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Appendix 1 CANDY ONE Departure, CKS International
Airport



& b R4 IR B RALH B

1. RWY05: DEPART VIA TIA R-053 OR VIA RWY HDG

UNTIL TIA 3D, TURN LEFT HDG
2358 TO

AT OR ABOVE FL210 "~
OR A LOWER ATC
ASSIGNED ALT .~

xS
AJENT

MKG R-038/30D
TNN R-348/64D

VORTAC
SHIKANG
113.3 TNN

INTERCEPT TIA R-245 TO CHALL

) VORTAC
HOULUNG
114.9 HLG

2. RWYDS : DEPART VIA RWY HDG UNTIL TIA 4D OR
VIA ICJN LOCALIZER {OUTBOUND ON FRONT
COURSE LOCALIZER) UNTIL ICJN 4D, TURN LEFT
HDG 235 TO INTERCEPT TIA R-245 TO CHALL
2
/ )
CHALI
TIA R=245/45D
(MKG R-038/83D)
AT OR BELOW FL200
&
VORDME
MAKUNG ANDY
118.2 MKG R-03883D
cHeex  MKG|

Ga/F EBBME  2-40A
AIP - TAIPEI FIR RCTP AD 2_49A
CANDY 1%kdsp
CANDY ONE DEPARTURE (CD1)
COMPLETE THE TURNING WITHIN COMPLETE THE TU
7D AND ROT CLOSER THAN 2D 70 AND
FROM Tl

RNING  WITHIN
NOT CLOSER THAN
FROM ICJN OR Tl

20

3. RWY23: DEPART VIA RWY HDG UNTIL TIA 3D
TURN RIGHT HDG 265 TO INTERCEPT TIA R-245
TO CHALL
4, RWY24 : DEPART VIA BWY HDG UNTIL TIA 4D
OR VIA ICKS LOCALIZER (OUTBOUND ON FRONT
COURSE LOCALIZER) UNTIL ICKS 3D, TURN RIGHT
HDG 265 TO INTERCEPT TIA R-245 TO CHALL ,»'"
§. CROSS TIA 13D AT OR ABOVE 4000ft. - i {

6. AFTER CHALl PROCEED VIA MKG R-038 TO MKG, JOIN A;
OR VIA AJENT TRANSITION TO TNN JOIN W4.

b FRBXEBHRRARES

Civil Aeronautics Administration '
Republic of China

91% 2R 218
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Appendix 2 GE791 Load and Trim Sheet
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Appendix 3 GMS-5 Infrared Satellite Images at 1731 UTC
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Appendix 4 The SIGWX Chart Issued from TAMC for
FL100-FL250



The SIGWX Chart Issued from TAMC for FL100-FL250 and was Valid at 1800 UTC, Dec 20
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The SIGWX Chart Issued from TAMC for FL100-FL250 and was Valid at 0000 UTC, Dec 21
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Appendix 5 The SIGWX Charts Issued from HKO for FL100-FL250
and was Valid at 1800 UTC
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Appendix 6 The SIGWX Charts Issued from TAWSC for SFC to
14,000 meters and was Valid at 1800 UTC on Dec. 20
and 0000 UTC on Dec. 21
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Appendix 7 The PPl of Radar Images with the Ground Track of
GE791 Superimposed
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Appendix 8 The Cross Section Chart of Radar Images with the
Track of GE791 Superimposed
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Appendix 9 GE791 CVR Transcript

26



Legend

CML1.: identified as Captain’s voice from Captain’s channel

CM2: identified as First Officer’s Voice from First Officer’s channel
CAM: sound from Cockpit Area Microphone (CAM)

CAM1.: identified as Captain’s voice from CAM

CAM2: identified as First Officer’s Voice from CAM

ATC: Taipei Area Controller

SOC: Tran Asia Airlines Operations Center

BR6225, BR6856, CI065, C1614D: identified as radio sources of other flights
---2 unknown source

.... unintelligible words

**x expletives

(): explanation of sound or some editorial insertions

Note:

Time reference of this transcript is in Makung radar UTC time.

Local time=UTC time+ 08:00:00

27



Makung

SOURCE CONTENT TRANSLATION
Radar UTC
17:21:58 (beginning of recording)
17:21:58 ATC [climb and maintain flight level one eight zero
climb and maintain flight level one eight zero transasia
17:22:00 CM2 .
seven niner one
17:22:03 | CM2 [climb and maintain flight level one eight zero
17:22:05 CM1 P+ Ok
FRX AP ET A LA The other day we had head wind about fifty or sixty
17:22:24 CM1
knots
17:22:30 | CM2 pRaBi4 27 4 A &g It's ok now we’ll know when we go up there
k- g7 - g LT LA Es T Coming back takes one hour fifty one hour fifty five
17:22:37 | CM1 # # o ming e fy
going there takes two hours thirty five
17:22:48 | CM1 |[£ 787 5 2%, So much difference
17:22:54 | CAM1 |(sound of yawning)
- kEw Rt F A ow R AREpESE Usually the return flight is more tiring because it's
17:22:56 | CAM2 " F Y g J
almost sleep time
17:22:58 | CAM1 P%... Yeah
17:23:04 | CAM |(sound of altitude alert)
17:23:08 | CAM2 |(&8 = # 4w B 2 2435 (conversation not related to this flight)
17:23:13 | CAM1 |(&8 &= & 4em B 2 24 38) (conversation not related to this flight)
17:23:14 | CAM2 |(& &=t L4 B 2 3435 (conversation not related to this flight)
17:23:14 | CAM1 |(& &=k f#nm B 2 3455 (conversation not related to this flight)

28



Makung

Radar UTC SOURCE CONTENT TRANSLATION
17:23:25 | CAM2 |(& &= & 4em B 2 24 3E) (conversation not related to this flight)
17:23:27 | CAM1 (& ~ =& # 4 B 2 34 3 (conversation not related to this flight)
17:23:31 | CAM1 (& ~ =& # 4 B 2 34 3 (conversation not related to this flight)
17:23:36 | BR6856 |(communication between ATC and BR6856)

17:23:40 | CAM1 (&8 &= 4w b 2 2438 (conversation not related to this flight)
17:23:55 | CAM2 |(& & =x fi#um M 2 34 3%) (conversation not related to this flight)
17:23:56 | CAM1 (& ~ =& &4 b 2 34 3 (conversation not related to this flight)
17:23:56 ATC |(communication between ATC and BR6856)

17:23:59 | CAM1 |(& # =% f¢4wm B 2 2438 (conversation not related to this flight)
17:24:00 | BR6856 |(communication between ATC and BR6856)

17:24:05 ATC |(communication between ATC and BR6856)

17:24:08 | CAM2 (& &~ =& # 4 B 2 34 3 (conversation not related to this flight)
17:24:08 | camp |(F = BHum b 25t (conversation not related to this flight)
17:24:26 | CAM1 |(sound of yawning)

17:24:47 | CAM1 |5 iR 43w Airflow is ok

17:25:00 | CAM2 |altitude star

17:25:01 | CAM1 [+ Good

17:25:05 | CAM2 [RF " & 7 & ehebereziat 4 £k % Captain do you want coffee I'll get the water
17:25:08 | CAM1 [s¢ ehert3t 7 ehyepe 34 Oh | won't take coffee |

17:25:11 | CAM2 |2 £78 B g A -k I'll get mineral water

29




Makung

SOURCE CONTENT TRANSLATION
Radar UTC
17:25:11 | CAML |# % "k 3edF Mineral water is ok
17:25:12 | CAM2 [r+ ... Cup...
17:25:12 | CAM |(unidentified sound)
17:25:14 | CAM1 §# Ok
17:25:15 | CAM2 |k F mefr+ Captain your cup
17:25:17 | CAM1 |5 = PP ipws Sandwich
17:25:18 | CAM2 P £ - B ... 2Lk I'll take one you have the milk
17:25:21 | CAM1 %5342 & 2 Jm ivekefd | don’t want milk you have the milk
17:25:30 | CAM |(unidentified sound)
17:25:32 | CAM |(unidentified sound)
(communication between ATC and CI065) (unable to
17:25:34 ATC ) )
read from cockpit due to radio garble)
17:25:36 | CAM1 |(sound of yawning)
(communication between ATC and CI065) (unable to
17:25:38 | Cl065 _ _
read from cockpit due to radio garble)
(communication between ATC and CI065) (unable to
17:25:40 | ATC , _
read from cockpit due to radio garble)
(communication between ATC and CI065) (unable to
17:25:47 | Cl065 , _
read from cockpit due to radio garble)
17:26:20 | CAM1 |3 & B VG &3 & nin chd g There are two VGs yours yours is with meat
17:26:24 | CAM2 &7 B 0. These two are all
17:26:26 | CAM1 |ien B VG v SBw BRI B These two are all VGs how many are there four or

30




Makung

SOURCE CONTENT TRANSLATION
Radar UTC
two
17:26:28 | CAM2 |z & Four
17:26:31 | CAM2 [v 7 ...VG 7]z 23R & (sound of laughing) It's got...VG because now | (sound of laughing)
17:26:36 | CAM1 [#5** e dief Oh heck ok
17:26:38 | CAM2 PR i VG erfirg Pluh The VG is disgusting right
17:26:40 | CAM1 [:B47ep It's ok
17:26:51 | CAM1 [ffF 33 &k 7 Oh I'm hungry

17:27:00 | CAM |(unidentified sound)

17:27:12 | CAM |(unidentified sound)

17:27:27 ATC transasia ...(sound similar to radio garble)

17:27:35 ---  |(sound similar to radio garble)

17:27:42 | CM1 adio garble say again

17:27:44 ATC transasia seven ...(sound similar to radio garble)

taipei control transasia seven niner one confirm calling
17:27:55 | CM1 e

transasia seven niner one ...(sound similar to radio

17:28:00 | ATC
garble)

17:28:05 | CAM2

17:28:06 | CAM1

17:28:07 | CM1 |sorry unable i can’'t hear you transasia seven niner one

17:28:24 | CAM |(unidentified sound)

17:28:31 | CAM |(unidentified sound)

31



Makung

SOURCE CONTENT TRANSLATION
Radar UTC
17:28:33 | CAM |(unidentified sound)
17:28:34 | CAM1 |v ¥ ic 3% BEE4E e 7|7 May be it can't receive after a certain distance
17:29:15 | CAM |(unidentified sound)
17:30:01 | CAM1 [iX} "Rt Fwt No air sickness bag
17:30:11 | CAM |(unidentified sound)
17:30:25 ---  |(sound of radio garble for 12 seconds)
17:30:38 | CAM1
17:30:45 | CAM |(sound of changing radio frequency)
Taipei control transasia seven niner one radio check
17:30:53 | CM1
over
17:31:01 | CAM2 [is K] A =154 i 8 d oR— {5 ... Which one did he call us from
17:31:02 | CAM1 & Mmn....
17:31:03 ---  |(sound similar to radio garble)
17:31:06 | CAM2 |&_one two niner point one =* It's one two niner point one right
17:31:08 | CAM |(sound of changing radio frequency)
173112 | cAML A e s @vi&k if* e §_*t (sound of changing radio | know he is calling us but (sound of changing radio
frequency) 7 ¥ 7 frequency) can't hear
17:31:15 | CAM2 [ # T Can't hear
17:31:21 | CAM1 [radio check +4+ 7 Radio check ok
17:31:31 | CI065 |(communication between ATC and CI065)
17:31:36 ATC |(communication between ATC and CI065)
17:31:42 | CI065 |(communication between ATC and CI065)
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Makung
Radar UTC

SOURCE CONTENT TRANSLATION

17:31:51 | BR6856 |(communication between ATC and BR6856)

17:31:54 ATC |(communication between ATC and BR6856)

17:31:56 | BR6856 [(communication between ATC and BR6856)

17:32:02 ATC |(communication between ATC and BR6856)

17:32:14 | BR6856 |(communication between ATC and BR6856)

PRAF G kL g AR R IR S Sk Looks like it's iced up....look at my side your side is

17:32:35 | CAM2 . :
also iced up right

17:32:59 | CAM |(unidentified sound)

hHmokF A bR There’s not enough moisture outside minus twelve

17:33:32 | CAM1
degrees

17:34:29 | CAM |(sound of single chime)

17:34:29 | CAM1 & ke Oh it’s icing up

17:34:32 | CAM2

17:34:32 | CAM |(sound of single chime)

17:34:42 | CAM |(unidentified sound)

17:35:19 | CAM1 |(&8 &= #4em M 2 2435 (conversation not related to this flight)
17:35:22 | CAM2 |(&8 &= ft4em B 2 2435 (conversation not related to this flight)
17:35:28 | CAM1 (& & =x ft#um M 2 34 3%) (conversation not related to this flight)
17:35:29 | CAM2 (& &~ =& # 4 b 2 3 3 (conversation not related to this flight)
17:35:30 ATC |(communication between ATC and BR6856)

17:35:32 | CAM2 |(&8 &= ft4em B 2 2435 (conversation not related to this flight)

17:35:33 | BR6856 |(communication between ATC and BR6856)
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Makung

Radar UTC SOURCE CONTENT TRANSLATION
17:35:36 ATC |(communication between ATC and BR6856)
17:35:40 | BR6856 [(communication between ATC and BR6856)
17:35:43 | CAM1 (& ~ =& # 4 Bl 2 3 3 (conversation not related to this flight)
17:35:44 ATC |(communication between ATC and BR6856)
17:35:48 | BR6856 |(communication between ATC and BR6856)
17:35:57 ATC |(communication between ATC and BR6856)
17:36:02 | BR6856 [(communication between ATC and BR6856)
17:36:45 CM2 taipei control transasia seven niner one radio check
transasia seven niner one read you five by five how do
17:36:49 | ATC
you read
17:36:53 | CM2 |read you loud and clear
17:36:55 ATC [thank you
17:36:56 CM2 thank you
17:37:01 | CAM2 |4Fe= It's ok
17:37:24 | CAM1 |* 17w It's gone again
17:37:48 ATC |(communication between ATC and BR6856)
17:37:54 | BR6856 [(communication between ATC and BR6856)
17:38:00 | CAM1 |(sound similar to singing)
17:38:42 | CAM |(unidentified sound)
17:39:33 | BR6856 |(communication between ATC and BR6856)
17:39:41 ATC |(communication between ATC and BR6856)
17:39:43 | BR6856 [(communication between ATC and BR6856)
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Makung
Radar UTC

SOURCE CONTENT TRANSLATION

B3 3 BaaFpR& {F (sound of laughing) #-i7+ i#4& Two more hours to fly (sound of laughing) almost

17:40:28 | CAM1
Ef oL iR B AR H e two hours tonight still going for ...... right

17:40:34 | BR6856 [(communication between ATC and BR6856)

17:40:41 ATC |(communication between ATC and BR6856)

17:40:59 | CAM |(unidentified sound)

17:41:21 | CAM |(sound of single chime)

17:42:11 ---

17:42:22 | CAM1 |(& &=k ft4nm B 2 3455 (conversation not related to this flight)
17:42:26 | CAM2 |(& &=t ¢4 B 2 3435 (conversation not related to this flight)
17:42:28 | CAM1 |(&8 &= #t4em B 2 2438 (conversation not related to this flight)
17:42:29 | CAM1 |(&8 &= ft4em B 2 2438 (conversation not related to this flight)
17:42:32 | CAM2 |(& &=t 4 B 2 3435 (conversation not related to this flight)
17:42:35 | CAM2 |(& &=t L4 B 2 3435 (conversation not related to this flight)
17:42:40 | CAM2 (& =& # 4 B 2 3 3 (conversation not related to this flight)
17:42:44 | CAM1 |(&8 &= 4w M 2 438 (conversation not related to this flight)
17:42:45 | CAM2 |(&8 ~ = #t4em M 2 2438 (conversation not related to this flight)
17:42:48 | CAM1 (& ~ =& &4 Bl 2 34 3 (conversation not related to this flight)
17:42:58 | CAM2 |(& &=t ¢4 B 2 3435 (conversation not related to this flight)
17:43:01 | CAM1 |(&8 &= 4w B 2 2435 (conversation not related to this flight)
17:43:05 | CAM2 |(& &= ft4em B 2 2435 (conversation not related to this flight)
17:43:09 | CAM1 |(&8 &= f#4em B 2 2435 (conversation not related to this flight)
17:43:18 | CAM2 |(& &=t ¢4 B 2 3435 (conversation not related to this flight)
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Makung

SOURCE CONTENT TRANSLATION
Radar UTC

17:43:19 | CI614D (aipei control good morning dynasty six one four delta
17:43:20 | CAM1 (& ~ =& # 4 B 2 3 3 (conversation not related to this flight)
17:43:24 | CAM2 |(& &=t ¢4 B 2 3435 (conversation not related to this flight)
17:43:26 | CAM1 |(&8 &= f4em B 2 2438 (conversation not related to this flight)
17:43:26 ATC |nippon cargo four two seven standby one

dynasty six one four delta taipei control roger maintain
17:43:29 ATC .

