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ELEV LIB
ELEV RIB
ELEV LOB
ELEV ROB
STAB

SPOILER

(ADAS)

CWS—PITCH
CCP

WIND DIR
WIND SPD
SAT

R—ALT

(DFDR)
P—ALT : Pressure Altitude
CAS : Computed Air Speed
VERT-G : Vertical Acceleration
MGHD : Magnetic Heading
PITCH :Pitch Attitude
AP : Autopilot Status
ELEV - Elevator Position

: Left Inboard Elevator Position

: Right Inboard Elevator Position
. Left Outboard Elevator Position
: Right Outboard Elevator Position
> Stabilizer Position

. Spoiler Position

: Control Column Force(Captain Side)
: Control Column Position

:Wind Direction

- Wind Speed

: Static Air Temperature

- Radio Altitude
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DFDR & ADAS (WIND, SAT) PARAMETERS
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HAMMZ () ®AOM (AIRCRAFT OPERATING MANUAL) fh¥
(4—2— (14) ==Y (3/28/96) ]

4-2-7 SEVERE TURBULENCE ¢ R {T

NOTE

Turbulence Area T2, AIEELERY FMS Optimum Altitude €RGT 3.
Buffet Margin & SUEHREL T, Bulfet Margin ¢T3 -4, HE
THHL, Descend T3,

290 TO 305 KIAS OR 0.80 TO 0.82 MACH,

Turbulence Penetration SPeed «........eeeeeeeeeeeeenn.
WHICHEVER (S LOWER

NOTE
EE 10,000 ft £E T, 250 KIAS ££(2. CUMB SPEED OWTh i

BWAHTLL,
ENG IGN OVRD Switch ..... N e eecceeastccceceneesecectteatcteteceatacecatceetononnas OVRD ON
ENG (GN OVRD Switch & Push b,‘ OVRD ON Light #*R4TT I & EHEIZT D,
Auto Throttles .......ccoivevnneaans.. eecececaccanens e eeeeeeciaseccterierenctnttaananas OFF
WTh s ® ATS Disconnect Switch € Push U, PFD @ ATS OFF BREHIZT 3,
NOTE
Excessive Alrspeed Variation $#ET 3%, %2, Redline Limit €#t
ASTLERMFILHCDETIRENEL, Throttle € Adjust T3,
Alr Speed DEAEISERT SEMECT>TRE S L,
MONITOR

AUtopllot oo v ittt et eii e eeececcaees eeescaceceteratictitareaanee

Turbulence (CHWTE, Autoplliot €{ERIT S, Autopllot DIEEIIRR € X EZ { Montitor

L. $FFREO Attitude ¢ HIE TE T WMESIC D& Autopllot € Disconnect TESI &9
EHELTEH < o _

Autopilot #° Disconnect U 7=48&(Z(2 Smooth (Z Control &€ Takeover L Pitch Attitude
EREE ¢ 3, Attitude Indicator € Primary Pitch Reference &E UTRT U, BENSD
BEHELEIORPLEX T, Flight Director Pitch Bar &R T S, Manually (C Trim
EEH-TRESYW,

Recovery t#, @Ikt T & h(f Autopilot € Reengage ¥, b L FCP Altitude ¢ Capture
Zone 4+ T Autopllot & Engage L1484, - 0ERK I HENYC Command &, Smooth

CTNEEE Capture T3,



[4—2— (15) ~—2 (T ICAUTION) . 4./1./94F]

(&%)

CAUTION

(1) Control Force (Z4& 5T Autopllot € Override L& &L T
BESEW, TNDIEE, BKYE Control Input (C& Y
Autopilot #* Disengage L Recovery DBI2T Overcontrol
b -8 .

