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747 Classic Talil Strike




Tall Strikes Cost Millions of Dollars!




Presentation Overview

°> General Inforrnation

° Raview causes and preverniior

° Operailons in strong gusty winds
° Training rewmrrwmde ns and
oreveriative rreasur

> surnrnary
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General Information
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° Newer designs incorporaie irmproved elevaior feel
and otner design improvernenis

ysterr

° Alrcraft sucn as ine 737-400, 737-800/-900, 767-300/-400,
777-300 nave iall sKids that prevenis darmage frormn taxeoff
tall stries. Sorme provide Jrlmrlmg oroteciion also

° Longer podied Boeing airplanes use releuve rngr ler speeds
(speed additives to V1, VR, and V2, or approacr SJ’:":‘CIS)

to rnaintain equivalent tail rlerl renice aguss mocdels

°* More tall sirixes occur on landing than on takeoff or
. -

Copyright © 2006 the Boeing Company Carbaugh.5



Tail Skid Contact




Tail Skid Crushable Cartridge




Typical Tail Clearance for T/O

Liftoff Attitude | MInimum Tail 1 45 strike Pitch
Model Flap (deg) Clearance Attitude (deg)
g inches (cm) g
. 10 10.1 39 (99) 12.5
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Typical Tail Clearance
Engine Out Takeoff

Liftoff Attitude | MInimum Tail 1 45 strike Pitch
Model Flap (deg) Clearance Attitude (deg)
g inches (cm) g
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777 Flight Crew Training Manual—
Takeoff and Initial Climb

° Retract tne landing gear after a posiilve raie
of clirno iz Indicataed on the altirmeier

® Refrac i flaps in accordance wiin ine technigue
descrived in this cnapter
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Boeing Does Testing for
Certification Involving:

°> AgLise Cases

° Early Rotatiorn
° Rapid Rotziion
> No Flare

° Long Flare
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Cross Wind Takeoffs and Landings
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Engine Out Takeoffs and Landings
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Takeoff Risk Factors

o> Mlis-trirnrned staollizer
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° [rnproper rotatlon tecnnigue

° Irmproper use of i
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° Rotation prior to VR-gliner:
— early rotaiion: Too agyressive, misinterpreiaiiorn

carly rotation: Incorrect taeoff speeds (Flurmnean Faciors)
early rotations: V1L — VR solit differences

cessive initial pitch attiilcde

—.
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> Crosswinds
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Review of Proper Takeoff Techniques

°> Use norrmel tareoff rotation tecrinigue
° Do not rotaie early

°> Do not rotate at o excessive rate or to & excassijve atiilce

° Consider use of greater flap setiing to provide additional
tzll clearance

°* Manage gusty winds and use proper armount of flignt conirols
cduring crosswinds

“Note: Frormn a nurnean factor persp

pecitive, & cormrmon error
witn a nign level of conse cuernc

As
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| anding Risk Factors

° Un-stanilized approach
° Hlolding airplane off ine runway in ine flare
> Mis-nandling of crosswinds

° Over-rotation during go-arournd

Sometimes a go around IS the correct option

Note: Tall sirikes on landing generally cause more darnage,
The tail rnay strike tne runway before ine main gear
darnaging tne aft pressure bulknead

(‘D
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Proper Landing Techniques

5 Knot rminirnurn to start of

i_
Sopecifled Target Airspeed”

\15

° Maintain an airspeed of Vref -
flare and fly ine approach ai

12 el

lﬂ

° Alrplaine sno art of flare; do not trirn in tne
alfter

Il ne in trirn at si
flare or Crc

0oL
ter toucncdown

° Do not *nold tne airplane off” in an atternpt to meare arn
excessively smooin landing

° Use only appropriaie armount of rudder/aileron during cross
wind aporoacries and landing

° Imimnediaizly after main landing gear o 1 'r
pack oressure on conirol wneel and ily the nose wnee
ihe runwey

clown, release
| onio

— Do not allow pitch atijiude to increase afier touchdowr)

— Do not atternpt to use aero oraxing — 1t does not worg!
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Tail Strikes During Gusty Wind and
Strong Crosswind Conditions

Boeing Flignt Crew Training all rnodel change

(rrust setiing near or at reudrnr

ﬂ)
L/ I

U’ l—l.
o
(D)

Wi 747-400 requires de-raie and o

fi
may nave requirernents wiirn Vmncy or oiner ]5

° Mornentarily delay rotaiion during ine gust

° Jse norrmeal rate of rotation

° Use Just enougn conirol wneel input to rmaintain wings

lzvel

ﬂ)
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> Avold excessive conirol wneel displacement

° Srnooinly transition frormn slip after lifioff
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Detalls to Consider During Gusty Winds
and Strong Crosswind/Tailwind Operation
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° Tall clearance margins are le
control inputs and gusty wind

to crosswind flight

~
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° Avoid ine tendercy o *gop” ine airplane off ine grourd
cduring rotatior

