1998: Report on ice accretions for

modern airfoils (2D), including G C, ., and stall angles. * Beakice (single horn ice shape on the upper surface);

s X
ma and

Task 11C. Simulation ImprovemeniThe FAA will support
research on the development and improvement of ice simulation
methods such as ice accretions codes, icing tunnels, and icing
tankers. This research will be directed at understanding thﬁ1
physical processes underlying the ice accretion proces
including phenomena associated with SLD ice accretion.

Intercycle ice (ice accumulated between deicing
cycles).

lhese categories of ice would be considered during varjous
phases of flight such as takeoff, landing, climb, hold, etc., for:

. : . * Operational ice protection systems;
Plan Details, Task 11CA working group will be formed to P P y

publish a research plan that addresses how the FAA can most,
cost effectively improve the simulation capabilities of industry

and research facilities. +  Unprotected surfaces.

Failed ice protections systems; and

Responsible Parties— FAA Technical Center, Aircraft Responsible Parties— Aircraft Certification Service, FAA
Certification Service. Technical Center, NASA LeRC, Industry, Academia.

Schedule— February 1998: Publish a Simulation Improvementgpedule— December 1997: Publish a plan.
Research Plan.

Task 12B.The FAA will establish a working group to visit
Ice Accretion and Its Effects on various manufacturers to learn how they develop critical |ice

gt shapes and their rationale for the ice shapes used for
Performance/Stablhty and Control certification. The working group will develop information t

. . . . be considered for publication.
Task 12.Develop guidance material on ice accretion shapes

and roughness and resultant effects on performance/stabiIilt_.;ian Details. Task 12B
and control. This material will be relevant to the identification '

and evaluation of critical ice shape features such as i
thickness, horn size, horn location, shape, and roughness.

[«]

Cﬁesponsible Party— Aircraft Certification Service.

Schedule—
Task 12A. The FAA, along with industry and research

organizations, shall form a working group to explore categories ,  october 1997: Complete visits to manufacturers.
of ice accretions that represent potential safety problems on

aircraft. » December 1997: Report findings.

Plan Details, Task 12A.The certification process requires Task 12C1 and 12C2The FAA will continue to support
identification and evaluation of critical ice accretions.research on the effects of ice accretion on airfoil performance
Criticality of possible ice accretions is not well understoodgnd aircratft stability, control, and handling characteristics,|As
and guidance information is needed for compliance withhe FAA continues to sponsor research, it will encourage other
established requirements. The working group will evaluatgovernmental, academic, private, and internatiopal
numerous ice shapes to help define areas of concern about Biganizations to pursue their own research. All such research
effects of ice accretion on airfoil performance and aircrafshould be conducted in mutual collaboration for maximum
stability, control, and handling characteristics. effectiveness. The following research efforts are current FAA-

_ _ _ _ supported programs directed at addressing the issues assqgciated
These ice accretion categories would include (but would nQgith this task:

be limited to):

. . ,  The NASA LeRE/FAA Tailplane Icing Program ang
e “Sandpaper” ice (a thin layer of ice composed of

roughness elements); « The University of lllinois/FAA Study of the Effect o
Large-Droplet Ice Accretions on Airfoil and Wing

* Residual ice (ice remaining after a deicing cycle); Aerodynamics and Control

* Rimeice; . . )
Plan Details, Task 12C1The NASA LeRC/FAA Tailplane Icing
* Glazeice; Program This program encompasses a study of tailplane iging
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and flight tests. It includes the investigation of flight test angprocessing methods.

analytical methods to determine aircraft sensitivity to ice
contaminated tailplane stall. Plan Details, Task 13A.This subtask responds to the lon

Responsible Parties- NASA LeRC, FAA Technical Center. dropsize distributions for systematic measurement errors
occur with modern, electro-optical, droplet sizing probes

different correction schemes that can give different results

the Effect of Large-Droplet Ice Accretions on Airfoil and Wingdisagreements in computed median volume diameters
Aerodynamics and ControThe objective of this research is water concentrations can arise this way. In this situati
to study the effects of spanwise step ice accretions on subsoiigbody knows how much artificially introduced error
aircraft aerodynamics and control. This type of ice accretiogontained in published SLD results. Therefore, this p

Experimental and computational tasks will be conducted usingll interested researchers to use their preferred correg

simulated ice accretions to determine the sensitivity of icécheme — whatever it may be — on the same initial g

shape and location on airfoil performance and control surfag@stribution and to compare the results.

hinge moment as a function of angle-of-attack and flap

detection. Critical conditions will be identified where the hingeResponsible Party- FAA Technical Center.

moment or aerodynamic performance changes rapidly. . . .
Schedule— April 1998: Final report summarizing results.

Responsible Parties- University of Illinois, FAA Technical

Center. Task 13B.The FAA will collect, consolidate, and analyz

affordable and accessible existing SLD data. The FAA
recommend that individual civil aviation authorities (CAA
sponsor an analyses of archived weather data in their
countries to provide statistics on the local occurrences
freezing rain and freezing drizzle.

Schedule —
e 1997: Interim report.

* 1999: Final report Plan Details, Task 13B.A comprehensive data set wa

collected by the FAA Technical Center for icing conditions

Task 12D. The FAA will request that industry form a clouds for which the processed data rarely revealed
committee to review data from the Phase Il testing to determine P y

) L . resence of significant concentrations of droplets larger t
if there are significant correlations that can be shared for futu%0 . . 9 . . P 9
microns in diameter. Therefore, this database canng

use and to identify realistic ice shapes due to SLD. Thﬁsed for analysis of SLD conditions. Several resea

committee will consider the effect of airfoils, pressure. . . . ., o .
S . . . . . .._institutions have collected data in SLD conditions; inquir
distribution, aileron design, etc., on an aircraft’s susceptibility . " o
must be made regarding additional organizations posses

to roll control problems.

in-situ measurements that may include these conditions.

Conference on Aircraft Inflight Icing, manufacturersindicatedwi” be conducted. Processing techniques, whether done
a willingness to contribute data to accomplish this task. it at the participating institutions or at the FAA Techni

. , . ) Center, will be determined as part of this project.
Responsible Party— Aircraft Certification Service

measurements in SLD conditions. Civil aviation authorit
worldwide will be encouraged to undertake or sponsor

_ ) analyses of their archived weather data.
Task 13. Characterize SLD aloft and assess mixed phase

conditions (ice crystals and supercooled liquid water dropletResponsible Party— FAA Technical Center.
in the atmospheric flight environment.

Mixed Phase Conditions Assessment

Schedule
Task 13A. The FAA will circulate “trial” SLD dropsize
distributions to participating research organizations to assess* June 1997: Prepare a letter to worldwide CAA's.

using icing tunnel, wind tunnel, and computational methodsjifferences in liquid water content (LWC) and dropsige

g

recognized problem of trying to correct, or adjust, recorded

that
In

Schedule— April 1998: Final report. the absence of a standard procedure, different users employ

for

Plan Details, Task 12C2University of lllinois/FAA Study of the same initial SLD size distribution. Unacceptably large

and
on,
is
an

can occur in supercooled temperatures near freezin@itempts to gauge the seriousness of the problem by alloying
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vill

5
own
5 of

T

S
in
the
han
t be
rch
es
sing

Plan Details, Task 12DDuring the May 1996 International 445 compilation similar to that for the cloud icing database

2 on
cal

Records of freezing rain and freezing drizzle from surface

Schedule— July 1997: Prepare letter(s) to industry. observations exist in many countries. These data are valyable
for assessing the threat of SLD worldwide and for determining
SLD Characterization and the opportunities for possible flight tests or additional

es
the
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e March 1998: Final report on results from FAA effort. Schedule— April 1998: Report on findings.

Task 13C. The FAA will conduct a study to determine the Task 13G.The FAA [will support] tunnel testing by NASA
magnitude of the safety threat that is posed by mixed phas&RC and the Canadian AES with the objective of testing LWC

conditions. meters for droplet sizes greater than 50 microns.

Plan Details, Task 13C Plan Details, Task 13G

Responsible Party— FAA Technical Center. Responsible Parties— NASA LeRC, AES, FAA Technical
Center.

Schedule— February 1998: Report on the findings and

recommendations for possible further action. Schedule—

Task 13D.(This subtask is left blank intentionally.)  September 1996: Completed NASA LeRC and

Canadian (AES/NRC/TC) tunnel testing.

Task 13E.The FAA will support basic research on the
formation mechanism of freezing drizzle aloft and at ground + July 1997: Report on the tunnel testing.
level.

Task 13H. The FAA will support further icing research to
Plan Details, Task 13EThrough the FAA Aviation Weather characterize SLD for operations, simulation, and certificaj;on
Research Program, the FAA has supported ongoing work jpurposes This research will include the collection of data in
this area since fiscal year 1990. The “FAA Inflight Icing geographic areas where SLD aloft data has not been collected,
Product Development Plan: Fiscal Year '97 & '98” includes asuch as the Great Lakes Region. Such field programs will be
section on basic icing science, which focuses on the roles pfanned to provide information useful for verification of
turbulence and low cloud condensation nucleus concentratiofsrecasting methodologies, training and guidance material
in contributing to the formation of SLD. pertaining to operation in SLD aloft (e.g., horizontal and

vertical extent), SLD characterization, and simulation of SL.D
Responsible Party— FAA Aviation Weather Research usingicing tunnels/tankers and computer codes. The FAA will
Program, AUA-460. request that the international community (Canadian AES, NRC,

and TC and European Research on Aircraft Ice Certification
Schedule— This is ongoing work. Results from these analyse$EURICE]) continue their support of similar research efforts
have already been incorporated into guidance product®r initiate similar studies) and enter into SLD data exchapge
transferred to AWC as part of the FAA AWR Program. The twoagreements promoting compatible operational and data
year (FY 1997 and FY 1998) Inflight Icing Product Developmentollection procedures, measurement techniques, and |data
Team Plan under review by the AWR Program includes furthgsrocessing procedures.
study and transfer of research results to operations.

Plan Details, Task 13HEXxisting SLD data for North Americ
Task 13F.The FAA will solicit knowledgeable individuals to is almost entirely derived from mountainous regions of the
provide guidance to researchers for developing SLD and mixedestern United States and the maritime provinces of eastern
phase icing cloud characterizations for possible certificatiol€anada. The mechanisms primarily responsible for icing in those
purposes (quantity, geographic location, and characterizatiareas (orographic, north Atlantic) are different from those in
format). other geographic areas of North America. Thus, atmospheric

sampling in geographic areas representative of other $LD
Plan Details, Task 13F.Guidance will be sought from formation mechanisms would be very valuable in the formulation
researchers who collect and analyze the data, modeling and wioften SLD characterization envelope. These areas would inglude
tunnel representatives, and industry and FAA representativéise Great Lakes Region and other areas determined thrpugh
who would use any new characterizations (of SLD and mixedonsultation with meteorologists and cloud physicists.
phase conditions) for certification purposes. The need is not
solely meteorological (processes, characteristics, extents), luiost sampling of SLD aloft must, by definition, be done|in
also depends on such factors as location relative to high traffitght. However, innovative approaches can be used in spme
use areas, wind tunnel and numerical simulation requiremenigeographic areas, as exemplified by the pilot project on Mgunt
and operational requirements. Washington in winter 1996-97.

Responsible Parties— FAA Technical Center, (Canadian) A cooperative NASA LeRC/NCAR/FAA project, based at the
Atmospheric Environmental Service (AES), National ResearchNASA LeRC flight facility in Cleveland, Ohio, is planned fa
Council of Canada (NRC), and Transport Canada (TC), NCARhe 1996-97 icing season. Canada (AES/NRC/TC) has
NASA LeRC, Aircraft Certification Service. proposed a field project for the Canadian Great Lakes in 1997—

-
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severe icing conditions occur with greater frequency than in the research completed to date.
most other areas of North America. This project is crucial both

A scientific field project (WISP98) is planned tentatively for droplet probes.
the western Great Lakes area during winter 1997-98. That
project will include SLD flight research if funding is available. Plan Details, Task 13I.A variety of simple to complex|

amounts and sources, both of which are unknown at this timer voice pilot notes, digital recording, or ground telemet
Canada (AES/NRC/TC) also is planning a field project forare needed to document the information.
the Canadian Great Lakes in 1997-98.

Responsible Parties— FAA Technical Center, Flight
The support of further SLD flight research in 1998-99 will beStandards, Canada (AES/NRC/TC), NCAR, NASA LeRC
assessed in light of the outcome of the efforts in 1996-97 and
1997-98. The factors considered will include the success &chedule—
the research already conducted, the need for further data for
regulatory and other purposes, and available funding. Ifitis ¢« June 1997: Working group formed.
determined that three complementary flight programs are
needed in different geographic areas of North America, and « December 1997: Report and recommendations.
each costs at least $600,000 (a conservative estimate), then
the total cost would be at least $1.8 million. Coordination of Icing Activities

Data from all efforts will be provided to the FAA Technical

SLD data base, and will provide the data to the ARACNflighticing activities, including recommendations from th
committee described in Task 5 of this report in a fornfAA International Conference on Aircraft Inflight Icing.

appropriate for their deliberations.

Schedule— recommendations from the FAA International Conference

. Aircraft Inflight Icing and the subsequent development
* June 1997: Letter from FAA to Canadian AES andihis FAA Inflight Aircraft Icing Plan. The committee wil

EURICE proposing consideration of an agreement ofnonitor [the progress of the tasks in this plan to see that
exchange of SLD flight research data. are] proceeding on schedule and are achieving the de
results.
e June 1998: New SLD data from Great Lakes Project

and Mt. Washington Project entered in FAA SLD Responsible Party— FAA Icing Steering Committee.
database and included in package provided to ARAC

in appropriate form. FAA SLD database and datagchedule— Biannual review of the FAA Inflight Aircraft Icing
package for ARAC also will include data from Task pjan to determine progress on accomplishing the plan ar
13B of this report. identify areas where the plan should be revised.

¢ October 1998: New SLD data from WISP98 and othefappendices | and 11 of the report are omitted from this repri

available field projects entered in FAA SLD databaseappendix | lists the “recommendations;” “consensus item
and provided to ARAC in appropriate form. and “nonconsensus” items developed by the working gro

98. These projects will provide essential SLD data in the Great « 1998-99: Additional SLD atmospheric flight research
Lakes region, which is believed to be a geographic area where based upon available resources and an evaluation of

to possible short-term regulatory action and to effectivelask 131. A feasibility study will be carried out by a
planning of further SLD flight research. working group to determine if the FAA should solicjt
cooperation of operational aircraft to carry icing, LWC aphd

Center. The Technical Center will enter the data into the FAA@sk 14.The FAA Icing Steering Committee will coordinate

Plan Details, Task 14.The FAA Icing Steering Committee

Responsible Parties- FAA Technical Center, FAA Aviation members are drawn from across the FAA, includipg

Weather Research Program, Canada (AES/NRC/TC), JAAepresentatives from the Flight Standards Service, Air Traffic,
NASA LeRC, NCAR. Aircraft Certification Service, and the FAA Technical Center.

The committee was instrumental in the review of the

A conservative estimate is that $600,000 would be requiresheasurement devices exist. These devices are availablg for
from FAA and other sources in order to include SLD flightinstallation on aircraft to provide real-time or recorded
research in this project. WISP98 involves NCAR, FAA, NASAmeasurements relevant to the icing problem. The appropriate
LeRC and, possibly, several universities, local NWS officesinstruments, aircraft, data collection, format, and applicatipns
the National Oceanic and Atmospheric Administration’smust be assessed. Some instruments, such as ice detection
Environmental Technology Laboratory, and industry. Facilitiesequipment used for pilot warning/deicing equipment activatipn,
available for this project are directly dependent on fundin@lready exist and are installed. Data recorders, including written
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at the May 1996 International Conference on Aircraft Inflight The FAA is not aware of any operational safety issues related
Icing. Recommendations were defined as proposals calling falirectly to the performance of propellers in icing conditions.

specific actions; consensus items as proposals about whichlee will accrete on propellers near the propeller hub and|can
consensus was reached, but which did not call for immediatesult in some power loss. However, most of the propulsive
action; and nonconsensus items as proposals that wefferce from the propeller is generated near the tip of the blade
considered significant, but about which no consensus abouthere ice accretions are unlikely. The need to develop |and
action was reached. Appendix Il is a table that illustrates howalidate propeller icing performance codes is not a priority

most of the recommendations and consensus items in Appenidisue; therefore, the FAA has not included such a task ir the
| are incorporated into the icing plan tasks.] Aircraft Inflight Icing Plan.

Appendix Il Forecasting and Avoidance Working Group Recommendatjon:
The Aviation Surface Observation System (ASOS) program

Significant Recommendations Not Incorporated should continue the development and implementation of
. . . . freezing rain and freezing drizzle sensors; stations that augment
into the FAA Inflight Aircratft Icing Plan ASOS should routinely report this information.

Ice Protection and Ice Detection Working Group
Recommendationtt is essential that an icing environment
severity index be developed as a generic scale.