Overcontrol EZSTVWESBONIEYREVNEThEE S
0 |

(2) BEEE(CHTS Pitch @ Control Force BEIC L IEE,
'SJZU" Alt. CGICLY, BEETOTHEHEL, HTUE
(A "

(3) Autopilot #° Off MEFIT(S, Attitude € Control T35/
laput € Minimum & U, SJEEERRY Control Column AD
Input £1k¥ LSAS (L&Y Attitude €H$F& € 3,

RZEXN - 475X OF COM (FLIGHT CREW OPERATING MANUAL)
23+ 5 L5 [CAUTION] DX ERSY (J}AN/l 0/94)

CAUTION

Do not attempt to overpower the: autopllot with coatrol
forces. This can cause the autopllot to disengage with too
much control laput, which could resutt ln over coatrol dur-
lag recovery. Every sttempt should be made not to aver

control.

Longltudinal coatrol {orces at high altitude wlll be Ughter
than those which the pliot experlences at low aftitude due
to attitude ctffects and atft CG.

When the autopllot (s off, use minimum control tnputs to fty
attitude and allow the LSAS to malntaln attitude by relaxing
pressure on the control column whenever poesible.
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§2-3-4 SEVERE TURBULENCE hOR{T

1.

—R%
Severe Turbulence FNMITOREKEL T

1) Turbulence Penetration Speed & Observe ¥ 3.

2) ENG IGN CVERRIDE Switch £ OVRD On &¥ 3,

3) Auto Throttie System E off &% 5,

4) Autopilot DfEEE Monitor 3,

§) Bleed Demand &5¥HML Engine @ Surge Margin £34%T,

&L > T, KT Autopilot #* AEIEYIC Disengage ¥ 34, 4 U Turbulence . F7— Autopilot
¥ Disengage L7:$&&® High Altitude T® Manual Control MEELD 2 RICOVTHEBET S,

Autopilot XEHEIIC Disengage ¥ D5t
FCC QLITO&MFL & D L Autopilot & Disengage T3,

(1) Vertical “G" # 130.6~1t1.4 €&, (T DD Pitch Raté (& 3)
(2) Roll Rate #* 10 deg/sec £ &,
(3) ‘Bank Angle ¥ 60° ¢#:&.

(4) Pilot @ Override Control &(Z & ¢) EALTD Position #¥ Autopilot ® Command IC& 3 &M LEFY
~ , . y .

FDER Turbulence DR AT & - T Autopilot ¥ Disengage 13 TJHEIEH & So

High Altitude T Manual Control MEE K
— A2, ESETOREEDEDIC LY Manual Control (38 L e, Pitch @ Control Force I3EREICL
PR, BIUAMCGLIVESETOEINERRL, »EVECE>THY, Overcontrol & H ¥

W $o5 T Attitude € Control 356 Input & Minimum & U, BIKEERRY Control Column O

Input 4§88 LSAS (C&1) Attitude E#MHFFE €D LR,

BRELT, 6L Severe Turbulence (TR L - SRITOREERT D,

(1) “ItELRRY) Autopilot (£ Engage DE L & L, Override LY, -

(2) &L Autopilot & Disengage L 7= 5?&20) Attitude (C Set L Control nput &k <,
(3) EXHIC Autopilot € Re-engage ¥ 3. |

(4) TIHETHNE, BEETFS,
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9) #{ L\ Turbulence (C¥8 L7y
LL T Recomend Proccdure»%ﬁaﬂ‘é

- ENG IGN OVED Switch =wwsesreessssessraseissnasseaecans ...... ON
ATS ........................................................................ OFF
TURBULENCE PENETRATION SPEED ++++see- OBSERVE
ENG.WING AND ‘I‘AIL ANTI_ICE ------------------------------ ON
ECON Switch (Upper Air Con PNL) wsessessssessssssasesuecs OFF

NOTE 1

'TURBULENCE PENETRATION SPEED

At or Above 10,000t 290—-305kt or Mach.80-.82

Below 10,000ft Greater. of 250kt or O/RET.FLAP/
SLAT ERIBFICIE Vmin+10kt

NOTE 2

ECON Sw % Off 1235 &, Bleed Air 2¢ High Bleed ({10 &6 (Anti-Ice #¢ ON THULEE
& High Bleed (#>TW\8) ., Recirculation Fan #%k% 8 Air Con Pack #¢ Full Operation
L1335, (AW Air Con sys Auto Tld Recirculation Fan #¢E - T PACK Q&R EH LT
3) TOD#E Eng @ Compressor Bleed Air ## % Eng Stall Margin 2481033

