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4-2-7 SEVERE TURBULENCE )T

NOTE

Turbulence Area T, TIKEGREY FMS 0ptl¥num Altitude ERTT S,
Buffet Margin & & UFERIEI KT, Buffet Margin ¥SET S -8, DE

THHIE, Descend T3,

290 TO 305 KIAS OR 0.80 TO 0.82 MACH,

Turbulence Penetration Speed s
WHICHEVER (S LOWER

NOTE
&K 10,000 ft KHE T, 250 KIAS £71:(2, CUMB SPEED OWThs

HEWHTEL,
ENG IGN OVRD Switch ..... N et ssanaeeeeeacscesmansnasenasnatataetsanceatanannncnns OVRD ON
ENG IGN OVRD Switch & Push L. OVRD ON Light #* 4T3 T £ ¢ HIBT 3,
Auto Throttles .........cccviieaaanan. eeeeeececccccoceas e eeseveteccrtetretciressatsasaanes OFF
WEFhH®D ATS Disconnect Switch € Push U, PFD M ATS OFF BRREHIZT 3,
NOTE |
Excessive Airspeed Variation $#ET 34, %4, Rediine Limit €4
ABTLERGILHCDETEENH, Throttle € Adjust T3,
Alr Speed DFHLISER T SEERToTRES T,
MONITOR

AUtopllot .. cviirriiriiiiiaieiiaeiaicetiaaann eteccscaaas eeeecettcaccrcaretcacacanas

Turbulence (CHWT 2, Autopliot €T S, Autopilot DIEEIIRIR € LR < Monitor

L. B0 Attitude €HIFTE T WERICD& Autopliot € Dlsconnect T&ES &S
EELTHC, o |

Autopilot #° Disconnect U Z:38&(C(3 Smooth (C Control € Takeover U Pitch Attitude
ERE & ¢ 3, Attitude Indicator € Primary Pitch Reference & UTRITL., BEEN$ D
BESHLEINEPEEX TV, Flight Director Pitch Bar B&RT 3. Manually (C Trim
ELoTRESBL W,

Recovery %, TIHET & h (L Autopilot € Reengage T35, & L FCP Altitude 0 Capture
Zone 44 T Autopllot & Engage U 7188, - 0EEI ERIEYIC Command & ©, Smooth

CXTDOEEE Capture T3,




[4—2— (15) = (F& [CAUTIONI . 4.1 /9 4f1F]

(&%)

CAUTION

(1) Control Force (C&>T Autopllot &€ Override L& & LT
RUESTWV, TNIRE, BAY Control Input (CL )
Autopilot #* Disengage U Recovery 0812 T Overcontrol
b1 -3

Overcontrol EXSTWWESIHODIEIFREOETHEL S

Qg\o : :

(2) EEE(CHTS Pitch @ Control Force BEEIC L SR,
b‘Jilf Aft. CG (T &Y, BEETOTHERBRL, 1T
(AW '

(3) Autopilot & Off MEF(C (L, Attitude E Control T3/:%H0
{nput € Minimum & U, SJREGRRY) Control Column AD
lnput ¥iE& LSAS (L&) Attitude EHIFE € D,

RIFXN - ¥ 75 2#HDOF COM (FLIGHT CRE¥ OPERATING MANUAL)
&5 k& TCAUTION] oxfs&s (JANS10./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 tn over control dur-
lag recovery. Every attempt should be made not to aver
cantrol.

Longltudinal coatrol {orces at high aftitude wlll be Gghter
than those which the pliot experlences at low aftitude due

to aftitude effects and att CG.

When the autopllot s off, use minlmum control nputs to fty
attitude and allow the LSAS to malntain attitude by relaxing
pressure on the contro! column whenever possible.
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§2-3-4 SEVERE TURBULENCE O R{T

1.

Severe Turbulence FOMITOXEKELT

1) Tu.(tiulence Penetration Speed & Observe 33,

2) ENG IGN CVERR!DE Switch ¥ OVRD On &% 35,

3) Auto Throttle System t oft &¥ 3,

4) Autopilot DEEhE Monitor 3,

5) Bleed Demand &ML Engine @ Surge Margin €% 7T,

LG > TS, KT Autopilot #*BESRYC Disengage ¥ 3%+, &4 U Turbulence i, 57— Autopilot
#F Disengage LZ7-1&2&® High Altitude T? Manual Control DEERD 2 KICDOVWTHEHMET 3.

Autopilot XEH#IC Disengage ¥ 35f+
FCC BLRITMOHFEE L S & Autopilot & Disengage 3,

(1) Vertical “G” # 1£0.6~1t1.4 €488, (TDEED Pitch Raté (L& 3)
(2) Roll Rate #¥ 10 deg/sec &€&,
(3) ‘Bank Angle & 60° €8,

(4) Pilot ® Override Control &= & 4 &4E® Position # Autopilot ® Command (£ &3 6D EEHH
t B \

DR Turbulence NEA(Z & > T Autopilot #f Disengage T STIEIEH & 6,

High Altitude T Manual Control MiEEKR
—f 1, EEETOREEOREDICLY Manual Control (2K L 47, Pitch @ Control Force REEIC S
W, BLUACGLINVEEETOTHERKL, »rEYEE>THY, Overcontrol &4 X