flight level two seven zero

wilco we'll maintain two seven zero five seven miles to
17:43:34 | CI614D elato and estimate elato at five one and we request one

zero miles right of track for weather
17:43:46 | CAM2 (& =& #4nE b 2 34 3 (conversation not related to this flight)
17:43:48 ATC |standby one
17:43:50 ATC |dynasty six one four delta approved reported clear

wilco one zero miles right of track approved dynasty six
17:43:53 | CI614D

one four delta
17:44:01 | CAM1 (& ~ =& &4 B 2 34 3 (conversation not related to this flight)

(communication between ATC and NIPPON CARGO
17:44:03 ATC

427)
17:44:04 | CAM2 |(&8 &= #t4em M 2 2435 (conversation not related to this flight)
17:44:05 | CAM1 |(&8 &= 4w B 2 2438 (conversation not related to this flight)
17:44:16 | CAM1 |(sound of coughing)
17:44:26 ATC |(communication between ATC and NIPPON CARGO
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Makung

RadarlTe SOURCE CONTENT TRANSLATION

427)

(communication between ATC and NIPPON CARGO
17:44:33 ATC

427)
17:44:47 | CAM1 PRk $ X 3eeh It's iced up quite a huge chunk
17:45:10 ATC |(communication between ATC and BR6856)
17:45:13 | BR6856 |(communication between ATC and BR6856)
17:45:15 ATC |(communication between ATC and BR6856)
17:45:19 | BR6856 [(communication between ATC and BR6856)
17:45:24 | CAM1 |(sound of laughing)
17:45:30 | BR6856 |(communication between ATC and BR6856)
17:45:36 ATC |(communication between ATC and BR6856)
17:45:40 (no sound for 0.3 second)
17:45:42 | BR6856 (communication between ATC and BR6856)
17:45:47 ATC |(communication between ATC and BR6856)
17:45:50 | BR6856 |(communication between ATC and BR6856)
17:45:52 ATC |(communication between ATC and BR6856)
17:47:04 ATC |(communication between ATC and BR6856)
17:47:10 | BR6856 [(communication between ATC and BR6856)
17:47:14 ATC |[(communication between ATC and BR6856)
17:47:17 | BR6856 (communication between ATC and BR6856)
17:47:21 ATC |[(communication between ATC and BR6856)
17:47:29 | BR6856 (communication between ATC and BR6856)
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Makung

RadarlTe SOURCE CONTENT TRANSLATION
17:47:35 | BR6225 |(communication between ATC and BR6225)
17:47:42 ATC |((communication between ATC and BR6225)
17:47:50 | BR6225 (communication between ATC and BR6225)
17:47:56 ATC |(communication between ATC and BR6856)
17:48:01 | BR6856 |(communication between ATC and BR6856)
17:48:07 | CI614D |(communication between ATC and CI614 delta)
17:48:12 ATC |((communication between ATC and Cl614 delta)
17:48:14 | CI614D |(communication between ATC and CI614 delta)
17:48:22 ATC |(communication between ATC and CI614 delta)
17:48:29 | CI614D |(communication between ATC and CI614 delta)
17:48:33 ATC |((communication between ATC and Cl614delta)
17:48:40 | CI614D |(communication between ATC and CI614 delta)
17:48:47 | CAM |(sound of changing radio frequency)
17:48:53 | CM2 [R &5 ¢ 1 2481 = transasia operation transasia seven niner one
17-29:04 | soc BB IR TR R Transasia seven niner one Chinghai please come
in
17:49:07 | CM2 PE: 1 APRAERS 2 macau ETA = 2 IR & iiHello MingHwa we are now at Makung Macau ETA
R macau % F 4o i@ nineteen forty six. How’s the weather in Macau
17:49:16 | SOC [F#ie % & ¥ All normal normal
17:49:19 | CM2 M##1#+i= good night Ok thank you good night
17:49:20 | SOC |* &7 &7t Have a pleasant flight
17:49:23 | CM2 |good night
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Makung

SOURCE CONTENT TRANSLATION
Radar UTC
17:49:24 ---  Standby
17:49:33 | CAM |(sound of changing radio frequency)
17:50:03 ATC |((communication between ATC and BR6225)
17:50:07 | BR6225 |(communication between ATC and BR6225)
17:50:29 | CAM1 [ % 4 < - 3ot Wow it's a huge chunk
17:50:31 | CAM2 |i* f&-rkwt What an ice
17:50:49 ATC |((communication between ATC and Cl614 delta)
i RARRAX B Ak-F - pFpet- B4 IRAE- F - [This speed is getting slower it was a hundred two
17:50:55 | CAM1 [t hundred one hundred and ninety now one hundred
seventy
17:51:01 | CI614D |(communication between ATC and CI614 delta)
17:51:13 ATC |(communication between ATC and CI614 delta)
175115 | CAML P EAP T AR AR Bk s our pitot-static tube going to get blocked get
stuck
17:51:18 | CAM2 [¥ ik What
17:51:18 | CAM1 |z ¢ € # 4% Is pitot-static tube going to be
17:51:20 | CAM1 |§ 7 ¢ # 3% % - ™ autopilot § B+4v& Going to get blocked then autopilot would be trip
17:51:20 | CI614D |(communication between ATC and CI614 delta)
17:51:25 | CAM1 |& { & ik & & Have to use instrumental flight
17:51:27 | CAM2 |# % - & Go higher
17:51:28 ATC |(communication between ATC and BR6225)
17:51:30 | CAM1 | — Bhep 3 — BRI G * o Go lower no use going higher
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Makung

SOURCE CONTENT TRANSLATION
Radar UTC

17:51:33 | BR6225 |(communication between ATC and BR6225)

FEZE FoRF FIEAPRAET KF Just as long as no more moisture because we
17:51:35 | CAM2 2(F)F kA 3k N9

have moisture now

17:51:38 | CAM |(Unidentified sound)
17:51:38 | CAM2 pPrin & & 3 R E & A7 Bk So do you want to move up or ah severe icing up
17:51:41 | CAM1 PPR& iSef Yeah move down
17:51:42 | CAM2 |& ™ "% Move down
17:51:43 | CAM1 |* ' % Move down yes

FEAPTRERRET 6T PIEe & 3R A& et But we may receive no transmission when we
17:51:44 | CAM2 | = FRATE G IR X 3B Y

move down up or down

17:51:47 | CAM1 | i i i€ A3 R-3d oo Down down down down down notify them quickly
17:51:48 | CAM2 |= #£& § i How low
17:51:49 | CAM1 |- 3~ Sixteen thousand

taipei control transasia seven niner one request
17:51:51 CM2 C .

descend maintain flight level one six zero

transasia seven niner one roger descend and maintain
17:51:55 ATC _ .

flight level one six zero
17:51:59 | CM2 |maintain flight level one six zero seven niner one
17:52:02 | CAM1 |f L5 Do you see that
17:52:08 | CAM1 |Bc& B7k1 It's severe icing up
17:52:10 | CAM2 [k 7F Captain
17:52:10 | CAM |(Sound similar to stick shaker)
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Makung

RadarlTe SOURCE CONTENT TRANSLATION
17:52:11 | CAM |(Sound of stall warning and stick shaker)
17:52:13 | CAM |(Sound of autopilot disengage)

17:52:14 | CAM |(Sound similar to stick shaker)

17:52:15 | CAM |(Sound of stall warning and stick shaker)
17:52:16 | CAM |(Sound of single chime)

17:52:17 | CAM |(Sound similar to stick shaker)

17:52:17 | CAM |(Sound of continuous repetitive chime)
17:52:18 | CAM |(Unidentified sound)

17:52:19 | CAM |(Sound of stall warning and stick shaker)
17:52:21 | CAM |(Sound of altitude alert)

17:52:21 | CAM |(Unidentified sound)

17:52:22 | CAM |(Sound of stall warning)

17:52:23 | CAM |(Sound of single chime)

17:52:23 | CAM |(Sound similar to stick shaker)

17:52:25 | CAM |(Sound of continuous repetitive chime)
17:52:25 | CAM2 | F 4= % Captain pull up
17:52:26 | CAM |(Sound of altitude alert)

17:52:28 | CAM |(Sound of single chime)

17:52:29 | CAM |(Sound similar to stick shaker)

17:52:29 | CAM |(Sound of overspeed warning)

17:52:30 | CAM |(Sound of stall warning)

17:52:31 | CAM |(Sound of overspend warning)
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RadarlTe SOURCE CONTENT TRANSLATION
17:52:31 | CAM |(Unidentified sound)
17:52:34 | CAM |(Unidentified sound)
17:52:40 | CAM |(Unidentified sound)
17:52:46 | CAM |(Unidentified sound)
17:52:51 (End of recording)
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Appendix 10  GE791 FDR Parameter List
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ATR-72, F800, 17M800-261 FDR Parameter List

FICHIER : ~/etal/a443a330

FICH. ETAL A/R SFIM FDAU P/N ED34A330 (CAPABLE

OMEGA/GPS)ATR42-400/500 NOTE REF:420.0049/96 EDS55

1|AC ELEC. BUS STATUS 1 0=0OFF
2|AC ELEC. BUS STATUS 2 0=0OFF
3|ADVISORY DISPLAY UNIT CAUTION ACTIVE
4|AILERON TRIM (>0 TAB DOWN LH AIL. UP)
5|AIRCRAFT CONFIG.(ENGINE TYPE & PROPELLER TYPE)
6|AIRCRAFT NUMBER (AIRLINE RANK)
7|AIR-FLOW CONTROL O=HIGH ON
8|AIRFRAME DE-ICING
9|ALL GEARS SQUAT SWITCH 1=ON GROUND

10|ALTITUDE ELAB. B12/26+29

11|ALTITUDE CAPTURE

12|ALTITUDE COARSE SCALE

13

ALTITUDE FINE SCALE

ANTI-ICE PROPELLER ENGINE.1 [optional equipment, no data source for this flight]

ANTI-ICE PROPELLER ENGINE.2 [optional equipment, no data source for this flight]

14

ASYMMETRICAL FLAPS 1=NORMAL

15

AUTO-PILOT ABNORMAL DISCONNECT

16

AUTO-PILOT STATUS

17

BACK-COURSE ARMED

18

BACK-COURSE CAPTURE

CALCULATED MACH NUMBER ####xrrsiriikiik

CALCULATED STATIC AIR TEMPERATURE ******

CALCULATED TRUE AIRSPEED ****¥*kkkkikkik

COPILOT CONTROL COLUMN EFFORT SENSITIVITY

19

CPTR DE CYCLE POUR SUPER-FRAME

20|DATE DAY TEN + UNIT

21|DATE MONTH TEN + UNIT

22|DATE YEAR TEN + UNIT

23|DC ELEC. BUS STATUS 1 0=0OFF
24|DC ELEC. BUS STATUS 2 0=0OFF
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25

DEGRADE (GPS)

26

DESIRED TRACK

27

DRIFT ANGLE provision (GPS)

28

ELEVATOR TRIM POSITION (>0 NOSE DOWN TAB UP)

29

EVENT MARKER PUSH BUTTON 1=EVENT

30

FDAU B.I.T.E

31

FLAPS POSITION

32

FLIGHT DATA ENTRY PANEL PIN-PROG 0=ACARS PRESENT

33

FLIGHT NUMBER ELAB.

34

FLIGHT NUMBER TEN + UNIT

35

FLIGHT NUMBER THOUS + HUND

FUEL QUANTITY 1 (no correct source data)

FUEL QUANTITY 2 (no correct source data)

FUEL QUANTITY TANK 1 ** OK IF ACARS INSTALLED

FUEL QUANTITY TANK 2 ** OK IF ACARS INSTALLED

36

G.PW.S STATUS 0=WARNING

37

GLIDESLOPE ARMED

38

GLIDESLOPE CAPTURE

39

GLIDESLOPE DEV.ILS.1 (>0 ABOVE BEAM)

40

GLIDESLOPE DEV.ILS.2 (>0 ABOVE BEAM)

41

GMT

GMT HR

GMT MIN

GMT SEC

42

GO-AROUND CAPTURE

43

GROUND SPEED provision (GPS)

44

HEADING CAPTURE

45

HEADING HOLD

46

HEADING SITUATION INDICATOR SELECTED STS

a7

HF 0=IN SEND MODE

48

HIGHT PRESS TUR. SPEED ENG.1

49

HIGHT PRESS TUR. SPEED ENG.2

50

HYD. AUX. LOW PRESSURE

51

HYD. BLUE LOW PRESSURE

52

HYD. GREEN LOW PRESSURE

ICE DETECTION STATUS [optional equipment, no data source for this flight]

ICING AOCA B105
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53

INDICATED AIRSPEED

54

INDICATED AIRSPEED CAPTURE

55

INNER MARKER 1=MARKER

56

INTER TURBINE TEMPERATURE ENG.1

57

INTER TURBINE TEMPERATURE ENG.2

58

LANDING GEAR SEL. POS. 1=GEAR SEL. DOWN

59

LAT. MODE ACTIVE CAP/TRACK

60

LATERALACCEL. >0=RIGHT SIDE SLIP

61

LATPOS

62

LATITUDE POS. ELAB LSB nouvelle definition

63

LATITUDE POS. ELAB MSB nouvelle definition

64

LEFT AILERON POSITION (>0 TURN RIGHT)

65|LEFT ELEVATOR POSITION (>0 NOSE DOWN)
66|LH HP AIR FLOW VALVE 0=VALVE OPEN
67|LH LOCAL ANGLE OF ATTACK >0=UP

68|LH PACK AIR FLOW VALVE 0=VALVE OPEN
69|LH SPOILER POS.

70|LOCALIZER ARMED

71|LOCALIZER CAPTURE

72|LOCALIZER DEV.ILS.1 (>0 LH OF BEAM)
73|LOCALIZER DEV.ILS.2 (>0 LH OF BEAM)
74|LONGI. MODE ACTIVE CAP/TRACK

75|LONGPOS

76|LONGITUDE POS. ELAB LSB nouvelle definition
77|LONGITUDE POS. ELAB MSB nouvelle definition
78|LONGITUDINAL ACCEL. <0O=ACCELERATION
79|LOW PITCH ENGINE 1 0=NORMAL TRACTION
80|LOW PITCH ENGINE 2 0=NORMAL TRACTION
81MAGNETIC HEADING

82|MAIN GEAR SQUAT SWITCH 1=ON GROUND
83|MASTER WARNING RED LINE 0=WARNING
84 MIDDLE MARKER 1=MARKER
85|MLS/ILS SELECT 1

86

MLS/ILS SELECT 2

87

MODE HOTEL TEN + UNIT OF MN

88

MODE HOTEL THOU + HUND OF MN

89

MULTIFONCTION COMPUTER 1-A STATUS
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90|MULTIFONCTION COMPUTER 1-B STATUS

91|MULTIFONCTION COMPUTER 2-A STATUS

92|MULTIFONCTION COMPUTER 2-B STATUS

93|NP1 PROPELLER SPEED ENG.1

94|NP2 PROPELLER SPEED ENG.2

95|0UTER MARKER 1=MARKER

PILOT CONTROL COLUMN EFFORT SENSITIVITY [no source data input]

96|PITCH ANGLE (>0 NOSE UP)

97|PLA POWER LEVER ANGLE ENG.1

98|PLA POWER LEVER ANGLE ENG.2

99|PROPELLER BRAKE CTL 0=BRAKE ENGAGED

100|RADIO-HEIGHT R/A.1

101|RH HP AIR FLOW VALVE 0=VALVE OPEN

102|RH LOCAL ANGLE OF ATTACK >0=UP

103|RH PACK AIR FLOW VALVE 0=VALVE OPEN

104|RH SPOILER POS.

RIGHT AILERON POSITION (<0 TURN RIGHT) [optional equipment, no data source for this
flight]

105|ROLL ATTITUDE (>0 RH WING DOWN)

106|RUDDER POSITION (>0 TURN LEFT)

107|RUDDER TRIM POSITION (>0 TAB ON THE RIGHT RUDD LEFT)

108|SECONDE BCD GMT ED55R1

109|SELECTED AIR DATA COMPUTER

110|SELECTED ALTITUDE

111|SELECTED BARO SETTING LSB

112|SELECTED COURSE

113|SELECTED DECISION HEIGHT

114|SELECTED HEADING

115|SELECTED INDICATED AIRSPEED

116|SELECTED VERTICAL SPEED V/S

117|SYNC1

118|SYNC2

119|SYNC3

120|SYNC4

121 TORQUE ENG.1

122|TORQUE ENG.2

123|TOTAL AIR TEMPERATURE

a7




124

TOUCH CONTROL STEERING ACTIVE

125

VERTICAL ACCEL. >0=UP

126

VERTICAL/SPEED CAPTURE

127

VHF.1 0=IN SEND MODE

128

VHF.2 0=IN SEND MODE

129

VHF.3 **IF ACARS INSTALLED** 0=IN SEND MODE

130

VOR ARMED

131

VOR CAPTURE

132

YAW DAMPER STATUS
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Appendix 11

Flight Data Diagram
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Note:
Time reference of this transcript is in Makung radar UTC time.