ECON Sw Off Bl EAD iz, £OEERENS,

NOTE 3
Turbulence DX IZ & » T3 Autopilot ¢ Disengage 3 3 G ftlEH<H 5,

FCC 3Ll T DL 185 & Autopilot % Disengage § 3,
(1) Vertical“G"#¢1 £0.6~ 1 +1.4%#88, (£ DD Pitch Rate (2 3)
(2) Roll Rate ﬂ‘lOde’g{sec B8,
() Bank Angle #%60° %8
(4) Pilot @ Override Control %I & Y &REMD Position H¢ Autopilot ® Command 2& 3
bD EEH M,
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NOTE 4
High Altitude T®» Manual Control DEE R

—RRIC, BEETOLTEEORDICE Y Manual Control 3§ LW 0¢, Pitch @ Control Force {3
BEICLIEE BLUANCG KLV ERETOTRERBL, HMIOBEHE>TEHY, Over
Control &12 0 93\, # - T Attitude % Control 357D Input % Minimum & U, @[
B b Control Column ~® Input 2% LSASICXL O Attitude ZH#FI I LH, :
£:&L LT, b L Severe Turbulence I¥5& L7 SUIFOREERT S, .

(1) a[ELMRY Autopilot {2 Engage DF % & L, Override L1iLy, .

@) b L Autopilot #¢ Disengage L1 SATE®D Attitude i< Set L Control Input %4 <

() FHPHIZ Autopilot & Re—engage 9 5o

) FERTHUTERE T 5,

NOTE S .
Autopilot % Override U T\ I8 WEH

Elevator D58, &% Autopilot 3 Left Inboard Elevator ®% (A/P 1 D#&) % Control L,
{2 3 #(d Followup Cable 2 L TEEId 3, L& L Autopilot % Override 33 & £ 3 #id
Followup Cable (& 53" Manual Control {4 » TRy, Aﬁtopilot @ Command &% 9 Input
% U484, #13 Command IC#D1EWV, Autopilot iZX - T Control SNTWBREHEITE IS
K&< Deflect 33T & L1855, TTLEE Note 3 D& LY Autopilot #¢ Disengage 33 &,
T DRETE b $£IT Manual Control ISER T S 1- DR E LTRIKICKE L G #hF BT L LB,
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MD-11 High Altitude Stability Enhancement

Recovery From High Altitude Upset

DAC Procedures

1. [If Autopilot Remains Engaged
— Monitor for Statisfactory Recovery
— If Recovery Not Satisfactory

Dlséngage the Autopilliot and Return to a
Satisfactory Attitude

Reengage the Autopllot if Possible
Note: NEVER Override the Autopilot

[ APCOONNEXLL,
e MMMM@‘

MD-11 High Altitude Stability Enhancement
Recovery From High Altitude
Upset (Continued)

2. If Autopilot Disengages
— Return to a Satisfactory Attitude
— Reengage the Autopilot if Possible

3. Adjust Airspeed and/or Altitude as
Necessary

SOV 06 pnt APODONNEX L,
- commess povo o3
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October 1, 1996
FO-AOL-11-131
To: . . All MD-11 Operators
Subject: PITCH-UP FOLLOWING AUTOPILOT DISENGAGEMENT

Applicable to: All MD-11 Aircraft
ATA Chapter No.: 22-11, Pitch Control & 22-10. Autopilot

To inform operators of an MD-11 pitch-up event
after the autopilot was disengaged during
descent, and to advise of a forthcoming change
in the MD-11 Flight Crew Operating Manual,
systems description.

Reason:

While descending rapidly through Flight Level 250, the First
Officer, as the pilot flying (PF). thought that the Autopilot was
not responding to nose-up pitch commands from the-Vertical Speed
(V/S) control wheel. The autopilot was disconnected, and the
aircraft pitched up abruptly causing injury to flight attendants

and passengers.

The Digital Flight Data Réecorder (DFDR) data and operational
tests revealed that the autopilot and its autotrim functions, the
Longitudinal Stability Augmentation System (LSAS). and the Flight.
Contrel Computers (FCC) all functioned normally.

