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Improved Climb

Improved Climb

 What is Improved Climb?

 How is Improved Climb Used?

— Airplane Flight Manual (AFM)

— Operations Manual (OM) / Flight Planning & Performance Manual
(FPPM)

» Operational Considerations

* Other Methods of “Improving” Climb Performance
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Improved Climb

What is Improved Climb?

* Improved Climb is a tool available to the
Performance Engineer to optimize the aircraft
takeoff performance resulting in increased takeoff
weights.
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Improved Climb

5 Factors Determining Performance Limited
Takeoff Gross Weight

Field Length
Climb

Tire Speed
Brake Energy
Obstacle

CLods e =
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Improved Climb

5 Factors Determining Performance Limited
Takeoff Gross Weight

1. Field Length




Improved Climb

Field Length Limited Weight

« Weight at which following an engine failure just
prior to V1 the aircraft continues accelerating, with
one engine inoperative, and reaches a height of 35
feet at the end of the runway.

|< Available Runway Length —>
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Improved Climb

Field Length Limited Weight

« Weight at which following an engine failure just
prior to V1 the aircraft continues accelerating, with
one engine inoperative, and reaches a height of 35
feet at the end of the runway.

- Available Runway Length +|
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Improved Climb
L N

Field Length Limited Weight

¥ 35Feet

- Available Runway Length »I

* FAR Part 25.107 defines the minimum speed
required at the 35 foot height as highest of:

e 1.13*Vsig
e 1.10*Vmca
 Vr + acceleration to 35 feet
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Improved Climb
L N

Field Length Limited Weight

¥ 35Feet

- Available Runway Length >|

Distance (S)=f{a, V }

» Takeoff Distance is f{ Thrust, Config, Weight }:

o sets acceleration

» sets V2 speed
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Improved Climb

Takeoff Weight Capability

Runway
Length
Required

A

To maximize Field Length limit weight:
- need large acceleration
- low Takeoff Safety Speed, V2

Flap 15
Field Limit

>

Takeoff Gross Weight
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Improved Climb

5 Factors Determining Performance Limited
Takeoff Gross Weight

2. Climb




Improved Climb

Climb Limited Weight

« Weight at which following an engine failure just
prior to V1 the aircraft continues accelerating, with
one engine inoperative, and has the minimum
regulatory climb gradient capability upon reaching

the gear up point.

Available Runway Length —
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Improved Climb

Climb Limited Weight

« Weight at which following an engine failure just
prior to V1 the aircraft continues accelerating, with
one engine inoperative, and has the minimum
regulatory climb gradient capability upon reaching

the gear up point.

V' 35 Feet

Available Runway Length —
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Improved Climb

Climb Limited Weight

V' 35 Feet

Available Runway Length »|

* FAR Part 25.107 defines the minimum speed
required at the 35 foot height as highest of:

e 1.13*Vsig
e 1.10*Vmca
 Vr + acceleration to 35 feet
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Improved Climb

Takeoff Weight Capability

A

Runway
Length

Flap 15
Climb Limit

>

Takeoff Gross Weight
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Improved Climb

Takeoff Weight Capability

Runway
Length

A

Flap 15
Climb Limit

Flap 1
Climb
Limit

Flap 5
Climb Limit

Flap 1
Field Limit

Flap 5
Field Limit

Flap 15
Field Limit

>

Takeoff Gross Weight
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Improved Climb

Climb Limited Weight

« A Climb Limited Takeoff Weight results in not
using all the Available Runway Length

V' 35 Feet

Available Runway Length

|: Actual Runway Length

— Unused Runway
Length Available
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Improved Climb

Takeoff Weight Capability

Runway
Length
Required

Unused Takeoff Weight Capability —

A

Flap 1
Climb Flap 1
Limit Field Limit
Flap 5
Field Limit
Flap 15
Flap 5 Field Limit
Climb Limit

>

=
\ \
Flap 15
Climb Limit
¢ > Takeoff Gross Weight
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Improved Climb