Local time=UTC time + 08:00:00
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The flight data of GE791 from 1653:15 to 17:52:50

(pressure altitude, 1AS, pitch, roll, AOA, icing condition, AP, Acceleration, total temperature )

ATR72-202, Trensasia Dec.21 2002, Penghu Island, Taiwan
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The flight data of the last one minute of GE791 (17:51:50~17:52:50)

(pressure altitude, IAS, pitch, roll, AOA, AP, master warning, elevator, eileron, rudde )
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The flight data of the last one minute of GE791 (17:51:50~17:52:50)

(pressure altitude, AP, master warning, three-dimensional accelerations )

ATR72-202, Transasia
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The calibrated flight data of the last 3 minutes of GE791 (17:49:50~17:52:50)

(pressure and Mode-C altitudes, IAS, pitch, roll, CCD and CWD deflections, AP, local and true AOAs, descent rate and vertical Acc)
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The calibrated flight data of last one minutes of GE791 (17:50:50~17:52:50)

(pressure and Mode-C altitudes, IAS, pitch, roll, CCD and CWD deflections, AP, local and true AOAs, descent rate and vertical Acc )

ATR72-202, Transasia Dec.21, 2002, Penghu island Talwan
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Appendix 12 Comments from L3 Communications for the
Data Lost of Track 1&2 of Model F800 DFDR
Tape (1)
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HFEE LGS LAY W LY UG Vs LE  GhL sk L
WEE: "michael" <michael @asc.gov.tw>

Bl 7: "Godbee, Gerald @ AR" <gerald.godbee @ar.1-3com.com>
B 20038E68198 T4 07:28

KrinfEsE:  Sbdfr028.pdf; Shdfr033.pdf

FE: RE: F800 FDR data loss problem

Hello |
Gerald Godbee is currently out of our facility on business so | will respond to your concerns.

First, please find attached the Service Bulletins that you have requested. Also, please note that if you register
on our publications download site ( www.L-3ar.com ), the service bulletins as well as all of our documentation
is available to you for downloading.

The Model F800 was designed with an endless loop tape system which is operated at .361 inches per
second. The tape path is critical in that it must be carefully adjusted in order to provide the user with the
maximum allowable operating life of the tape. Even with the tape path set up perfectly, the tape is treated
harshly in an endless loop environment. Since the tape is pulled from the center of the tape bundle across
the other layers of tape, there is some wear at the edges of the tape. The wear fractures off very small
particles of the oxide and graphite which is then dragged through the tape path. Some of these particles will
stick on the heads, normally at the edge tracks, track one and six. In order to get the maximum life from the
tape, every step in the tape path adjustment must be made to the letter of the Component Maintenance
Manual. If the pressure pad tension is too much or too little, the amount of particles sticking to the heads will
increase. If the heads are not aligned properly, the debris will be built up sooner and etc.

We have not manufactured the Model F800 since 1996 and now the tape for the recorder is nearly depleted.

It is only a short period of time left that we will be able to support the field with spare parts. We have been
suggesting to our customers that they think very seriously about upgrading their Model F800 to the new Model
FA2100FDR. Not only won't they have the problem you have seen, but they will save money by not having to
have the recorder overhauled every 8,000 hours. The FA2100FDR does not require an overhaul and is not
susceptible to vibration.

| hope this has answered your questions to your satisfaction, but if you should have any other questions or
concerns, please feel free to contact me or Gerald at any time.
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Appendix 13 Comments from L3 Communications for the
Data Lost of Track 1&2 of Model F800 DFDR
Tape (2)
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Aviation Remmders
SN0 E. Froitville Bosd, Samsot, FL 3232
Telephone 941-371-0511

Facsimile 941-377-5591 communications

FIELD SERVICE BULLETIN
DIGITAL FLIGHT RECORDER (DFR)

Exhaustion of Raw Material to Manufacture
Reel and Tape Assemblies p/n: 17A180

April 1, 2000: BULLETIN NO. F200 DFR FSB033

.  Planning Information

A, Effectivity
Aviation Recorders’ Digital Flight Recorder, Model FS00, all part numbers.

B. Reasons

In order to extend the life of the AT10WAT100A CVR, L-3 Communications has
had to use the tape raw material used for the FE0O0D DFRs.

C. Description

L—2 Communications has researched several different vendors to find a re-
placement tape for the A100/A1004A CVRs. The only raw material that meets
the minimum criteria to manufacture the CVR tape is the raw material used to
manufacture the FE00 DFR tape. Due to using this source, the tape supply
available to continue the manufacture of the FEOD DFR Reel and Tape Assem-
blies is being depleted. The projected date for the total depletion of the DFR
tape is July of 2002,

D. Approval

Mo approval required. This modification will not affect ARINC or TSO specifi-
cations.

E. Manpower

Mot Applicable

F. Material Cost and Availability
Parts available from:

L-3 Communications

Aviation Recorders

P.O. Box 3041

Sarasota, Fl. 34230-3041 USA

Telephone: (841) 2710811 {Aviation Sales)
Fax: (941) 3775591

31-30-01-33
Paga 1 of 2
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Appendix 14  The CSIST Materials Test Report
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Appendix 15

Wreckage List
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_ ) ) . Station | Section | Stringer
No. Date Time Latitude Longitude Zone Description ATA Len
From/To |From/To| From/To
001 | 21/12/02 0600 23.21 119.23 Floating Cargo Track 53 141/142 50
002 | 21/12/02 | 0840 23.25 119.26 Floating | V.STAB Skin PNL | 55 322/324 115
003 | 21/12/02 | 0840 23.25 119.26 Floating | V.STAB Skin PNL | 55 322/324 15C
004 | 21/12/02 | 0840 23.25 119.26 Floating | V.STAB Skin PNL | 55 322/324 83
005 | 21/12/02 | 0600 23.21 119.23 Floating | V.STAB Skin PNL | 55 322/324 66t
006 | 21/12/02 1100 23.23 119.22 Floating | V.STAB Skin PNL | 55 322/324 45
007 | 21/12/02 1100 23.23 119.22 Floating | V.STAB Skin PNL | 55 322/324 53
008 | 21/12/02 | 0810 23.25 119.26 Floating | V.STAB Skin PNL | 55 322/324 701
009 | 21/12/02 | 0600 23.21 119.23 Floating | V.STAB Skin PNL | 55 322/324 86t
010 | 21/12/02 | 0600 23.21 119.23 Floating | V.STAB Skin PNL | 55 322/324 251
011 | 21/12/02 1100 23.23 119.22 Floating | V.STAB Skin PNL | 55 322/324 39
012 | 21/12/02 1100 23.23 119.22 Floating | V.STAB Skin PNL | 55 322/324 744
013 | 21/12/02 | 0810 23.25 119.26 Floating RUD L/E 55 326 103
014 | 21/12/02 | 0600 23.21 119.23 Floating | RUD Skin PNL | 55 327 73
015 | 21/12/02 | 0600 23.21 119.23 Floating | RUD Skin PNL | 55 327 33
016 | 21/12/02 | 0800 23.25 119.24 Floating | RUD Skin PNL | 55 327 10¢€
017 Floating | RUD Skin PNL | 55 327 59
018 Floating | RUD Skin PNL | 55 327 37
019 Floating | RUD Skin PNL | 55 327 49
020 | 22/12/02 | 0930 23.23 119.30 Floating | RUD Skin PNL | 55 327 401
021 | 22/12/02 | 0930 23.23 119.30 Floating | RUD Skin PNL | 55 327 30
022 | 21/12/02 | 0810 23.25 119.26 Floating | RUD Trim Tab 55 328 691
023 | 21/12/02 0600 23.21 119.23 Floating | RUD Trim Tab 55 328 45
024 | 22/12/02 1545 Rt d o ks R Floating | RUD Trim Tab 55 328 701
025 0600 SPLR 57 543/643 49

21/12/02

23.21

119.23

Floating




034 | 21/12/02 1430 23.22 119.26 Floating | Tail Cone Skin 53 313/314 110
035 | 21/12/02 0800 23.25 119.27 Floating | Tail Cone Skin 53 313/314 87
036 | 21/12/02 1350 23.27 119.23 Floating | Tail Cone Skin 53 313/314 80
037 | 21/12/02 1258 23.27 119.24 Floating Fairing 53 191/195 40
038 | 21/12/02 0600 23.21 119.23 Floating Fairing 53 191/195 47
039 | 21/12/02 | 0810 23.25 119.26 Floating Fairing 53 293/294 62
040 | 21/12/02 | 0600 23.21 119.23 Floating Fairing 53 191/195 62
041 | 21/12/02 | 0600 23.21 119.23 Floating Fairing 53 191/195 30
042 | 21/12/02 | 0600 23.21 119.23 Floating Fairing 53 191/195 36
043 | 21/12/02 | 0800 23.25 119.24 Floating Fairing 53 191/195 41
044 | 21/12/02 | 0800 23.25 119.24 Floating Fairing 53 191/195 29
045 | 21/12/02 1100 23.23 119.22 Floating Fairing 53 191/195 68
046 | 21/12/02 1100 23.23 119.22 Floating Fairing 53 191/195 27
047 | 22/12/02 | 0930 23.23 119.30 Floating Fairing 53 191/195 53
048 | 21/12/02 | 0600 23.21 119.23 Floating Fairing 53 191/195 621
049 | 21/12/02 1245 23.28 119.24 Floating | Cargo Floor PNL | 25 141/142 32
050 | 21/12/02 0600 23.21 119.23 Floating | Cargo Floor PNL | 25 141/142 33
051 | 21/12/02 | 0600 23.21 119.23 Floating | Cargo Floor PNL | 25 141/142 28
052 | 21/12/02 | 0600 23.21 119.23 Floating | Cargo Floor PNL | 25 141/142 43
053 | 21/12/02 | 0600 23.21 119.23 Floating | Cargo Floor PNL | 25 141/142 20
054 | 21/12/02 | 0600 23.21 119.23 Floating | Cargo Floor PNL | 25 141/142 95,
055 | 21/12/02 | 0800 23.25 119.24 Floating | Cargo & Floor 25 141/142 21C
056 | 21/12/02 | 0800 23.25 119.24 Floating | Cargo Floor PNL | 25 141/142 42
057 | 21/12/02 0600 23.21 119.23 Floating | PAX Door Step 52 834 53
058 | 21/12/02 1330 23.27 119.24 Floating | PAX Door Step 52 834 53
059 | 21/12/02 1135 23.27 119.24 Floating ADF#1 ANT 34 253 45

060

21/12/02

1135

23.27

119.24

Floating

COM HF Coupler

23

264

314




069 | 21/12/02 0600 23.21 119.23 Floating | Flap Skin PNL 57 541/542 37
070 | 21/12/02 0600 23.21 119.23 Floating | Flap Skin PNL 57 541/542 27
071 | 21/12/02 0600 23.21 119.23 Floating Flap Skin PNL 57 541/542 42
072 | 21/12/02 1100 23.23 119.22 Floating Flap Skin PNL 57 541/542 44
073 | 21/12/02 1430 23.22 119.26 Floating Flap Skin PNL 57 541/542 43
074 | 22/12/02 | 0930 23.23 119.30 Floating | Flap Skin PNL 57 541/542 39
075 Floating | Flap Skin PNL 57 541/542 60
076 Floating | Flap Skin PNL 57 541/542 65
077 Floating | Flap Skin PNL 57 541/542 11C
078 Floating | Flap Skin PNL 57 541/542 63
079 Floating | Flap Skin PNL 57 541/542 74
080 | 21/12/02 | 0600 23.21 119.23 Floating | Wing T/E PNL 57 530/533 44
081 | 21/12/02 1100 23.23 119.22 Floating | Wing T/E PNL 57 530/533 45
082 | 21/12/02 1100 23.23 119.22 Floating | Wing T/E PNL 57 530/533 36
083 | 21/12/02 1100 23.23 119.22 Floating | Wing T/E PNL 57 530/533 44,
084 Floating | Wing T/E PNL 57 530/533 40
085 Floating | Wing T/E PNL 57 530/533 45
086 Floating | Wing T/E PNL 57 530/533 37
087 | 21/12/02 | 0600 23.21 119.23 Floating |[AFT UP ENG Cowl| 54 475/476 30
088 | 12/01/03 iggjg 23°28.760' | 119°26..296' DFDR S/N 3490| 31 FR46 30
89 | 13/01/03 F:1640 23°28.7569' |119°26..2954" CVR PN 31 FR46 35
T:1550 93A100
90 | 16/01/03 | 16:45 | 23°28.7593' |119°26.3004' FIRE WALL 70 475/485 10C
91 16/01/03 | 16:45 | 23°28.7593' | 119°26.3004' Propeller Blade | 61 412/422 13C
92 | 16/01/03 | 16:45 | 23°28.7593' |119°26.3004 Landing Gearand| 741 120

Fuselage Panel
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The second phase: Fish boat operation

_ _ ) . Station | Section | Stringer _ i Remark

No.| Date |Time|Latitude|Longitude| Zone Description ATA Length Width Height
From/To| From/To | From/To S