- Analysis of the DFDR data showed that with the autopilot engaged
in the Level Change mode, the aircraft was descending from FL 350
to FL 240 at Mach 0.84 with speed brakes deployed. The first
officer became concertned about capturing the selected altitude-
because of the high descent rate, and commanded a level-off using
the Vertical Speed.mode. After repeated attempts to levei off
appeared to be unsuyccessful, the speed brakes were retrac:zed and
the autopilot was éisengaged Immediately following the
autopilot dlsengagement the aircraft pltched up abruptly with a

"load factor increase of 2.3 g.

-Further analysis of DFDR data showed that prior to moving the V/S
wheel, the aircraft had.begun to level off, because the lsad
factor increased by about 0.2 g, which is the autopilot target to

" Flighc Operations Customer Service, Douglas Aircrafc Comp
3855 Lakewood Boulevard, M/C: 94-26, Long Beach, California 90846~C331
Telephone: (310) $93-1249/Facoimile: (310) $93:3471 °
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ensure a comfortable altitude intercept. Whenever the V/S wheel
is moved, the Autopilot will cancel the capture mode, and.will
not re-engage in capture until the V/S wheel has come to rest for
2 seconds. The data showed that the autopilot was toggling
between Vertical Speed mode and Altitude Capture mode due to
repeated adjustments. of the V/S wheel. The Altitude Capture- mode
was never engaged for more than one second, and repeated
adjustments of the V/S wheel made che capture of the target-

alcitude not possible.

The V/S intervention feature is intended to allow the pilot to
intentionally fly through an armed altitude. For example. this
would enable a glide slope capture from above. With autopilot 2
engaged, the autopilot commands only the‘right inboard (RIB)
elevator for pitch control. The other three elevator surfaces
are then “back-driven- through the follow-up cable system. In
this incident the DFDR data showed that prior to disengaging the
autopilot, all back driven elevator surfaces had followed the
autopilot driven surface, indicating normal autopilot operation.
The data also showed, however, that while the autopilot was still
engaged, the back-driven elevators began to move away from the
RIB elevator in-the aircraft nose up (ANU) direction, indicating
considerable pull force on the control column. If a pull force
is applled when disengaging the autopilot. then all the
autopilot-driven elevator surfaces will move rapidly in the pull

force direction.

A computer simulation reproduced the pitch-up event described
above, verifying the response of the elevators. The simulation
substantiated that the response of the elevators during autopilot
disengagement was the only factor in the pitch-up. There had
been speculation that retraction of the speed brakes might have
contributed to the pitch-up:; Douglas’ research indicates that
this was not the case. In fact, retracting the speed brakes
under these conditions will cause an aircraft nose down pitching
moment. Both the DFDR and the simulation showed that the pitch-
up was the direct result of disengaging the autopilot Whlle
exerting an ANU force on the control column.

The MD-11 Flight Crew Operating Manual (FCOM) cautions pilots not
to exert force on the control column when disengaging the

Fig qht. Operations Cuscomer Service, Oouglas Alrcrafc Company
3855 . takewood Boulevard, M/C: 94-26, Long Beach, California 90846-000%
Telephoner (310) €93-12¢9/Facsimile: (310) $93-3471
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autopilot. Douglas will'tevise the FCOM to better explain the
Capture Mode of the autopilot in the Systems Description, and to
emphasize the impact of disengaging with force on the control

column.

Should additional information be required, please submit your
questions to Flight Operations Customer Service, Douglas Aircrafc
Company, 3855 Lakewood Boulevard., Mail Code: 94-26, Long Beach,

California 90846-0001, fax:- (310) S83-3471.

Q¢

D. C. Shapiro
Directorxr
Flight Operations

SRL/TJM:csl

: rlighc Operacions Cuscomer Servica, Douglas Afrcraft, Company
3855 Lakewood Boulevard, M/C: 94-26. tong Beach, California 90846-Qo01
Telephoner (3101 S93-1249/Facsimile: (3101 $93-347%
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