Definition of Climb Gradient

Thrust  Drag
Weight Lift

1 + Accel Factor

Climb Gradient (Grad) =

Where: Thrustis How Much Push We Have
Drag is How Much We Have to Push

Liftis How Much We Can Carry
Weight is How Much We Have to Carry
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Improved Climb

Definition of Climb Gradient
Thrust  Drag
|: Weight Lift :|

1 + Accel Factor

Climb Gradient (Grad) =

Thrust (Fn) is f{ Alt, Temp, Speed }
Drag is f{ Alt, Temp, Config, Speed }
Weight (Wgt) is a constant

Lift is f{ Wat }

Accel Factor is f{ Alt, Temp, Speed }

For a given condition, Grad will vary as a function of Speed

WO004b. 20



Improved Climb

Climb Gradient Terms versus Speed

A
1 + Accel
Climb
Gradient
Terms
Thrust
Weight
Drag
Lift
>

V, Speed
2> Speed
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Improved Climb

Lift Coefficient Required versus Speed

Lift = CL *0.5*p* Speed?

Required

Lift
0.5 * p * Speed?

CL =

Required

Lift Coefficient A
Required, C

L Required

V, Speed Speed
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Improved Climb

Lift-Drag Relationship

A
Drag Coefficient,Cp

C, for
V, Speed

Increasing Speed
-«

>

Lift Coefficient, C, C, for
V, Speed
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Improved Climb

Climb Gradient Versus Speed

A

Best Gradient
Grad -

Optimum Climb Speed
y >

V, Speed Speed

Increasing Climb Speed may improve climb gradient capability
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Improved Climb

Climb Gradient Versus Speed

A
Grad
Required Gradient Weight 1
Increasing
Weight 2
>
V, Speed Speed

Increasing Climb Speed may:
- improve climb gradient capability for given weight , or
- allow higher weight for fixed gradient
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Improved Climb

Climb Limited Weight Without Improved Climb

V' 35 Feet

|< Available Runway Length t|
- Actual Runway Length >L |
v, v, v, Unused Runway

Length Available
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Improved Climb

Climb Limited Weight With Improved Climb

V' 35 Feet

Available Runway Length

>‘

: . . I: Unused Runway
V; with V. with V, with Length Available
Improved Improved Improved

Climb Climb Climb

|: Actual Runway Length
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Improved Climb

Engine-Out
Takeoff
Distance

Field Limit CRL

And Climb Limit CRL
cWith Improged.Climb
mptdyel Climb

Actual Takeoff
Distance Available

Climb Limit CRL

Actual Accel/Stop
Distance Available

-

Accel/Stop Distance
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Improved Climb

Field Limit CRL

Actual Takeoff
Distance Available

Engine-Out
Takeoff Climb Limit CRL
Distance

Actual Accel/Stop
Distance Available

-

Accel/Stop Distance
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Improved Climb

Field Limit CRL
And Climb Limit CRL
With Improved Climb

Actual Takeoff
Distance Available

Engine-Out
Takeoff Climb Limit CRL
Distance

Actual Accel/Stop
Distance Available

-

Accel/Stop Distance
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Improved Climb

Determination of Improved Climb Limited
Weight
A

Field Limit Weight

Weight

Climb Limit Weight
| i ! i \ [

0 1 2 3 4 5
Speed Increase
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Improved Climb

Determination of Improved Climb Limited
Weight
A

Field Limit Weight

Weight Improved Climb

Limit Weight
<]
Improved Climb
Climb Limit Weight v Speed Increase
| | | | \ et
0 1 2 3 4 5

Speed Increase
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Improved Climb

Takeoff Weight Capability With Improved Climb

4 Flap 15
A Improved Climb
Flap 15 ) : )
Climb Limit (Field + Climb Limited)
Runway
Length
Required i
Flap 15
Field Limit

>

Takeoff Gross Weight
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Improved Climb