° Roiaie on tne conservailve side of tne gust

°> Use norrmal rate of rot a flor
(21 pit slower Is betier tnan faster)

irplane is NOT

° [f after reacning taweolf atijiude and ihe 2
[ig IC Increase rotation raie

alroorne avold ine tencder

(D

— Slow or mormeniarily stop rotation rai

— Do not Increase roiaijon raie
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Example: Aft Body Clearance
Breakdown—Tail Strike #1

Factor

FDR Data

Clearance Reduction (inches)

Clearance Reduction from
the Nominal Clearance of
37 inches (%)

Airspeed
(below liftoff speed)
2.8 inches/knot

4-6

117- 177

30% - 46%

-ACL
(reduction in lift due to lateral
controls) 14 inches per 0.1 of
-ACL

10" - 20"

27% - 54%

Pitch Rate

Average Pitch Rate

(A above nominal average
rate) 2.8 inches per 0.1
deg/second

Maximum Pitch Rate
(A above 4.0 deg/
second) 1.3 inches per
0.1 deg/second

Note: Average pitch rate corrections are
based on the maximum pitch rate being
below 4.0 deg/sec. If maximum pitch rate
is above 4.0 deg/sec then the maximum
pitch rate correction should be used
instead of the average pitch

rate correction.
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Total Clearance Reduction

SYARNGIcH

141% - 184%
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Example: Aft Body Clearance
Breakdown—Tail Strike #2

Factor

FDR Data

Clearance Reduction (inches)

Clearance Reduction from
the Nominal Clearance of
37 inches (%)

Airspeed
(below liftoff speed)
2.8 inches/knot

7-9

20" - 25"

54% - 68%

-ACL
(reduction in lift due to lateral
controls) 14 inches per 0.1 of
-ACL

7"- 8"

19% - 22%

Pitch Rate

Average Pitch Rate

(A above nominal average
rate) 2.8 inches per 0.1
deg/second

Maximum Pitch Rate
(A above 4.0 deg/
second) 1.3 inches per
0.1 deg/second

Note: Average pitch rate corrections are
based on the maximum pitch rate being
below 4.0 deg/sec. If maximum pitch rate
is above 4.0 deg/sec then the maximum
pitch rate correction should be used
instead of the average pitch

rate correction.
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Total Clearance Reduction

53" - 5911

143% - 160%
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Tail Strike Comparison
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Example: Aft Body Clearance Breakdown

Incremental Difference from Nominal Reduction in Aft Body Clearance

Each 1 knot below the nominal liftoff speed = 2.8 inches’

Airspeed Loss

—ACL from lateral controls Each 0.1 of (-ACL) from lateral controls = 14 inches

Pitch Rate*

=2.8inches '

Average pitch rate to10 degrees | Each 0.1 deg/sec in the average pitch rate

pitch attitude above 2.5 deg/sec

Each 0.1 deg/sec above 4.0 deg/sec = 1.3 inches

10/ Jayn3

Maximum pitch rate

raie .l,_) to ine point of contact was less than 4.0 deg/sec,

| the reudrmurn piic
‘ int of coniaci was above 4.0 deg/sec,

rate corraciions are u Se.l neudrmurn pitch raie up o ine po
then the maudrmurn pitcn raie correction snould be used. In all casas, only one method or ine other
is employed.

! or 'rese incremenis, tne relaionship nolds for bo
¥not would increase t'ne aft body cl
odi

rleg/se of average piich raie pelow 2.5 deg/sec would increase aft body ¢
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Talil Strikes

THRAINING
Jfrir\FFfY 1O
PREVENT THEM?
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Threat and Error Management
Strong Gusty X-Wind Example

Note: Witn regards to rmeanaging inreais and errors,
crews carl get cormnplacent during rouiine ops,

Does ine crew say noining or do iney discuss tne...

THIREAT?
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Threat and Error Management
Strong Gusty X-Wind Example

Idlentify and discuss i
(Defore Tareoff/Landi

> Plan and orief sirategies

$
lechniques for operaiing in sirorg gusty winds
e.g. Boeing FCTIV)
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eview aporopriaie J-wind tareoif procedure and
Cr

threat strateqy for takeoff

taifion callout to PF
Uring rotaiion o teueoff

\oiain rnonitors FO piicn rate and atiiuce during
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Tail Strike Big Concerns

° Tall sirike damage carn cause pressure pulknead failure

°> Sriort terrn, If darneacge 1s not corr

m
m
O
Q
—
—n
©
=
G

ontnued-risk of structural r'ulllre nerice craws reead
to follow ine ORF guidance to depressurize

° Long terrm, If repair was not properly corrected-rise
of structural failure
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Maintenance Issue