- W BT Attitude € Control T332 Input &€ Minimum & U, FIREZRRY Control Column AD

Input 458 LSAS (L& Attitude EHHFE €D ERLY,

#RELT, b L Severe Turbulence ICHE L 7= SIUFDREFRT 3,

(1) WI4ELRRY Autopilot (£ Engage DE &L, Override LTy,

(2) &L Autopilot ff Disengage U 7- 5?&20) Attitude (= Set L Control Input €#k<,
(3) & HIC Autopllot € Re-engage 5, |

(4) TFIETHNIEL, BEEETIFS.
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9) F L\ Turbulence (o ¥8 U7k
ELF{Z Recomend Proccdure»%ga'd‘é

- ENG IGN OVED Switch w+sreeressessesesesasiiarnenans ‘.....L ...... ON
ATS ........................................................................ OFF
TURBULENCE PENETRATION SPEED +++-+s- OBSERVE
ENG.WING AND 'I‘AIL ANTI._ICE ------------------------------ ON
ECON Switch (Upper Air Con PNL) «reesessteescracecccsecee 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 {ERIEFICIE Vmin+10kt

NOTE 2

ECON Sw % Off {233 &, Bleed Air #¢ High Bleed (] b9 (Anti-Ice #¢ ON THIULE
< High Bleed (2> T4\3) ., Recirculation Fan #k2 b Air Con Pack #¢ Full Operation
L1535, GE%E Air Con sys Auto Tl Recirculation Fan <8 - T PACK QR £ 1Tl
%) ZD#R Eng @ Compressor Bleed Air 44#X Eng Stall Margin 23033,

ECON Sw Off #{ EAD i, £0E&R&N 3,

NOTE 3
Turbulence D# X I X > Tl Autopilot ¢ Disengage 3 3 TN S 3.

FCC BLIT D& L 185 & Autopilot % Disengage 9%,
(1) Vertical*G"#¢1 £0.6~ 1 +1. 4%#8#8. (£ DD Pitch Rate {2k 3)
(2) Roll Rate #10deg/sec %4838,
() Bank Angle 73‘60”&&5@;
(4) Pilot @ Override Control $#{z & O EREMED Position H¢ Autopilot ® Command & 3

b &Nz, ‘
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NOTE 4
High Altitude G® Manual Control DEE &

—BUZ, EEETOREEDORKDIZE D Manual Control {8 L3¢, Pitch ® Control Force K
BEICLSEAE BLU AR CC ILL D ERETOERELBL, HIOE(E>TEY, Over
Control &1L 3\, # > T Attitude % Control 357D Input % Minimum & U, @[k
B b Control Column ~® Input 2§ LSAS T L b Attitude ZH#FEH 3 LE,
8L LT, b L Severe Turbulence (C¥3& L7 SUUFOSAEEHT 5,

(1) T[HEIZMRY Autopilot {3 Engage DEF & L, Override LI, .

(20 b L Autopilot #¢ Disengage L= SAE®D Attitude i< Set L Control Input %4 < o

(3) FHPMIC Autopilot & Re—engage 9 5o

@ TRETHNIEEE T 5.

NOTE 5 .
Autopilot % Override LT WWFHIIWEH

Elevator i34, % Autopilot (2 Left Inboard Elevator ©& (A/P 1 D3&) % Control L,
{2 3 #{d Followup Cable 2/ L T{EEI T 3, L L Autopilot % Override 33 & £ 3 #id
Followup Cable (<& 53 Manual Control {24 > THEZ, Aﬁtopilot @ Command &% 5 Input
% U184, #l3 Command IC#DHEW ¥, Autopilot 12X - T Control ENTWSREEIIE IS
K& Deflect T3 EEH BT CTLEE Note 3 DMLY Autopilot #¢ Disengage 5 &,
ZDREHE b AIT Manual Control IGER T SBEERE LTRIECKEL G ENMNF BT L LUS,
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MD-11 High Altitude Stability Enhancement

Recovery From High Alfitude Upset

DAC Procedures

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

Dlséngage the Autopilot and Return to a
Satisfactory Attitude

Reengage the Autopillot if Possible
Note: NEVER Override the Autopilot

WSSt APCOONNEXLL.
o ,«,‘.@L

MD-11 High Altitude Stability Enhancemeit
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

(2 oy RPODONNEXLL,
» comess povo o3
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October 1, 1996
FO-AQL-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 (FF), 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 Récorder (DFDR) data and operational
tests revealed that the autopilot and its autotrim functions, the
Longitudinal Stability Augmentation System (LSAS). and the Flight.
Control 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 3S0
" to FL 240 at Mach 0.84 with speed brakes deployed. The first
officer became concertnied 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 retracted and
the autopilot was disengaged. Immediately following the
autopilot disengagement, the aircraft pitched 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 autcopilot target to

" Flight Operations Customer Service, Douglas Aircraft Company
38SS Lakewood Boulevard, M/C: 94=26, Long Beech. California 90846-C331
Telephone: (310) $93-1249/Facsimile: (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 cthe 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 while
exXerting 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

u qh: Opecations CQuscomer Service, Oouglxs Afrcrafe C
3855 - takewood Boulevard, M/C: 94-26, Long Beach, California 90846-000i

Tclephouel (310) €£93-1249/Facsimile: (310} $93-3471
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autopilot. Douglas will revise 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) SS3-3471.

c

D. C. Shapiro
Directoxr
Flight Operations

SRL/TJM:csl

. Tlighc Operacions CusComer Servica. Douglas Adrcraft Company
3855 Lakewood Boulevard, M/C: 94-16. tong Beach, Califormia 90846-Q0OL
Telephone: (3101 S593-1248/Facsimile: (3101 $93-3471
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