Takeoff Weight Capability With Improved Climb

Flap 1
A Climb Flap 1
Limit Field Limit
Runway Flap 5
Length Field Limit
Flap 15
Flap 5 Field Limit
Climb Limit

Flap 15
Climb Limit

>

Takeoff Gross Weight
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Improved Climb
B

Development of AFM Improved Climb Limit

Weight Chart Format
A

Field Limit Weight

Weight

Climb Limit: Weight

| i i i \ ! —
0 1 2 3 4 5

Speed Increase
WO004b. 35



Improved Climb

AFM Improved Climb Limit Weight Chart
Format
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Improved Climb
L —

AFM Improved Climb Limit Weight Chart
Format
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Improved Climb
L —

AFM Improved Climb Limit Weight Chart
Format
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Improved Climb
L N N

Use of AFM Improved Climb Limit Weight Chart

rigle) Lanein) Ligie = 73,000 ({cj3

Clirno Lirnit = 859,000 1<¢j5

70,500 Kas (iR
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Improved Climb

AFM Improved Climb Speeds Chart Format

BOEING 77300
AIRPLANE FLIGHT MANUI

P.C.3L001821

20

SECTION 4.10

FAA APPROVED9/1/88
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Improved Climb

Use of AFM Improved Climb Speeds Chart

Speed With  § iR it
Improved Climb § FSEtees

.........
=l Wl L o i e e = lm

Speed Without g __-"':'f"'—, -: sddipditrmanbimey I
Improved Climb ¥ ] B S ;

. " "'." '- i Improved e e T
|t i BHH Climb Units 1 il Eoie

* el s e e 8 ——n
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Improved Climb

Development of Operations Manual Improved
Climb Chart Format __

rigle Langin) Ligie = 75,000 (Ccj5

Clirno Lirnit = 855,000 1<¢j55

Iglel Eagiejie) Elpgis 1= pit
VIS
Cligno Bl Y/ =2Te)sis
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Improved Climb
B

Operations Manual Improved Climb Chart
Format

{;‘;__Eﬂtlﬂﬂ

Flight Planning and Performance Manual

NOHMAL TAKEDFF SPEED
INCREMENTS KTS

Vg, Va  WEIGHT ADJUSTMENT

CLIMB WEIGHT IMPROVEMENT

50
(FIELD LIMIT WEIGHT] MINUS NORMAL CLIME LIMIT
(CLIME LIMIT WEIGHT) 1000 HG WEIGHT 1002 KG

ORMAL TAKECFF SPEED
INCREMENTS  KTS
ISTMENT

H
o]
3
g
g
T
==
-8
IE
o
u
=
o
=
]

5 10 15 r &0
(FIELD LIMIT WEIGHT] MINUS NORMAL CLIMB LIMIT
[CLIME LIMIT WEIGHT) 1000 KG WEIGHT 1000

USE SMALLER OF IMPROVED CLIMB WT. (FIELD LENGTH LIMITS) OR (TIRE SPEED LIMITS).
APFLY SPEED INCREMENTS TO NORMAL Vi VgV, FOR ACTUAL TAKECFF WT.
CHECK BRAKE ENFRGY LIMITS.
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Improved Climb
T

Use of Operations Manual Improved Climb Chart

NORMAL TAKEOFF SPEED
INCREMENTS KTS

VRr. Vs WEIGHT ADJUSTMENT

CLIMB WEIGHT IMPROVEMENT

{FIELD LIMIT WEIGHT) MINUS NORMAL CLIMB LIMIT
(CLIME LIMIT WEIGHT) 1000 KG WEIGHT 1000 KG
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Improved Climb

5 Factors Determining Performance Limited
Takeoff Gross Weight

3. Tire Speed




Improved Climb

Tire Speed Limited Weight

* Weight at which the maximum speed reached on
the ground does not exceed the rated speed limit
of the tire.

|< Available Runway Length —
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Improved Climb

Tire Speed Limited Weight

* Weight at which the maximum speed reached on
the ground does not exceed the rated speed limit
of the tire.