This recommendation has already been accomplished.|The
development of freezing rain sensors has been completed by
the NWS and the freezing rain sensor is currently beging

The icing ADs that were issued in April 1996 essentiallyder’,oned as an.integral component Of,ASOS' Au_gmen.ing
acknowledge two levels of icing certification. One level consistStations are required tc_) _report freezing rain and freezing drigzle
of the icing conditions that are defined by the envelopeg\’henever those conditions are observed.

contained in Appendix C. The second level consists of icin ) ) o ) i
conditions that exceed the capabilities of the airplane ic@Perational Regulations and Training Requirements Working

protection system. However, the FAA believes that thi€3roup RecommendatioReview Master Minimum Equipment
recommendation is for several additional levels of icing severity:iSt (MMEL) restrictions in Airworthiness Directives (ADs
Ice detection tools, icing simulation tools, and forecasting-€-» the icing ADs that were issued on April 24, 1996).
capabilities do not exist to support the fine differentiation of
icing conditions that would be required to institute and certificatd he ADs contain a limitation that all icing detection lights
an aircraft for operation under such a system. Therefore, tHBUSt be operative prior to flight into icing conditions at night.
FAA Inflight Aircraft Icing Plan does not incorporate a task to This limitation supersedes any relief provided by the MMEL.
develop such an index. If technological advances make such Hrvas the FAAs intent to require that lights be operational
index possible, the issue should be revisited. prior to flight in icing at night to help the flight crew tp
observe the visual icing cues identified in the ADs. It was
Requirements for and Means of Compliance in Icing not intended to include the lights that illuminate an ice
Conditions Working Group RecommendatioRecommend detector or an ice evidence probe. For most of the airplanes
FAA accept principle of certification to less than full ~ affected by the ADs, the lights that help to illuminate the
envelope such that with adequate detection systems Wwing and spinner are the lights required to be operational in
rotorcraft manufacturers can certify to that icing envelope. ~ accordance with the AD. The FAA has no plans to revise|the
ADs. Any issues regarding the MMEL restriction may pe
The FAA has already developed two reduced icing envelopd®ndled through a request for approval of an alternative
as alternatives to the full icing envelope of Appendix C formethod of compliance.
rotorcraft certification. These two envelopes are presented in
AC 29-2A. The FAA has no plans to further reduce this envelopg¢Appendices IV and V of the report are omitted from this
reprint. Appendix IV is a glossary of acronyms, which are
Requirements for and Means of Compliance in Icingdefined in the reprint in the text where they first appear.
Conditions Working Group Recommendati@evelop and Appendix V is a list of contributors to the plan, both within
validate propeller icing performance code. FAA and from other organizations.]
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AV-DATA 2000:
Complete U.S. Federal Aviation Regulations and
Associated Resources on CD-ROM

Compliance with U.S. Federal Aviation Administration (FAA)
regulations and associated resources for deicing and anti-icing
presents the operator and the pilot with the intimidating task of
knowing all the pertinent documents. In pursuing the “clean
aircraft” goal, questions such as the following arise:

* What are the regulations and guidelines for ground
deicing?

¢ How is holdover time determined?
« What preflight inspections are required?

« What are the requirements for ground training and testing
of flight crew members in deicing and anti-icing
procedures?

* Who is ultimately responsible for each aspect of the
process?

AV-DATA 2000™, a CD-ROM produced by IHS TransPort Data
Solutions, provides a means of quickly and comprehensively
accessing FAA data related to any aircraft-icing topic. The
database includes complete U.S. Federal Aviation Regulations

IHS

(FARs), Airworthiness Directives (ADs), Advisory Circulars
(ACs), Technical Standard Orders (TSOs), Service Difficulty
Reports (SDRs) and Notices of Proposed Rulemaking
(NPRMSs). A full-text search and retrieval system permits
calling up relevant information from numerous documents in
seconds. Also included are FAA legal interpretations,
providing a plain-English clarification of more recent rules
and regulations.

Besides the U.S. federal regulations and guidance material,
AV-DATA 2000 includes archived issues of Flight Safety
Foundation publications, an excellent safety resource.

To ensure the CD-ROM'’s currency, purchasers of AV-DATA
2000 receive updated disks monthly. And the daily U.S. Federal
Register is available to disk purchasers via the IHS Internet
home page (wwwreg.ihsreg.com/~transport_data).

TransPort Data Solutions is a division of IHS Group Inc., a
world leader in the electronic publishing of industry and
international technical standards. The company can be reached
at (800) 320-5660 (United States and Canada); (519) 659-1400.
Fax: (303) 486-1710; (519) 659-1426 (outside the United
States).+

TransPort Data
Solutions
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U.S. Icing-related Regulations and Advisory

FSF Editorial Staff

Materials: Results of an AV-DATA 2000 Search

The list that follows was compiled using AV-DATA 2000 CD-ROM'’s sophisticated search function to find o
U.S. regulatory and advisory documents containing the word “deicing” or “anti-icing.”

The compilation makes it evident that there is a very large body of icing-related FAA information. Pilots,

and advisory material on the subject.

(Advisory Circular); TCD (Type Certificate Data Sheet); FO (FAA Order); SDR (Service Difficulty Report)
STC (Summary of Supplementary Type Certificates).

The list is published here to provide references to relevant documents.

ficial

yround

handlers, dispatchers and others with a direct interest in icing might be surprised at the sheer volume of regulatory

The following abbreviations are used in the list to describe types of materials: FAR (U.S. Federal Aviation Regylations);
FR (U.S.Federal Registgr NPRM (Notice of Proposed Rulemaking); FSF (Flight Safety Foundation — from the
archives of recent FSF publications included in the AV-DATA 2000 database); AD (Airworthiness Directive); AC

and
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U.S. ICING-RELATED REGULATIONS AND ADVISORY MATERIALS

Doc. Type Est. Pg. Date Title

FAR 1 1996-01-26 14 CFR § 121.629 Operation in Icing Conditions

FAR 1 1993-12-30 14 CFR § 125.287 Initial and Recurrent Pilot Testing Requirements

FAR 1 1996-01-26 14 CFR § 135.227 Icing Conditions: Operating Limitations

FAR 1 1993-12-30 14 CFR § 135.345 Pilots: Initial, Transition, and Upgrade Ground Training

FAR 1 1993-12-30 14 CFR § 125.221 Icing Conditions: Operating Limitations

FAR 1 1983-01-31 14 CFR § 29.C Appendix C to Part 29 — Icing Certification

FAR 1 1995-12-20 14 CFR § 121.341 Equipment for Operations in Icing Conditions

FAR 1 1964-12-24 14 CFR § 25.C Appendix C to Part 25

FAR 1 1989-08-18 14 CFR § 91.527 Operating in Icing Conditions

FAR 1 1996-02-09 14 CFR § 23.1093 Induction System Icing Protection

FAR 1 1988-09-02 14 CFR § 27.1093 Induction System Icing Protection

FAR 1 1983-01-31 14 CFR § 27.1419 Ice Protection

FAR 1 1988-09-02 14 CFR § 29.1093 Induction System Icing Protection

FAR 1 1983-01-31 14 CFR § 29.1419 Ice Protection

FAR 1 1993-04-09 14 CFR § 23.1419 Ice Protection

FAR 1 1990-07-20 14 CFR § 25.1419 Ice Protection

FAR 1 1990-07-20 14 CFR § 25.1093 Induction System Icing Protection

FAR 1 1977-07-18 14 CFR § 27.1325 Static Pressure Systems

FAR 1 1984-11-06 14 CFR § 29.1325 Static Pressure and Pressure Altimeter Systems

FAR 1 1996-06-19 14 CFR § 33.67 Fuel System

FAR 1 1984-02-23 14 CFR § 33.68 Induction System Icing

FAR 4 1996-12-02 14 CFR 8 61.A Appendix A to Part 61 — Practical Test Requirements for Airp
Airline Transport Pilot Certificates and Associated Class and Type Ratings (For R
121 and 135 Use Only)

FAR 5 1972-05-17 14CFR § 63.C Appendix C to Part 63 — Flight Engineer Training Cour
Requirements

FAR 12 1989-09-25 14 CFR § 121.C Appendix C to Part 121 — C-46 Nontransport Category Airpla

FAR 2 1988-09-27 14 CFR § 121.E Appendix E to Part 121 — Flight Training Requirements

FAR 1977-08-29 14 CFR 8§ 121.F Appendix F to Part 121 — Proficiency Check Requirements

FAR 1982-08-02 14 CFR § 145.A

FAR 16 1970-01-28  SFAR SFAR No. 23

FAR 1964-12-24 14 CFR § 25.929 Propeller Deicing

FAR 3 1983-01-31 14 CFR § 27.B Appendix B Part 27 — Airworthiness Criteria for Helicopter Instrun
Flight

FAR 1 1984-02-23 14 CFR § 33.66 Bleed Air System

FAR 1 1964-04-23 14 CFR § 43.D Appendix D — Scope and Detail of Items (as Applicable to
Particular Aircraft) to Be Included in Annual and 100-Hour Inspections

FAR 17 1978-10-10 14 CFR § 135.A Appendix A to Part 135 — Additional Airworthiness Standards
10 or More—Passenger Airplanes

FAR 1965-01-09 14 CFR § 23.1095 Carburetor Deicing Fluid Flow Rate

FAR 1965-01-09 14 CFR § 23.1097 Carburetor Deicing Fluid System Capacity

FAR 1 1965-01-09 14 CFR § 23.1099 Carburetor Deicing Fluid System Detail Design
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U.S. ICING-RELATED REGULATIONS AND ADVISORY MATERIALS

Doc. Type Est. Pg. Date Title

FAR 1 1996-02-09 14 CFR § 23.1323 Airspeed Indicating System

FAR 1 1996-02-09 14 CFR § 23.1325 Static Pressure System

FAR 1 1976-12-20 14 CFR § 25.1403 Wing Icing Detection Lights

FAR 3 1996-06-13 14 CFR § 29.B Appendix B to Part 29 — Airworthiness Criteria for Helicopter
Instrument Flight

FAR 1 1984-02-23 14 CFR § 33.77 Foreign Object Ingestion

FAR 4 1996-05-01 14 CFR 8§ 43.A Appendix A — Major Alterations, Major Repairs, and Preventive
Maintenance

FAR 1 1964-12-31 14 CFR 8§ 121.225 Propeller Deicing Fluid

FAR 1 1996-01-29 14 CFR § 121.419 Pilots and Flight Engineers: Initial, Transition, and Upgrade Giound
Training

FAR 1 1980-10-09 14 CFR § 125.123 Propeller Deicing Fluid

FAR 1 1988-09-27 14 CFR § 135.293 Initial and Recurrent Pilot Testing Requirements

FAR 1 1996-02-09 14 CFR § 23.775 Windshields and Windows

FAR 1 1996-02-09 14 CFR § 23.929 Engine Installation Ice Protection

FAR 1 1993-04-09 14 CFR § 23.951 General

FAR 1 1993-04-09 14 CFR § 23.1189 Shutoff Means

FAR 1 1993-08-06 14 CFR § 23.1525 Kinds of Operation

FAR 1 1992-06-29 14 CFR § 25.629 Aeroelastic Stability Requirements

FAR 1 1990-07-20 14 CFR § 25.773 Pilot Compartment View

FAR 1 1990-08-28 14 CFR § 25.951 General

FAR 1 1984-02-23 14 CFR § 25.1323 Airspeed Indicating System

FAR 1 1974-07-18 14 CFR § 25.1325 Static Pressure Systems

FAR 1 1965-04-29 14 CFR 8§ 25.D Appendix D to Part 25

FAR 1 1974-10-01 14 CFR § 27.951 General

FAR 1 1984-11-06 14 CFR § 27.1525 Kinds of Operations

FAR 1 1984-11-06 14 CFR § 27.1559 Limitations Placard

FAR 1 1968-01-26 14 CFR § 29.773 Pilot Compartment View

FAR 1 1976-12-20 14 CFR § 29.951 General

FAR 1 1988-09-02 14 CFR § 29.1189 Shutoff Means

FAR 1 1996-06-13 14 CFR § 29.1323 Airspeed Indicating System

FAR 1 1984-11-06 14 CFR § 29.1525 Kinds of Operations

FAR 1 1984-11-06 14 CFR § 29.1559 Limitations Placard

FAR 1 1989-08-18 14 CFR § 61.153 Airplane Rating: Aeronautical Knowledge

FAR 4 1989-09-25 14CFR § 63.B Appendix B to Part 63 — Flight Navigator Training Course
Requirements

FAR 1 1971-07-28 14 CFR § 65.55 Knowledge Requirements

FAR 4 1970-09-04 14 CFR § 65.A Appendix A to Part 65 — Aircraft Dispatcher Courses

FAR 4 1989-08-18 14 CFR §91.A Appendix A to Part 91 — Category Il Operations: Manual, Instruments,
Equipment, and Maintenance

FAR 1 1997-03-19 14 CFR § 121.305 Flight and Navigational Equipment
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FAR 1 1995-12-20 14 CFR § 121.323 Instruments and Equipment for Operations at Night

FAR 1 1964-12-31 14CFR § 121.325 Instruments and Equipment for Operations Under IFR
Over-the-top

FAR 1 1964-12-31 14 CFR § 121.539 Operations Notices

FAR 1 1995-05-20 14 CFR § 121.703 Mechanical Reliability Reports

FAR 5 1996-06-17 14 CFR § 121.H Appendix H to Part 121 — Advanced Simulation Plan

FAR 1 1980-10-09 14 CFR § 125.205 Equipment Requirements: Airplanes Under IFR

FAR 1 1980-10-09 14 CFR § 125.C Appendix C to Part 125 — Ice Protection

FAR 1 1990-10-26 14 CFR § 135.149 Equipment Requirements: General

FAR 1 1993-12-30 14 CFR § 135.351 Recurrent Training

FAR 1 1978-10-10 14 CFR § 135.415 Mechanical Reliability Reports

FAR 1 1987-11-18 14 CFR § 139.305 Paved Areas

FAR 1 1988-02-12 14 CFR § 139.313 Snow and Ice Control

FAR 1 1986-09-18 14 CFR § 171.309 General Requirements

FR 44 1996-05-07 61 FR 20646 Airworthiness Directives; Aerospatiale Model ATR-42 and ATR-72 S
Airplanes

FR 43 1996-05-07 61 FR 20615 Airworthiness Directives; de Havilland, Inc. DHC-6 Series Airplares

NPRM 8 1995-10-18 60 FR 53888 Airworthiness Directives; Aerospatiale Model ATR-42 and ATR-72 S
Airplanes

FR 5 1996-01-25 61 FR 2147 Airworthiness Directives; Aerospatiale Model ATR-42 and ATR-72 Series
Airplanes

FR 1996-04-02 61 FR 14593 International Conference on Aircraft Inflight Icing

NPRM 1996-01-25 61 FR163 Airworthiness Directives; Empresa Brasileira de Aeronautica, S
(EMBRAER) Model EMB-120 Series Airplanes

NPRM 4 1996-01-25 61 FR 2189 Airworthiness Directives; Fairchild Aircraft SA226 and SA227 Se
Airplanes

NPRM 4 1996-01-25 61 FR 2183 Airworthiness Directives; Empresa Brasileiro de Aeronautico, S.A. M
EMB-110P1 and EMB-110P2 Airplanes

NPRM 4 1996-01-25 61 FR 2180 Airworthiness Directives; Beech Aircraft Corporation Models 99, 9
A99A, B99, C99, B200, B200C, 1900, 1900C, and 1900D Airplanes

NPRM 4 1996-01-25 61 FR 2178 Airworthiness Directives; Cessna Aircraft Company Models 208 and
Airplanes

NPRM 1996-01-25 61 FR 2175 Airworthiness Directives; de Havilland, Inc. DHC-6 Series Airplane

NPRM 1996-01-25 61 FR 2172 Airworthiness Directives; Dornier 228 Series Airplanes

NPRM 1996-01-25 61 FR 2169 Airworthiness Directives; Saab Model SAAB SF340A, SAAB 340B,
SAAB 2000 Series Airplanes

NPRM 4 1996-01-25 61 FR 2166 Airworthiness Directives; Construcciones Aeronauticas, S.A. (CA
Model C-212 and CN-235 Series Airplanes

NPRM 4 1996-01-25 61 FR 2160 Airworthiness Directives; Fokker Model F27 Mark 100, 200, 300,
500, 600, and 700 Series Airplanes, and Model F27 Mark 050 Series Airplanes

NPRM 1996-01-25 61 FR 2157 Airworthiness Directives; Dornier Model 328-100 Series Airplanes

NPRM 1996-01-25 61 FR 2154 Airworthiness Directives; de Havilland Model DHC-7 and DHC-8 Se
Airplanes
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Doc. Type Est. Pg. Date Title

NPRM 4 1996-01-25 61 FR 2151 Airworthiness Directives; Short Brothers Model SD3-30, SD3-60, and
SD3-SHERPA Series Airplanes

NPRM 4 1996-01-25 61 FR 2144 Airworthiness Directives; Jetstream Model BAe ATP Airplanes

NPRM 1996-01-25 61 FR 2142 Airworthiness Directives; Jetstream Model 4101 Airplanes

NPRM 1996-01-25 61 FR139 Airworthiness Directives; British Aerospace Model HS 748 Series
Airplanes

NPRM 57 1996-07-16 61 FR 37143 Revisions to Digital Flight Data Recorder Rules

FR 245 1995-12-20 60 FB5831 Commuter Operations and General Certification and Operatipns
Requirements

FR 1995-03-22 60 FR 15037 Airworthiness Directives; Dornier Model 328-100 Series Airplanes

FR 1995-02-21 60 FR 9616 Airworthiness Directives; Aerospatiale Model ATR-42 and ATR-72 Series
Airplanes

NPRM 1997-02-26 62 FR 8648 Airworthiness Directives; Mitsubishi Model MU-300 Airplanes

FR 1996-12-04 61 FR 64270 Airworthiness Directives; Mitsubishi Heavy Industries, LTD. Models
MU-2B-10, -15, -20, -25, -26, -26A, -30, -35, -36, -36A, -40, and -60 Airplanes

FR 1996-09-16 61 FR 48619 Airworthiness Directives; Saab Model SAAB 2000 Series Airplangs

FR 1994-12-13 59 FR4112 Airworthiness Directives, Beech Model 400, 400A, 400T, and MU-300410
Airplanes, and Mitsubishi Model MU-300 Airplanes

FR 3 1996-01-29 61 FR 2705 Airworthiness Directives; General Dynamics (Convair) Model 240 Series
Airplanes, Including Model T-29 (Military) Airplanes; Model 340 and 440 Seri¢s
Airplanes; and Model C-131 (Military) Airplanes; Including Those M ...