/

° Post tall sirike flignt-ensure maintenance inspectorn
orior to nexi flignt

— Mainienance inspeciorn must oe accornplisned oy
iualified rnainienance persorine|

— Alrcrews are noi qualified to conduct inis inspectiorn
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Training Recommendations

rew rmernper:
> Assess yourself in training or during your nexi
operational tareoff and landing
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o Assess eacr otner's rotation rates ar

o When training in ine sirnulator, cneck your tail
clearance If tnis function Is Installed

As trne iralner or cneck airrern:

> Evaluate iall clearance during tareoffs and landings

nces are ine most valuaole
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In training, ouild good takeoff rotation znd

lzincling tecnnicues

— Evaluate rotaijon rates and landing techniques during
ni

I
all recurrent training and line evaluations
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Example of an Airline Tail
Strike Prevention Program

° Reduced operaiional tail strixes to alrmost il

° Jse of a crew self rmonitoring tall sirikke cleararnce tool

— Plich report for every taweoff and landing availaole
for craw review

— If witnin 2 degrees of meaudrmurn, it auto prints

— Otner airlines are adopiing

05
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Training—To Prevent Tail Strikes

Crew mermoers:
° Adnere to proper tarkeoff and landing technicues

° Apply tne lessons learned. ¥now ine pitfalls,

°> Don't assurrne! Dougle cneck ine takeoff daia, especially
If sorrrt'rnng doesn't look right. Coordinaie inseriion of ine
ZFW witn anotner crew rmermper. Douole cneci data witn

N
ine load sneet,

° now your airplane! Have arn idea apout ine approxirnaie
T/O and Approach speeds. Wnen seiiing airspead bugs
always do a “Reasonanle Cneci!”

—
(D
o8
O

oeclally when transitioning frorr |Uiprnent

° |f a1 tall sirikke occurs, follow the CHECKLIST!

/
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Tail Strike Prevention (continued)

° Ensure Insiructors and evaluaiors siress proper landing
ard tareoff tecnniques during all training and evaluaions
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° Vake *Tall Strie Preveniion” part of ine safety orograrr
— Posters, Briefings, Videos, CET, CDs, eic.
° Make availaple in ine sirmulator tail clearance mea

tools for all tareofis and landings during sirmulator |
and evaluaiions, (provide feedoack o crews)

° Use a self measuring tall strike operational tool in ine
alrline’'s fleet
Note: Ensure inat FOQA Is not used as a punitive device
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New Preventive Measures

5
> TSP (Tall Strixe Proteciion) in 777

° Smerter FMCs
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Talil Strike Prevention

Items /77-300ER

Tail Strike Protection (TSP)
* New: semi-levered main gear

o New wheels tlres and brakes
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777-300ER Main Landing Gear

° New snock strut (L incr
larger diarmnet er)

° New 52,21r22 radial tire
(current 777 tire is 50,420r22)

o Neyw wneel and bralke

°> Neayw iruck o
cdiarmneter, 1.

earn (1 incn larger
2 incnes longer)

o Vleudrnurn rrern ¢

ear steering angle
6.5 deg (current 777 1s

8 tleg)

° New serrni-lever gear

> Ney retract aciuaior, cdownlock
aciuator and steering actuator
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Semi-Lever Main Landing Gear (SLG)

\

° Effectively Iengme 1S the main landing gear providing
acK on teweoff rotation (~ 1.1 deg)

increased angle of ait

~

Vmu Takeoff With SL

or
° Increased angle of
attaic provides less
field lengin (~ 600 fi)
for sarne aircrafi
Igni

Vnu Takeoff Without SLG
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Semi-Lever Gear Takeoff Mode

velraulic strut
123 forwarcd endl
fruck nearn to
lter cylinder
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> SLG nydraulic strut locks
hy craulically during
raiceoff roll
e P SLG compressed 277-900)
* [ncreased snoci sirut 7 l_ﬂ e Cﬁrrll/llr'{/erO_-OrI/{ -

orecrieirge . orovicles jacking concdition
additional energy

required for irmnproved

tal2off performance
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Talil Strike Protection

° A pilot over-rideanle, proteciive conirol law in Norrrnal
Mocde, cornparaole to stall and overspeed protecition

° Cornpuies izl skid neigni eanove i
seid closure rate to determine poiern
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Iuce ‘the 'freqL ency and severity of izl
ith norral tareoffs

12 runwary anc iail
nilal tall siries

\tor cornrnanc If mlrl r elgri

or cornrnarnd lirnited to
¥ to tne control colurnn
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Summary
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Tall strikes are preveniabl

g8,

teincard recornmendations wnen followead
a a ﬁ‘s-f

Strong and gusty winds provide additionzl
cnallenges and solutions

Tra_]n]ng IS ey o preverniorn

lecrinology is also nelping
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