V' 35 Feet

Available Runway Length —
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Improved Climb

Determination of Tire Speed Limited Weight

Lift-Off
Speed

Tire Limit Speed

Tire Speed Limit Weight

Flap 5

>

Takeoff Gross Weight
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Improved Climb

AFM Improved Climb Limit Weight Chart
Format

[eseei-+ e 4108

HEETTATE e R
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Improved Climb
L E—

AFM Improved Climb Limit Weight Chart
Format
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Improved Climb

5 Factors Determining Performance Limited
Takeoff Gross Weight

5. Obstacle




Improved Climb

Obstacle Limited Weight

« Weight at which following an engine failure just
prior to V1 the aircraft continues accelerating, with
one engine inoperative, and the net flight path
clears all obstacles by at least 35 feet.

Gross

Net

35 Feet

-
-
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-
-
-
-
T
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o
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Improved Climb

Obstacle Limited Weight

* Obstacle limited weight performance with
Improved Climb is a trade between increased
takeoff distance and improved climb gradient
capability.

Gross

* Weight improvement, if any, is dependent on
obstacle location. Net

o
.--'""..

v

Normal Improved Climb
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Improved Climb

Operational Considerations

* Anti-skid must be operative and ON
 FMS V-speeds are NOT; valid

* Operations Manual V-speeds are not valid without
making FPPM Improved Climb speed adjustments
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Improved Climb

Other Methods of Improved Climb Performance

Runway
Length

A

Dial-A-Flap System Flap 1
Flap 2

Flap 3
Flap 4
Flap 5
Flap 6
Flap 7

Flap 8

>

Takeoff Gross Weight
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Improved Climb

Example Problem

Airplane = 737-400
Engines = CFM56-3-B2

Flaps =5 Improved Climb Weight
Slope = 0.5% .
Airconditioning = Auto Imgroysd Cliny /.
Anti-Skid = ON Improved Climb Vg

OAT =30 Deg C .

Wind = 0 Kts Improved Climb V,

Altitude = 3000 ft

Obstacles = None

V1/Vr Ratio

Climb Limit Weight = 57,000 kg
Field Limit Weight = 62,000 kg

Tire Speed Limit Weight = 69,000 kg
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Improved Climb
L —

Example Problem (AFM Format)
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Improved Climb
L —

Example Problem (AFM Format)

[eseei-+ e 4108
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Improved Climb

Example Problem (AFM Format)

Airplane = 737-400
Engines = CFM56-3-B2

Flaps =5 Improved Climb Weight
Slope = 0.5% .
Airconditioning = Auto Imgroysd Cliny /.
Anti-Skid = ON Improved Climb Vg

OAT =30 Deg C .

Wind = 0 Kts Improved Climb V,

Altitude = 3000 ft

Obstacles = None

V1/Vr Ratio

Climb Limit Weight = 57,000 kg
Field Limit Weight = 62,000 kg

Tire Speed Limit Weight = 69,000 kg

59,150 kg
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Improved Climb

Example Problem (AFM Format)

AIRPLANE FLIGHT MANUAL
I [ TAKEOFF SPEEDS J.[riaps 5 |

- L -t
ESE

[ |

! s |

!
RaTO,

737-400
|
NAKEOFF DECISION SPEED
s | >
s |

FHH

FAA APPROVED 10-03-88
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Improved Climb
L —

Example Problem (AFM Format)

BOEING 737300
AIRPLANE FLIGHT Ml

P.C._3L001821
D6-38401-1

by
(=1
o
S
II%
i
r~
mﬁ
i
S

FAA APPROVED 9/1/88
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Improved Climb

Example Problem (AFM Format)

Airplane = 737-400
Engines = CFM56-3-B2

Flaps =5 Improved Climb Weight
Slope = 0.5% .
Airconditioning = Auto Imgroysd Cliny /.
Anti-Skid = ON Improved Climb Vg

OAT =30 Deg C .