FR 4 1996-07-17 61 FR 37199 Airworthiness Directives; British Aerospace Model BAe 146-100A,
-200A, and -300A Series Airplanes

NPRM 4 1997-05-13 62 FR 26258 Airworthiness Directives; Empresa Brasileira de Aeronautica, |S.A.
(EMBRAER) Model EMB-120 Series Airplanes

NPRM 3 1996-07-12 61 FR 36667 Airworthiness Directives; Short Brothers Model SD3-60 SHERPA Series
Airplanes

FR 3 1996-01-08 61 FR 511 Airworthiness Directives; Saab Model SAAB SF340A and SAAB 340B
Series Airplanes

FR 1994-12-06 59 FR 62563 Airworthiness Directives; Fokker Model F28 Series Airplanes

FR 1996-04-25 61 FR 18242 Airworthiness Directives; Saab Model SAAB SF340A and SAAB 340B
Series Airplanes

NPRM 3 1997-02-26 62 FR 8650 Airworthiness Directives; Raytheon (Beech) Model 400, 400A, 400T,
and MU-300-10 Airplanes

FR 1 1995-10-24 60 FR 54415 Airworthiness Directives; Beech Aircraft Corporation Models 60|and
A60 Airplanes

FR 2 1996-05-07 61 FR 20682 Airworthiness Directives; Short Brothers Model SD3-30, SD3-60| and
SD3-SHERPA Series Airplanes

FR 2 1996-05-07 61 FR 20681 Airworthiness Directives; Fokker Model F27 Mark 100, 200, 300, {400,
500, 600, and 700 Series Airplanes, and Model F27 Mark 050 Series Airplanes

FR 2 1996-05-07 61 FR 20679 Airworthiness Directives; de Havilland Model DHC-7 and DHC-8 Séries
Airplanes

FR 2 1996-05-07 61 FR 20677 Airworthiness Directives; Empresa Brasileira de Aeronautica, |S.A.
(EMBRAER) Model EMB-120 Series Airplanes

FR 2 1996-05-07 61 FR 20676 Airworthiness Directives; Dornier Model 328-100 Series Airplanes
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FR 2 1996-05-07 61 FR 20674 Airworthiness Directives; Construcciones Aeronauticas, S.A. (CA
Model C-212 and CN-235 Series Airplanes

FR 2 1996-05-07 61 FR 20672 Airworthiness Directives; Saab Model SAAB SF340A, SAAB 3408,
and SAAB 2000 Series Airplanes

FR 1 1996-05-07 61 FR 20671 Airworthiness Directives; British Aerospace Model HS 748 S¢
Airplanes

FR 1996-05-07 61 FR 20669 Airworthiness Directives; Jetstream Model 4101 Airplanes

FR 1996-05-07 61 FR 20668 Airworthiness Directives; Jetstream Model BAe ATP Airplanes

FR 1996-07-03 61 FR 34921 Notice of Intent to Request Renewal from the Office of Manage
and Budget (OMB) of Current Public Collections of Information

NPRM 15 1996-08-09 61 FR 41687 Airworthiness Standards; Rain and Hail Ingestion Standards Prag
Rule

FR 1 1996-10-18 61 FR 54331 Airworthiness Directives; Short Brothers Model SD3-60 SHERPA S
Airplanes

NPRM 3 1996-10-03 61 FR 51618 Airworthiness Directives; AlliedSignal Inc. TPE331 Series Turbo
Engines

FR 1996-11-20 61 FR 59038 Airworthiness Directives; Jetstream Model 4101 Airplanes

FR 1994-03-31 59 FR 15042 Airworthiness Directives; British Aerospace Model BAe 146-10
-200A, and -300A Series Airplanes

FR 2 1994-03-04 59 FR 10279 Airworthiness Directives; McDonnell Douglas Model DC-9-10 Se
Airplanes

FR 4 1997-02-03 62 FR 4944 Airworthiness Directives; Fokker Model F28 Mark 0070 and 0100 S
Airplanes

FR 29 1996-01-26 61 FR 2607 Operating Requirements: Domestic, Flag, Supplemental, Commutg
On-Demand Operations: Editorial and Terminology Changes

FR 2 1996-05-07 61 FR 20644 Airworthiness Directives; Jetstream Aircraft Limited Jetstream Mda
3101 and 3201 Airplanes

FR 2 1996-05-07 61 FR 20643 Airworthiness Directives; Fairchild Aircraft SA226 and SA227 Se
Airplanes

FR 2 1996-05-07 61 FR 20641 Airworthiness Directives; Cessna Aircraft Company Models 208
208B Airplanes

FR 1996-05-07 61 FR 20639 Airworthiness Directives; Dornier 228 Series Airplanes

FR 1996-05-07 61 FR 20638 Airworthiness Directives; Beech Aircraft Corporation Models 99, ¢
A99A, B99, C99, B200, B200C, 1900, 1900C, and 1900D Airplanes

FR 2 1996-05-07 61 FR 20636 Airworthiness Directives; Empresa Brasileiro de Aeronautico,
Models EMB-110P1 and EMB-110P2 Airplanes

FR 3 1996-12-05 61 FR 64456 Airworthiness Directives; Cessna Model 560 Series Airplanes

FR 2 1995-01-05 60 FR 1712 Airworthiness Directives; Boeing Model 757 Equipped with Pra
Whitney Model PW2000 Series Engines

FR 4 1994-05-16 59 FR 25290 Airworthiness Directives; British Aerospace Model ATP Airplanes

FR 1 1997-02-19 62 FR 7339A Airworthiness Directives; Jetstream Model 4101 Airplanes

FR 2 1997-02-07 62 FR 5743 Airworthiness Directives; Jetstream Model 4101 Airplanes

FR 4 1997-02-06 62 FR 5552 Special Conditions; Ballistic Recovery Systems Cirrus SR-20 Instal

NPRM 3 1997-05-13 62 FR 26261 Airworthiness Directives; Raytheon Aircraft Company (formerly Be

Aircraft Corporation) 90, 100, 200 and 300 Series Airplanes

ech
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FR 3 1996-01-04 61 FR 254 Special Conditions; Hamilton Standard Model 568F Propeller

FR 45 1996-02-09 61 FR151 Airworthiness Standards; Systems and Equipment Rules Based on
European Joint Aviation Requirements

FR 1 1996-05-28 61 FR 26427 Airworthiness Directives; Empresa Brasileiro de Aeronautico, |S.A.
Models EMB-110P1 and EMB-110P2 Airplanes; Correction

FR 1 1996-05-28 61 FR 26426 Airworthiness Directives; Beech Aircraft Corporation Models 99, 99A,
A99A, B99, C99, B200, B200C, 1900, 1900C, and 1900D Airplanes; Correction

FR 1 1996-05-28 61 FR 26425 Airworthiness Directives; de Havilland, Inc. DHC-6 Series Airplane,
Correction

FR 1 1996-05-28 61 FR 26425b Airworthiness Directives; Cessna Aircraft Company Models 208 and
208B Airplanes; Correction

FR 1 1996-05-28 61 FR 26424 Airworthiness Directives; Jetstream Aircraft Limited Jetstream Models
3101 and 3201 Airplanes, Correction

FR 1 1996-05-28 61 FR 26424b Airworthiness Directives; Fairchild Aircraft SA226 and SA227 Series
Airplanes; Correction

FR 6 1996-11-21 61 FR 59272 Notice of Passenger Facility Charge (PFC) Approvals and Disappfovals

FR 337 1997-04-04 62 FR 16219 Pilot, Flight Instructor, Ground Instructor, and Pilot School Certification
Rules; Final Rule

FR 3 1996-02-23 61 FM®935 Airworthiness Directives; Boeing Model 757-200 Series Airplangs
Equipped With Rolls-Royce Model RB2 11-535E4/E4B Engines

FR 28 1996-06-05 61 FR 28683 Standards for Approval for High Altitude Operation of Subsonic Transport
Airplanes

FR 2 1996-08-20 61 FR 42997 Airworthiness Directives; Raytheon Aircraft Corporation Model 1900D
Airplanes

FR 4 1996-11-04 61 FR 56642 Airworthiness Directives; Fairchild Aircraft SA226 and SA227 Series
Airplanes

FR 4 1995-08-11 60 FR 41146 Notice of Passenger Facility Charge (PC) Approvals and Disappfovals

FR 2 1994-10-27 59 FR 53931 Airworthiness Directives; McDonnell Douglas Model DC-10 Series
Airplanes

FR 3 1997-01-13 62 FR 1799 Notice of Passenger Facility Charge (PFC) Approvals and Disapprovals

FR 8 1997-02-19 62 FR 7335 Special Conditions; Soloy Corporation, Soloy Dual Pac Engine (Formally
Soloy Dual Pac, Inc.)

FR 2 1997-02-03 62 FR 4899 Airworthiness Directives; Rolls-Royce plc RB211-535E4 and -535E4-B
Series Turbofan Engines

FR 29 1997-02-21 62 FR 7950 Special Conditions; Sino Swearingen Model SJ30-2 Airplane

FR 6 1997-02-14 62 FR 7082 Notice of Passenger Facility Charge (PFC) Approvals and Disapprovals

NPRM 32 1997-02-03 62 FR 5075 Operating Requirements: Domestic, Flag, Supplemental, Commuter, and
On-Demand Operations; Editorial and Other Changes; Proposed Rule and On-Demand

Operations: Editorial and Other Changes

FR 1 1997-03-25 62 FR 14181 Notice of Intent to Rule on Application (97-10-C-00-CHO0) to Impose
and Use the Revenue from a Passenger Facility Charge (PFC) at the Charlottesville-

Albermarle Airport, Charlottesville, Virginia

FR 18 1996-02-09 61 FR 5129 Airworthiness Standards; Powerplant Rules Based on European Joint

Aviation Requirements

NPRM 2 1996-02-21 61 FR 6583 Airworthiness Directives; Jetstream Aircraft Limited Jetstream Madels

3101 and 3201 Airplanes
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Title

FR

FR

FR

FR

FR

FR

FR
FR
NPRM

FR

FR

FR

FR

FR

FR

FR

FR
FR

FR
FSF

FSF

FSF

1

14

15
3

10

1996-02-06

1996-03-20

1996-04-03

1996-05-28

1996-05-29

1996-05-22

1996-05-13
1996-06-17
1996-06-12

1996-07-29

1996-08-07

1996-08-07

1996-10-28

1996-10-02

1995-02-14

1995-05-22

1995-06-26
1995-08-03

1995-09-13
1993-09-01

1996-01-01

1993-04-01

61 FR 4509b Intent to Rule on Application to Impose a Passenger Facility Charge
(PFC) at Chicago O’Hare International Airport, Chicago, lllinois and Use PFC
Revenue at Gary Regional Airport, Gary, IN

61 FR 11491 Flight Crewmember Duty Period Limitations, Flight Time Limitations,
and Rest Requirements

61 FR 14608 Airworthiness Directives; Boeing Model 747-400, 757, and 767 Series
Airplanes

61 FR 26429 Airworthiness Directives; Robinson Helicopter Company Model R22
Helicopters

61 FR 26947 Notice of Airport Capital Improvement Program National Priority
System; Opportunity to Comment

61 FR 25731 Airport Capital Improvement Program National Priority System;
Comment Request

61 FR 22080 Notice of Passenger Facility Charge (PFC) Approvals and Disapprovals
61 FR 30725 Advanced Simulation Plan Revisions; Final Rule

61 FR 29697 Airworthiness Directives; Rolls-Royce plc RB211-535E4 and -535E4
Series Turbofan Engines

B

61 FR 39504 Notice of Intent to Rule on Application to Impose and Use the Revenue
from a Passenger Facility Charge (PFC) at Altoona-Blair County Airport, Altoona
PA

61 FR 41199 Notice of Intent to Rule on Application to Use the Revenue from a
Passenger Facility Charge (PFC) at James M. Cox-Dayton International Airpgrt,
Dayton, OH

61 FR1198A Notice of Intent to Rule on Request to Amend an Approved Applicatio
to Impose a Passenger Facility Charge (PFC) at Dayton International Airport and
Use PFC Revenue at Dayton International Airport and Dayt ...

61 FR 55684A Notice of Intent to Rule on Application (96-02-C-00-SYR) to Impgse
and Use the Revenue from a Passenger Facility Charge (PFC) at Syracuse Hancock
International Airport, Syracuse, New York

=}

61 FR 51485A Intent to Rule on Application to Impose and Use the Revenue frgm a
Passenger Facility Charge (PFC) at Indianapolis International Airport, Indianapoljs,
IN

60 FR 8290 Airworthiness Directives; Jetstream Aircraft Limited (formerly British
Aerospace, Regional Aircraft Limited) Jetstream Model 3101 Airplanes

60 FR 27005 Airworthiness Directives; Airbus Model A300, A310, and A300-6P0
Series Airplanes

60 FR 32900 Airworthiness Directives; Jetstream Model ATP Airplanes

60 FR 39627 Airworthiness Directives; Jetstream Aircraft Limited (JAL) HP137
Mk1 and Jetstream Series 200 Airplanes

60 FR 47643 Notice of Passenger Facility Charge (PFC) Approvals and Disapprovals

Airpoperations Incident Reports Highlight Problems Involving Air Carrier Groundl
Deicing/Anti-icing

Flight Safety Digest Pilots Can Minimize the Likelihood of Aircraft Roll Upset i
Severe Icing

>

Accident Prevention U.S. Accident Report Blames Wing Ice and Airline Industry/
FAA Failures in Fatal Fokker Crash
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FSF 3 1993-01-01  Airpofperations Communication and Coordination Keys to Safe and Effective Wi
Operations

FSF 4 1993-11-01  AirporOperations Accidents Show Need for Comprehensive Ground Deic
Programs

FSF 11 1994-09-01 Accident Prevention Breakdown in Coordination by Commuter Crew Duri
Unstabilized Approach Results in Controlled-flight-into-terrain Accident

FSF 8 1995-06-01  Accident Prevention Turboprop Freighter Crashes After Severe Icing Causes M
Engine Failures

FSF 1995-03-01 Flight Safety Digest Publications Received at FSF Jerry Lederer Aviation Safety Lib

FSF 1994-09-01 Flight Safety Digest Publications Received at FSF Jerry Lederer Aviation Safety Lib

FSF 15 1995-01-01  Accident Prevention Stall and Improper Recovery During ILS Approach Res
Commuter Airplane’s Uncontrolled Collision with Terrain

FSF 10 1993-12-01  Accident Prevention Training, Deicing and Emergency Checklist Linked in ML
Accident Following Clear-ice Ingestion by Engines

FSF 1995-09-01  Aviation Mechanics Bulletin News & Tips

FSF 1993-02-01 Flight Safety Digest Publications Received at FSF Jerry Lederer Aviation Safety Lib

FSF 1993-11-01  Helicopter Safety Operators Say Rule Changes Could Improve Helicopter IFR

FSF 10 1995-05-01  Accident Prevention Rejected Takeoff in Icy Conditions Results in Runway Ov

FSF 6 1993-09-01 Human Factors & Aviation Medicine ‘Hurry-up’ Syndrome ldentified as a Ca
Factor in Aviation Safety Incidents

FSF 16 1996-04-01  Accident Prevention Commuter Captain Fails to Follow Emergency Procedures
Suspected Engine Failure, Loses Control of the Aircraft During Instrument Appro

FSF 2 1995-09-01  Aviation Mechanics Bulletin New Products

FSF 3 1993-01-01  Flight Safety Digest Reports Received at FSF Jerry Lederer Aviation Safety Li

FSF 3 1993-02-01  Flight Safety Digest Accidents/Incidents

FSF 2 1996-03-01  Aviation Mechanics Bulletin Maintenance Alerts

FSF 1 1995-03-01  Aviation Mechanics Bulletin News & Tips

FSF 2 1995-05-01  Aviation Mechanics Bulletin New Products

FSF 4 1995-03-01  Flight Safety Digest Accident/Incident Briefs

FSF 10 1994-11-01  Accident Prevention Airframe Icing and Captain’s Improper Use of Autoflight Sys
Result in Stall and Loss of Control of Commuter Airplane