098 |18/02/03 SeaBed| Wing Skin PNL | 57 520/620 86cm 30cm 3cm 1£1 001
099 |18/02/03 Sea Bed| Wing Structure 57 500/600 55cm 5cm 4cm 1£1 002
100 | 18/02/03 Sea Bed Pipe 28 500/600 54cm 22cm 3cm 1€/ 003
101 [ 21/02/03 Sea Bed L/G 32 731/741 60cm 1l4cm 4cm 11 004
102 |21/02/03 Sea Bed| Wing Skin PNL | 57 520 167cm 41cm 3cm 1€/ 005
103 [ 21/02/03 SeaBed| Exhaust Pipe 71 479/489 65cm 34cm 24cm | j£1 006
104 [ 21/02/03 Sea Bed| Window Frame | 53 200 56cm 40cm 2cm 1£1 007
105 |21/02/03 Sea Bed V.STAB Skin 55 320 102cm 44cm 23cm 1€/ 008
106 | 22/02/03 Sea Bed Bleed Duct 36 FR23 110cm 54cm 2cm 1€1 009
107 |22/02/03 Sea Bed RUD L/E 55 320 54cm 34cm 13cm 1£1 010
108 | 22/02/03 Sea Bed | V.STAB Structure | 55 320 97cm 38cm 15cm 171011
109 | 22/02/03 Sea Bed A/C Skin 53 200 46cm 36cm 3cm #1012
110 | 22/02/03 Sea Bed A/C Skin 53 200 43cm 33cm 8cm #1013
111 | 22/02/03 Sea Bed A/C Skin 53 200 70cm 35cm lcm #1014
112 | 22/02/03 Sea Bed A/C Skin 53 200 85cm 50cm 10cm #1015
113 |23/02/03 Sea Bed A/C Skin 53 200 80cm 30cm 10cm #1016
114 | 23/02/03 Sea Bed A/C Skin 53 200 60cm 39cm 10cm 11 017
115 | 26/02/03 Sea Bed| Wing Skin PNL | 57 520 103cm 46cm 7cm 1£1 018
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116 | 26/02/03 Sea Bed| Wing Structure 57 540/640 110cm 33cm 6cm 1£1 019
117 |26/02/03 Sea Bed| Wing Structure 57 520/620 60cm 38cm 7cm 1£1 020
118 | 26/02/03 Sea Bed SVC Door 52 840 108cm 46cm 4cm 171 021
119 | 26/02/03 Sea Bed Wheel 32 731/741 39cm 29cm 14cm 1£1 022
120 | 26/02/03 SeaBed| A/C Structure 53 FR25 75cm 39cm 4cm 171 023
121 |26/02/03 Sea Bed MECH Rod 53 540/640 56cm 3cm 8cm 11 024
122 (26/02/03 SeaBed| A/C Structure 53 FR47 135cm 6cm lcm 1£1 025
123|26/02/03 Sea Bed A/C Skin 53 200 30cm 9cm 2cm 11 026
124 |26/02/03 Sea Bed | V.STAB Structure | 55 320 65cm 54cm 20cm | #1027
125|27/02/03 Sea Bed| ENG Tail Cowl 71 4771487 40cm 38cm 0.5cm | £ 028
126 |27/02/03 Sea Bed [No SMK Sign PNL| 25 FR39 40cm 34cm 0.5cm | 31029
127 |27/02/03 Sea Bed AIC Skin 53 200 37cm 17cm 0.3cm | £/ 030
128 (27/02/03 SeaBed| A/C Structure 53 FR38 88cm 29cm 0.3cm | £ 031
129 (27/02/03 SeaBed| A/C Structure 53 FR39 60cm 16cm 3cm 11 032
130 |27/02/03 Sea Bed| Wing Structure 57 620 166cm 75cm 4cm 11 033
131 |27/02/03 Sea Bed| Wing Structure 57 FR26 184cm 75cm 4cm 171 034
132 |27/02/03 Sea Bed| Wing Structure 57 540/640 84cm 34cm 4cm 11 035
133 (28/02/03 SeaBed| Cargo Track 53 141/142 48cm 9cm 3cm 161 036
134 | 28/02/03 Sea Bed| Wing Structure | 57 520/620 48cm 4cm lcm 161037
135|28/02/03 Sea Bed A/C Skin 53 FR40 200cm 94cm 16cm 1£1 038
136 | 28/02/03 Sea Bed| Wheel and BRK | 32 731/741 73cm 45cm 20cm 1£1 039
137 (28/02/03 SeaBed| A/C Structure 53 200 49cm 6cm 0.3cm | £/ 040
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138 |28/02/03 SeaBed| A/C Structure 53 200 75cm 9cm lcm 171041
139 |28/02/03 Sea Bed| Wing Structure 57 530/630 50cm 13cm 10cm 181042
140 | 28/02/03 Sea Bed Cargo Track 53 141/142 55cm 8cm 5cm 171043
141 |28/02/03 Sea Bed A/C Skin 53 200 34cm 10cm 0.2cm | | 044
142 |28/02/03 Sea Bed| Wing Structure 57 530/630 36cm 16cm 0.3cm | j£1 045
143|28/02/03 Sea Bed Fairing 57 550/650 25cm 18cm 6cm 11 046
144 |28/02/03 Sea Bed Fairing 53 191/195 56cm 22cm 0.3cm | J£1 047
145|28/02/03 Sea Bed A/C Skin 53 200 56cm 22cm 14cm 11 048
146 | 28/02/03 Sea Bed Cargo Liner 25 141/142 55cm 37cm 0.2cm | J£1 049
147 | 28/02/03 SeaBed| RCAU Cover 23 FR12 21cm 13cm 0.3cm | £ 050
148 | 28/02/03 SeaBed| A/C Structure 53 200 85cm 50cm 30cm | i#1 051
149 | 28/02/03 Sea Bed Cargo 120cm 9cm 4cm 1¢1 052
150 | 28/02/03 Sea Bed| Window Frame | 53 FR19 72cm 21cm 3cm 1£1 053
151 |28/02/03 Sea Bed| Wing Structure 57 530/630 79cm 40cm 0.4cm | j£/ 054
152 |28/02/03 SeaBed| A/C Structure 53 200 24cm 8cm 0.2cm | 1 055
153 (01/03/03 Sea Bed A/C Skin 53 FR40 158cm 151cm 73cm 1£1 056
154 01/03/03 Sea Bed HYD Pipe 29 78cm 0.5cm 0.5cm | j£1 057
155 (01/03/03 Sea Bed Bundle 24 101cm 0.3cm 0.3cm | #1058
156 | 01/03/03 Sea Bed A/C Skin 53 200 39cm 20cm 0.2cm | 1059
157 {01/03/03 SeaBed| A/C Structure 53 200 45cm 8cm 3cm 1£1 060
158 [01/03/03 SeaBed| Flap Structure | 57 550/650 52cm 43cm 8cm 161061
159 (01/03/03 SeaBed| A/C Structure 53 200 79cm 19cm 6cm 1£1 062
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160 | 01/03/03 SeaBed| A/C Structure | 53 FR24 98cm 42cm 13cm | J£1 063
161 {01/03/03 Sea Bed A/C Skin 53 200 36cm 30cm 17cm 11 064
162 |01/03/03 Sea Bed Tire 32 731/741 74cm 25¢cm 6cm | £ 065
163 {01/03/03 SeaBed| A/C Structure 53 200 98cm 1lcm 5cm 1£1 066
164 | 01/03/03 Sea Bed A/C Skin 53 200 55cm 28cm 12cm 11 067
165 [01/03/03 SeaBed| A/C Structure 53 FR25 142cm 72cm 8cm 1£1 068
166 {01/03/03 SeaBed| Flap Structure | 57 630 148cm 44cm 27cm | €1 069
167 |01/03/03 Sea Bed A/C Skin 53 FR21 59cm 46cm 0.3cm | £ 070
168 |01/03/03 Sea Bed A/C Skin 53 200 30cm 24cm 0.2cm | 1071
169 |01/03/03 Sea Bed A/C Skin 53 FR23 85cm 70cm 12cm 1£1 072
170|01/03/03 Sea Bed A/C Skin 53 FR42 82cm 6cm 14cm 1£1 073
171|01/03/03 Sea Bed| Wing Structure 57 520/620 150cm 5cm 4cm 1£1074
172 |01/03/03 SeaBed| A/C Structure 53 200 90cm 5cm 4cm 1£1 075
173 (01/03/03 SeaBed| A/C Structure 53 200 37cm 19cm 2cm #1076
174|01/03/03 Sea Bed Plate 53 FR41 74cm 7cm 0.2cm | 077
175|02/03/03 Sea Bed A/C Skin 53 200 28cm 19cm 0.2cm | £ 078
176 |02/03/03 Sea Bed A/C Skin 53 200 86cm 34cm 0.3cm | 1079
177102/03/03 Sea Bed Wing Skin 57 530/630 60cm 24cm 6cm 11 080
178 {02/03/03 SeaBed| A/C Structure 53 200 65cm 29cm 7cm 1¢1 081
179 (02/03/03 SeaBed| A/C Structure 53 200 64cm 15cm 5cm 1£1 082
180 [02/03/03 SeaBed| A/C Structure 53 200 87cm 46cm 8cm 1£1 083
181 {02/03/03 SeaBed| A/C Structure 53 FR46 97cm 71cm 29cm | ¥ 084
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182 |02/03/03 Sea Bed Plate 53 FR41 60cm 25¢cm 2cm | £ 085
183 |02/03/03 Sea Bed A/C Skin 53 FR43 100cm 40cm 9cm 11 086
184 {02/03/03 Sea Bed Plate 53 FR38 69cm 18cm 3cm 11 087
185|02/03/03 Sea Bed| Wing Structure 57 520/620 42cm 30cm 12cm 11 088
186 | 02/03/03 Sea Bed| Wing Structure 57 520/620 56cm 19cm 2cm 11 089
187 [02/03/03 SeaBed| A/C Structure 53 FR37 57cm 19cm 3cm 1£1 090
188 |02/03/03 Sea Bed A/C Skin 53 200 45cm 33cm 3cm 1£1 091
189 |02/03/03 Sea Bed A/C Skin 53 FR41 63cm 43cm 13cm 11 092
190 |02/03/03 Sea Bed A/C Skin 53 FR40 109cm 53cm 5cm 1£1 093
191 |02/03/03 Sea Bed| DE-ICEPRSW | 30 435/445 22cm 1llcm 3cm 11 094
192 |02/03/03 Sea Bed DE-ICE Boot 30 510/610 29cm 17cm 0.2cm | £ 095
193 |02/03/03 Sea Bed| Wing Structure 57 530/630 51cm 30cm 0.3cm | i€/ 096
194 102/03/03 SeaBed| A/C Structure 53 200 33cm 24cm 3cm 11 097
195|02/03/03 Sea Bed| Wing Structure 57 530/630 63cm 29cm 0.2cm | i€/ 098
196 |02/03/03 Sea Bed A/C Skin 53 200 45cm 30cm 0.2cm | J£1 099
Pilot Seat .
197 02/03/03 Sea Bed 25 FR8 34cm 18cm lcm 161 100
Structure
198 | 05/03/03 SeaBed| A/C Structure 53 FR45 205cm | 135cm 6cm 1¢1101
199 | 13/03/03 SeaBed| Flap Structure | 57 550/650 140cm 30cm 3cm 161102
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Appendix 16  "Penn State University" Diagram
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Appendix 17 "Lucas Aerospace" Diagram
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Theoretical liquid water content and ice accretion speed vs TAS (kt)

Liquid Water Content (g/m?)

0.0 1.0 2.0 3.0 4.0

Ice Accretion Speed (mm/minute)

TAS (ki)
—— 100

5.0
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Appendix 18  The Dispatcher’s statement provided by TNA
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Appendix 19 Information About Severe Icing
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Airplane Flight Manual
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>\ 72 GENERAL
AFM PARTICULAR EXPLANATIONS

1..02

PAGE: 1 | 001

DGAC
APPROVED |SEP 98

1.02. 01 - DEFINITION OF WORDING

Note : An operating procedure, technigue ete... considered

essential to emphasize

CAUTION : An operating procedure, technique etc... which may
: result in damage o equipment if not carefully followed

WARNING : An operating procedure, technique etc... which may
resuit in injury or loss of life if not carefully followed.

1.02. 02— UNIT CONVERSION

Weight 1 kg=2.2046 Ib
Length — Allitude
Distance -+ 1 m=3.2808 ft

1 m=239.3701in
Prassure 1 HPa = 0.0145 psi
Temperature 1°C=( 1°F-32)x 565

89

11b=0.4536 kg
1ft=0.3048m
1in=0.0254m

1 psi=69 HPa
1°F=1"Cx 1.8+ 32




PAGE: 1] 001

. LIMITATIONS 2-08
A

ICING CONDITIONS
FM W?’gg\{féﬁ MAY &9

1 -

« Atmospherie icing conditions exist when
~ QAT onlhe ground andfor take—off is at or below 5°C orwhen TAT in
flight is at or below 7°C,
— and visible moisture in any form is present (such as clouds, fog wilh
visibility of less than one miile, rain, snow, sleet and ice crystals}.

= Ground lcing conditions exist when
— OAT on the ground is at or below 57C,
— and surface snow, slanding water or slush is present on the ramps
taxiways and runways.

Take—off is prohibited when frost, snow or iee Is adhering to the wings,
control surfaces or propellers.

- Operation in atmospheric icing conditions |

R NP setting below 86 % is prohibited.

All icing detection lights must be operative prior to fiight at night .

NQTE ;This supsrsedes any relief provided by the Master Minimum
Equipment List {(MMEL).

The ice deteclor must be operative.

Refer 10 3.04.01 for associated procedures and 6.06.02 for

performance dala.

il - Operation in ground icing conditions

Referto 3.04.01 for associated procedures and o FCOM part 3andto

AFM seclion 7.03 for advisory information on contaminated runways

penaities.

-An/-‘-

90



Wi LIMITATIONS 2-06

PAGE: 2| 001
AFM ICING CONDITIONS
: Af’?’gg\?ﬁb MAY 99

5 3m s

- Severe icing :
VARNING :
Severea icing may result from environmental conditions oulside of those for
which the aliplane is centificated. Flight in freszing rain, freezing drizzie, or
mixed icing conditions {(supercocied liquid water andice crystals) may resuit
in ive bulld-up on protected surfaces exceeding the capability of the ice
protection system, or may result in ice forming aft of the protected surlaces.
This ice may not be shed using the ice proteclion systems, and may
sericusly degrade the periormance and controliability of the altplane.

- During flight, severe icing conditions that exceed those for which the
airplane is cerificated shall be determined by the following :

Y
a substantial part of the unheated portion of either forward side window,
possibly associated with water splashing and streaming on the windshield.

and / or

; Une_xpec{eﬁ deciease §peeﬁ oF fate of Chmb.

and/ or

The following secondary indications :

. Unusually extensive ice accreted on the airframe in areas not normally
observed to collect ice.

. Accumufation of ice on the lower swrface of the wing aft of the protected
area.

. Accumulation of ice on the propeller spinner farther aft than normally
obseived.

if one of these phenomena is observed, immediately request priority
handling from Air Traffic Control to facililate a route or an altitude change 1o
exit the icing conditions, Apply procedure specified in the Emergency
Procedures chapter,

- Since the autopilot ray mask tactile cues thatindicate adverse changesin
handiing characteristics, uss of the autopilot is prohibited when the severe
icing defined above exists, or when unusual lateral trim requirements or
autopilot irim wamings are encountered while the airplane is in icing
conditions.

s -
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3-04
) NORMAL PROCEDURES
AL PAGE: 1 | 001
AFM

FLIGHT CONDITIONS
arPROVED | SEP 00

3.04, 01— [CING CONDITIONS

¢ DEFINITION
Refer to 2 .06 .01

Procedure for operation in atmospheric icing conditions :

» As soon as and as long as atmpstheric icing conditions exist, the
following procedures must be applied :

ANTI-ICING (propellers, horns, side—windows) ................ ON
PROPMODESEL .......ccccoviiiiiiinainnn. According to SAT
NP i e set = 86 %
Minimum maneuver/operating

icingspeed . ... BUGGED AND OBSERVED
ICEACCRETION . ...cviiiiiniiereisnrraaniranannanss MONITOR

NOTE : horns anti icing setection triggers the illumination of the "ICING
AQA” green light, and lowers the AOA stall wamning threshoid.

« At first visual indication of ice accretion and as long as atmospheric icing
. conditions exist, the following procedure must be applied :

—ENG START rotary selector . ................... CONT RELIGHT
— ANTI ICING (propellers, homs, side windows) ...... CONFIRM ON
—DEICINGENG 1+2 ....ciiiiiiiiiiiiiiiainenisninness ON
—AIRFRAMEDEICING ................c.cccicivieen......ON
~ Eng and airframe MODE SEL ............. ACCORDING TO SAT
— Minimum maneuver/operating

icing speed ...... Tevernns CONFIRM BUGGED AND OBSERVED

NOTE : Be alert to severe icing detection.
In case of severe icing refer to Emergency Procedures 4.05.05.

* When leaving icing conditions, CONT RELIGHT, DE ICING and ANTI
ICING may be switched OFF.

¢ When the aircraft is visually verified clear of ice, ICING AOA caption may
be cancelled and normal speeds may be used.

NOTE :Experience has shown that the last part to clear is the ice
evidence probe. As leng as this condition is not reached the icing
speeds must be observed and the ICING AOA caption must not
be cancelled.
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I

4 - G

DETECTION

Visual cus identified with severe icing is characterized by ice covering alt or
a substantial part of the unheated portion of either forward side window,
possibly associated with water splashing and streaming on the windshield.

and/or

{ Unexpected decrease in speed or rate of climb. |
and / or

The following secondary indications :
. Unusually extensive ice accreted on the airframe in areas nol normally
observed o collect ice.
. Accumulation of ice on the lower surface of the wing aft of the protected
area.
+ .. Accumulation of ice on the propefler spinner farther aft than normally
observed.

The following weather conditions may be conduive to severe in flight icing :
. Visible rain at temperaturss close to 0 degreas Celsius ambient air
temperature, ’

. Droplets that splash or splatter on impact at temparatures cloge 1o
0 degrees Celsius amblent air temperature

EXIT THE SEVERE ICING ENVIRONMENT | :

This procedure is applicable to all flight phases from initial climb to landing.
Monilor the ambient air temperature. While severe icing may form at
temperatures as cold as —18 degrees Celsius, increased vigilance is
warranted at temperatures around freezing with visible moisture present,

M !f severe icing, as determined above, is encountered :

—-Immediately increase and bug the minimum maneuver/operating icing
speeds by 10 kt. increase power up to MAX CONT, if needed.

—~Request priority handling from Air Traffic Control to facilitate a route or an
altitude change to exitthe severe icing conditions in order to avoid extended
exposure to fiight conditions more severe than those for which the airplane
has been certilicated.

~Avoid abrupt and excessive maneuvering that may exacerbate control
difficuities.
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—

- Do not engage the autopilot.
= if the autopliot Is engaged, hold the control wheel firmly and

disengage the autopilot.

If the flaps are extended, do not retract them untii the airframe is
clear of ice.

If an unusual roll response or uncommanded rol! control movement
is observed maintain the roll ¢controls at the desired position and
reduce the angle of attack by :

- Pushing on the whee! as needed,

- Extending flaps to 15,

~ Increasing power, up to MAX CONT i needed.
if the aircraft is not clear of ice :

- Maintain flaps 15 for approach and landing, with “reduced flaps
APP/LDG icing speed”+ 5 kt.

- Muitiply {anding distance fiaps 30 by 1.91

- Report these weather conditions to Air Traffic Controi

Eng: PW124
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Flight Crew Operating Manual

: ‘ P1 001
ANIR7T2 :

; é ) PROCEDURES AND TECHNIQUES 2.02.08

FC.OM. ADVERSE WEATHER JULgs

This chapter is divised in three parts :

-

-

R -

Ieing,
Cold weather operations,
QOperztions in wind conditions.

ICING

|

>

GENERAL
fcing conditions are defined as follows :

Atmospheric icing conditions

Atmgspheric icing conditions exist when OAT on ground and for take-off is at o3
below 5°C or when TAT in flight is at or below 7°C and visible moisture in the ait

in ahy form-is present (such as ctouds, tog with visibility of one mlle or less, rain,
snow sleet and ice crystals).

Ground icing conditions

Ground icing conditions exist when the QAT is at or below 5°C when operating on

ramps, taxiways and runways where surface snow, standing wate: or siush is
present.

Regulatory requirements

Certification requirements defined in JARJFAR 25 appendix C consider dropiet sizes
up to 50 microns in diameter. No aircraft is cemf ed for flight in conditions with
droplets larger than this diameter. .

However, dedicated flight tests have linked unique ice accretion patterns [

conditions of dropiet sizes up to 400 microns. Procedures have been defined in
case of inadvertent encounter of severe icing.

Organization of this subchapter

ft will address the following areas :
e QOperations within the certified envelope.

e Information about severs icing beyond the certified env elope
® Good operating practices. _
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A

Il — OPERATIONS WITHIN THE CERTIFIED ICING ENVELOPE

PREAMBLE

icing condifions should never be assessed with complacency. Athough the aircraft is
adeguately protected for most of the encountered cases, any severe icing exposure
should be mintmized by a comrect evaluation and proper avoiding actions.

A) GENERAL

Operations in atmospheric icing conditions require SPECIAL ATTENTION since ice

accretion on airframe and propeliers SIGNIFICANTLY modifies their aerodynaric
charactenstics.

