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The Boeing Company

Terrain Avoidance

The Boeing Company conducted an escape maneuver acrodynamic study and a flight simulator pilot
human factors study. These studies and other information formed the basis for the terrain avoidance
procedure.

Contents:
I. Terrain Avoidance procedure.
2. Boeing Aerodynamic study results.
3. Boeing flight simulator pilot human factors study results.

The material contained in this Boeing appendix is considered correct and accurate; however, since it is
intended to be informative only, it should not be consulted in lieu of official operations manuals.



TERRBAIN AVOIDANCE

The following is immediately accomplished by recall whenever the threat of
inadvertent contact with the terrain exists. Any of the following conditions is regarded
as presenting a potential for terrain contact:

* Activation of the "PULL UP" warning.
» Other situations resulting in unacceptable flight toward terrain.

PILOT FLYING PILOT NOT FLYING
* Disconnect autopilot * Assure maximum® thrust
* Disconnect autothrottie(s) * Verify all required actions have been
* Aggressively apply maximum® thrust completed and call out any omissions

* Roll wings level and rotate at a rate of 3°
per second to an initial pitch attitude of
200

* Retract speedbrakes

» if terrain remains a threat, continue
rotation up to the pitch limit indicator (if
available) or stick shaker or initial buffet

* Do not change gear or flap configuration | » Monitor vertical speed and altitude
until terrain separation is assured * Call out any trend toward terrain

* Monitor radio altimeter for sustained or contact
increasing terrain separation

* When clear of the terrain, slowly
decrease pitch attitude and accelerate

NOTE: Aft control column force increases as the airspeed decreases. In all cases,
the pitch attitude that results in intermittent stick shaker or initial buffet is the
upper pitch attitude limit. Flight at intermittent stick shaker may be required
to obtain positive terrain separation. Smooth, steady control will avoid a
pitch attitude overshoot and stall.

NOTE: Do not use Flight Director commands.

* Maximum thrust means "maximum certified thrust”. On engines without electronic
thrust limiting capability, overboost or "firewalling the thrust lever" should only be
considered during emergency situations when all other available actions have been
taken and terrain contact is imminent.



Boeing Aerodynamic Study Results

The aerodynamic study evaluated a set of pull-up maneuvers to avoid terrain after receiving a ground
proximity warning. The parameters used for the study were three pitch attitudes or angle of attack, two
pitch rates, two initial altitudes, and four flap configurations. Figures 1-12 show each plot in various
configurations for various Boeing models. Altitude (ft) is graphed on the vertical axis and distance
traveled (ft) is graphed on the horizontal axis.

4-D



LANDING FLAPS, SEA LEVEL o '727-200
MAXIMUM LANDING WEIGHT, LANDING GEAR DOWN, o Isr-sm0
VREF +5 KNOTS, MAXIMUM THRUST APPLIED .5 SEC & . 757‘4°°
AFTER MANEUVER START, SPEED TRIM OPERATIVE . x rer o R
WHERE APPL [CABLE . Trr-o00
T P IT .~ ......... F ] EE D SR P . -
4000. dk
ALTITUDE
(FT) _
2000. L
0 giigerT z S - :
0 4000  8000. " 12000. '16060.  20000. 24000,
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0 4060.  8000.  12000.  15000.  20000.  24000.
DISTANCE (FT)
4000.
ALT I TUDE
(FT)
2000.
o al T Ti
0 4000. 8000. 12000. 16000. 20000. 24000.
DISTANCE (FT)
caLe 1MAYSS || meviseD | oAt CFIT Escape Maneuver Study
. 10US MODELS
CHECK Landing Flaps at Sea Level viRlows
APR 3 Deg/Sec Pitch Rate Figure 1
THE BOEING COMPANY




TAKEOFF FLAPS, SEA LEVEL o 727-200
! R 737-300
MAXIMUM TAKEOFF WEIGHT, LANDING GEAR UP, © —___ 737-320
V2 SPEED, MAXIMUM THRUST APPLIED .5 SEC M T 757200
AFTER MANEUVER START, SPEED TRIM OPERATIVE A ST NeR
WHERE APPLICABLE XA
4000.
ALTITUDE
(FT)
2000.
o “‘ crr el 54 sriiliiiys ot
0 4000. 8000.  12000.  16000.  20000. 24000.
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
4000. 8000.  12008.  16000. 20000.  24000.
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0 il :"'. FEvH FEEH FEPES FOH PR b h i :
0 4000. 8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
cALS 19MAYSS § mevisep | pate CFIT Escape Maneuver Study
CHECK Takeoff Flaps at Sea Level VARIOUS MODELS
PR 3 Deg/Sec Pitch Rate Figure 2
THE BOEING COMPANY