FSF 1993-01-01  Flight Safety Digest Accident/Incident Briefs

FSF 1993-09-01  Flight Safety Digest U.S. Air Carrier Accident Rate Lowered Significantly in 19
Recently Released Report Compares Data to 1980-1988 Period

FSF 1995-03-01  Aviation Mechanics Bulletin New Products

FSF 1995-07-01  Accident Prevention Captain’s Failure to Establish Stabilized Approach Resu
Controlled-flight-into-terrain Commuter Accident

FSF 6 1996-01-01 Flight Safety Digest Publications Received at FSF Jerry Lederer Aviation Safety Lib

FSF 25 1996-04-01  Flight Safety Digest An Analysis of Controlled-flight-into-terrain (CFIT) Accide
of Commercial Operators, 1988 Through 1994

FSF 3 1996-07-01  Flight Safety Digest Dubrovnik-bound Flight Crew’s Improperly Flown Nonpreci
Instrument Approach Results in Controlled-flight-into-terrain Accident

FSF 1 1996-09-01  Flight Safety Digest Appendix D — Examples of Incidents and Accidents Invol

the Flightcrew-Automation Interface
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FSF 2 1996-09-01  Flight Safety Digest: The Interfaces Between Flight Crews and Modern Flight
Systems

FSF 11 1995-10-01  Accident Prevention Commuter Crew’s Loss of Situational Awareness During
Takeoff Results in Controlled Flight into Terrain

FSF 1995-01-01  Airport Operations Ultra-high-capacity Aircraft Will Intensify Airport Safely Issu

FSF 1995-11-01  Airport Operations Rapid Response of Airport Emergency Services Hindere
Weather and Other Factors

FSF 14 1994-02-01 Accident Prevention Captain Stops First Officer's Go-around, DC-9 Becomes
Controlled-flight-into-terrain (CFIT) Accident

FSF 11 1994-04-01 Accident Prevention Inflight Loss of Propeller Blade on MU-2B Results
Uncontrolled Collision with Terrain

FSF 2 1994-03-01  Flight Safety Digest Limitations of See-and-Avoid Concept Cited in Fatal Mi
Collision

FSF 3 1994-07-01  Flight Safety Digest Accident and Incident Reports Show Importance of ‘Sterile
Cockpit’ Compliance

FSF 1993-11-01  Aviation Mechanics Bulletin New Products

FSF 1993-01-01  Accident Prevention Missing Screws Send Commuter Plummeting

FSF 1993-11-01  Accident Prevention Fatal Commuter Crash Blamed on Visual lllusion, Lack of Co
Coordination

FSF 15 1993-03-01  Flight Safety Digest Aviation Statistics

AD 1995-02-21  AD T95-04-51 Engine Air Inlet De-Icing System

AD 1995-04-06  AD 95-04-51 Engine Air Inlet De-Icing System

AD 1996-12-27  AD 96-25-02 Operating in Conditions That Are Beyond the Capability of the Ig
Protection System

AD 1996-06-11  AD 96-09-28 Icing Conditions

AD 1995-01-03  AD T94-25-51 Icing Conditions

AD 1997-05-13 AD 97-NM-46 Flightcrew Ability to Recognize the Formation of Significant |
Accretion

AD 1 1996-06-11  AD 96-09-24 Icing Conditions

AD 1984-03-02  AD 84-02-05 Engine Anti-Icing System

AD 2 1996-11-22  AD 96-21-10 Minimizing Potential Hazards Associated with Operating the Airpl
in Severe Icing Conditions

AD 1 1996-07-31  AD 96-NM-122-AD Icing Conditions

AD 2 1996-06-11  AD 96-09-11 Icing Conditions

AD 2 1996-06-11  AD 96-09-12 Icing Conditions

AD 2 1996-06-11  AD 96-09-15 Icing Conditions

AD 2 1996-06-11  AD 96-09-17 Icing Conditions

AD 1 1996-06-11  AD 96-09-18 Icing Conditions

AD 1 1996-06-11  AD 96-09-19 Icing Conditions

AD 1 1996-06-11  AD 96-09-20 Icing Conditions

AD 2 1996-06-11  AD 96-09-21 Icing Conditions

AD 1 1996-06-11  AD 96-09-22 Icing Conditions

AD 1 1996-06-11  AD 96-09-23 Icing Conditions
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AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD

AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD

1

N P R P R N R P R WONMNDNPR PR

P R N PFP P P P NMNMNDMNNODNDNNRNODNDNNRNDNDNNDRNDDNN

1996-06-11
1996-06-11
1996-06-11
1996-06-11
1996-06-11
1996-06-11
1996-02-01
1958-04-01
1985-08-22
1988-02-09
1996-02-01
1986-12-31
1986-12-15
1986-12-15
1986-12-15
1997-02-26

1996-05-10
1996-02-01
1996-02-01
1996-02-01
1996-02-01
1996-02-01
1996-02-01
1996-02-01
1996-02-01
1996-02-01
1996-02-01
1996-02-01
1996-02-01
1996-02-01
1996-02-01
1996-02-01
1960-01-06
1987-07-13
1986-12-15
1986-12-15
1995-03-08
1979-04-30
1984-01-31

AD 96-09-25 Icing Conditions

AD 96-09-26 Icing Conditions

AD 96-09-27 Icing Conditions

AD 96-09-13 Icing Conditions

AD 96-09-14 Icing Conditions

AD 96-09-16 Icing Conditions

AD 95-NM-146-AD Icing Conditions

AD 57-03-04 Zone lll Fire Protection

AD 85-15-03 Anti-Icing Systems

AD 87-24-07 POH/AFM Revision — Icing
AD 96-NM-19-AD Icing Conditions

AD 86-26-02 POH/AFM Appendix — Icing
AD 86-24-13 POH/AFM Appendix — Icing
AD 86-24-09 POH/AFM Appendix — Icing
AD 86-24-10 POH/AFM Appendix — Icing

AD 96-NM-210 Uncommanded Nose-Down Pitch at Certain Flap Settings During
Icing Conditions

AD 96-01-04 Auto-Ignition System

AD 96-CE-01-AD Icing Conditions

AD 96-CE-02-AD Icing Conditions

AD 96-CE-03-AD Icing Conditions

AD 96-CE-04-AD Icing Conditions

AD 96-CE-05-AD Icing Conditions

AD 96-CE-06-AD Icing Conditions

AD 96-NM-13-AD Icing Conditions

AD 96-NM-14-AD Icing Conditions

AD 96-NM-15-AD Icing Conditions

AD 96-NM-16-AD Icing Conditions

AD 96-NM-17-AD Icing Conditions

AD 96-NM-18-AD Icing Conditions

AD 96-NM-20-AD Icing Conditions

AD 96-NM-21-AD Icing Conditions

AD 96-NM-22-AD Icing Conditions

AD 60-01-05 Propeller Deicing

AD 86-01-01 Placard Icing Condition
AD 86-24-11 POH/AFM Appendix — Icing
AD 86-25-04 POH/AFM Appendix — Icing
AD 95-02-51 Icing Conditions

AD 79-08-07 Anti-lcing Propeller Wiring
AD 84-02-02 Wing Anti-Icing System
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AD 1 1948-02-11  AD 48-11-01 Ungrounding Modification — Class B

AD 3 1982-02-16  AD 81-18-08 Revised AFM

AD 1 1980-08-18  AD 78-01-09 Pneumatic De-Icing System

AD 1 1989-12-15  AD 89-24-07 Anti-lcing Advisory System

AD 1 1948-01-01  AD 47-42-16 Combustion Chamber Inspection

AD 1 1947-10-15  AD 47-10-15 Recertification of Lockheed 49

AD 1 1948-02-01  AD 48-42-02 Fire Prevention Modification

AD 2 1952-01-01  AD 52-19-01 Powerplant Fire Protection

AD 1 1952-05-01  AD 52-04-08 Anti-lcing Heater Controls

AD 1 1962-01-16  AD 61-26-03 Fuel Vent Lines

AD 2 1962-05-22  AD 62-10-02 Fire Protection Modification

AD 1 1968-02-13  AD 68-04-01 Fuel Leakage

AD 1 1982-12-27  AD 82-26-06 Windscreen Washing/Deicing System

AD 1 1982-09-30  AD 82-20-02 Temporary Revision to POH/AFM

AD 1 1987-07-10  AD 86-25-52 AFM Change — Icing

AD 2 1994-12-21  AD 94-25-03 AFM Changes — Limitations

AD 1 1996-10-01  ADP6-19-08 Prevent Condensational Water from Collecting in the Tube of the De-i¢
System for the Horizontal Stabilizer

AD 1 1968-08-05 AD 68-16-01 Placard to Prevent Engine Flameout

AD 1 1973-04-12  AD 73-08-02 Operation in Icing Conditions

AD 1 1981-11-19  AD 81-24-04 Change to AFM ‘Icing Conditions’

AD 1 1983-03-31  AD 83-02-10 Icing Prevention

AD 1 1988-10-13  AD 88-20-04 AFM Changes — Icing

AD 2 1994-07-22  AD 93-11-01 AFM Limitations — Ice Accumulation

AD 1 1994-12-28  AD 94-25-10 AFM Changes — Icing Conditions

AD 1 1995-01-20 AD 95-01-05 AFM — Limitations

AD 1 1997-02-26  AD 96-NM-209 Uncommanded Nose-Down Pitch at Certain Flap Settings Du
Icing Conditions

AD 1 1952-10-15 AD 51-19-04 Modification Board Items

AD 1 1960-11-15 AD 60-21-02 Carburetor Preheat Modifications

AD 1 1971-07-16  AD 71-05-03 Known Icing Conditions

AD 1 1976-07-23  AD 76-14-09 Inspection of Hollow Steel Blades

AD 1 1982-11-23  AD 82-24-04 De-Icing System

AD 1 1982-05-03  AD 82-05-05 Placard on Icing Conditions

AD 1 1985-07-31  AD 85-11-05 AFM Placard — Icing Condition

AD 1 1986-02-24  AD 85-24-04 AFM Revision Placard — Icing

AD 1 1986-02-11  AD 85-25-10 Placard Icing Conditions

AD 1 1988-06-17  AD 85-26-51 AFM — Ice Ingestion

AD 1 1987-09-01  AD 87-16-11 Placard — Icing

AD 1 1991-08-22  AD 91-16-01 Wing De-Icer System
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1992-09-18
1993-01-22
1994-11-16
1995-12-12
1996-02-28
1948-02-11
1951-08-16
1952-07-01
1956-08-01
1959-01-01
1966-01-01
1970-02-22
1976-06-23
1981-02-27
1986-10-06
1987-01-20
1992-04-13
1992-01-17
1995-04-07
1996-11-19

1948-02-11
1958-01-01
1966-11-22
1972-04-15
1977-01-06
1979-11-01
1980-09-29
1982-04-15
1983-10-11
1983-11-10
1987-08-03
1986-10-15
1987-02-12
1990-09-17
1991-11-29
1994-04-15
1997-02-03
1995-09-19
1995-07-26

AD 92-19-01 AFM Changes — Icing

AD 93-01-02 Tailplane De-Icing System

AD T94-24-51 Autopilot

AD 95-22-03 Icing Conditions

AD 96-03-04 Ice Contaminated Tailplane Stall (ICTS) Conditions
AD 48-10-01 Ungrounding Modification — Class A
AD 51-11-01 Modification Board Items

AD 52-04-07 Heater Control Modification

AD 56-19-02 Steel Propeller Blades

AD 59-05-03 Deicer Valves

AD 66-18-03 Induction System Icing

AD 70-03-02 Fuselage Pressure Shell

AD 76-12-10 Wing Deicing

AD 81-01-01 Propeller Deice Relay

AD 86-20-01 Pilot System Modification

AD 87-01-03 Engine Oil Cooler System

AD 92-02-02 Ice Guards — Propeller

AD 92-03-02 AFM Limitations Revisions

AD 95-04-05 Passenger Door

AD 96-24-06 Uncommanded Roll of the Airplane During Approach and Landing When

Residual Ice is Present or Can Be Expected

AD 48-11-02 Ungrounding Modifications — Class C
AD 58-26-03 Westinghouse Deicing Generator

AD 66-14-02 Windshield De-icing Systems

AD 72-07-04 Windscreen De-Icing Hand Pump

AD 76-26-03 Carburetor Icing

AD 79-18-03 Wing/Antenna Anti-lce System

AD 80-19-10 Deicer Systems in Adverse Weather
AD 82-06-10 Vacuum-Driven-Attitude Instruments
AD 83-19-06 Engine Stall Conditions

AD 83-22-07 Placard — Icing Conditions

AD 84-24-51 AFM Change — Temperature

AD 86-20-02 AFM Changes/Placards/Labels — Icing
AD 87-03-02 Tail Deicing System

AD 90-17-14 Elevator Deicing System

AD 91-21-09 Air Induction System

AD 94-07-09 Prevent Engine Power Rollback During Flight in Icing Conditions
AD 95-NM-29 Icing of the No. 1 Pitot Tube

AD 95-15-12 Icing Conditions

AD 95-12-13 Icing Conditions
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1995-04-21
1996-11-20
1996-09-19
1996-07-22
1997-03-14
1948-03-02
1947-01-01
1948-02-18
1954-01-01
1957-07-01
1957-12-01
1958-01-01
1958-01-01
1959-01-01
1964-09-15
1965-03-13
1966-09-13
1968-10-17
1975-02-21
1976-10-01
1987-03-09
1980-07-25
1980-10-16
1982-01-04
1983-01-17
1982-01-11
1983-04-04
1984-06-28
1984-12-15
1986-03-19
1988-07-11
1988-09-07
1989-07-10
1989-12-04
1990-11-13
1990-12-03
1991-06-10
1993-03-18
1993-08-09
1994-11-28

AD 95-06-52 Engine Icing

AD 96-NM-97 Overheating of the Electrical Ground Posts
AD 96-15-01 Glare Shield in the Cockpit

AD 96-14-09 Icing Conditions

AD 97-03-12 Overheating of the Electrical Ground Posts (‘Earth Posts’)
AD 47-51-12 Carburetor Airscoop

AD 47-47-05 Stewart-Warner 921B Heaters

AD 48-52-01 Additional Modification Items

AD 54-09-01 Carburetor Hotspot Heater Assembly
AD 56-22-01 Aluminum Alloy Blades

AD 57-03-02 Fuel Strainer Screen

AD 58-24-04 Stall Warning System Switch

AD 58-05-03 Modifications and Inspections

AD 59-25-06 Carburetor Alternate Airsource

AD 64-17-05 Engine Breather Tube

AD 65-06-02 Fatigue Crack in Cuff Ring

AD 66-09-01 Replace Deicer Boots

AD 68-21-04 Ice Damage to Engine

AD 75-04-11 Ingestion of Ice and Snow into the Engine
AD 76-17-07 Static Port System

AD 79-12-05 Stall Warning Systems

AD 80-12-15 Pitot Static Probe

AD 80-21-06 Muffler Core and Body Assys

AD 81-25-03 Windshield Heat Generation

AD 81-21-51 Revision to AFM LR-25

AD 81-22-51 AFM Revision

AD 83-06-01 Ice Shields Installation

AD 84-12-04 Temporary Placard Anti-Ilce System
AD 84-23-07 ‘D’ Type QOil Cooler Installation

AD 85-22-09 Placard — Icing Conditions

AD 88-13-07 Pitot Tubes

AD 88-18-05 Pitot Tubes

AD 89-12-07 Wing Cavity

AD 89-23-10 Bulletin — Icing

AD 90-21-08 Fuel Tank Bladder

AD 90-23-03 Main Rotor Servo Control

AD 91-08-01 Placard — Max. Flap Ext. Speed

AD 92-08-51 Power Reductions of Engines

AD 93-14-21 AFM — Hydraulic System

AD 94-22-01 Ingestion of Ice or Snow
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AD 2 1994-06-15 AD 94-08-01 Prevent Loss of Multiple Engine Power During Flight in Freezing
Precipitation

AD 2 1996-11-04  AD 95-CE-34 Failure of Both Generators During Critical Phases of Flight

AD 1 1996-03-01  AD 95-CE-18-AD Icing Conditions

AD 3 1995-09-13  AD 95-17-04 Loss of Engine Power During Flight in Freezing Precipitation

AD 1 1995-06-21  AD 95-10-14 Electrical and Mechanical Inspection

AD 1 1995-03-10  AD 95-02-06 Flap Extension Speed

AD 1 1996-06-07  AD 96-09-09 Icing Conditions

AD 1 1996-05-03  AD 96-07-09 Contaminated Airplane Fuel System

AD 1 1997-05-13  AD 97-CE-05 Loss of Vacuum to Depressurize the Airplane Cabin

AC 19 1994-05-19  AC 120-60 Ground Deicing and Anti-lcing Program

AC 29 1994-12-14  AC 135-17 Pilot Guide: Small Aircraft Ground Deicing

AC 22 1992-09-30  AC 120-58 Pilot Guide Large Aircraft Ground Deicing

AC 18 1993-08-23  AC 150/5300-14 Design of Aircraft Deicing Facilities

AC 561 1995-06-01  AC 29-2A Certification of Transport Category Rotorcraft

AC 11 1994-12-12  AC 135-16 Ground Deicing and Anti-icing Training and Checking

AC 27 1982-12-17  AC 20-117 Hazards Following Ground Deicing and Ground Operations in Condi
Conducive to Aircraft Icing