Wind = 0 Kts Improved Climb V,

Altitude = 3000 ft

Obstacles = None

V1/Vr Ratio

Climb Limit Weight = 57,000 kg
Field Limit Weight = 62,000 kg

Tire Speed Limit Weight = 69,000 kg

59,200 kg
153 Kt

156 Kt
161.5 Kt

WO004b. 65



Improved Climb
B

Example Problem (FPPM Format)

lemuzvn

Flight Planning and Performance
oved Climb Field Length Limit

NOHMAL TAKEDFF SPEED
INCREMENTS KTS

Vg, Va  WEIGHT ADJUSTMENT

T

CLIMB WEIGHT IMPROVEMENT

50
(FIELD LIMIT WEIGHT] MINUS NORMAL CLIME LIMIT
(CLIME LIMIT WEIGHT) 1000 HG WEIGHT 1002 KG

ORMAL TAKECFF SPEED
INCREMENTS  KTS
ISTMENT

H
o]
3
g
g
T
==
-8
IE
o
u
=
o
=
]

5 16 15 kL ] S0
(FIELD LIMIT WEIGHT] MINUS NORMAL CLIMB LIMIT
[CLIME LIMIT WEIGHT) 1000 KG WEIGHT 1000 KG

40

USE SMALLER OF IMPROVED CLIMB WT. (FIELD LENGTH LIMITS) OR (TIRE SPEED LIMITS).
APFLY SPEED INCREMENTS TO NORMAL Vi VgV, FOR ACTUAL TAKECFF WT.
CHECK BRAKE ENFRGY LIMITS.
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Improved Climb
T

Example Problem (FPPM Format)

NORMAL TAKEOFF SPEED
INCREMENTS KTS

]
==
:

CLIME WEIGHT IMPROVEMENT

{FIELD LIMIT WEIGHT] MINUS NORMAL CLIMB LIMIT
(CLIME LIMIT WEIGHT) 1000 KG WEIGHT 1000 KG
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Improved Climb
B

Example Problem (FPPM Format)

TAKEOFF AND [

NORMAL TAKEQFF SPEED
INCHEMENTS KTS
V. V2 WEIGHT ADJUSTMENT

LIMB WEIGHT IMPROVEMENT
1000 KG

(TIRE LIMIT WEIGHT) MINUS NORMAL CLIME LEMIT
(CLIME LIMIT WEIGHT) 1000 KG WEIGHT 1000 KG

NORMAL TAKECQFF SPEED
INCREMENTS KIS
Vy WEIGHT ADJUSTMENT

==t

3

3
g
=
5
o
=
@
=
o

(TIRE LIMIT WEKGHT) MINUS KORMAL CLIMB LIMIT
(CLIMB LIMIT WEIGHT] 1000 KG WEIGHT 1000 KG

USE SMALLER OF IMPROVED CLIMB WT. (FIELD LENGTH LIMITS) OR (TIRE SPEED LIMITS).

APPLY SPEED INCREMENTS TO NORMAL V Vo, V, FOR ACTUAL TAKEOFF WT.
CHECK BRAKE ENERGY LIMITS,

June 008, 20
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Improved Climb
B

Example Problem (FPPM Format)

NOHMAL TAKEOFF SPEED
INCHEMENTS KTS

VR. Vo WEIGHT ADJUSTMENT

| L]
I H

.
=
wl
o
z
[+
=
-
5
44
=
—d
2

{TIRE LIMIT WEIGHT) MINUS

NORMAL CLIMB LIMIT

(CLIMEB LIMIT WEIGHT) 1000 KG WEIGHT 1000 KG
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Improved Climb
B

Example Problem (FPPM Format)

Flight Flanning and Performance Manual

COLUMN REFEREMCE

TEMPERA TI
0

IN BONED AREA CHECK MINIMUW Vg W OF ACTUAL TEWP.