APPROACH FLAPS, SEA LEVEL- 727-200
MAXIMUM LANDING WEIGHT, LANDING GEAR DOWN, o _C Tar-ae
MANEUVERING SPEED, MAXIMUM THRUST APPLIED M I
.5 SEC AFTER MANEUVER START, SPEED TRIM A St
OPERATIVE WHERE APPLICABLE S T LAdig

4000.
ALTITUDE
(FT)
2000.
0 4000.  8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0 4000.  8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0 4000.  8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
caLc 1SMAYSS || REVISED | DATE CFIT Escape Maneuver Study
VARIOUS MODELS
cHECK Approach Flaps at Sea Level
APR 3 Deg/Sec Pitch Rate Figure 3
THE BOEING COMPANY e




FLAPS UP, SEA LEVEL 0 ——— 727-200
MAXIMUM LANDING WEIGHT, LANDING GEAR UP, g :::::::::_;3;'200
MANEUVERING SPEED, MAXIMUM THRUST APPLIED - T iy 00
.5 SEC AFTER MANEUVER START, SPEED TRIM o T ! :;-200
OPERATIVE WHERE APPLICABLE -300ER

A —-eei— - 777-200

E:U"
4000. HE
ALTITUDE
(FT)
2000.
0 4000. 8000. 12000. 16000. 20000. 24000
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0 4000. 8000. 12000. 16000. 20000. 24000.
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0

0 4000. 8000. 12000.  16000.
DISTANCE (FT)

NOTE: MATH PILOT SIMULATION EXCEPT AS NOTED

20000. 24000.

THE BOEING COMPANY

cALC 21APRST || REVISED | DATE CFIT Escape Maneuver Study

CHECK Flaps Up at Sea Level VARIOUS MODELS

APR 3 Deg/Sec Pitch Rate Figure 4
PAGE




LANDING FLAPS, 10000 FT o 727~200
MAXIMUM LANDING WEIGHT, LANDING GEAR DOWN, 2 T 137800
VREF +5 KNOTS, MAXIMUM THRUST APPLIED .5 SEC < T 747-400
AFTER MANEUVER START, SPEED TRIM OPERATIVE = "~ '7" g;:iggsa

WHERE APPLICABLE

14000,
ALTITUDE
(FT) 3o
12000,
10000. i i
0 4000, 8000. 12000,  16000.  20000.  24000.
DISTANCE (FT)
14000,
ALT I TUDE
(FT)
12000,
10000, Pt H
0 4000. 8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
..':; .z:;ﬁz:: - ::.g: :.-. RISEIE PR .:.:k-.- ceee]se
14000.
ALTITUDE
(FT)
12000.
10000_ ‘-_ PR POSSS FET Y
0 4000. 8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
caLe 19MAYSS || mewviseo | oate CFIT Escape Maneuver Study
orEcK Landing Flaps at 10000 fi VARIOUS MODELS
APR 3 Deg/Sec Pitch Rate Figure 5
APR PAGE
, THE BOEING COMPANY




TAKEOFF FLAPS, 10000 FT o

727-200
MAXIMUM TAKEOFF WEIGHT, LANDING GEAR UP, o____ - ;i;“3°3
V2 SPEED, MAXIMUM THRUST APPLIED .5 SEC M T LAignbe
AFTER MANEUVER START, SPEED TRIM OPERATIVE A 757:§ooen
WHERE APPL ICABLE h T A
14000,
ALTITUDE
(FT)
12000.
10000. "::. ."..:: EE Y Pt
0 4000.  8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
14000.
ALT I TUDE
(FT)
12000.
10000, & cetfl i
o 4000. 8000.  12000.  18000.  20000.  24000.
DISTANCE (FT)
.-EE .l:j;pssss .:.: EEE- eve-fencnivmeofe
14800.
ALTITUDE
(FT)
12000.
0 4000, 8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
caLC 19MAYSS § REViSED | DATE CFIT Escape Maneuver Study ]
CHECK Takeoff Flaps at 10000 ft VARIOUS MODELS
APR 3 Deg/Sec Pitch Rate Figure 6
= THE BOEING COMPANY i