AC 29 1971-04-21  AC 20-73 Aircraft Ice Protection

AC 436 1987-09-16  AC 27-1 Certification of Normal Category Rotorcraft

AC 509 1976-01-01  AC 65-15A Airframe and Powerplant Mechanics Airframe Handbook

AC 119 1975-01-01  AC 00-6A Aviation Weather for Pilots and Flight Operations Personnel

AC 38 1991-10-01  AC 150/5200-30A Airport Winter Safety and Operations

AC 24 1992-01-03  AC 23.1419-2 Certification of Part 23 Airplanes for Flight in Icing Conditions

AC 11 1996-07-17  AC 91-51A Effect of Icing on Aircraft Control and Airplane Deice and Anti-lce Systems

AC 29 1991-02-11  AC 150/5390-15 Management of Airport Industrial Waste

AC 449 1976-01-01  AC 65-12A Airframe and Powerplant Mechanics Powerplant Handbook

AC 5 1981-10-22 AC 20-113 Pilot Precautions and Procedures to be Taken in Preventing Ai
Reciprocating Engine Induction System and Fuel System Icing Problems

AC 168 1996-08-15  AC 00-2.10 Advisory Circular Checklist and Status of Other FAA Publicationg for
Sale by the U.S. Government Printing Office (GPO)

AC 88 1995-01-01  AC 00-45D Aviation Weather Services

AC 253 1980-01-01  AC 61-23B Pilot's Handbook of Aeronautical Knowledge

AC 79 1993-06-30  AC 33-2B Aircraft Engine Type Certification Handbook

AC 2 1981-05-30 AC 135-9 FAR Part 135 Icing Limitations

AC 236 1994-09-06  AC 91-70 Oceanic Operations

AC 476 1976-01-01  AC 65-9A Airframe and Powerplant Mechanics General Handbook

AC 159 1989-02-09  AC 23-8A Flight Test Guide for Certification of Part 23 Airplanes

AC 226 1980-01-01  AC 61-27C Instrument Flying Handbook

AC 31 1996-12-19  AC 120-57A Surface Movement Guidance and Control System

AC 2 1972-01-18  AC 20-29B Use of Aircraft Fuel Anti-lcing Additives
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AC 38 1978-04-01  AC 20-106 Aircraft Inspection for the General Aviation Aircraft Owner

AC 85 1990-02-14  AC 21-16C Radio Technical Commission for Aeronautics Document No. DO-16

AC 3 1985-12-15  AC 43-16 General Aviation Airworthiness Alerts, Special Issue

AC 52 1976-01-01  AC 65-2D Airframe and Powerplant Mechanics Certification Guide

AC 10 1987-11-01  AC 43-16 General Aviation Airworthiness Alerts No. 112

AC 33 1985-02-11  AC 1 50/5000-4B Airport Research and Technical Reports

AC 11 1992-10-15 AC 150/5220--18 Buildings for Storage and Maintenance of Airport Snow and
Control Equipment and Materials

AC 5 1974-07-29  AC 00-34A Aircraft Ground Handling and Servicing

AC 10 1986-11-01  AC 43-16 General Aviation Airworthiness Alerts No. 100

AC 31 1996-03-28 AC 60-25 Reference Materials and Subject Matter Knowledge Codes for Ai
Knowledge Testing

AC 85 1978-01-01  AC 61-13B Basic Helicopter Handbook

AC 12 1995-01-01 AC61-113 Airline Transport Pilot, Aircraft Dispatcher, and Flight Navigatg
Knowledge Test Guide

AC 15 1995-01-01  AC 63-1 Flight Engineer Knowledge Test Guide

AC 7 1991-03-27  AC 150/5220-13B Runway Surface Condition Sensor Specification Guide

AC 32 1991-01-23  AC 61-107 Operations of Aircraft at Altitudes Above 25,000 Feet MSL and/or M
Numbers (Mmo) Greater Than .75

AC 208 1972-01-01  AC 43.13-lA Acceptable Methods, Techniques, and Practices — Aircraft Inspe
and Repair

AC 35 1993-03-29  AC 20-131A Airworthiness Approval of Traffic Alert and Collision Avoidance Syste
(TCAS Il) and MODE S Transponders

AC 4 1983-01-20  AC 00-24B Thunderstorms

AC 20 1997-05-01  AC 43-16 General Aviation Airworthiness Alerts No. 226

AC 19 1995-01-01 AC 61-114 Commercial Pilot Knowledge Test Guide

AC 52 1992-06-30  AC 150/5220-20 Airport Snow and Ice Control Equipment

AC 98 1992-12-02  AC 23-11 Type Certification of Very Light Airplanes with Power-Plants and Prope
Certificated to Parts 33 and 35 of the Federal Aviation Regulations

AC 11 1985-01-04  AC 25.629-1 Flutter Substantiation of Transport Category Airplanes

AC 27 1991-12-13  AC 60-22 Aeronautical Decision Making

AC 21 1978-03-27  AC 120-17A Maintenance Control by Reliability Methods

AC 54 1991-07-29  AC 120-40B Airplane Simulator Qualification

AC 71 1991-08-09  AC 120-54 The Advanced Qualification Program (AQP)

AC 44 1994-10-11  AC 120-63 Helicopter Simulator Qualification

AC 15 1973-06-26 AC 121-1A Standard Operations Specifications — Aircraft Maintenance Handl

AC 19 1977-01-12  AC 121-22 Maintenance Review Board (MRB)

AC 44 1978-12-01  AC 135-3B Air Taxi Operators and Commercial Operators

AC 8 1985-09-30 AC20-88A Guidelines on the Marking of Aircraft Powerplant Instrumen
(Displays)

AC 5 1993-09-30 AC 23-14 Type Certification Basis for Conversion from Reciprocating Enging

Turbine Engine-Powered Part 23 Airplanes
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AC 6 1995-03-02  AC 23.1521-IB Type Certification of Automobile Gasoline in Part 23 Airplanes W
Reciprocating Engines

AC 35 1988-12-30 AC 120-42A Extended Range Operation with Two-Engine Airplanes (ETOPS)

AC 34 1995-06-14  AC 20-130A Airworthiness Approval of Navigation or Flight Management Syst¢
Integrating Multiple Navigation Sensors

AC 23 1994-05-25  AC 20-138 Airworthiness Approval of Global Positioning System (GPS) Naviga
Equipment for Use as a VFR and IFR Supplemental Navigation System

AC 69 1986-04-09  AC 25-7 Flight Test Guide for Certification of Transport Category Airplanes

AC 8 1982-05-01  AC 43-16 General Aviation Airworthiness Alerts No. 46

AC 10 1982-11-01  AC 43-16 General Aviation Airworthiness Alerts No. 52

AC 10 1986-12-01  AC 43-16 General Aviation Airworthiness Alerts No. 101

AC 12 1975-01-01 AC 61-57a Flight Test Guide

AC 23 1991-02-21  AC 61-89D Pilot Certificates: Aircraft Type Ratings

AC 38 1995-11-29  AC 70/7460-1J Obstruction Marking and Lighting

AC 54 1992-02-05  AC 120-45A Airplane Flight Training Device Qualification

AC 15 1996-06-20 AC 1 50/5200-28B Notices to Airmen (NOTAMS) for Airport Operators

AC 17 1991-05-31  AC 150/5390-3 Vertiport Design

AC 2 1985-12-20  AC 20-24B Qualification of Fuels, Lubricants, and Additives for Aircraft Enginegs

AC 18 1988-09-12  AC 20-101C Airworthiness Approval of Omega/VLF Navigation Systems for Us
the National Airspace System (NAS) Alaska

AC 20 1988-08-24  AC 20-121A Airworthiness Approval of Loran-C Navigation Systems for Use in
U.S. National Airspace System (NAS) and Alaska

AC 11 1980-09-01  AC 43-16 General Aviation Airworthiness Alerts No. 26

AC 8 1982-02-01  AC 43-16 General Aviation Airworthiness Alerts No. 43

AC 10 1983-12-01  AC 43-16 General Aviation Airworthiness Alerts No. 65

AC 8 1987-06-01  AC 43-16 General Aviation Airworthiness Alerts No. 107

AC 10 1987-10-01  AC 43-16 General Aviation Airworthiness Alerts No. 111

AC 10 1991-11-01  AC 43-16 General Aviation Airworthiness Alerts No. 160

AC 15 1995-01-01  AC 43-16 General Aviation Airworthiness Alerts No. 198

AC 322 1980-01-01  AC 61-21A Flight Training Handbook

AC 14 1994-01-01  AC 61-112 Flight and Ground Instructor Knowledge Test Guide

AC 11 1995-01-01  AC 61-119 Instrument Rating Knowledge Test Guide

AC 73 1995-05-24  AC 90-89A Amateur-Built Aircraft and Ultralight Flight Testing Handbook

AC 42 1977-01-01  AC 91-23A Pilot's Weight and Balance Handbook

AC 10 1994-03-09  AC 150/5210-17 Programs for Training of Aircraft Rescue and Firefighting Persg

AC 33 1982-08-27  AC 150/5230-4 Aircraft Fuel Storage, Handling, and Dispensing on Airports

AC 363 1989-04-28  AC150/5370-10A Announcement of Availability — Standards for Specifyin
Construction of Airports

AC 31 1991-08-05 AC 23-10 Auxiliary Fuel Systems for Reciprocating and Turbine Powered Pa
Airplanes

AC 1983-07-01  AC 43-16 General Aviation Airworthiness Alerts No. 60

AC 1984-08-01  AC 43-16 General Aviation Airworthiness Alerts No. 73
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AC 11 1985-10-01  AC 43-16 General Aviation Airworthiness Alerts No. 87

AC 11 1986-05-01  AC 43-16 General Aviation Airworthiness Alerts No. 94

AC 10 1990-07-01  AC 43-16 General Aviation Airworthiness Alerts No. 144

AC 12 1997-02-01  AC 43-16 General Aviation Airworthiness Alerts No. 223

AC 17 1997-04-01  AC 43-16 General Aviation Airworthiness Alerts No. 225

AC 1985-03-18  AC 61-84B Role of Preflight Preparation

AC 1984-07-18  AC 91-33A Use of Alternate Grades of Aviation Gasoline for Grade 80/87 and U
Automotive Gasoline

AC 4 1996-02-09  AC 120-50A Guidelines for Operational Approval of Windshear Training Progra

AC 48 1981-01-22  AC 125-1 Operations of Large Airplanes Subject to Federal Aviation Regulationg
125

AC 90 1989-01-27  AC 150/5200-31 Airport Emergency Plan

AC 43 1995-11-13  AC 150/5220-16B Automated Weather Observing Systems (AWOS) for Non-Fe
Applications

AC 39 1969-05-01  AC 00-25 Forming and Operating a Flying Club

AC 15 1990-06-22  AC 20-27D Certification and Operation of Amateur-Built Aircraft

AC 5 1976-10-20  AC 20-43C Aircraft Fuel Control

AC 2 1980-11-20  AC 20-105A Engine Power-Loss Accident Prevention

AC 136 1995-09-06  AC 21-2H Export Airworthiness Approval Procedures

AC 24 1985-10-23  AC 23.629-1A Means of Compliance with Section 23.629, Flutter

AC 13 1993-01-21  AC 23.1521-2 Type Certification of Oxygenates and Oxygenated Gasoline Fu
Part 23 Airplanes with Reciprocating Engines

AC 35 1986-05-02  AC 25-8 Auxiliary Fuel System Installations

AC 1986-03-19  AC 25.939-1 Evaluating Turbine Engine Operating Characteristics

AC 1993-02-02  AC 25.1523-1 Minimum Flightcrew

AC 1988-06-27  AC 33.47-1 Detonation Testing in Reciprocating Aircraft Engines

AC 10 1979-10-01  AC 43-16 General Aviation Airworthiness Alerts No. 15

AC 9 1984-11-01  AC 43-16 General Aviation Airworthiness Alerts No. 76

AC 10 1985-04-01  AC 43-16 General Aviation Airworthiness Alerts No. 81

AC 11 1989-01-01  AC 43-16 General Aviation Airworthiness Alerts No. 126

AC 11 1989-12-01  AC 43-16 General Aviation Airworthiness Alerts No. 137

AC 1 1991-01-21  AC 43-16 General Aviation Airworthiness Alerts, Special Issue

AC 10 1991-03-01  AC 43-16 General Aviation Airworthiness Alerts No. 152

AC 10 1991-04-01  AC 43-16 General Aviation Airworthiness Alerts No. 153

AC 9 1992-06-01  AC 43-16 General Aviation Airworthiness Alerts No. 167

AC 18 1994-02-01  AC 43-16 General Aviation Airworthiness Alerts No. 187

AC 13 1995-09-01  AC 43-16 General Aviation Airworthiness Alerts No. 206

AC 15 1996-09-01  AC 43-16 General Aviation Airworthiness Alerts No. 218

AC 14 1996-11-01  AC 43-16 General Aviation Airworthiness Alerts No. 220

AC 17 1996-12-01  AC 43-16 General Aviation Airworthiness Alerts No. 221

AC 115 1977-01-01  AC 60-14 Aviation Instructor’s Handbook
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AC 16 1972-01-01  AC 61-10A Refresher Courses for Private and Commercial Pilots

AC 16 1995-01-01  AC 61-117 Recreational Pilot and Private Pilot Knowledge Test Guide

AC 24 1975-03-25 AC 67-2 Announcement of Availability of ‘Medical Handbook for Pilots’ May 19[4

AC 1979-07-24  AC 91-13C Cold Weather Operation of Aircraft

AC 1975-06-26  AC 91-43 Unreliable Airspeed Indications

AC 26 1991-06-28  AC 91-67 Minimum Equipment Requirements for General Aviation Operations Unpder
FAR Part 91

AC 13 1995-11-07  AC 120-27C Aircraft Weight and Balance Control

AC 19 1988-11-23  AC 120-49 Certification of Air Carriers

AC 17 1997-02-25 AC 120-51B Crew Resource Management Training

AC 6 1994-09-12  AC 120-62 Takeoff Safety Training Aid: Announcement of Availability

AC 14 1990-11-19  AC 135-15 Emergency Medical Services/Airplane (EMS/A)

AC 29 1988-07-15 AC139.201-1 Airport Certification Manual (ACM) & Airport Certification
Specifications (ACS)

AC 60 1993-02-18  AC 141-lA Pilot School Certification

AC 42 1989-01-06  AC 150/5050-3B Planning the State Aviation System

AC 118 1989-09-29  AC 150/5300-13 Airport Design

AC 44 1982-12-03  AC 150/5380-6 Guidelines and Procedures for Maintenance of Airport Pavements

TCD 56 1994-10-15 TCD Type Certificate Data Sheet No. 3A10

TCD 20 1996-08-15 TCD Type Certificate Data Sheet No. A22CE

TCD 32 1996-05-31  TCD Type Certificate Data Sheet No. AS3EU

TCD 26 1969-02-28  TCD Aircraft Specification No. A-781

TCD 46 1990-01-01  TCD Type Certificate Data Sheet No. 2A4

TCD 31 1997-02-10  TCD Type Certificate Data Sheet No. A-793

TCD 22 1973-09-01  TCD Aircraft Specification No. A-812

TCD 16 1994-07-27  TCD Type Certificate Data Sheet No. EBNE

TCD 7 1988-10-12  TCD Type Certificate Data Sheet No. ELI0EU

TCD 42 1995-06-15 TCD Type Certificate Data Sheet No. A10CE

TCD 5 1980-04-22  TCD Type Certificate Data Sheet No. E3WE

TCD 37 1969-09-30  TCD Aircraft Specification No. 6A3

TCD 37 1971-07-21  TCD Aircraft Specification No. 6A4

TCD 5 1975-12-04  TCD Type Certificate Data Sheet No. E16EU

TCD 66 1994-10-15 TCD Type Certificate Data Sheet No. A6CE

TCD 13 1963-02-27  TCD Aircraft Specification No. A-795

TCD 1973-03-30 TCD Type Certificate Data Sheet No. E2WE

TCD 1994-11-15  TCD Type Certificate Data Sheet No. E3GL

TCD 19 1990-08-01  TCD Type Certificate Data Sheet No. A15EU

TCD 13 1995-04-15 TCD Type Certificate Data Sheet No. AL6SW

TCD 32 1993-10-21  TCD Type Certificate Data Sheet No. H3WE

TCD 5 1987-05-29  TCD Type Certificate Data Sheet No. P22EA
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TCD 21 1985-10-01  TCD Type Certificate Data Sheet No. ASSW
TCD 156 1995-07-15  TCD Aircraft Specification No. 3A16
TCD 16 1997-02-06  TCD Type Certificate Data Sheet ABSW
TCD 36 1971-12-02  TCD Aircraft Specification No. 4A10
TCD 1968-08-29  TCD Type Certificate Data Sheet No. E7TEU
TCD 1978-06-19  TCD Type Certificate Data Sheet No. ESEU
TCD 32 1992-01-24  TCD Type Certificate Data Sheet No. E12EU
TCD 53 1996-04-15 TCD Type Certificate Data Sheet No. A17SW
TCD 25 1996-06-14  TCD Type Certificate Data Sheet No. A19SW
TCD 12 1990-10-23  TCD Type Certificate Data Sheet No. A16EU
TCD 25 1980-04-17 TCD Type Certificate Data Sheet No. A2SW
TCD 12 1990-10-23  TCD Type Certificate Data Sheet No. A16EU
TCD 10 1959-04-06  TCD Type Certificate Data Sheet No. 4A27
TCD 1992-01-17  TCD Type Certificate Data Sheet No. H8EU
TCD 1977-02-01  TCD Type Certificate Data Sheet No. P-911
TCD 10 1996-08-15 TCD Type Certificate Data Sheet No. A37CE
TCD 49 1985-08-02  TCD Aircraft Specification No. 1A10
TCD 19 1996-09-16  TCD Type Certificate Data Sheet No. A46EU
TCD 12 1993-01-07  TCD Type Certificate Data Sheet No. HISW
TCD 1996-12-16  TCD Type Certificate Data Sheet No. EOO054EN
TCD 1975-10-15 TCD Type Certificate Data Sheet No. E7TEA
TCD 1969-06-16  TCD Type Certificate Data Sheet No. EQEU
TCD 6 1996-01-02  TCD Type Certificate Data Sheet No. EI18NE
TCD 10 1995-12-18 TCD Type Certificate Data Sheet No. P25EA
TCD 6 1995-08-31 TCD Type Certificate Data Sheet No. IE16
TCD 21 1995-08-01  TCD Type Certification Data Sheet No. A1I6WE
TCD 5 1978-06-01  TCD Aircraft Specification No. 1A7
TCD 13 1992-01-22  TCD Type Certificate Data Sheet No. H4EU
TCD 11 1996-09-18 TCD Type Certificate Data Sheet No. H6SO
TCD 1987-04-14  TCD Type Certificate Data Sheet No. E1IN
TCD 1986-10-16  TCD Type Certificate Data Sheet No. E2EU
TCD 13 1994-04-14  TCD Type Certificate Data Sheet No. EAWE
TCD 13 1988-10-28  TCD Type Certificate Data Sheet No. ESNE
TCD 6 1967-09-06  TCD Type Certificate Data Sheet No. E-290
TCD 1966-02-15  TCD Type Certificate Data Sheet No. E-306
TCD 1984-07-23  TCD Type Certificate Data Sheet No. PSEA
TCD 1945-08-01  TCD Type Certificate Data Sheet No. 2-572
TCD 24 1994-12-15 TCD Type Certificate Data Sheet No. AS1EU
TCD 45 1996-10-15 TCD Type Certificate Data Sheet No. 3A13
TCD 11 1991-02-20  TCD Type Certificate Data Sheet No. ASWE
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TCD Type Certificate Data Sheet No.