The primarily considerations are as foliows :

a — Even small quantities of ice accretions, which may be difficult to detect
visually, may be sufficient to affect the aerodynamic efficiency of an airfoil.
For this reason, ALL ANTI ICING PROCEDURES and SPEED LIMITATIONS
WMUST BE COMPLIED WITH as soon as and 2s long as ICING CONDITIONS are
met and even before ice aceretion actually takes place.

b — Main effects of ice accretion on airfoils are :

« Maximurn achievable LIFT is reduced.
e For a given angle of attack, LESS LIFT and MORE DRAG are generated.
in order to maintain a SAFE MARGIN AGAINST STALL, which will occur at
3 higher speed when ice accretion spoils the airfoil :
— the stall waming threshold must be reset to a lower value of angle of
attack, .
— the stick pusher activation threshold is lowered accordingly.

These lowered thresholds are effective when switching homs anti icing ON and
iluminating the ICING ADA green caption.

THE LOWER ADA OF STALL WARNING THRESHOLD AND THE LOWER
STICK PUSHER ACTIVATION THRESHOLD DEFINED FOR iCING REMAIN
ACTIVE AS LONG AS THE « ICING ADA » CAPTION IS ILLUMINATED.

— Accordingly, the minimum maneuver / operating speeds defined for normal [no
icing) conditions (see FCOM 2.02.01) MUST BE INCREASED.
These new minimum speeds are called « MINIMUNM [CING SPEEDS ». They are
defined further in paragraph B.
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It - SEVERE ICING

A} GENERAL

Severe icing may result from environmental conditions outside of those for which
the airplane is certificated. Flight in freszing rain, freezing drizzle or mixed icing
conditions {supercocled liquid water and ice crystals) may result in ice build-up
on protected suifaces exceeding the capability of the ice protection system, or
may result in ice forming aft of the protected surfaces. All the ice not shed by
using the ice protection systems may serously degrade the performance and

" controllability of the auplane.
B) CONDITIONS OF FORMATION

The sirplane is certificated for a range of droplet diameter, 3 range of icing
temperature and a range of water content in the icing cloud.

if one or more of these main parameters is exceeded, the flight is performed
outside the certification frame.

Three phenomena may lead to surpass the ice protection capabilities :

1} Mechanical phenomenon : droplet diameter
The droplet diameter'may be up to 3 to 30 times greater than the upper limit
of the certification envelope in freezing drizzleffreezing rain conditions. The
inertia of droplets is such that the ice may cover all the frontal surface of airfcil
exposed to the cloud, outside of the protected areas.
Depending on the angle of attack of the airfoil, a ridge may form mainly on the
upper side of the airfoil (e.g. flaps 15) or a granular pattem may accrete on the
lower surface of the airfoil up to 50 % of the chord {e.g. fiaps 0},
Freezing rain and freezing drizzle conditions are found typically at low altitudes
with a static air temperature around —4°C {3000 ft) and associated with
temperature inversion.
However, freezing drizzle conditions may be found at higher altitudes {up to
15000 ft) with a static air temperature down to — 18°C. They may be the
consequence of the turbulence effect which leads 1o a coalescence process of
smaill droplets into large droplets. It may be encountered on top of stratiform
clouds.

2} Thermal phenomenor : skin temperature and/or liquid water content
When the flight in icing conditions is such that the total air temperature is
above 0°C with a static air temperature close to 0°C, droplets cannot freeze on
the irading edye because the skin temperature is positive, they roli along the
chard till they encounter a surface at a negative temperature. The leading edge
is free of ice but & ridge or rivelets may be formed aft of the protected areas.
The rivelets are oriented in the airstrearmn direction. They accrete on the lower
and upper surfaces.

This phenomenon may occur also with colder temperatures but when a large
amount of water is present in the cloud. The structure of the leading edge is
not cold encugh to freeze the whole water amount and the remaining droplets

freeze with delay behind protected parts.
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3} Mixed icing condition

Mixed icing condilion may be encouniered in the range of temperatures
-10°C/0°C. It is basically an unstable condition, it is extremely temperature
dependent and it may change guite rapidly. This condition may surpass the ice
protection capabililies because the aggregate of impinging ice crystalisnow
and water droplet can adhere rapidly to the airframe surpassing the system
capabilities to shed ice, causing significant reduction in airplane performance
as in case of system failure.

C) CONSEQUENCES OF SEVERE ICE ACCRETION
The consequences of severe ice accretions are ice location dependent.
if the poliution extension occurs on the lower surface of the wing, it increases the
drag and the airplane speed decreases. it may lead to stall if no action is taken to
recover a cotrect speed.
If the potlution occurs first on the upper part of the wing, the drag is not affected
noticeably but controllability anomalies may be encountered.
Severe roll anomalies may be encountered with "flaps 157 accretions flown with
fiaps O setting. it shouid be emphasized that it is not the flaps 15 configuration itseif
that is detrimental, but the low angle of aftack that may result from such a setting,
especially close 1o VFE. This low or negative ACA increases the wing upper side
exposure to large droplet impingement. This is why holding with any fiaps extended
is prohibited in icing conditions (except for single engine operations).
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D) DETECTION

- During ftight, severe icing conditions that exceed those for which the airplane

is centificated shall be defermined by the following :

Severe icing is characterized by ice covering all o7 & substantial part of the
unheated portion of eBher forward side window, possibly associated with
waler splashing and streaming on the windshield,

Note : This cue is visibie after a very short exposure (about 30 seconds).

and/or

At right, this patter is put forward by the pilot’s reading lights oriented
towards the side window.

Unexpected decrease in speed or rate of climb

and {or

The foltowing secondary indications :
. Unusually extensive ics acereted on the aiftame in areas not normally

abserved to collect ice.
. Agcumulation of ice on the lower surface of the wing aft of the protected areas.
. Accumulation of ice on the propelier spinner farther ait than normally observed.

- The foliowing weather sondilions may be conducive 1o severe in-tlight icing .
. Visible rain at temperatures close 1o 0°C ambient air temperature (SAT).

. Droplatsihatsplashor splatleron impact at temperature cfose to %G ambignt

it temperature [SATL

= The ocgurence of rain when SAT is below freezing temperature shauld always
frigger the aleriness of the crew.

Thete are ng requiatory requirements to certily an airerali beyond JARIFAR 25
Appendix C. However, in case of inadvertent encounier with such conditions

EXIT THE SEVERE ICING ENVIRONMENT

“severe icing” procedure musl be applied (refer to 2.04.05).
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IV - GOOD OPERATING PRACTICES

Aircraft certification requirements describe the icing conditions likely to be encountered
in commercial aviation, However, as demonstrated by experiencs, icing remains one of
the major causes of incidents and accidents, and good airmanship prohibit any
complacency in this area.
The following basic rules should therefore be applied :
P Know as much about your operating environment as you can.
Carefully review weather packages for Pilof reports of icing conditions, tops reports,
temperatures aloft forecasts and forecasts of icing, freezing drizzle and freezing rain.
Monitor both Total Air Temperature and Static Air Temperature during ciimb and
while en route, Use the weather radar. Areas of precipitation which will paint on the
radar will be of sufficient droplet size to produce freezing rain when encountered in
freezing temperatures or on a cold soaked airoratl.
p Marginalfreezing temperalures and icing conditions should create a heightened siate
of awareness, Remember, severe ice can still be incurred al temperatures down to
.. approximately — 18° C, athigh altitude.
R P Be alert to severe icing cues defined pages 12/13.
R p When severe icing is encountered, take appropriate steps to leave the conditions.

Qinpa thaos uniaue saonditian i i i
Since these unique conditions are usually small in area and associated with very

specific temperatures conditions, a change in altitude of just a couple thousand
feet may place you in a totally different environment.
p Make reports to ATC and Company.
There is no better operational tool available today than first hand reports of these
conditions. Remember that because these are localized areas and extremely temperature
dependent, another aircraft passing through the same area at a different airspeed
may experience different conditions. For example, a laberatory test showed for a
specific, yet normal condition, rime ice up to about 150 ki, mixed ice as speed was
- increased to aboul 200 ki, glaze ice between 200 and 380 ki, and no accretion above
360 kt. .
Note : Reporting of icing conditions as defined in the FAA's Airman’s information
Manual (AIM):
Trace : Ice becomes perceptible. Rate of accumulation is slightly greater
than the rate of sublimation., It is not hazardous even though
de~icing/anti-icing equipment is not utilized unless encountered for an
extended period of time {over 1 hour).
Light : Tha rale of accumulation may creale a problem if flight is prolonged
in this environment (over 1 hour). Occasional use of de-icing/anti-icing
equipment removes/prevents accumulation. It does not present a problem if
the de~icing/anti-icing equipement is used.
Moderate : The rate of accumulation is such that even short encounters
become potentially hazardous and use of de-icing/anti~icing equipment or
flight diversion is necessary.
Severe : The rate of accumuiation is such that de-icing/anti~icing equipment
fails to reduce or control the hazard. lmmediate flight diversion is necessary.
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The emergency procedures have been established for application in the event of a
serigus failure. They are applied according to the « READ AND 00 » principle except for
mamory items.

PRESENTATION

The procedures are presented in the basic checklist format with an adjacent expanded
part which provides :

- indication of the particular failure {alert condition)

— explanation for actions where the reason is not self evident

- additional background information.

a I
The abbreviation used are identical to the nomenclatwe on the cockpit panels.
All actions are printed in capital letters.

Memory items are | goxen | for identification.

if actions depend on 2 _preccnditiﬂ_n, a preceding black squara [l is used to identify the

precondition.

A preceding black dot » is used to indicate the moment when actions have to be
applied.

#

TASK SHARING

For all procedures the general task sharing stated below is applicable.
The pilot fiying remains pilot flying throughout the emergency procedure.

PF - Pilot fying Responsible for
. AL
. Hight path and airspeed control
. Aircraft configuration
. Navigation

PNF — Pilot non fiying Responsible for
. Check list reading
. Exgeution of required actions
. Agtions on OVHD panel
. GL
. . Corvamgnications

The AFCS is always caupled to the PF side {CPL selection).

e
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SEVERE ICING

This procedure is applicable to all flight phases from initial climb to landing.

Monitor the ambient air temperature (SAT).

While severe icing may form at temperatures as cold as - 18°C, increased vigilance is
warranted at temperatures around freezing with visible moisture present.

DETECTION

Visual cue ideniified. with severe icing is characlerized by ice coveding all o7 a

substantial part of the unhealed portion of either forward side window, possibly
associaled with water splashing and streaming on the windshield,
and/ or

Unexpected decrease in speed of rate of climb
anc/or

The following secondary indications :

: Un';:sually extensive ice accreted on the airframe in areas not normally observed to
collect ice.

. Accumulation-of ice on the lower surface of the wing aft of the protecied areas.

. Accumulation of ice on the propalier spinner farther aft than normally observed.

- The lollowing weather condilions may be conducive 1o severe in-flight icing :
. Visible raip at temperatures close 1o §°C ambient ait temperalure LSAU,
Musmimbn dhrad mmbmmdy sy nmlmbiar am iranant nd fasmmnradira sadana tn G memimmi als
N um;}ww HIGL SLHQDH W QMIALHTE W HIOW a1 ITHIEFTIGURT VIVOT IV W W gl an
lemperalure (SAT).
PROCEDURE

- SEVEREICING -

® if severe icing a3 determined above is encountered accomplish the following

- immediately increase and bug the minimum maneuvetjaperating icing speeds by
10 kt. increase power, up to MAX CONT if needed

~ Request priority handling from Air Traffic Control to facilitate a route o an altitude
change to exit the severe icing conditions.

- Avoid .abrupt and excessive maneuvering thal may exacerbate control
difficulties. ]

- Do not engage the autopilot.

i }ha_latutopllol is engaged, hold the control wheel fimly and disengage the
autopilot,

w H the flaps are extended, do not refract them until the airframs is clear of ice.

= If an unusual voll response or uncommanded roll control movement Is observed,
maintain the rolt controls at the desied position and reduce the angle of aitack by :
- Pushing on the wheel as needed,
- Extending flaps to 15,
- Increasing power, up 1o MAX CONT # needed.

n if the aircraft Is not clear of ice ©
- Maintain féaﬁs 15, for approach and landing, with “reduced flaps APP/LDG icing

+ 5 kt.

eed
- ﬁ)u}tiply landing distance flaps 30 by 1.91
- Report these weather conditions lo Air Traflic Control,

Eng: PW124
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é! s EMERGENCY PROCEDURES 2.04.05

P {0 i
NR72
FCOM. MISCELLANEQUS JUL 99
COMMENTS

- Since the autopilot may mask taclile cues that indicate adverse changes in handling

R characleristics, use of the autopilot is prohibited when the severe icing defined above

exists, or when unusual lateral trim requirements or autopilot trim warnings are
encountered while the airplane is in icing conditions.

- Due 1o the limited volume of almosphere where icing conditions usually exists, itis
possible to exil those conditions either :

. by climbing 2000 or 3000 ft, or

. if terrain clearance allows, by descending inte a layer of air temperature above
freezing, or

. by changing course based on information provided by ATC.
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Quick Reference Hand Book

NORMAL PROCEDURES] 3.05

JULO1 | 001

AR 72

ENTERING ICING CONDITIONS

ANTHCING (PROP-HORNS - SIDEWINDOWS) . ...iaiiiviirvinaisancsans ON
PROPMODE SEL ... .iiiiiviiiiiiii i ciaiaiiainaas, According to SAT
M o0 oenonaennonaoaGRnnonoon00NeEn0AnGB0CNNONEENAnRI0NanaDO0 AR Set 2 86%
MINIMUM Maneuver/Operating ICING SPEEDS ......., BUGGED and OBSERVED
ICE ACCRETION ... i iiiiiirnerscccanaeiancrrsnsaceccnscnanns MONITOR

AT FIRST VISUAL INDICATION OF ICE
ACCRETION AND
AS LONG AS ICING CONDITIONS EXIST

ENG START rotary selector ......coooiiriiiiniiirncneiannnns CONT RELIGHT
ANTI ICING (PROP —HORNS —SIDEWINDOWS) .. .....coocinnae Confirm ON
DEICINGENG 142 .iiciiiiiaiienierasrcnenaaassiantsinesearaeianses ON
AIRFRAME DE ICING L. .vvivriaiurenievcarnnanenatsianisntuasniosnasaes ON
ENG and AIRFRAMEMODE SEL ...........00000eee-eezeens According to SAT
| MINIMUM Maneuver/Qperating ICING SPEEDS ........ BUGGED and OBSERVED/

BE ALERT TO SEVERE ICING DETECTION
In case of severe icing, refer to 1.09

= If significant vibrations occur ‘
R o] 1= N MAX RPM for not lass than 5 minutes

WHEN LEAVING ICING CONDITIONS

CONT RELIGHT, DE ICING and ANTI ICING may be swiiched OFF

WHEN THE AIRCRAFT IS VISUALLY
VERIFIED CLEAR OF ICE

ICNG AQA Caption may be cancelled and NORMAL SPEEDS may be used

&

104




R——"

—

AR 72 EMERGENCY 1.09

Eng : PW124 [ 1 uL oo | oo

SEVERE ICING

This procedure is applicable to all flight phases from initial climb to landing.
Manitor the ambient air temperature (SAT).

While severe icing may form at temperatures as cold as —18°C, increased
vigilance is warranted at temperatures around freezing with visible moisture
present.

DETECTION

Visual cue identified with severe icing is characterized by ice covering all or a
substantial part of the unheated portion of either side window, possibly
associated with water splashing and streaming on the windshield.

and/ or

Unexpected decrease in speed or rate of climb.

and/or

The following secondary indications :

.Unusually extensive ice accreted on the airframe in areas not normailly
observed to collect ice.

.Accumulation of ice on the lower surface of the wing aft of the protected
areas. :

.Accumulation of ice on the propeller spinner farther aft than normally
observed.

The following weather conditions may be conducive to severe in-flight icing :

.Visible rain at temperatures close to 0°C ambient air temperature (SAT).

.Droplets that splash or splatter on impact at temperature close to 0°C
ambient air temperature (SAT).

PROCEDURE

W i severe icing as determined above is encountered, accomplish the
following :

~Immediately increase and bug the minimum maneuver/operating icing
speeds by 10 kt. Increase power up to MAX CONT if needed.

—Request priority handling from Air Traffic Control to facilitate a route or
an altitude change fo exit the severe icing conditions.

—Avoid abrupt and excessive maneuvering that may exacerbate control
difficulties.

-Do not engage the autopilot.

B If the autopilot is engaged, hold the control wheel firmly and dis-
engage the autopilol.

M If the flaps are extended, do not retract them until the airframe is
clear of ice.

B If an unusual roll response or uncommanded rolf control move-

ment is observed, maintain the roll controls at the desired posi-
tion and reduce the angle of attack by :

—Pushing on the wheel as needed,

—Extending flaps to 15,

—Increasing power, up to MAX CONT if needed.

W If the aircraft is not clear of ice :

—Maintain flaps 15 for approach and landing with “reduced flaps APP/
LDG icing speed” + 5 kt.