DE3ZAD04-TRA02 Jume 08, 2001
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Improved Climb

Example Problem (FPPM Format)

COLUMN REFERENCE

TEMPERATURE °C
0 30 40 50 AN

[~13] 0 | 40]
-3

7
3 1
! 1
¢ 1

1000 FT

-
=
L=
@
i
Py
&
&

al [ ¢
1000
kg | V1 Yr V2|Vq VR V2|Vq Vg V2
6 155 161 152 156 16
I 148 : 501466 149 155

4 145 Knots {EEMRIIMTY B 154 Knots

131

148 Knots
e e T
Vq Vg Va|Vq Vg Va|Vq Vg Vs

128 154

IM BOXED AREA CHECK WIMIWUM V4 (MCG) FOR ACTUAL TEWP,
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Improved Climb
B

Example Problem (FPPM Format)

gi;uzsﬂmn

Flight Planning and Performance Manual

CHECK Vo WHEN DUTSIDE SHADED AREA OR WHEN
OPERATING WITH TALWIND OR IMPROVED CLIMB,

EID

PRESSURE ALTITUDE 1004
- -

va
INCREASE \"”E BY 2 KTS FOR
1% UPHILL RUNWAY SLOPE

DECREASE I"m BY & KTS FOR
1% DOWNHILL RUNWAY SLOPE

INCREASE V By 3 KTS
FOR 10 KTS HE-lD'MNIZI

DECREASE v"BE BY 20 KTS
Fm 10 KTS TAILWIND

PMG OFF CORREC 15 -1 KT

ADJUST Ve FOR SLOPE AND WIND.

MNORMAL TAKEQFF: DECREASE BRAKE RELEASE WEIGHT BY 300 KG FOR EACH
KNOT V, EXCEEDS Vyyge DETERMINE NORMAL V., Vg, V, SPEEDS FOR LOWER
BRAKE RELEASE WEIGHT.

IMPROVED CLIMB TAKEQFF: DECREASE CLIMB WEIGHT IMPROVEMENT BY 180 KG

FOR EACH KNOT V, EXCEEDS V. DETERMINE V. Vp. V, SPEED INCREMENTS
FOR THE LOWER CLIMB WEIGHT IMPROVEMENT.

Jume 08, 2001
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Improved Climb
B

Example Problem (FPPM Format)

CHECK Vo WHEN OUTSIDE SHADED AREA OR WHEN
OPERATING WITH TAILWWD OR IMPROVED CLIMB.

n\%u‘m&&ﬁ

45 50 55 60 65 70
BRAKE RELEASE WEIGHT 1000 KG

VI.'IBE ADJUSTMENT KIAS

INCREASE vMBE BY 2 KT FOR
1% UPHILL RUNWAY SLOPE

DECREASE "I.*ME BY 5 KTS FOR
1% DOWNHILL RUNWAY SLOPE

INCREASE V),or BY 3 KTS
FOR 10 KTS HEADWIND

DECREASE Vynr BY 20 KTS
FOR 10 KTS TAILWIND

WO004b. 73



Improved Climb

Example Problem (FPPM Format)

Calculation of Improved Climb Takeoff Weight

Climb Limit Weight 57,000 kg
Climb Weight Improvement 2,075 kg

Improved Climb Takeoff Weight 59,075 kg

Calculation of Improved Climb Takeoff Speeds

Vi Vr Vv,
Base Speeds 145 148 154
Slope Correction 0.5
Improved Climb Correction 5.9 71 71

Improved Climb Takeoff Speeds (knots) 151.4 155.1 161.1
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Improved Climb

Example Problem (FPPM Format)

Airplane = 737-400
Engines = CFM56-3-B2

Flaps =5 Improved Climb Weight
Slope = 0.5% .
Airconditioning = Auto Imgroysd Cliny /.
Anti-Skid = ON Improved Climb Vg

OAT =30 Deg C .

Wind = 0 Kts Improved Climb V,

Altitude = 3000 ft

Obstacles = None

V1/Vr Ratio

Climb Limit Weight = 57,000 kg
Field Limit Weight = 62,000 kg

Tire Speed Limit Weight = 69,000 kg

59,075 kg
151.5 Kt

155 Kt
161 Kt
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