TCD Type Certificate Data Sheet No.

TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.

A21NM
A40EU
A45EU
4A30
H6EU
E21IN
E4EU
EG6CE
E14EU
E19EU
1E9
A4CE
A4EU
3A12
A7PC
A1SO
A19SW
H5WE
EINM
E1PC
E6WE
E15EU
3A17
3A21
A23EU

3A20
3A25
A2S50
A41EU

H1EU
EINE
E3EA
EGNE
E13EA
E15EA
E15NE
E33NE
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TCD 4 1972-04-24  TCD Type Certificate Data Sheet No. E-311
TCD 7 1985-04-17  TCD Type Certificate Data Sheet No. 1E3
TCD 7 1989-06-16  TCD Type Certificate Data Sheet No. 1E8
TCD 19 1987-02-25  TCD Type Certificate Data Sheet No. A13EU
TCD 14 1992-10-13  TCD Type Certificate Data Sheet No. A18EU
TCD 4 1994-10-15 TCD Type Certificate Data Sheet No. A34CE
TCD 62 1994-01-15  TCD Aircraft Specification No. 3A15
TCD 25 1996-08-15 TCD Type Certificate Data Sheet No. 3A19
TCD 33 1994-10-15 TCD Type Certificate Data Sheet No. 3A24
TCD 31 1996-10-15 TCD Type Certificate Data Sheet No. A7CE
TCD 6 1995-06-15 TCD Type Certificate Data Sheet No. A25CE
TCD 16 1995-06-15 TCD Type Certificate Data Sheet No. AANM
TCD 6 1996-11-14  TCD Type Certificate Data Sheet A18SW
TCD 34 1997-02-06  TCD Type Certificate Data Sheet No. A21EA
TCD 1996-05-31 TCD Type Certificate Data Sheet No. A35EU
TCD 1980-03-27  TCD Type Certificate Data Sheet No. A37EU
TCD 1996-11-15 TCD Type Certificate Data Sheet No. TOO007WI
TCD 26 1973-05-01  TCD Type Certificate Data Sheet No. 4A21
TCD 12 1983-06-27  TCD Type Certificate Data Sheet No. 4A22
TCD 85 1996-12-03  TCD Type Certificate Data Sheet No. 4A25
TCD 24 1984-07-30  TCD Type Certificate Data Sheet No. 4A26
TCD 19 1973-05-01  TCD Type Certificate Data Sheet No. 4A28
TCD 11 1992-02-03  TCD Type Certificate Data Sheet No. H1IN
TCD 14 1996-06-19  TCD Type Certificate Data Sheet No. HINE
TCD 22 1996-11-18 TCD Type Certificate Data Sheet No. H2SW
TCD 14 1979-04-30 TCD Type Certificate Data Sheet No. HOSW
TCD 2 1994-08-30 TCD Type Certificate Data Sheet No. TR7BO
TCD 19 1990-04-20 TCD Type Certificate Data Sheet No. EACE
TCD 3 1967-05-09  TCD Type Certificate Data Sheet No. EGEU
TCD 10 1988-09-30 TCD Type Certificate Data Sheet No. E1L10CE
TCD 5 1981-07-27  TCD Type Certificate Data Sheet No. E13EU
TCD 4 1967-09-15 TCD Type Certificate Data Sheet No. E-291
TCD 7 1987-05-05 TCD Type Certificate Data Sheet No. P6EA
TCD 3 1994-07-25 TCD Type Certificate Data Sheet No. P15NE
TCD 5 1984-05-31  TCD Type Certificate Data Sheet No. P16EA
TCD 7 1982-09-15 TCD Type Certificate Data Sheet No. P24EA
TCD 4 1982-09-15 TCD Type Certificate Data Sheet No. P28EA
TCD 4 1984-05-31  TCD Type Certificate Data Sheet No. P29EA
TCD 5 1982-09-15 TCD Type Certificate Data Sheet No. P31EA
TCD 6 1994-03-23  TCD Type Certificate Data Sheet No. P33EA
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1982-09-15
1996-06-14
1988-01-25
1989-08-21
1994-03-11
1989-08-21
1989-08-21
1987-04-30
1988-07-28
1994-03-11
1982-07-13
1971-01-07
1971-01-05
1981-03-06
1981-03-06
1996-04-25
1978-12-20
1995-06-15
1995-11-02
1985-09-15
1986-03-31
1975-12-04
1995-03-23
1963-11-01
1965-02-01
1956-09-14
1975-03-20
1975-04-15
1995-01-05
1982-05-28
1995-11-30
1993-06-09
1960-09-01
1982-09-15
1982-09-15
1994-05-18
1982-09-15
1995-07-21
1969-08-05
1981-01-12

TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.

TCD Aircraft Specification No. 5A4

TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.

TCD Aircraft Specification No. 2A5
TCD Aircraft Specification No. 3A2
TCD Aircraft Specification No. 6A2
TCD Aircraft Specification No. 6A6

TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.

P35EA
P36EA
P37EA
P39EA
P41EA
P42GL
P43GL
P52GL
P53GL
P55GL
P59GL
P-871
P-887
P-892
P-908
P-920
A42EU
5A6
Al7WE

A14SW
A39EU
A45NM

E2NE
E4EA
E7TWE
E22EA
E25NE
E-265
P2EA
P14EA
P15EA
P23EA
P57GL
P-736
P-851
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Doc. Type Est. Pg. Date Title

TCD 2 1971-01-06  TCD Type Certificate Data Sheet No. P-856
TCD 7 1981-03-06  TCD Type Certificate Data Sheet No. P-878
TCD 2 1970-12-07  TCD Type Certificate Data Sheet No. P-881
TCD 4 1981-03-06  TCD Type Certificate Data Sheet No. P-884
TCD 3 1981-03-06  TCD Type Certificate Data Sheet No. P-891
TCD 6 1984-05-31 TCD Type Certificate Data Sheet No. P-913
TCD 22 1995-10-15 TCD Type Certificate Data Sheet No. A9CE
TCD 12 1994-10-15 TCD Type Certificate Data Sheet No. A13CE
TCD 16 1994-10-15 TCD Type Certificate Data Sheet No. A16CE
TCD 56 1997-01-10  TCD Aircraft Specification No. 2A3

TCD 10 1996-08-01  TCD Type Certificate Data Sheet No. AINM
TCD 4 1967-05-15  TCD Type Certificate Data Sheet No. A5SO
TCD 5 1990-07-16  TCD Type Certificate Data Sheet No. AL5NM
TCD 4 1993-02-18  TCD Type Certificate Data Sheet No. A3ONM
TCD 4 1990-01-31  TCD Type Certificate Data Sheet No. A31NM
TCD 3 1990-05-15 TCD Type Certificate Data Sheet No. A32NM
TCD 5 1990-03-30 TCD Type Certificate Data Sheet No. A34SO
TCD 5 1996-05-31  TCD Type Certificate Data Sheet No. A35NM
TCD 6 1996-08-15 TCD Type Certificate Data Sheet No. A39CE
TCD 6 1994-01-31  TCD Type Certificate Data Sheet No. TQ3CH
TCD 3 1995-09-06  TCD Type Certificate Data Sheet No. EIEA
TCD 5 1964-05-15 TCD Type Certificate Data Sheet No. EIEU
TCD 13 1996-08-20 TCD Type Certificate Data Sheet No. E2EA
TCD 13 1993-06-17  TCD Type Certificate Data Sheet No. E3NE
TCD 5 1987-11-30 TCD Type Certificate Data Sheet No. EANE
TCD 5 1980-12-01  TCD Type Certificate Data Sheet No. EANE
TCD 5 1974-10-18 TCD Type Certificate Data Sheet No. ESEU
TCD 4 1980-08-22  TCD Type Certificate Data Sheet No. E7TNE
TCD 2 1969-05-15 TCD Type Certificate Data Sheet No. ESEA
TCD 7 1996-08-20 TCD Type Certificate Data Sheet No. EONE
TCD 1 1983-12-15  TCD Type Certificate Data Sheet No. E13CE
TCD 5 1996-07-19  TCD Type Certificate Data Sheet No. E17EA
TCD 8 1995-01-11  TCD Type Certificate Data Sheet No. E24NE
TCD 18 1992-06-05 TCD Type Certificate Data Sheet No. E30NE
TCD 7 1996-07-31  TCD Type Certificate Data Sheet No. F34NE
TCD 9 1996-08-21  TCD Type Certificate Data Sheet No. EAONE
TCD 5 1996-08-30 TCD Type Certificate Data Sheet No. E44NE
TCD 1 1983-12-28  TCD Aircraft Engine Specification No. E-288
TCD 4 1968-08-28  TCD Type Certificate Data Sheet No. E-300
TCD 2 1958-04-14  TCD Type Certificate Data Sheet No. E-301
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Doc. Type Est. Pg. Date

Title

TCD
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1962-05-09
1967-01-15
1996-02-02
1989-08-21
1977-09-30
1997-01-21
1970-12-01
1970-12-04
1971-01-06
1971-01-07
1956-07-29
1976-05-01
1960-09-29
1966-08-08
1983-01-01
1996-04-22
1994-10-15
1996-01-15
1994-06-14
1995-06-16
1986-04-11
1987-07-14
1995-08-15
1995-06-15
1994-10-15
1996-12-18
1996-05-23
1984-09-15
1994-10-15
1989-01-20
1990-10-04
1993-07-19
1995-07-28
1986-07-02
1981-09-19
1995-05-30
1996-08-01
1995-02-10
1988-07-26
1993-08-15

TCD Type Certificate Data Sheet No
TCD Type Certificate Data Sheet No
TCD Type Certificate Data Sheet No
TCD Type Certificate Data Sheet No
TCD Type Certificate Data Sheet No

. E-305
. E-308
. P1IONE
. P18NE
. P19EA

TCD Type Certificate Data Sheet P44GL

TCD Type Certificate Data Sheet No

TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
. A38CE

TCD Type Certificate Data Sheet No

. P-206
P-785
P-853
P-870
P-906
1E5
1E6
3E2
ATC 540
A9SW
A20CE
A26CE
A49NM
A86EU
HONM
3A18
AlEA
A1WI
A2CE
A7S50
A9EA
Al12CE
A28CE
A54EU
AG1lEU
AG8EU
A3EU
AGEU
ATEU
A20EU
A20WE
A22WE
A32EU
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Doc. Type Est. Pg. Date Title
TCD 7 1995-12-19  TCD Type Certificate Data Sheet No. ASONM
TCD 4 1954-03-01  TCD Aircraft Specification No. A-593
TCD 17 1981-02-12  TCD Aircraft Specification No. A-814
TCD 1987-04-15 TCD Type Certificate Data Sheet No. 1A17
TCD 1996-07-27  TCD Type Certificate Data Sheet No. AS1GL
TCD 16 1996-03-28  TCD Type Certificate Data Sheet No. H3EU
TCD 5 1993-05-05 TCD Type Certificate Data Sheet No. HGNE
TCD 3 1979-03-01  TCD Type Certificate Data Sheet No. H6SW
TCD 3 1985-02-04  TCD Type Certificate Data Sheet No. HBNM
TCD 4 1994-05-03  TCD Type Certificate Data Sheet No. HOEA
TCD 3 1985-02-08  TCD Type Certificate Data Sheet No. H10SW
TCD 4 1994-12-02  TCD Type Certificate Data Sheet No. H19NM
TCD 30 1996-02-22  TCD Type Certificate Data Sheet No. E1GL
TCD 1970-08-14  TCD Type Certificate Data Sheet No. ESWE
TCD 1983-09-09  TCD Type Certificate Data Sheet No. E14NE
TCD 10 1996-01-30 TCD Type Certificate Data Sheet No. E17NE
TCD 3 1984-12-04  TCD Type Certificate Data Sheet No. E19NE
TCD 9 1994-08-19 TCD Type Certificate Data Sheet No. E20EA
TCD 5 1981-01-15 TCD Type Certificate Data Sheet No. E20EU
TCD 6 1994-05-27  TCD Type Certificate Data Sheet No. E36NE
TCD 5 1995-06-16  TCD Type Certificate Data Sheet No. EA6NE
TCD 8 1994-11-28  TCD Type Certificate Data Sheet No. E-282
TCD 2 1967-06-01  TCD Type Certificate Data Sheet No. P1IN
TCD 2 1982-11-26  TCD Type Certificate Data Sheet No. PANE
TCD 7 1996-08-08  TCD Type Certificate Data Sheet No. P3NE
TCD 4 1994-06-30 TCD Type Certificate Data Sheet No. P6BO
TCD 5 1996-08-12  TCD Type Certificate Data Sheet No. P7NE
TCD 7 1987-04-30 TCD Type Certificate Data Sheet No. P9EA
TCD 1 1985-07-24  TCD Type Certificate Data Sheet No. PONE
TCD 3 1996-08-12  TCD Type Certificate Data Sheet No. P11NE
TCD 3 1996-08-12  TCD Type Certificate Data Sheet No. P13NE
TCD 2 1989-12-22  TCD Type Certificate Data Sheet No. P19NE
TCD 2 1969-05-15 TCD Type Certificate Data Sheet No. P20EA
TCD 2 1969-05-15 TCD Type Certificate Data Sheet No. P26EA
TCD 7 1994-06-30 TCD Type Certificate Data Sheet No. P27EA
TCD 4 1992-10-15 TCD Type Certificate Data Sheet No. P30NE
TCD 4 1992-10-15 TCD Type Certificate Data Sheet No. P31NE
TCD 3 1995-11-10  TCD Type Certificate Data Sheet No. P40EA
TCD 2 1979-09-28  TCD Type Certificate Data Sheet No. P45GL
TCD 2 1996-06-20 TCD Type Certificate Data Sheet No. P56GL
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Title
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1975-09-15
1970-12-11
1970-12-03
1970-12-04
1981-03-06
1961-06-09
1994-04-30
1980-08-01
1993-12-08
1995-06-07
1993-02-10
1993-08-25
1979-06-14
1990-07-15
1992-10-22
1992-12-15
1991-07-15
1997-02-20
1950-07-10
1969-08-20
1995-09-21
1995-05-15
1963-07-01
1988-11-07
1995-03-01
1996-03-08
1995-09-20
1993-01-22
1968-05-15
1988-10-18
1992-03-17
1996-11-18
1993-01-22
1994-05-16
1993-10-05
1994-06-24
1996-05-03
1993-05-28
1996-02-23
1965-05-05

TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.

TCD Aircraft Specification No. A-684

TCD Type Certificate Data Sheet No.

TCD Aircraft Specification No. A-726
TCD Aircraft Specification No. A-762
TCD Aircraft Specification No. A-763

TCD Type Certificate Data Sheet No.

TCD Aircraft Specification No. 6A5

TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.