PITCH UP TO:
LANDING FLAPS, SEA LEVEL  ——— s b
PITCH UP TO 15 DEG' VS 20 VS SHAKER = ——u__ sngiesumsn
3 DEG/SEC PITCH RATE |
so00. f
ALTITUDE :
(FT)
2000.
0 4000. 8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
4000. f
ALTITUDE ;
(FT)
2000. J
0 Q b R R R s R i
0 4000. 8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
s000. [
ALTITUDE %
(FT)
2000. §
0 4000. 8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
caLe 1SMAYSS | ReviSED | DATE CFIT Escape Maneuver Study 197 757 747
CHECK Landing Flaps al Sea Level e
APR Pitch Up to 15 Deg, 20 Deg & Shaker Figure 7A
APR PAGE
, THE BOEING COMPANY




3 DEG/SEC PITCH RATE

LANDING FLAPS, SEA LEVEL
PITCH UP TO 15 DEG VS 20 VS SHAKER

PITCH UP TO:

15 DEG
————————— 20 DEG
—-———-—STICK SHAKER

4000.
ALTITUDE
(FT)
2000.
g ’5::: B P S B I i
) 4000. 8000.  12000.  16000.  20000. 24000,
DISTANCE (FT)
.- ..EEb:.-g:..-ER
4000.
ALT!TUDE
(FT)
2000,
©0 4000. 8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0 4000. 8000. 12000.  16000. 20000,  24000.
DISTANCE (FT)
CALC 19MAYSS | REVISED | DATE CFIT Escape Maneuver Study 157 167 177
CHECK Landing Flaps at Sea Level e
PR Pitch Up to 15 Deg, 20 Deg & Shaker Figure 78
APR PAGE
THE BOEING COMPANY




PITCH UP TO:
TAKEOFF FLAPS, SEA LEVEL p—
PITCH UP TO 15 DEG VS 20 VS SHAKER —--———--snc:GsnAKEB
3 DEG/SEC PITCH RATE '
4000.
ALTITUDE
(FT)
2000.
o Lii xorest CEERE R PR FE) CREH St EECH POt CHEH EPTH EEHE R Rt eSS P RS H EPE
0 4000. 8000. 12000. 16000. 20000. 24000.
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
(] 4000. 8000, 12000. 16000. 20000, 24000.
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0 é FEH e (T i S FEEE EeaE ] e e R
0 4000. 8000. 12000. 16000. 20000. 24000.
DISTANCE (FT)
caLe 19MAYSS § REVISED | DATE CFIT Escape Maneuver Study 197 47 747
CHECK Takeoff Flaps at Sea Level o
APR Pitch Up to 15 Deg, 20 Deg & Shaker Figure 8A
APR
THE BOEING COMPANY




PITCH UP ToO:

TAKEOFF FLAPS, SEA LEVEL  — 4o
PITCH UP TO 15 DEG VS 20 VS SHAKER ~ _ - 20DEC
3 DEG/SEC PITCH RATE

4000.
ALT I TUDE
{FT)
2000.
0 4000. 8000.  12000.  16000. 20000. 24000,
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0 4000. 8000.  12000.  16000. 20000.  24000.
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0 4000. 8000.  12000.  16000. 20000. 24000,
DISTANCE (FT)
cALC 19MAYSS )| meviseD | paTe CFIT Escape Maneuver Study 757 767 777
CHECK Takeoff Flaps at Sea Level s