—Multiply landing distance flaps 30 by 1.91

—Report these weather conditions to Air Traffic Control.
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Appendix 20 ATR 72-200 : TRANSASIA AIRWAYS MSN 322 -
Accident Analysis
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1._Purpose:

Note DO/TF-2524/03

Du 02/06/2003

The purpose of this note is to analyze the flight GE 791 dated December 21st 2002 of the ATR 72-
200, MSN 322 operated by TRANSASIA Airways. The aircraft was performing a cargo fiight
between Taipei and Macao when, in cruise and in recognized icing condition, significant speed
decay was experienced. Finally, the aircraft crashed into the sea near PENG HU islands.

This note addresses performance issues and in particular aircraft speed behavior up to autopilot

disconnection by analyzing and comparing data from:

- Flight GE 791 DFDR read out

- Flight GE 791 CVR transcription

- Simulations

The aircraft behavior from few seconds before autopilot disconnection up to the loss of control by the

crew is matter of different note.

2. Factual analysis:

a) General

Aircraft

Type

Serial number
Registration
Airline

Airline flight number

Airport:
From: Taipee
To: Macao

Take off Conditions
Weight
Previous trip fuel

CG

ATR 72-202

MSN 322
B-22708
Transasia airways

GE 791

21219 Kg
1556 Kg
28%
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b}

Note DO/TF-2524/03
Du 02/06/2003

DFDR observations:

c)

During take-off, acceleration and climb flight phases there is no agreement between Makung
radar time and DFDR GMT time. Consequently in those phases the DFDR events will be

described without time indication.
The DFDR Sheets presented in annex show no abnormal events until the flight level (180}
selected by the crew is reached. The crew performed ciimb with autopiiot engaged in IAS
mode (160 Kt) and climb power (Np:86%, PLA in the notch).
Note: Above the level 110 the static temperature crossed under 0° and before reaching the
level 180 the vertical load factor activities shows moderate turbulence, indicating clouds

encounter.

DFDR read out:

Flight level 180 ( Capture):

» 17h 24mn 57s (see Figure 1)
Altitude capture is activated and IAS mode is deactivated
Altitude 17948Ft, IAS 159 Kt, TS -12°

Flight level 180 ( acceleration):

» 17h 24mn57s to 17h 32mn 38s(see Figure 1)

After the capture of the selected altitude (18000Ft) the aircraft accelerated to 202 Kt which
is the target speed of the aircraft, according to QRH Manual at ISA + 10 and an estimate

weight of 20800 Kg.

The following table gives QRH information at Level 180 and ISA + 10

QRH Information. Weight 20000Kg | Weight 21000Kg
RPM (%) 86 86
Torque (%) 73,2 73
1AS target (Kt) 204 202
Minimum icing speed (kt) 164 168
Page 4/6
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1AS (K1) - Heading - Flight Level

Note DO/TF-2524/03

Du 02/06/2003

Note: At this time there is no ice accretion appreciable effect on the speed. The vertical
load factor activities show that the aircraft encountered moderate turbulence, indicating

clouds presence.

¢ Flight level 180: Speed decay (see figure 1)

Figure: 1

260

AUTOPILOT ON

severe icing

speed 176kt

1 P17 T P

SREE-

. e ] ==
——iefuienef FLIGHT LEVEL [t

[y |y

R e SR

150

17:43:00 17:47:00 17:51:00

Minimim normai

17h 32mn 38s to 17h 35mn 05s

The aircraft decelerated to 194Kt (-8kt) due to ice accrstion (see vertical load
factor activities). This deceleration has been stopped by the crew intervention to

17h 35mn 05s to 17h 38mn 08s

The aircraft increased speed up to 200Kt. The expected nominal speed was not
completely recovered because the airframe de-icing system was selected off.

Pages5/6
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Note DO/TF-2524/03
Du 02/06/2003

» 17h 38mn 08s to 17h 48mn 24s

With airframe de-icing system OFF the aircraft decelerated again to 192Kt. The
crew reactivated the airframe only when the load factor activities appeared (17h
41mn 36s) but the speed continued to decrease up to 186Kt. After that the aircraft
did not increase speed above 190Kt until an heading change initiated by the crew
(17h 48mn 24s)

> 17h 48mn 24s to 17h 52mn 11s

Remind: with an aircraft weight estimated at 20600Kg, the minimum icing speeds

are:
- rormal icing 166K,
- severeicing 176 Ki.

At the beginning of this time sequence the crew performed an heading change
using high bank and increased the angle of attack (from 1° to 2.4) and
consequently the drag. This drag increase caused a further speed reduction and:

- At 17h 50mn 20s the severe icing speed was reached.
- At 17h 51mn 20s the normal icing speed was reached

- At 17h 51mn 55s the mode altitude hold was deselected and the mode
vertical speed was activated. The aircraft speed was 159Ktat that time.

- At 17h 52mn 10.5s the auto pilot disconnected

- At 17h 52mn 11s the lowest speed reached was 157Kt

d)} CVR transcription:
¢ Audio alarms: (See figure 2)

Few seconds before the selection by the crew of the de-icing system (Airframe ON) the
CVR recorded three single chimes, which appear to be the signal of ice detector.

Page6/6
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Note DO/TF-2524/03
Du 02/06/2003

» Crew’s conversation: (See figure 2)

Note: Only the crew’s conversation concerning icing events is reported on figure 2 and
figure 3

The CVR transcription confirms that a single chime is the signal of ice detector because
the first officer says just after the first single chime " Oh it's icing up". After both chime
signals, crew action selected airframe de-icing system ON

Figure: 2
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Note DO/TF-2524/03
Du 02/06/2003

The following table gives in addition of the limited crew’s conversation reported on the figure 3 the

total CVR information concerning the icing events.

f UTC Time Crew Translation

17:50:28 Captain Wow it's a huge chunk

17:50:30 First officer | What ice

17:50:54 Captain The speed is getting lower it was one hundred two hundred, one

hundred and ninety now one hundred seventy

17:50:54 Captain Is it possible our pilot-static tube going to get blocked, get stuck

17:561:17 First officer | Ah what

17:51:17 Captain Is pilot-static tube going to be

17:51:19 Captain Going to get blocked, then autopilotwould trip

17:51:24 Captain Must fly using conventional strument flight

17:51:24 First officer | Go higher

17:51:29 Captain Go lower, no use going higher

17:51:34 First officer | As long as no more moisture, because we have moisture now

17:51:34 First officer | So do you want to move up or ah severe icing up

17:51:40 Captain Yeah move down

17:51:41 First officer | Move down

17:51:42 Captain Move down yes

17:51:43 First officer | But we may receive no transmission when we move down, up or
down
17:51:46 Captain * | Down down down down down, notify them quickly

17:51:47 First officer | How long

17:51:48 Captain Sixteen thousand

17:52:01 Captain Do you see that

17:52:07 Captain It's severely iced up

17:52:09 First officer | Sir

Page8/6
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Note DO/TF-2524/03
Du 02/06/2003

The CVR analysis shows that:

- The crew visually recognized the ice building up phenomenon and the loss of speed but
they did not establish a relationship between the ice effects on aircraft performances and

the speed decay.

The captain recognized later the severe icing conditions calling for a decrease of altitude.
The first officer did not understood that the aircraft have to go lower in altitude.

- The crew never mentioned "lcing speed maintain” prescription.

Simulation analysis:

The aim of simulation is to reproduce DFDR parameters in order to pfovide adequate elements for a

better understanding of the speed decay during cruise.

« Performances analysis:

The performance analysis is obtained through a comparison between actual DFDR
parameters and simulation results computed with the clean aerodynamic model.

» 17h 23mn 09s to 17h 24mn 59s
Clean modei (See chart 1)

This chart shows that during the end of climb the aircraft is not nominal in terms of
performances. The rate of climb given by the model is about 625ft/mnn compared

to 425ft/mn in flight.
Clean mode! + Drag due-to ice (See chart 2)

The chart 2 gives the delta Drag (DELTA CX) added to the clean model to match
the rate of climb of the flight. The maximum delta drag obtained is abotit 100 drag

counts.

Page9/8
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Note DO/TF-2524/03
Du 02/06/2003

17h 25mn 15s to 17h 31mn 45s
Clean model {See chart 3)

During the aircraft acceleration to level flight 180 the chart 3 shows a loss of speed
in flight (about 10kt)

Clean model + Drag due to ice (See chart 4)

This chart gives the deita drag necessary to match correctly the recorded flight

speed.

Note: For the next flight periods simulations, except the last one, only charts with

delta drag are provided;

17h 32mn 55s to 17h 33mn 55s

Clean model + Drag due 1o ice (See chart 5)
17h 37mn 25s to 17h 38mn 25s

Clean model + Drag due to ice (See chart 6)
17h 38mn 34s to 17h 39mn 34s

Clean model + Drag due to ice (See chart 7)
17h 41mn 04s to 17h 42mn 04s

Clean model + Drag due to ice (See chart 8)
17h 42mn 19s to0 17h 43mn 19s

Clean modet + Drag due to ice (See chart 9)
17h 44mn 83s to 17h 45mn 43s

Clean model + Drag due to ice (See chart 10)
17h 45mn 38s to 17h 46mn 38s

Clean model + Drag duse to ice (See chart 11)

17h 47mn 23s to 17h 48mn 23s

Page 10/6

116



Note DO/TF-2524/03
Du 02/06/2003

Clean mode! + Drag due to ice (See chart 12)
17h 48mn 03s to 17h 48mn 53s
Clean model + Drag due to ice (See charts 13 and14)

Those charts show that during the heading change the aircraft behavior is normal

despite the important increasing on drag.

17h 48mn 03s to 17h 48mn 53s

Clean modei + Drag due to ice (See chart 15)
Clean model + Drag + lift due to ice (See chart 16)

A loss of lift (DELTA CZ) has been added on the clean model to correctly match

the angle of attack.

¢ The figure 4 gives versus time the delta drag and lift due to ice accretion.

The figure 4 shows that the aircraft staid exposed to icing conditions during 29mn.
During the first 25 minutes the drag increased slowly (within 100 counts) inducing a
speed diminishing about 10Kts. After that, the drag increased quickly and the
speed dropped to 158 Kts in 4 minutes.

Figure: 4
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Note DO/TF-2524/03
Du 02/06/2003

This Figure 5 shows the drag and lift computed during the 30mn before autopilot
disconnection compared to the drag and lift obtained in aircraft certification with and without

normal icing.

Flgure: 5
Performances comparison

- _1cleanAICk—

Flrrm
SRR

LIFT

AOA (Bady reference)

Between points 1 and 2 the aircraft 322 has the lift gradient corresponding to an aircraft
polluted with ice shapes due to boots not operating (as per certification requirements
Appendix C ). At the same time the drag increase is more important (about the double) for the
MSN 322. This difference is a sign that the aircraft faced a severe icing exposure whose
effects were even bigger than ice shapes corresponding to inoperative boots.

At the point 2, at about 4.5° of angle of attack, the severe ice produces a flow separation on
the wing, which induces a loss of lift and a further drag increase.

At the point 3, at about 5.5° of angle of attack and few seconds before the auto-pilot
disconnection, the loss of lift and the drag increase indicate that the aircraft is approaching

stall conditions with wings polluted by severe ice.
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118



Note DO/TF-2524/03
Du 02/06/2003

The DFDR and CVR analyses supported by simulation show that the MSN 322 encountered
severe icing conditions, ice accretion resuited in an increase of drag with subsequent speed
decay. The crew, which observed the ice building up and the loss of speed, established iate a
relationship between the ice effects on aircraft performances and the speed decay.
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1) Parameters:
Z
vC
DM
TRIM
ALFA
TETA
NZ1
DELTACZ
DELTA CX
DN
DLD
PSI
NY

PHI

2) Simuiations:

ANNEX 1 : SIMULATIONS

Pressure altitude (ft)
IAS (Kt)

Left elevator (°)

Pitch trim (°)

Angle of attack - body reference (°)
Pitch attitude (°)
vertical load factor (g)
Delta Lift

Delta Drag

Rudder (°)

Right aileron (°)
Heading (°)

Lateral load factor (g)

Bank angle(®)

Charts 1 to 15
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Note DO/TF-2524/03
Du 02/06/2003
ANNEX 2 : DFDR

DFDR parameters

Figure 1 and 2
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Note DO/TF-2524/03
Du 02/06/2003
ANNEX 2 : DFDR

DFDR parameters

Figure 1 and 2
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Note DO/TF-2524/03

Du 02/06/2003
LISTE DE DIFFUSION
ETRE . ATR 72-200 : TRANSASIA AIRWAYS MSN 322 ~ EMETTEUR :DO/TF
(LG B REFERENCE  :DO/TF-2524/03
SERVICE SROTTON NOM-PRENOM B.P. ngi dge LIAE Annexe
Diderot M0199/6 original | original | original
DOY/T C. ORSI (ATR)
CEO/ § E. D’ANTELLO (ATR) X
DS/T D. VALAX (ATR) X
‘DO/TV E. DELESALLE (ATR) X
DO/'TF G. PETIT (2) (ATR) %
DO/TA G. CALDARELLI (ATR) X
DO/TC/T D. CAILHOL (ATR) X
DO/TC/N Y. OTTOGALI (ATR) X

Diffusion Externe
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Appendix 21 ATR 72 Full Flight Simulator Test Report.
SUBJECT: Report of Simulation Session with
ASC and BEA
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SUBJECT : Report of simulation session with Taiwan ASC
and BEA.

1.

Introduction.

A Full Flight Simulator session has been organized by ATR in aid of
Taiwan ASC and French BEA, in order to help the investigation on
MSN 322 accident.

This session took place on 28™ of March 2003 in ATC FFS nb2, with
the following persons:

Left pilot: ATR Representative #1
Right pilot: ASC Representative #1
Engineer: ATR Representative #2
Observers:

ASC Representative #2

BEA Representative #1

Simulator Engineer: ATR Representative #3

At the end of the session, the records of the runs were given to ASC
representatives.

2.

Tests performed.

Four different scenarios were demonstrated from the same initial
conditions, close to those of MSN322 accident :

Weight : 20,5 t

CG:28%

Altitude : FL 180

Indicated airspeed : 200 Kt
Severe icing conditions

Power setting : Np 86%, max cruise TQ
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For each scenario, the pilot first let the aircraft follow its natural
behavior before initiating any maneuver :

Stick-shaker and AP disconnection

Roll motion until ~45° of bank angle

Scenario 1 : Pilot off the loop

This run intended to demonstrate the natural behavior of the aircraft
without any action of the pilot.

As expected, the rolling motions are increasing, and so does the
negative pitch angle.

Scenario 2 : Recovery attempt with roll control only

MSN 322 DFDR data showed that the stick was kept around pitch
neutral position, except during a very short instant at the activation of
the stick pusher, and the pilot only made roll inputs trying to bring back
the wings level.

So for this scenario, the pilot flew the simulator reproducing the same
flying techniques, applying only roll inputs and keeping the stick in
pitch neutral position.

The result is that the aircraft is maintained in stall conditions : by
fighting on the roll axis, the bank angle may be kept in reasonable

margins, but there are still erratic roll motions, and the full control is
never regained.

Scenario 3 : Recovery by pushing the stick.

This recovery technigue is the most natural one : the loss of control is
due to a high angle of attack (AOA), and pushing the stick immediately
decreases the AOA and allows the speed to increase.

Two demonstrations were made and showed the efficiency of this
technique.

ASC and BEA representatives performed themselves this type of
maneuver.

Scenario 4 : Recovery by flaps extension.

The extension of flaps 15° is another procedure recommended by
ATR : as soon as the flaps begin to extend, the AOA immediately
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decreases for the same stick position and speed.

Two demonstrations showed that the recovery is immediate, with the
advantage that the loss of altitude is minimized compared with the
preceding technique.
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3. Conclusion.

This simulator session allowed to demonstrate the main following

points:
€ Severe icing conditions induce speed decay;
€ If the pilot does not observe the minimum speed recommended by
the procedure, a stall may occur, with unwanted roll motions;
€ The stalling conditions are maintained if the pilot only counteracts
the roll motions, keeping the stick around the neutral position;
€ The control of the aircraft is immediately regained when applying

either of the recovery techniques recommended by ATR.
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Appendix 22 Simulation Analysis Performed by ATR in 2004
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Subject: Simulation analysis

July, 2004

The simulation study reproduced the FDR parameters and provides
adequate elements for a better understanding of the roll excursion
and the loss of control of the aircratt.
The figures from 1 to 4 show that the simultaneous application of
AFM procedure in the same accident flight conditions leads to the
recovery of the correct flight attitude.

The figure 1 shows the elevator pitch down command and the
effect on the pitch angle. The angle of attach is reduced and the
recovery is easily attained.

The figure 2 shows the aileron command and the effect on the bank.
The actions on the aileron combined with the angle of attach
reduction obtained with elevator push down leads to complete
recovery.

The figure 3 shows the effect of flap extension on the recovery. The
effect on the pitch angle is immediate.

The figure 4 shows the aileron command combined with flap
maneuver and the effect on the bank.

The actions on the aileron combined with the angle of attach
reduction generated by flap extension leads to complete recovery.