P-719
P-749
P-784
P-786
P-907
P-912
TP5BO
A3SW
A4SW
AllEA
Al15EA
Al6EA
7A14
AS5CE
A11WE
A27CE

A41NM

A-817

GINE
H15EU
1H15
EOO048EN
E2GL
E3EU
E6SO
E12NE
E20NE
E21EU
E21INE
E25EA
E26NE
E42NE
E43NE
P1BO
P1EU
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TCD 3 1972-04-24  TCD Type Certificate Data Sheet No. P2EU
TCD 2 1984-09-11  TCD Type Certificate Data Sheet No. PSNE
TCD 2 1996-10-28  TCD Type Certificate Data Sheet No. P8BO
TCD 2 1984-06-12  TCD Type Certificate Data Sheet No. PSEU
TCD 2 1984-09-11  TCD Type Certificate Data Sheet No. PBNE
TCD 3 1989-12-14  TCD Type Certificate Data Sheet No. P12NE
TCD 1 1990-08-10  TCD Type Certificate Data Sheet No. P14NE
TCD 2 1989-12-14  TCD Type Certificate Data Sheet No. P16NE
TCD 3 1989-12-14  TCD Type Certificate Data Sheet No. P17NE
TCD 3 1996-06-18  TCD Type Certificate Data Sheet No. P20NE
TCD 2 1984-09-12  TCD Type Certificate Data Sheet No. P61GL
TCD 2 1970-11-17  TCD Type Certificate Data Sheet No. P-225
TCD 3 1977-11-01  TCD Type Certificate Data Sheet No. P-257
TCD 6 1981-04-09 TCD Type Certificate Data Sheet No. P-603
TCD 3 1970-05-01  TCD Type Certificate Data Sheet No. P-825
TCD 2 1970-05-01  TCD Type Certificate Data Sheet No. P-826
TCD 1 1970-05-01  TCD Type Certificate Data Sheet No. P-883
TCD 2 1978-01-25 TCD Type Certificate Data Sheet No. P-890
TCD 1 1963-12-15  TCD Type Certificate Data Sheet No. P-894
TCD 2 1963-08-14  TCD Type Certificate Data Sheet No. P-887
TCD 1 1974-03-01  TCD Type Certificate Data Sheet No. P-898
TCD 4 1984-12-05 TCD Type Certificate Data Sheet No. P-899
TCD 2 1963-08-14  TCD Type Certificate Data Sheet No. P-900
TCD 2 1963-08-14  TCD Type Certificate Data Sheet No. P-903
TCD 2 1963-08-14  TCD Type Certificate Data Sheet No. P-915
TCD 1 1963-08-14  TCD Type Certificate Data Sheet No. P-916
TCD 3 1993-09-10 TCD Type Certificate Data Sheet No. TE2CH
TCD 1 1963-08-14  TCD Type Certificate Data Sheet No. 7P3
TCD 4 1983-01-01  TCD Type Certificate Data Sheet No. 710
TCD 4 1947-06-03  TCD Type Certificate Data Sheet No. 770
TCD 3 1983-01-01  TCD Type Certificate Data Sheet No. 719
TCD 3 1944-11-27  TCD Type Certificate Data Sheet No. 756
TCD 5 1983-01-01  TCD Type Certificate Data Sheet No. 2-577
TCD 5 1983-01-01  TCD Type Certificate Data Sheet No. 2-576
TCD 9 1983-01-01  TCD Type Certificate Data Sheet No. 785
TCD 2 1943-07-14  TCD Type Certificate Data Sheet No. 752
TCD 26 1996-01-16  TCD Type Certificate Data Sheet No. A3SO
TCD 1983-07-01  TCD Type Certificate Data Sheet No. A7TNM
TCD 1980-01-01  TCD Type Certificate Data Sheet No. A7SW
TCD 1983-11-30 TCD Type Certificate Data Sheet No. A9PC
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1986-12-24
1984-10-05
1987-05-20
1973-11-21
1990-01-05
1992-07-14
1994-09-30
1996-12-20
1994-04-07
1996-07-31
1983-02-16
1987-07-15
1994-10-15
1994-08-11
1989-03-15
1994-12-12
1979-01-22
1990-08-15
1996-07-01
1980-05-29
1979-06-19
1992-03-15
1996-01-03
1983-12-15
1996-11-04
1996-01-29
1975-05-14
1995-08-21
1985-09-15
1977-12-01
1986-10-03
1993-09-22
1989-01-31
1990-01-23
1989-07-06
1985-08-01
1996-01-29
1987-09-03
1995-01-23
1993-09-21

TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.

TCD Aircraft Specification No. A-754
TCD Aircraft Specification No. A-777
TCD Aircraft Specification No. A-790

TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.

TCD Aircraft Specification No. 4A12
TCD Aircraft Specification No. 5A3

TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.

TCD Aircraft Specification No. A-757

TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.
TCD Type Certificate Data Sheet No.

Al7NM
A18S0
A19EA
A26EU
A26NM
A26WE
AG3EU
AG67EU
AT4EU
A78EU

1A8
1A13
3A23

7A15

A8PC

AllEU
Al14CE
Al17EU
A23CE
A23S0
A3250
A38EU
A62EU

Al4EA
A20NM
A21EU
A23NM
A27NM
A28NM
A28S0
A3250
A33EU
A33S0
AS56EU
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TCD 9 1960-04-04  TCD Aircraft Specification No. A-772
TCD 3 1981-04-01  TCD Aircraft Specification No. A-783
TCD 5 1959-04-10 TCD Aircraft Specification No. A-786
TCD 9 1960-09-23  TCD Aircraft Specification No. A-789
TCD 6 1959-04-10 TCD Aircraft Specification No. A-808
TCD 13 1980-02-01  TCD Type Certificate Data Sheet No. 2A15
TCD 10 1963-01-30  TCD Aircraft Specification No. 4A17
TCD 3 1959-04-06  TCD Type Certificate Data Sheet No. 4A23
TCD 6 1973-10-18  TCD Type Certificate Data Sheet No. 7A10
TCD 1 1988-11-07  TCD Type Certificate Data Sheet No. GINM
TCD 6 1982-02-09  TCD Type Certificate Data Sheet No. H2WE
TCD 3 1986-02-05 TCD Type Certificate Data Sheet No. HBEA
TCD 11 1995-08-07  TCD Type Certificate Data Sheet No. H13WE
TCD 1994-11-25  TCD Type Certificate Data Sheet No. H80EU
TCD 1994-11-25  TCD Type Certificate Data Sheet No. H81EU
TCD 19 1996-11-25  TCD Type Certificate Data Sheet No. 4H12
TCD 7 1997-01-08  TCD Type Certificate Data Sheet EOO049EN
TCD 29 1995-06-12  TCD Type Certificate Data Sheet No. E13NE
TCD 5 1993-11-01  TCD Type Certificate Data Sheet No. E31NE
TCD 3 1994-01-12  TCD Type Certificate Data Sheet No. E35NE
TCD 6 1994-05-20 TCD Type Certificate Data Sheet No. E41NE
TCD 5 1993-12-16  TCD Type Certificate Data Sheet No. EA5NE
TCD 3 1969-10-27  TCD Type Certificate Data Sheet No. E-283
TCD 10 1986-07-12  TCD Type Certificate Data Sheet No. E-295
TCD 3 1959-05-11  TCD Type Certificate Data Sheet No. E-296
TCD 8 1987-05-11  TCD Type Certificate Data Sheet No. E-297
TCD 3 1965-12-22  TCD Type Certificate Data Sheet No. E-302
TCD 5 1981-02-06  TCD Type Certificate Data Sheet No. E-307
TCD 2 1994-09-22  TCD Type Certificate Data Sheet No. P2BO
TCD 2 1975-04-25 TCD Type Certificate Data Sheet No. PAEU
TCD 2 1983-09-01  TCD Type Certificate Data Sheet No. PANE
TCD 2 1983-03-01  TCD Type Certificate Data Sheet No. PSEU
TCD 2 1982-11-26  TCD Type Certificate Data Sheet No. P6EU
TCD 2 1981-01-23  TCD Type Certificate Data Sheet No. POEU
TCD 2 1982-09-15 TCD Type Certificate Data Sheet No. P10EA
TCD 1 1981-01-23  TCD Type Certificate Data Sheet No. P10EU
TCD 2 1991-01-15 TCD Type Certificate Data Sheet No. P23NE
TCD 4 1989-12-01  TCD Type Certificate Data Sheet No. P24NE
TCD 3 1987-04-30 TCD Type Certificate Data Sheet No. P46GL
TCD 3 1995-04-19 TCD Type Certificate Data Sheet No. P47GL
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TCD 2 1977-03-01  TCD Type Certificate Data Sheet No. P48GL

TCD 2 1977-03-20 TCD Type Certificate Data Sheet No. P51GL

TCD 2 1996-02-23  TCD Type Certificate Data Sheet No. P54GL

TCD 2 1995-03-22  TCD Type Certificate Data Sheet No. P60GL

TCD 6 1977-01-01  TCD Type Certificate Data Sheet No. P-845

TCD 1 1957-03-07  TCD Type Certificate Data Sheet No. P-877

TCD 1 1957-03-07  TCD Type Certificate Data Sheet No. P-879

TCD 4 1985-07-15  TCD Type Certificate Data Sheet No. P-880

TCD 2 1955-05-04  TCD Type Certificate Data Sheet No. P-885

TCD 4 1982-09-15 TCD Type Certificate Data Sheet No. P-917

TCD 4 1983-01-01  TCD Type Certificate Data Sheet No. (Army OA-10A) 2-548

TCD 7 1983-01-01  TCD Type Certificate Data Sheet No. ATC 657

TCD 1 1983-01-01  TCD Type Certificate Data Sheet No. 791

TCD 1 1983-01-01  TCD Type Certificate Data Sheet No. 246

TCD 1 1983-01-01  TCD Type Certificate Data Sheet No. 764

FO 9 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 4 Chap. 8 S
General

FO 8 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 4 Chap. 8 S
Approval of Far Parts 121 and 135 Procedures

FO 3 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 6 Chap. 2 S¢
Ground Deicing/Anti-Icing Inspections

FO 14 1997-03-17  8400.10 Air Transportation Operations Inspector's Handbook Append. 4 Chap.
97-03 In-Flight Icing Operations and Training Recommendations

FO 7 1996-09-20  8400.10 Air Transportation Operations Inspector's Handbook Append. 4 Chap.
96-13 FAA-Approved Deicing Program Updates, Winter 1996-97

FO 44 1995-07-20  AIM Aeronautical Information Manual Chap. 7 Sec. 1 Meteorology

FO 2 1995-10-17  8400.10 Air Transportation Operations Inspector's Handbook Append 4 Chap.
95-29 Operations During Freezing Drizzle and Light Freezing Rain

FO 2 1996-09-09  8400.10 Air Transportation Operations Inspector's Handbook Append. 4 Chap.
96-14 Operations During Freezing Drizzle and Light Freezing Rain

FO 6 1996-07-01  7110.10L Flight Services Chap. 9 Sec. 2 Pilot Weather Report (UA/UUA)

FO 40 1996-11-06  7110.65J Air Traffic Control Explanation of Changes 5 Bg 5 BRIEFING GUIDE

FO 103 1995-07-20  AIM Aeronautical Information Manual Pge Pilot/Controller Glossary

FO 102 1996-06-20  7210.3M Facility Operation and Administration Part 6 Chap. 20 Explanatig
Changes 1 Bg 1 Briefing Guide

FO 18 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 3 Chap. 15 {
General Operations Manuals

FO 6 1996-02-29  7210.3M Facility Operation and Administration Part 3 Chap. 12 Sec. 1 Genera

FO 14 1973-11-01  8340.1A Maintenance Bulletins Chap. 3 Sec. 1 Safety Practices

FO 3 1996-07-01  7110.10L Flight Services Chap. Briefing Guide — Change 2

FO 1 1993-06-09  8300.10 Airworthiness Inspector’'s Handbook Append. 4 Chap. FSAW 93-35 Sy

Enhancements (Version 4.1) for Operation Specifications Subsystem (OPSS)
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Doc. Type Est. Pg. Date Title

FO 2 1995-01-11  8300.10 Airworthiness Inspector's Handbook Append. 4 Chap. FSAW 95-01 AT
and ATR-72 Airworthiness Directive T-95-02-51 Compliance Procedures

FO 9 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 5 Chap. 2 S
Conduct of Flight Tests in Airplane Flight Simulators and Training Devices

FO 2 1995-01-11  8400.10 Air Transportation Operations Inspector's Handbook Append. 4 Chap.
95-01 ATR-42 and ATR-72 Airworthiness Directive T-95-02-51 Compliang
Procedures

FO 1996-07-01  7110.10L Flight Services Append. A Sec. 1

FO 1995-07-20  7110.65J Air Traffic Control Glossary Sec. 1

FO 1996-06-06  8400.10 Air Transportation Operations Inspector's Handbook Append. 4 Chap.
96-08 Relief of Icing Fuel Penalties Associated with Critical Fuel Calculations
ETOPS

FO 12 1996-07-01  7110.10L Flight Services Chap. 7 Sec. 1 Messages and Formats

FO 9 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 5 Chap. 2 S
Oral and Flight Test Events in Helicopters

FO 1 1994-11-02 8400.10 Air Transportation Operations Inspector’s Handbook Explanation
Changes 9

FO 4 1996-06-01 NAIGAOM North Atlantic International General Aviation Operations Manual Ch
3 Equipment

FO 5 1995-07-20  7110.65J Air Traffic Control Chap. 2 Sec. 6 Weather Information

FO 1973-11-01  8340.1A Maintenance Bulletins Chap. 3 Sec. 2 Append. 10 Ice and Rain Prot
(ATA Code 3000)

FO 7 1973-11-01  8340.1A Maintenance Bulletins Chap. 3 Sec. 2 Append. 30 Engines (ATA Code
(T = Turbine/Turboprop R = Reciprocating)

FO 4 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 4 Chap. 3 S
Selected Practices

FO 1 1996-11-06  7110.65J Air Traffic Control Explanation of Changes 5

FO 17 1995-03-02  8110.4A Type Certification Process Chap. 3 Type Certificates

FO 1973-11-01  8340.1A Maintenance Bulletins Chap. 3 Sec. 2 Tools and Test Equipment

FO 9 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 3 Chap. 2 S
Flightcrew Aircraft Ground Training Curriculum Segments

FO 5 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 3 Chap. 7 S
Parts 121/135 Weather Information Systems

FO 1 1994-01-11  8400.10 Air Transportation Operations Inspector’s Handbook Append. 3 Chap. |
94-03 Operations Specifications (OpSpecs) Revision: Part 135 Operations in Gr
Icing Conditions

FO 30 1988-10-01  8700.1 General Aviation Operations Inspector's Handbook Vol. 2 Chap. 148 S
Procedures

FO 5 1996-06-01  NAIGAOM North Atlantic International General Aviation Operations Manual Ch
2 Environment

FO 27 1996-07-01  7110.10L Flight Services Chap. 14 Sec. 1 General

FO 1 1995-10-17  8300.10 Airworthiness Inspector’s Handbook Append. 4 Chap. FSAW 94-46 Int
Freezing of Pneumatic Deicers Due to Accumulated Moisture

FO 32 1996-01-19  8300.10 Airworthiness Inspector’'s Handbook Append. 4 Chap. FSAW 96-02 Ge

Certification and Operations Requirements for Air Carriers Transitioning from P
135 to Part 121

R-42

ec. 3

-SAT

-SAT

for

ec. 5

of

pction

7200)

ec. 5

ec. 5

ec. 2

HBAT
bund

ec. 2

ap.

ernal

neral
art

232

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « JUNE-SEPTEMBER 19

97



U.S. ICING-RELATED REGULATIONS AND ADVISORY MATERIALS

Doc. Type Est. Pg. Date Title

FO 31 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 3 Chap. 2 S
Flight Training Curriculum Segments

FO 16 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 5 Chap. 2 S
Flight Test Events in Airplanes

FO 5 1995-05-11  8400.10 Air Transportation Operations Inspector’s Handbook Append. 3 Chap. |
95-04 Air Ambulance Operations Specifications Revised

FO 31 1996-01-19  8400.10 Air Transportation Operations Inspector's Handbook Append. 4 Chap.
96-09 General Certification and Operations Requirements for Air Carriers Transitio
from Part 135 to Part 121

FO 2 1988-10-01  8700.1 General Aviation Operations Inspectors Handbook Vol. 2 Chap. 80 S
Procedures

FO 4 1990-10-02  7610.4H Special Military Operations Chap. 12 Sec. 10 USAF Undergraduate H
Training (UFT)/Pilot Instructor Training (PIT)

FO 2 1988-11-01  8300.10 Airworthiness Inspector's Handbook Vol. 2 Chap. 221 Sec. 2 Procedu

FO 3 1988-11-01  8300.10 Airworthiness Inspector’s Handbook Vol. 3 Chap. 131 Sec. 2 Procedu

FO 4 1973-11-01  8340.1A Maintenance Bulletins Chap. Foreword

FO 5 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 6 Chap. 2 S
Ramp Inspections

FO 3 1997-05-09  8400.10 Air Transportation Operations Inspector's Handbook Append. 4 Chap.
INDEX Flight Standards Information Bulletins for Air Transportation (FSAT)