Pitch Up to 15 Deg, 20 Deg & Shaker Figure 88

THE BOEING COMPANY res




PITCH UP TO:
APPROACH FLAPS, SEA LEVEL —— 15 DEG
PITCH UP TO 15 DEG VS 20 VS SHAKER  _____ T IoK SHAKER
3 DEG/SEC PITCH RATE “
4000.
ALTITUDE
(FT)
2000.
8000. 12000. 16000. 20000. 24000.
DISTANCE (FT)
4000.
ALT!ITUDE
(FT)
2000.
o 0_ PEPREPY Y PSEOTRE FRPRE PONET PR SOTRE RRPEERPRS COCSE IS ROCHE $040 PRERE S0 PESTE S0t AT FOIES FRTES 10T
0 4000. 8000, 12000. 16000. 20000. 24000.
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0 4000. 8000. 12000. 16000. 20000. 24000.
DISTANCE (FT)
CALC 1SMAY9S §| REVISED | DATE CFIT Escape Maneuver Study 197 797 747
CHECK Approach Flaps at Sea Level A
APR Pitch Up to 15 Deg, 20 Deg & Shaker Figure 9A
APR AGE
THE BOEING COMPANY i




PITCH UP TO:

APPROACH FLAPS, SEA LEVEL —————— 15 DEG

PITCH UP TO 15 DEG vs 20 VS SHAKER T & suaken

3 DEG/SEC PITCH RATE

4000.
ALTITUDE
(FT)
2000.
0 4000. 8000.  12000.  15000. 20000. 24000,
DISTANCE (FT)
4000.
ALTITUDE
{FT)
2000.
0 4000.  8000.  12000.  16000.  20000. 24000,
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0 Sreiis B PETES IR0 24 I3 TR RN Rt 1444 o
0 4000. 8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
caLe 19MAYSS || meviseD | DATE CFIT Escape Maneuver Study 157 767777
CHECK Approach Flaps at Sea Level L
APR Pitch Up to 15 Deg, 20 Deg & Shaker Figure 98
APR PAGE
THE BOEING COMPANY




FLAPS UP,

SEA LEVEL

PITCH UP TO 15 DEG VS 20 VS SHAKER
3 DEG/SEC PITCH RATE

————— STICK SHAKER

PITCH UP TO:
15 DEG
20 DEG

4000.
ALTITUDE
(FT)
2000.
0 4 i 55 EEEd 71 T S TR (20 e S td G B e et
0 8000. 12000. 16000. 20000. 24000.
DISTANCE (FT)
4000,
ALTITUDE
(FT)
2000.
0 4000. 8000. 12000. 16000. 20000. 24000.
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0 & il e e T R e e S EEEI S CHELER I
0 4000. 8000. 12000. 16000. 20000. 24000.
DISTANCE (FT)
NOTE: MATH PILOT SIMULATION EXCEPT AS NOTED
CALC 21APH97 REVISED DATE CFIT Escape Maneuver Study 727 737 747
CHECK Flaps Up at Sea Level A
APR Pitch Up to 15 Deg, 20 Deg & Shaker Figure 10A
THE BOEING COMPANY




FLAPS UP, SEA LEVEL

PITCH UP TO 15 DEG VS 20 VS SHAKER
3 DEG/SEC PITCH RATE

- s e oo e o . it

PITCH UP TO:

=15 DEG

20 DEG
STICK SHAKER

4000, .
ALTITUDE
{(FT)
2000. L
0 4 EH i it HEEH BT
0 4000. 8000. 12000. 16000. 20000, 24000.
DISTANCE (FT)
4000.
ALTITUDE
(FT)
2000.
0 4000 8000. 12000. 16000. 20000. 24000.
DISTANCE (FT)
4000,
ALTITUDE
(FT)
2000,
0 4000. 80090. 12000. 16000. 20000. 24000.
DISTANCE (FT)
cALC 19MAYSS § meEviseo | pate CFIT Escape Maneuver Study 257 767 777
CHECK Flaps Up at Sea Level S
APR Pitch Up to 15 Deg, 20 Deg & Shaker Figure 108
APR PAGE
THE BOEING COMPANY




PITCH UP TO:

LANDING FLAPS, 10000 FT L.