Conclusions:

Both flight recorders analyze show that the after second activation
of airframe de-icing system, the aircraft engaged the autopilot and
continued in icing environment about 11 minutes. The Loss of
control of the GE791 has been initiated by an asymmetrical lift
between right and left wing due to a long exposure to severe icing
conditions. This asymmetrical lift induced a consequential left roll
when the autopilot disconnected. Large rudder input during the roll
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induced a further increase of angle of attack, which produced stick
pusher activation. This was immediately counteracted keeping high
the angles of attach in conflicting to what required by the recovery
procedure which was never been applied.

The aircraft after a first left roll followed by a right roll, continued to
roll left, increasing the speed and diving until the crash into the sea.

The Safety Council, after analysis of FDR and CVR data, believes
that the GE791 probably encountered a severe icing condition,
which was worse than icing certification requirements of FAR/JAR
25 Appendix C.

In fact the continued flight in such conditions caused a drag
increase of 500 counts which is 130% greater than the expected
drag for this aircraft model in cruise and 100% more the normal ice
condition. Both lift-drag ratio and airspeed decayed rapidly and
caused the mishap from which the aircraft did not recover for lack of
application of the recovery procedure.
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Appendix 23 Performance and Stability Analysis of Flight
GE791 Accident

171



Report to
Aviation Safety Council
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J. L. Constant Distinguished Professor
Department of Aerospace Engineering
The University of Kansas
Lawrence, Kansas 66045

March 22, 2004

Revised on August 12, 2004
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Abstract

Data from the Digital Flight Data Recorder of an ATR-72 involved in a mishap in
Flight GE 791 are analyzed over the last 283 seconds. All stability and control derivatives
are predicted to be either small in magnitude, or basically unstable. As a result, the roll
excursion that precedes the accident is interpreted being caused by wing rock mechanism,
that is unstable roll damping. The latter is caused by wing flow separation. Based on the
concept of data correlation, it is also shown that it is possible to predict approximately
when significant icing may start.

Introduction

The Transasia Aiways Flight GE-791 mishap occurred on December 21, 2002 in
icing condition. The icing condition was confirmed by the visual contact of co-pilot (ref.
1). This report is to focus on the aerodynamic analysis based on the available data
recorded on the Flight Data Recorder (FDR).

Since the aircraft involved in the accident was an ATR 72-200 turboprop, it is of
interest to examine and compare the scenario of accidents involving aircraft of a similar
type. A particular one was the American Eagle Flight 4184 that crashed on Oct. 31, 1994
at Roselawn, IN in freezing drizzle (refs. 2 and 3) (to be called the “Roselawn” case).
There were several more icing accidents; but they involved either ATR 42 or other
aircraft (ref. 3). After extensive investigation, the U. S. National Transportation Safety
Board (NTSB) attributed the Roselawn accident to roll excursion after autopilot
disengage. Because it happened at a relatively low angle of attack (=6 deg.), roll
excursion was determined to be caused by “aileron hinge moment reversal”, not by wing
stall. That is, wing flow separation due to ice would induce a suction force on the
unpowered aileron to force it to deflect in a different manner than on a clean wing. It was
possible to demonstrate the concept in the wind tunnel only with an arbitrary “triangular”
ice shape. At any rate, whether “aileron hinge moment reversal” is possible for GE 791
will be examined.

In addition, the NTSB revealed several important facts involving ATR-72 in
certification and design. These are summarized in the following.

(1) In certification flights, the conditions with double horn ices were the main focus,
because they were the most critical ice shapes.

(2) In certification flight testing in freezing drizzle, only performance degradation
was noticed. No detrimental handling qualities were experienced.

(3) Effects of freezing drizzles or rains were not well documented.

(4) FAA regulations did not refer to any handling qualities problems in icing
conditions.

(5) ATR’s warnings to pilots included (a) disengaging autopilot, (2) increasing speed,
(3) no “excessive” maneuvering, and (4) exiting freezing rain conditions as soon
as possible.

(6) In simulator training, an abrupt asymmetrical stall with roll upset was instituted.
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Preparation of GE 791 Flight Data

The present study will emphasize the flying and handling quality issues. Although
thrust will not affect these issues too much, and it cannot be estimated accurately anyway;,
for completeness it is estimated in the following manner. The maximum available power
from each engine is taken to be 2400 HP. Therefore, total power available is

Power = (average percent torque in FDR)*max. power*2*550, ft-Ib/sec.
Thrust = power*0.85/V
That is, the propeller efficiency is assumed to be 0.85.

The aileron deflection angle is given by the left aileron position reading:d;, jert. A
positive deflection of aileron would produce a positive rolling moment and a bank angle
to the right.

The geometric data are taken as:

W =1453201bs  S=656.6 ft, meanchord=7.4ft.  span=88.75 ft.
Iy = 213800 slug-ft?, I, = 220120 slug-ft*, I, = 423050 slug-ft*
Thrust line at 2.2 ft. above C.G. (measured from a 3-D view)

The moments of inertia are all estimated by using statistical data.

Most of the plots are from t =2550 sec. in the present notation, which is equivalent to
UTC time = 17:48:05.

Results and Discussions
Normal Climbing Flight

To demonstrate the model estimation of aerodynamics in normal flight, the data in
climbing flight are first used to set up the aerodynamic models for the normal force (Cy),
pitching moment coefficient (Cy,), rolling moment coefficient (C;) and yawing moment
coefficient (C). The objectives are to determine Cyq, Cme, and some lateral-directional
dynamic derivatives. It should be noted that to estimate these derivatives, flight
conditions exhibited in the flight data must be specified. For the longitudinal
aerodynamics, the estimated Cy and C,,, are compared with data in Figurel with good
agreement. For the longitudinal derivatives, the following conditions are chosen:

M=0.33, V=350 ft/sec, o. = 4.0 deg., k = 0. (static), ds (trim elevator position) =
-0.3 deg., 6. = 0.3 deg.
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The angle of attack is varied over Ao = 0.5 degree. The results are presented in Figure 2.
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Figure 1. Longitudinal aerodynamics in climbing flight

At o = 4 degrees, Cnq = 3.644 per radian, and Cp,o, = -0.1455 per radian. For the
lateral-directional aerodynamics, only a slow banking motion was present during the
period of 84 — 210 seconds. Since parameters are identifiable only if the related motions
are excited, only the flight data in the aforementioned time period plus some records
before and after this period are used in modeling. To extract the dynamic derivatives, the
following oscillatory flight conditions are specified:

k=0.01, M =0.24, V=260. ft/sec., 5, = 2.7 deg. (rolling), = 2.4 deg. (yawing), &; = 0. a0 =
6 deg.

The roll deflection is chosen to coincide with the maximum aileron deflection to recover
from the bank; while the aileron deflection for yawing derivatives is that at maximum
yaw rate. To obtain yaw derivatives, a yawing motion of 0.5 degree in amplitude is
specified. The results are presented in Figure 3a and b. To obtain the roll damping
derivative, a roll amplitude of 16 degrees is specified. This is because k (the reduced
frequency) is small, so that a large amplitude is needed to generate enough roll rate. The
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results are presented in Figure 3c. Based on these results, we can determine that at y = 0,

nr = -0.258 and Cpg = 0.197 per radian; and at ¢ = 0., C, = -0.334. These
lateral-directional derivatives are comparable to those given in reference 4 for a different
turboprop transport (Cng = 0.155 per radian, Cy, = -0.25, Cj, = -0.52 at o = 0 deg.), except
the present roll damping is much lower.
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Figure 2 Static longitudinal aerodynamics. M =0.33, &, (trim elevator position) =
- 0.3 deg., d¢ = 0.3 deg.
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Accident Flight

The aircraft attitudes and trajectory in the last 283 seconds are re-created in figure
4. As can be seen, the accident scenario started in rolling motion. This will be verified
further with engineering plots. Therefore, only three (3) aerodynamic models for the
normal force, pitching moment and rolling moment coefficients will be generated.
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Figure 4 Schematic of GE 791 during the last 288 seconds

The variation along the flight trajectory for these three coefficients are presented in
figure 5. It is seen that the model-predicted results match data very well. In fact, all
correlation coefficients exceed 0.999. The yawing moment coefficient model is not
established, because the yaw rate and sideslip angle were not significant. And if a specific
flight variable is not excited in a motion, flying quality parameter corresponding to that
variable cannot be identified or calculated.
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Figure 5 Comparison of predicted aerodynamic coefficients with data along the trajectory
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Actually, data of the last 533 seconds are employed in the fuzzy logic modeling
technique. In this time period, it was certain that icing on the aircraft would be significant
throughout. If the analysis covers a larger time period, an observable flight variable
would be needed to distinguish icing level and non-icing conditions. Currently, there is
no such variable available in the FDR. Time histories of some primary flight variables are

shown in figure 6.
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Figure 6 Variation of flight variables of GE 791 along the trajectory
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It is seen that large roll rates started at about o = 6 deg. (fig. 6a), and the aileron was
active (fig. 6b). In figure 6¢, it is shown that roll rate is the primary angular rate affecting
the motion. In figure 7, the normal force coefficient slope with o before roll excursion is
estimated to be about 2.2 per radian. Since the effectiveness of both the elevator and
stabilizer before the roll excursion appeared to be small (fig. 7b and fig. 8b), tail icing

might have started before wing ice accretion.
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Figure 7 Calculated derivatives for the normal force coefficient along the trajectory
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Figure 8 Calculated derivatives for the pitching moment coefficient along the trajectory
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The speed decrease at a rate of 0.28 ft./sec per second means that wing ice has increased
the aerodynamic drag slightly. In figure 8a, it is seen that longitudinally it was almost
neutrally stable (i.e. small negative Cy,,). But the stabilizer angle, although small, moved
toward the negative side slowly to produce the nose-up pitching moment probably to
counteract the nose-down pitching moment due to ice. Of course, reduced effectiveness
of the stabilizer also means it required adjustment continuously.

The main interest in the present case is in the behavior of rolling moment. Figure
9a shows that the dihedral effect is unstable (Cis>0) and the roll damping is also slightly
unstable (Cy, >0, see fig. 9b).
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Figure 9 Calculated derivatives for the rolling moment coefficient along the trajectory
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And the roll control effectiveness is negative (C,s <0) before roll excursion. According
to the conventional sign, if the roll control is effective, Cs should be positive. Before the
scale in figure 6a for Cy, is too small, it is re-plotted in figure 7b to show that it is
positive.
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Figure 10 Enlarged plotting of rolling characteristics along the trajectory
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In figure 10a with the roll angle and aileron deflection superposed, it is seen that
initially the aileron deflection is opposite that of the bank angle before the autopilot
disengage. This plot (fig. 10a) is further enlarged in figure 10c. Furthermore, during the
roll excursion, there was a divergent roll oscillation. In the first 10 seconds, the rolling
motion looks like a wing rock that is a limit-cycle oscillation. But because of increasing
angle of attack and the dihedral effect being unstable, the rolling motion became
divergent.

For a wing rock to occur, the necessary condition is that the roll damping must be
unstable (i.e. C, >0. But to develop and maintained a limit-cycle oscillation, the dihedral
effect must be stable (ref. 5). To examine these conditions from another viewpoint,
response in rolling moment to a roll oscillation is calculated by using the established
rolling moment aerodynamic model. The conditions of the roll oscillation are specified to
be:

Amplitude =40 deg., k=0.03, M=0.4, V = 400 ft./sec.
o = 6 deg., & =0.

The results are extracted from the aerodynamic model and presented in figures 11a with 3
effect and 11b without B effect.

G
.
o
o
=

¢, deg.

Figure 11a Response in rolling moment with 3 effect to a rolling oscillation input at
k=0.03, M = 0.4, V=400 ft./sec., o. = 6 deg.

0.015

¢, deg.
Figure 11b Response in rolling moment without 3 effect
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The [ effect is present when rolling about the body axis at an angle of attack is performed.
On the other hand, if the rolling is about the stability axis, no  would be generated.
Figure 6a indicates that 3 is small; but not zero. Both figures show interesting hysteretic
characteristics. It is well known that if hysteretic loop is clockwise, the oscillatory roll
damping derivative (Cip)osc IS positive, implying dynamic instability. On the other hand, a
counterclockwise hysteretic loop implies a negative (Cip)osc , and hence, dynamic stability.
Figure 11a shows that left roll is unstable, so that the aircraft will roll to the left under any
disturbance, not necessarily due to aileron deflection. Besides, the aileron has lost its
effectiveness already (fig. 9b). As the left roll angle became large, Cs changed its sign to
negative (stable), and the aircraft would roll back. Note that all rolling moment
derivatives are primarily contributed from the wing. If wing rock was the cause, it would
not be possible to control the aircraft and recover from the disaster, not only because of
the issue of control effectiveness, but also a human pilot just can not provide timely roll
control input for stability augmentation. To damp wing rock, the only way is to generate
artificial damping moment (ref. 6).

Based on these results, we can now compare the roll excursion scenario between
the Roselawn case (fig. 12) and GE 791.:

Roselawn case GE 791
No roll oscillation roll oscillation

In descent and holding in cruise
pattern

No stall warning sounded  stall warning sounded
Propeller RPM=77% Propeller RPM=86%

Speed decreased faster speed decrease was slight and
eventually it was increased fast

autopilot disengaged autopilot disengaged
o, = 6 deg. o, = 6 deg.

Note that roll oscillation was also present in the Antonov AN-12 icing accident on
January 31, 1971, as mentioned in ref. 3.
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Figure 12 Roll characteristics of an ATR-72 in Roselawn, IN accident

Finally, we will examine the possibility of early ice detection. One proposed scheme
of ice detection was based on change in short period mode. However, to detect the short
period motion, the aircraft must be intentionally disturbed, by a doublet input for example.
This would be too risky. In the case of GE 791, although the first visual contact of icing
was established at UTC 17:32:35 (the present time = 1620), significant icing might have
developed much earlier. To check if it is possible to determine more accurately possible
starting time for “significant” icing built-up, we will use the concept of data correlation.
Data between 1450 to 1550 seconds (the present time) in the normal force coefficient are
employed to set up the aerodynamic model. The results are plotted in figure 13. It is seen
that the correlation is poor because of large errors at some data points. After the model
stops changing, those data points with large errors are removed and model training is
continued. The process continued until the correlation coefficient reached a high value
(>0.95). Based on this process, the following results are obtained:

(1) Initial R = 0.918

(2) After points at 1487, 1490, 1498 are removed, R? = 0.935.

(3) After additional points at 1484, 1542 and 1544 are removed, R* = 0.9479.
(4) After additional points at 1489 and 1481 are removed, R? = 0.972.

It appears that change in stabilizer angle could represent another scheme of ice detection.
But the change may be too small to avoid false alarm.
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Figure 13 Normal force and pitching moment coefficients for GE 791 in the period of ice
built-up
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Figure 13. Concluded

Based on these results, it may be concluded that significant icing occurred after 1480
(UTC 17:30:15) and it can be detected by using data correlation.

Concluding Remarks

Based on the FDR data, aerodynamic models for the normal force, pitching moment
and rolling moment coefficients were set up with a fuzzy logic algorithm. By calculating
the stability and control derivatives from the established aerodynamic models, it could be
concluded that:

(1) All stability and control derivatives became unstable before roll excursion;
(2) Flight departure occurred only at a high enough angle of attack, such as 6 degrees;
(3) The mode of departure was divergent wing rock.

Finally, based on data correlation concept, it was shown that it could be possible to
detect the occurrence of significant icing.
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Appendix 24 Comments on the Report to ASC on
Performance and Stability Analysis of Flight
GE791 Accident
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on the Report to ASC
On

Performance and Stability Analysis of Flight GE791 Accident

ATR Flight Physics Director
and

EADS Flight mechanic Expert
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Introduction:
The aim of this note is to produce relevant comments on the report” Performance and stability
Analysis of flight GE 791 Accident”, in particular during the 4mn before autopilot
disconnection.
Comments:
Page 2: Because it happened at a relatively low angle of attack (=6 deg)
It is worth to specify that the following relation between true AOA and Vane AOA is:
True AOA = Vane AOA*0.6262 + 0.98
-The Roselawn accident occurs at Vc= 187Kt and AOA (Right vane+ Left vane)/2 =
5.5°) True AOA=4.4°
- The GE 791 Accident occurs (beginning of roll departure) Vc= 158Kt and AOA
(Right vane+ Left vane)/2 = 8°
True AOA=6°

Page 3: Power = (average percent Torque in FDR) * max.power*2*550,ft-1b/sec
This approximate formula must take into account the RPM of the propeller Aircraft.
- Power = (average percent Torque in FDR) *(average percent RPM in FDR) *

max.power*2*550,ft-1b/sec

Page:3 The aileron deflection angle is given by the left aileron position reading : o ert. A
positive deflection of aileron would produce a positive rolling moment and a bank angle to the
right.
Unfortunately the left aileron data is recorded with a wrong sign. The proof is given on Chart
14 of performance analysis.
In this case, either we consider that it is the right aileron(da ight):
- A positive deflection of aileron would produce a negative rolling moment and a bank
angle to the left.
Or, we consider that it is the left aileron (8,ert) and it is necessary to change the sign of the
left aileron recorded:
- A positive deflection of aileron would produce a positive rolling moment and a

bank angle to the right.
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Page 4 In figure 4, the normal force coefficient slope with o before roll excursion is estimated

to be about 2.2 per radian.