FO 1 1996-06-01 NAIGAOM North Atlantic International General Aviation Operations Manual Ch
4 Route Planning

FO 2 1996-07-01 7110.10L Flight Services Chap. 2 Sec. 4 Pilots Automatic Telephone Wea
Answering Service (PATWAS) for Nonautomated Flight Service Stations (FSS)

FO 3 1996-07-01  7110.10L Flight Services Chap. 3 Sec. 2 Preflight Pilot Briefing

FO 24 1996-02-29  7110.65J Air Traffic Control Explanation of Changes 2 Bg 2 BRIEFING GUIDE

FO 102 1996-06-20  7210.3M Facility Operation and Administration Part 6 Chap. 20 Explanatiq
Changes 1 Explanation of Changes 1

FO 1988-11-01  8300.10 Airworthiness Inspector's Handbook Vol. 2 Chap. 76 Sec. 2 Procedurg

FO 2 1969-04-10 8310-6 Airworthiness Compliance Check Sheet Handbook Chap. 2 Sec
Airworthiness Compliance Check Sheet #22

FO 5 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 3 Chap. 7 S
General Background Information

FO 25 1995-07-20  AIM Aeronautical Information Manual Chap. 4 Sec. 3 Airport Operations

FO 15 1995-07-20  AIM Aeronautical Information Manual Chap. 5 Sec. 3 En Route Procedures

FO 1 1996-06-01 NAIGAOM North Atlantic International General Aviation Operations Manual Ch
5 Flight Planning

FO 4 1989-10-24  5100.38A Airport Improvement Program (AIP) Handbook Chap. 5 Sec. 7 Sa
Security, and Support Equipment

FO 2 1996-07-01  7110.10L Flight Services Chap. 2 Sec. 2 Transcribed Weather Broadcasts (TW

FO 1 1996-07-01  7110.10L Flight Services Chap. 2 Sec. 3 VOR TWEB

FO 3 1996-07-01  7110.10L Flight Services Chap. 4 Sec. 6 En Route Flight Advisory Service (ER

FO 8 1996-07-01  7110.10L Flight Services Chap. 6 Sec. 4 Flight Plan Handling

FO 1 1996-07-01  7110.10L Flight Services Chap. 9 Sec. 6 Aviation Area Forecast (FA)
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Doc. Type Est. Pg. Date Title

FO 1 1996-07-01  7110.10L Flight Services Chap. 9 Sec. 10 Meteorological Impact Statement (M

FO 1 1996-07-01  7110.10L Flight Services Chap. 9 Sec. 11 Center Weather Advisory (CWA)

FO 18 1996-07-01  7110.10L Flight Services Append. A Sec. A

FO 1996-07-01  7110.10L Flight Services Append. A Sec. S

FO 1996-11-04  7110.10L Flight Services Chap. EXPCHG

FO 17 1995-07-20  7110.65J Air Traffic Control Chap. 1 Sec. 2 Terms of reference

FO 18 1995-07-20  7110.65J Air Traffic Control Glossary Sec. A

FO 1995-07-20  7110.65J Air Traffic Control Glossary Sec. S

FO 1996-02-29  7210.3M Facility Operation and Administration Part 2 Chap. 8 Sec. 3 Operatio

FO 1987-09-03  8000.45C Aircraft Certification National Resource Specialists Append. 1 Listin
National Resource Specialists

FO 3 1991-08-02  8020.11A Aircraft Accident and Incident Notification, Investigation, and Repor
Chap. 6 Sec. 4 FAA Form 8020-5, Aircraft Incident Record

FO 24 1995-03-02  8110.4A Type Certification Process Chap. 2 Type Certification Process

FO 29 1994-06-13  8130.2C Airworthiness Certification of Aircraft and Related Products Chap. 4 S
Experimental Airworthiness Certifications

FO 1988-11-01  8300.10 Airworthiness Inspector's Handbook Vol. 2 Chap. 37 Sec. 1 Backgrout

FO 1988-11-01  8300.10 Airworthiness Inspector’s Handbook Vol. 2 Chap. 76 Sec. 1 Backgrout

FO 1988-11-01  8300.10 Airworthiness Inspector’s Handbook Vol. 2 Chap. 109 Sec. 1 Backgro

FO 46 1988-11-01  8300.10 Airworthiness Inspector’'s Handbook Append. 1 Comprehensive Index

FO 12 1973-11-01  8340.1A Maintenance Bulletins Chap. 3 Sec. 2 Append. 14 Navigation (ATA (
3400)

FO 10 1988-08-23  8400.10 Air Transportation Operations Inspector’s Handbook Vol. 3 Chap. 2 S
Flightcrew Basic Indoctrination Curriculum Segments

FO 6 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 6 Chap. 2 Se
Station Facilities Inspections (PTRS Code 1635)

FO 3 1988-08-23  8400.10 Air Transportation Operations Inspector's Handbook Vol. 9 Chap. 1 S
Responsibilities of Aviation Safety Inspectors

FO 2 1997-05-09  8400.10 Air Transportation Operations Inspector’s Handbook Append. 3 Chap. |
INDEX Flight Standards Handbook Bulletin (FSHB)

FO 1 1995-06-26  8400.10 Air Transportation Operations Inspector's Handbook Append. 4 Chap.
95-10A Instrument Approach Procedures and Training

FO 1 1996-05-08  8400.10 Air Transportation Operations Inspector's Handbook Append. 4 Chap.
96-04 New Aviation Weather Formats: METAR/TAF

FO 8 1988-10-01  8700.1 General Aviation Operations Inspector's Handbook Vol. 2 Chap. 59 S
Background

FO 2 1988-10-01  8700.1 General Aviation Operations Inspector's Handbook Vol. 2 Chap. 75 S
Procedures

SDR 2 1996-08-22  Service Difficulty Report

SDR 2 1996-03-08  Service Difficulty Report

SDR 2 1996-08-29  Service Difficulty Report

SDR 2 1996-08-29  Service Difficulty Report

SDR 2 1996-08-29  Service Difficulty Report
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Doc. Type Est. Pg. Date Title

SDR 2 1996-08-29  Service Difficulty Report

SDR 2 1996-08-29  Service Difficulty Report

SDR 2 1996-08-02  Service Difficulty Report

SDR 2 1996-04-12  Service Difficulty Report

SDR 2 1996-03-29  Service Difficulty Report

SDR 2 1996-03-15  Service Difficulty Report

SDR 2 1996-05-09  Service Difficulty Report

SDR 2 1996-09-19  Service Difficulty Report

SDR 2 1996-09-26  Service Difficulty Report

SDR 2 1996-09-26  Service Difficulty Report

STC 311 1995-08-01  Summary of Supplementary Type Certificates — Piper Aircraft Corporation (f
PA-60 Series found under Aerostar)

STC 333 1995-08-01  Summary of Supplementary Type Certificates — Beech Aircraft Corporation

STC 52 1995-08-01  Summary of Supplementary Type Certificates — Twin Commander

STC 505 1995-08-01  Summary of Supplementary Type Certificates — Cessna Aircraft Corporation

STC 180 1995-08-01  Summary of Supplementary Type Certificates — McDonnell Douglas Corporat

STC 82 1995-08-01  Summary of Supplementary Type Certificates — Lockheed Aircraft Corporatio

STC 41 1995-08-01  Summary of Supplementary Type Certificates — Mooney Aircraft Corporation

STC 1 1995-08-01  Summary of Supplementary Type Certificates — Hartzell Propeller Inc.

STC 64 1995-08-01  Summary of Supplementary Type Certificates — Learjet Corporation

STC 50 1995-08-01  Summary of Supplementary Type Certificates — Mitsubishi Heavy Industries,

STC 11 1995-08-01 Summary of Supplementary Type Certificates — deHavilland Aircraft Co.,
England

STC 22 1995-08-01  Summary of Supplementary Type Certificates — Fairchild Aircraft

STC 24 1995-08-01  Summary of Supplementary Type Certificates — Fairchild Industries, Inc.

STC 38 1995-08-01  Summary of Supplementary Type Certificates — Lockheed-Georgia Company

STC 17 1995-08-01  Summary of Supplementary Type Certificates — Maryland Air Industries, Inc.

STC 4 1995-08-01  Summary of Supplementary Type Certificates — Hamilton Standard Division, U
Aircraft Corp

STC 1 1995-08-01  Summary of Supplementary Type Certificates — McCauley Accessory Division

STC 9 1995-08-01  Summary of Supplementary Type Certificates — Fokker Aircraft

STC 155 1995-08-01  Summary of Supplementary Type Certificates — Gulfstream Aerospace Corpo

STC 1995-08-01  Summary of Supplementary Type Certificates — Pilatus Aircraft Ltd.

STC 1995-08-01  Summary of Supplementary Type Certificates — Saab-Scania Ab

STC 1995-08-01 Summary of Supplementary Type Certificates — Vickers Armstrongs (Aircraft) Limited
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Further Reading from
FSF Publications

Dow, J.P., Sr. “Icing — Detection and Countermeasures Lawton, R. “Airframe Icing and Captain’s Improper Use
for Corporate and Regional Aircraft.” In Aviation Safety: of Autoflight System Result in Stall and Loss of Control
Challenges and Solution®roceedings of the 8th Annual of Commuter Airplane.” Accident PreventioVolume 51
European Aviation Safety Semin&896. (November 1994): 1-8.

A discussion of present and future systems for detecting ic&n account of an actual accident which occurred while an
Symptoms covered include vibrations, control force changeg§mbraer-120 RT was climbing to altitude on autopilof.
instrument indications and aural and visual cues. Alsdloderate icing of the wing and commensurate loss of lift
presented are ice countermeasures that can be taken duringagit unnoticed by the flight crew until the aircraft stalled
phases of flight from pre-takeoff to landing. and began a spin to the left. The crew regained control of the
aircraft at 1,678 meters (5,500 feet). The aircraft was
Hellyer, K. “Safe Winter Operations.” In Managing Safety: substantially damaged, but there were no injuries.
Proceedings of 48th Annual International Air Safety Seminar
Seattle, Washington, United States: Flight Safety FoundatioBriot, R. “Icing Operations: Facing the Facts.” Flight
1995. Safety DigesSpecial Supplement: “Proceedings of the 6th
Annual European Corporate and Regional Aircraft Operatars
An overview of the history of deicing and anti-icing; the Safety Seminar” (May 1994): 261-295.
properties of Type | and Type Il deicing/anti-icing fluids;
methods of deicing/anti-icing; and discussions of holdoveAn illustrated discussion of the precise effects of wing icinﬁ;.
time (how long an application of deicing/anti-icing fluid will Charts and graphs show the relationship between ice accrual
remain effective), deicing vehicles, and cold wings, which arand loss in angle of attack margin, the effects of flaps apd
caused by recent flight operations at very low temperatures gear on performance when wings are iced, and a comparison
the taking on of super-chilled fuel. between the lift generated by a clean airfoil and the lift
generated by the same airfoil with an accumulation of rough
“Turboprop Freighter Crashes After Severe Icing Causes ice. Photographs show examples of the appearance of |ice
Multiple Engine Failures.” Accident PreventioWolume 52  accretion on leading edges and on the full wing surface.
(June 1995): 1-6.
Perkins, P.J. “Tailplane Stall Caused by Ice.”In Safe
A detailed account of a Vickers Viscount accident causedpplication of Technology in Corporate Aviation:
by severe icing at altitude. Ice-caused failure of engineProceedings of the 39th Corporate Aviation Safety Seminar.
no. 2 and no. 3, ice on the vertical stabilizer, andl994.
guestionable decision-making on the part of the two-pilot
flight crew led to controlled flight into trees while Anexamination of the causes, effects and remedies associated
approaching the airport at Birmingham, England and theavith ice on the tailplane of the aircraft — a subject that gets
death of the aircraft captain. much less coverage than wing ice. Presented are actual
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FURTHER READING

occurrences in which the aircraft nose either could not be raisédpresentation outlining actions that the pilot can take to en
or suddenly pitched down when the landing flaps werahat the components of his aircraft are free of froz
extended. Also discussed are runback ice (ice which forms afbntaminants before takeoff is attempted. These include, w
of the area protected by deicing equipment); the symptoms gbssible, an inspection of aerodynamic surfaces by hand, w
a tailplane stall; and pilot action to be taken if evidence ofs the only sure way; knowledge of the deicing fluids availal
severe tailplane ice appears. awareness of the deicing holding period for current wea
and traffic conditions; understanding that a “representat
“Training, Deicing and Emergency Checklist Linked in  surface may not be truly representative of ice accretion;
MD-81 Accident Following Clear-ice Ingestion by Engines.”  verification that proper deicing procedures are used.
Accident PreventioNolume 50 (December 1993): 1-8.
Pope, J.A. “U.S. Accident Report Blames Wing Ice and
An account of an accident caused by incomplete grounAirline Industry/FAA Failures in Fatal Fokker Crash.”
deicing. The aircraft took off with clear ice remaining on theAccident Preventionolume 50 (April 1993): 1-8.
wings. On initial climb, chunks of ice shed from the wings
were ingested by the two Pratt & Whitney JT8D turbofanA look at an accident in which the Fokker F-28-4000 flig
engines, effectively destroying them. The flight crew guidectrew exceeded the holdover time for the Type | deicing fl
the powerless aircraft to a successful emergency landing abday more than 200 percent, tried (unsuccessfully) to detern
10 kilometers (6.2 miles) northeast of the airport. the extent of wing ice contamination from the cockpit at ni
and used a speed of rotation for takeoff)(that was 9.3
Maclntosh, R.M. *“Accidents Show Need for kilometers per hour (five knots) below the prescribed spg
Comprehensive Ground Deicing Programs.”Airport ~ The angle-of-attack stall margin was eliminated, and
Operationsvolume 19 (November/December 1993): 1-4.  aircraft rolled to the left and crashed immediately after take
fatally injuring one cabin crew member and 25 passenge
A study of ground icing, which is easier to counteract than
icing encountered in flight, yet continues to take its toll,"Unstabilized Approach, Icing Conditions Lead to
particularly among nonslatted turbojet transports. MinutaCommuter Tragedy.” Accident Prevention/olume 49
amounts of ice contamination on the leading edges of wing®ecember 1992): 1-6.
can cause a significant reduction in the stall angle-of-attack.
Many pilots lack the training to respond effectively or respecAn account of a tailplane stall caused by 1.3 centimetern
for the dangers of ground icing. 2.5 centimeters (0.5 inch to one inch) of mixed rime and ¢
ice which, characteristically, caused the Jetstream comm
Sumwalt, R. Ill. “Incident Reports Highlight Problems to roll up and enter an uncontrolled descent when the lan
Involving Air Carrier Ground Deicing/Anti-icing.” Airport  flaps were lowered to 50 degrees. The pilot had earlier ref
Operationsvolume 19 (September/October 1993): 1-6. several offers to have the aircraft deiced while it was on
ground at its previous stop.
A discussion of the psychological and physiological factors
that affect a pilot's ability to properly detect ice, remove ice,'Rapid High-altitude Icing Linked to Series of Fatal
and ensure that the aircraft’s critical surfaces are free of ickccidents.” Accident Preventioolume 49 (November 1992)
before takeoff. The psychological factors include judgment]-8.
perception and motivation. Physical factors include
difficulties in inspecting wings and other aerodynamicln the accident described herein, a Mitsubishi MU-2, a ty
surfaces from the cockpit, or from the ground if the surfaceturboprop utility transport, was cruising at 6,405 meters (21,
are highly elevated. feet) when, without warning, it rolled sharply to the left a
entered a spin. Less than a minute later, the aircraft impa
Eloranta, Capt. J.T. “Confirming Airworthiness Prior to the ground in uncontrolled flight, killing the pilot and passeng
Takeoff in Icing Conditions — Pilot Options.” Flight Safety ~ An investigation attributed this and similar accidents at altitu
Digest Special Supplement: Proceedings of the 5th annualbove 4.575 meters (15,000 feet) in instrument meteorolog
European Corporate and Regional Aircraft Operators Safetyonditions to airframe icing. The reduced lift and increased ¢
Seminar (August 1993): 118-121. lowered airspeed to the point of stell.
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Flight Safeyoundation
Membership Application Form

Organization Name:
Address:

Please identify the person who will be the primary contact with Flight Safety Foundation and receive all
correspondence:

Name:

Title:

Telephone: Fax:

Please select your FSF membership category (check one) and indicate amount pledged or enclosed:

__ Benefactor (US$25,000 or more)
__ Patron (US$15,000-$24,999)
__ Contributor (US$10,000-$14,999)
____ Subscriber (US$5,000-$9,999)
__ Member (US$3,000-$4,999)
_____ Special Offer ($2,000)

Amount: $ Name and date:

Please select a payment method:

_____ Check payable to Flight Safety Foundation _____ Please invoice company
__ Credit Card. Please indicate credit card type:  American Express____ VISA ____ MasterCard

Credit cCard Number . - _ - -

Expiration Date:

Name of Card Holder

Mailing Address

Signature of Card Holder Date

If your company operates aircraft, please provide the following information:

Type of operations conducted:

Number of employees directly involved in aircraft operations:

Please send this form to Flight Safety Foundation
601 Madison Street, Suite 300, Alexandria, VA 22314 U.S.
Telephone: (703) 739-6700; Fax: (703) 739-6708
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