PITCH UP TO 15 DEG VS 20 VS SHAKER T A ek suaken
3 DEG/SEC PITCH RATE
14000,
ALTITUDE
(FT)
12000.
10000, g i
0 4000. 8000. 12000. 16000. 20000. 24000,
DISTANCE (FT)
14000.
ALTITUDE
(FT)
12000.
10000, it i TS R I 15t BT FTH PR
0 4000.  8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
14000.
ALTITUDE
(FT)
12000. .
10000. Jii FISE ESs] PR TEEE EELES HEH ERCHEEoS3 DAORI RIS EFYSt (4TS SHCCE HEHE ESSEt HTE) HEAE PTH Fs
0 4000, 8000. 12000, 16000. 20000. 24000.
DISTANCE (FT)
caLS 1SMAYSS | REVISED | DATE CFIT Escape Maneuver Study 297 747 747
CHECK ~ Llanding Flaps at 10000 ft R
APR Piteh Up to 15 Deg, 20 Deg & Shaker Figure 1A
APR PAGE
THE BOEING COMPANY




PITCH uP TO:

LANDING FLAPS, 10000 FT ——————— 15 DEG
PITCH UP TO 15 DEG VS 20 VS SHAKER T ok sHAKER

3 DEG/SEC PITCH RATE

14000,
ALTITUDE
(FT)
12000,
10000, g HE o
0 4000. 8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
140800,
ALTiTUDE
(FT)
12000,
10000. £ e
0 4000, 8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
14000,
ALTITUDE
(FT)
12000.
10000. Jiii Hiibd e P ST VEHES BE HEES RO SRER EERY PRTEL o) SR HErr) PECH LATH (STEEEIEH ECS EEAS,
0 4000. 8000.  12000.  16000.  20000.  24000.
DISTANCE (FT)
cALC 1SMAY9S | REVISED | DATE CFIT Escape Maneuver Study 257 767 717
CHECK Landing Flaps at 10000 ft R

Pitch Up to 15 Deg, 20 Deg & Shaker Figure 11B

THE BOEING COMPANY e




TAKEOFF FLAPS,

3 DEG/SEC PITCH RATE

10000 FT

PITCH UP TO 15 DEG VS 20 'VS SHAKER

—— —— ——— —— ——

PITCH UP TO:
15 DEG
20 DEG
STICK SHAKER

14000. [
ALTITUDE g
(FT)
12000. J
,oooo.‘é53ﬁ;§;m;nnuun. Ee R B HEH B :
0 4900. 8000. 12000.  16000.  20000. 24000,
DISTANCE (FT)
14000.
ALTITUDE
(FT)
12000.
10000. *_‘_ T Y RS S e ket B e EECp 1 FEe R
0 4000. 8000. 12000.  16000.  20000. 24000,
DISTANCE (FT)
14000,
ALTITUDE
(FT)
12000.
0 4000. 8000. 12000.  16000.  20000.  24000.
DISTANCE (FT)
AL 1SHAYSS | mewiseD | oare CFIT Escape Maneuver Study 197 757 747
cHECK Takeoff Flaps at 10000 ft e
APR Pitch Up to 15 Deg, 20 Deg & Shaker Figure 12
APR PAGE
THE BOEING COMPANY




TAKEOFF FLAPS, 10000 FT
PITCH UP TO 15 DEG VS 20 VS SHAKER
3 DEG/SEC PITCH RATE

————— o e s e . ot

PITCH UP TO:
15 DEG
20 DEG
STICK SHAKER

14000.
ALTITUDE
(FT)
12000.
0 4000. 8000. 12000.  16000.  200600.  24000.
DISTANCE (FT)
14000.
ALTITUDE
(FT)
12000.
10000. i & i i
0 4000. 8000, 12000.  16000.  20000.  24000.
DISTANCE (FT)
14000.
ALTITUDE
(FT)
12000.
0 . 8000, 12000.  16000.  20000.  24000.
DISTANCE (FT)
cato 1SMAYOS § RewisED | oate CFIT Escape Maneuver Study 157 767177
CHECK Takeoff Flaps at 10000 ft AL
APR Pitch Up to 15 Deg, 20 Deg & Shaker Figure 128
APR PAGE
THE BOEING COMPANY




Boeing Flight Simulator Pilot Study

The flight simulator pilot study was conducted in a Boeing 767-200 airplane simulator to evaluate
ground proximity warning escape maneuvers. This simulator is indicative of the general performance
of the Bocing airplanes, and data will vary little from other Boeing models. The initial conditions for the
study are typical of an airplane encountering rapidly rising terrain. Altitude (ft) is graphed on the vertical
axis and distance traveled (ft) is graphed on the horizontal axis.
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