Figure: 1- AC 322 LONGITUDINAL STABILITY

Lift

True AOA (?

The figure 1 shows that between 17h 47mn 57s to 17h 50mn 51s the lift coefficient is

4.7"%! and not 2.2 ",

Page 4: Since the effectiveness of both elevator and stabilizer angle before the roll excursion
appeared to be small (fig 4b and 5b), tail icing might have stuttered before wing ice accretion.
Remember: All ATR and in particular ATR 72 200 is fitted with a fixed Tail plane and the
longitudinal stability of the aircraft is realised by the elevator. As the ATR 72 200 has all
controls unpowered, a little surface called "trim tab™ reduces and cancels the pilots or auto
pilot stick forces.
The sign of these surfaces are:

- Elevator deflection : Positive value gives pitch down (trailing edge down)

- Elevator trim deflection: Positive value gives pitch up (trailing edge up)
The efficiencies of these surfaces are:

Elevator lift gradient : Cz s = 0.405 "
- Elevator trim lift gradient: Cz gyim = 0.0635 "

- Elevator pitching moment efficiency: Cm g = -2.25 "
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- Elevator trim pitching moment efficiency: Cm gim = -0.389 rd-1

In the report to ASC the value in figure 4 are about:

Elevator lift gradient :Cz g = -1"*

- Elevator trim lift gradient : Cz syrim=1 ™%

- Elevator pitching moment efficiency : Cm o= 0*

- Elevator trim pitching moment efficiency :Cm gyim = -1 rd-1

The values produced in the report to ASC are not correct and do not permit to evaluate

correctly the longitudinal stability of this aircraft.

Longitudinal stability:
As that the tail plane works at lower AOA than the wing (-3 to -5°) it is possible to use ATR

clean aircraft coefficient associated at the FDR coefficients (lift) and parameters (elevator).
Notice: In severe icing conditions and at positive AOA the flow separation appears always on
the wing and never on the tail plane. On the other hand, at negative AOA the flow separation
occurs always on tail plane.

In body axis the pitching moment is written:

Cm = Cmgxo + Cm ge*de  + CM gyim * Otrim + Cmp*B + Cmar*qu*l/v + Cmyg /s *dov/dt*
v

As during this period the term in B, g;, do/dt, are negligible the equation is written:

Cm = Cmgy*o.+ Cm 5*0e + Cm gyrim * Otrim = 0.

Cmgy*xor = - Cm s*0€e - Cm syim * Otrim

rim
Cmgy- -Cm g » é - Cm strim * a
o o

To compute the longitudinal stability of an aircraft it is necessary:

To take the lift and pitching moment values on a time interval and not on a single point
because we have to compute differentials,

In this way we take a linear segment on lift and pitching moment and we calculate the
differentials.

Note: In the Figure 1:

- All the points recorded in the DFDR have been used for calculations: the lift, (blue)
elevator (pink) and trim (black areas).

- The lines in red (lift) black (elevator) and circled black (trim) are the averaged

(smoothed) values.
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- The trim sign is reported with the following convention: trailing edge down
positive
Application at the GE 791 accident:
The Figure 1 shows three break points:

1) At 17h 47mn 57 the corresponding linear values are:
- Alphali4
- Elevator 1.9
- Tim-1.1°
- Lift 0.535
2) At 17h 50mn 51s the corresponding linear values are:
- Alpha3.4
- Elevator 1.
- Tim-0.8°
- Lift0.7
3) At 17h 51mn 57s the corresponding linear values are:
- Alpha5.2
- Elevator -0.2
- TimO0.1°
- Lift0.79

According the figure 1 the first linear segment is 17h 47mn 57s to 17h 50mn 51s:
In the note " comments to ASC the trim effect have been voluntary missed and the result

Were:

Cmy, = 2.25 * % = 101"
With trim
Cmg =225 =29 1039 08+LL __; g7rd1
34-1.4 34-1.4

and
Czy =57.3 % 2720585 _ 4 797 11
We obtain:
0.28- XF _-LoT

mean Chord 4727

The aerodynamic center of this aircraft is situated at _ X 0506
mean Chord

Flight test conducted on ATR 72 200 A/C 98 shows that the aerodynamic center with
the same configuration is situated at 49% of the Mean Chord. The small differences in
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the results are normal and come from: recording equipment and pick up installation,
sampling, flight tests acquisition units, storage of data, conversion of recorded
parameters into physics data, reading of curves made by specialists. For this reasons
1% of variation is largely tolerable and a closer look could reduce it, but in our case

the margin is so huge and we accept the result.

Figure: 2 - ATR 72-200 - LONGITUDINAL STABILITY
CLEAN A/C - FLAPS 0 - POWERED

ELEVATOR (?

True AOA (?

Longitudinal stability of A/C 322 (flight 791) is nominal in this period

During the second segment 17h 50mn 51s to 17h 51mn 57s:

-0.2-1 4039 # 01+08 _
52-34 52-34

Cmgy =2.25 % -1.305

and
0.79-0.7

Cz, =57.3 * =2.865 "t

We obtain:

XF . -1.305

(0.28— =
mean Chord 2.865

The aerodynamic center of this aircraft is situated at _ Xk o735
mean Chord

This period confirms that the tail plane is nominal because the aerodynamic center
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moves back (generally a loss of efficiency of tail plane moves forward the aerodynamic
center and reduces the longitudinal stability).

In fact the flow separation on the wing due to severe ice produces a loss of lift, which reduce
the pitch up due to the wing and also reduce the downwash. These effects increase the Cm,,
due to tail plane.

Remember:

Arm between tail and wing de
s (1= -5)
mean chord do

ACm,, (Tail plane) = Cz, (Tail plane) *
In configuration flaps 0° ,g—g = 0.27 when the A/C is not polluted in this case the downwash
o

is estimated toE =0.2
do

This proof that the loss of lift gradient is due only at the wing
3) 17h 51mn 57s to stall warning:

Figure: 3-AC 322 LONGITUDINAL STABILITY

Lift

¢) lorens|g

[N

True AOA (?

When the autopilot initiated the descent a flow separation occurs simultaneous on the
two wings (no roll) up to AOA=6°, then an asymmetrical left roll appears.

During this period it is difficult to check correctly the longitudinal stability due to the
aerodynamic hysteresis phenomenon on the lift (See figure:3). However the elevator
efficiency is not affected and after the roll departure (17h52mn07s). The longitudinal
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stability after stall is reduced (but Aerodynamic center > 28%) and the recovery from

stall can be performed because elevator remains always effective.

Page 4: Figure 6a shows that the dihedral effect is unstable (Cl>0) and the roll damping
also slightly unstable (Clp >0 See figure 6b). and the roll control effectiveness is negative

(Cl & <0) before roll excursion. According to the conventional sign, if the roll control is

effective, Cl 5 should be positive.

The roll control effectiveness without spoiler is Cl 5= -2"“* when the following conventional
sign is used: Aileron = (Right aileron - Left aileron)/2

And

Claiteron = Cl 5 * Aileron /57.3

With this formula and after correction of the sign of FDR left aileron (see page 2) the
roll control of the ATR 72 200 A/C 322 is nominal before the roll excursion.

The roll due to roll rate (p) is written:

Cl=Clp*p*C/V

With:  Clp (rd™); p (rd/s); C aerodynamic chord (m); V aircraft speed (m/s)

The nominal value for an ATR 72-200 clean aircraftis: Clp = -34.9 "**

The following approach allows knowing the Clp before autopilot disconnection.
Total Lift = Right wing Lift + Left wing lift
Right wing Lift = f(Alpha rignt wing)
Left wing Lift = f(Alpha ieft wing)
Alpha yight wing (rd) =  AOAue) (rd) + p (rd/s) * Y (m)/V (m/s)
Alpha jeftwing (rd) = AOA@e) (rd) - p(rd/s) *Y (m)/V (m/s)
Total Roll = (Leftwing Lift - Rightwing Lift) * Y (m)/C(m)
C: Aerodynamic mean chord; Y :  Liftapplication point along Y axis

According to the figure:1 Cz  =4.7"* then Cz , =2.86"" and according to the figure:3
Cz , =-2.86 few seconds before the roll departure and Cz ,, = 2.86 between roll departure

and stall warning.
1) 17h47mn57sto 17h 50mn51s :Cz, =4.7 rd-1

Left wing Lift= 4.7/2* (o - p*Y/V)
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Right wing Lift = 4.7/2 * (o + p*Y/V)

Total Roll = (4.7/12 * (0. - p*Y/V) - 4712 * (o + p*Y/V)) * YIC

Total Roll = -4.7%p*— % =4, 7pr e =
Ol ROI =" =277 \xc =P xcac
AsCl=Clp*p*C/V

Y*Y*C

Clp*p* CIV = -4.7%p* =

C*C
With Y=6.2mand C=2.3m Clp=-34""

Clp = -4.7*

During this period the Clp is nominal

2) 17h50mn 51sto 17h 51mn 57s: Cz o, =2.86 rd-1
Clp=-20.7

During this period the Clp is not nominal but it is effective

3) 17h51mn 57sto 17h 52mn 07s : Cz o, =-2.86 rd-1
Clp=20.7

During this period flows separations occur on the wings, inducing a loss of lift
(negative gradient) without roll.

4) 17h52mn07s to17h52mn10s Cz, =2.86 rd-1

Clp=-20.7
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After the roll departure the Clp is again effective but not nominal (50%)

Figure 4 : ATR 72 - WIND TUNNEL TEST

T T T T T T
T r | [tie St [t el s B T
| | | | | | |
| | | | | | |
F—T—————- | (il i iy (et s s Bt T
T T T T T T T
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | | |
T T T T T T T T
F—T———=—- [ [l s [t nls s B T |
| | | | | | | |
| | | | | | | |
| | | | | | |
| | | | | | |
F-—t-—————- - (il et By === -t + |
T F-t-—————— - e ——— =t —— + |
i | | | | | | | T | |
| | | | | | | |
| | | | | | | | | |
F—t-———=== [ [ e e Rl Rl S R e R Rl
F—t-———=== [ I e e Rl - R Rl
F-+-—--—--- F-———==- |- === F-t-—-=-=-=-=-- + .4* Cza.clean aircraftlﬂ——\————
| | | I | | | T T T | |
| | | | | | | | | | |
F-—t--—--- - e A + - == [ it Rl e R R
F-—t--—--- - I e A + - == [ it Rl e R R
F-—t--—--- -~ - - - = === - e A + - == [ it Rl e R R
F-t-—————~ - ——— - [ e - === -4~ -=-==-- + - == [ it Rl e R R
| | | | | | | | | | | | |
| | | | | | | | | | | | |
F-+------ F-————=- I— === =4 - - - ——— k-4 — - ————— +---—-== - ——lm— - = — H4-—-=- ==
F-+------ F-————=- I— === =4 - - - ——— k-4 — - ————— +---—-== - ——lm— - = — H4-—-=- ==
F-+------ F-————=- I— === =4 - - - ——— k-4 — - ————— +---—-== - ——lm— - = — H4-—-=- ==
AOA (true)
Note:

Wind tunnel tests conducted on a mockup ( 1/2 span; Scale: 1/8) with and without

Severe Ice on the airframe show a same result on lift coefficient (See Figure 4)

When a flow separation occurs, the figures 3 et 4 show that a significant
reduction of angle of attack (about 3°) during few seconds, leads the aircraft in

a situation where all aerodynamic parameters are nominal.
Conclusions:

In the report "Performance and stability analysis of Flight GE 791 Accident", conclusions are
affected by wrong control surface and aerodynamic coefficient assumption. This document
qualifies and quantifies the errors and gives the following conclusion.

Except the 10s before the roll excursion (17h 51mn 57s to 17h 52mn 07s) where the
longitudinal and lateral stability has been modified by the hysteresis due to flow separation,
the longitudinal and lateral stability and the efficiency of the elevator and aileron are enough to
recover the aircraft. In particular the application of recovery procedures using a significant
reduction of aircraft AOA (3°) by a pitch down elevator input or flaps extension (15°) lead the

aircraft in a situation where all aerodynamic parameters are nominal.
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Appendix 25  Alert to Pilots for Wing Upper Surface Ice
Accumulation
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NTSB ADVISORY
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National Transportation Safety Board
Washington, DC 20594

December 29, 2004

O Y L L L R I A I R R R A AR T R R L]

ALERT TO PILOTS: WING UPPER SURFACE ICE ACCUMULATION

ARERRAREREREKEIREATRERKRKRERREERERERRRARTRRRRERF AR R AR R AR R ARk ke hvdkk

As a result of a recent takeoff accident that has generated much
discussion about the effects of wing upper surface ice accumulations,
the National Transportation Safety Board is issuing the following
alert letter to pilots:

Wing Upper Surface Ice Accumulation Alert

The National Transportation Safety Board has long been concerned about
the insidious nature of the effects of small amounts of ice accumulated
on an airplane's upper wing surface. The Safety Board's preliminary
investigation of the November 28, 2004 accident involving a Bombardier
" Challenger 604 in Montrose, Colorado,(l) has revealed that
atmospheric conditions conducive to upper wing surface ice
accumulation existed at the time of the accident (airplane performance
issues, including the possibility of upper wing ice contamination,
are being investigated).

For years most pilots have understood that visible ice contamination
on a wing can cause severe aerodynamic and control penalties; however,
it has become apparent that many pilots do not recognize that minute
amounts of ice adhering to a wing can result in similar penalties.
Research results have shown that fine particles of frost or ice, the

aioa af a grain of +abhle g21+ and digstrihitpad aa amaranly aa Ana mav
S51i2€ Or a4 glalll Of Taui€ Sdit allG GQLBLIloUTed as SpaYsely as One per
0

square centimeter over an airplane wing's upper surface can destroy
enough 1ift to prevent that airplane fromtaking off. The Safety Board
has commented on the hazards of upper wing ice accumulaticn in several
previous aircraft accident reports; some excerpts from these reports
follow: :

-- According to.wind tunnel data, a wing upper surface
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roughness caused by particles of only 1-2 mm [millimeter] diameter
[the size of a grain of table salt], at a density of about one particle
per square centimeter, can cause lift losses.of about 22 and 33
percent, in ground effect and free air, respectively.(2)

—— Research has shown that almost imperceptible amounts of
ice on an airplane's wing upper surface during takeoff can result
in significant performance degradation. Therefore, the safety Board
has urged pilots to conduct visual and tactile inspections of airplane
wing upper surfaces in past safety recommendations (including
Safety Recommendation A-04-66, which was issued to the FAA on December
15, 2004).(3)

-— Ice accumulation on the wing upper surface is very difficult
to detect..It may not be seen from the cabin because it is
lear/white.and it is very difficult to see from the front or back
of the wing..The Safety Board believes strongly that the only way
to ensure that the.wing is free from critical contamination is to
touch it.(4)

-- Accident history shows that nonslatted, turbojet,
transport-category airplanes have been involved in a disproportionate
number of takeoff accidents where undetected upper wing ice
contamination has been cited as the probable cause or scole
contributing factor.(5)

-- The industry acknowledges that it is nearly impossible
to determine by observation whether a wing is wet or has a thin film
of ice..a very thin film of ice or frost will degrade the aerodynamic
performance of any airplane. (6)

-- The Safety Board believes that even with the wing inspection
light, the observation of awing froma 30 —-to 40-foot distance, through
a window that was probably wet from precipitation, does not constitute
a careful examination..the Safety Board acknowledges that the
detection of minimal amounts of contamination, sufficient to cause
aerodynamic performance problems, is difficult and may not be possible
without a tactile inspection.(7)

-— The Federal Aviation Administration's {(FAA) Environmental
Icing National Resource Specialist (NRS) indicated that he was
concerned that most pilots were not aware that a slight amount of
frost or ice accumulation could result in a significant degradation
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of airplane performance. The Icing NRS stated, 'pilots may cbserve
what they perceive to be an insignificant amount of ice on the
airplane's surface and be unaware that they may still be at risk
because of reduced stall margins resulting from icing-related
degraded airplane performance.'(8)

—— From an aerodynamic viewpoint, there is no such thing as
“a little ice." Strict attention should be focused on ensuring that
critical aircraft surfaces are free of ice contamination at the
initiation of takeoff. (%)

—— Strange as it may seem, a very light coating of snow or
ice, light enough to be hardly visible, will have a tremendous effect
on reducing the performance of a modern airplane. (Jerome Lederer,
M.E., 1939) (10) '

Despite the accident and research evidence indicating that small,
almost visually imperceptible amounts of ice accumulation on the upper -
surface of a wing can cause the same aerodynamic penalties as much
larger (and more visible) ice accumulations, recent accidents
indicate that the pilot community still may not appreciate the
potential consequences of small amounts of ice. For example, see the
final report on the October 10, 2001, accident involving the Cessna
208, N9530F that occurred in Dillingham, Alaska; (11) also see the
final report on the January 4, 2002, accident involving the
Bombardier Challenger 604, N90AG, which occurred in Birmingham,
England. (12)

It appears that some pilots believe that if they cannot see ice or
frost on theé wing from a distance, or maybe through a cockpit or cabin
window, it must not be there - or if it is there and they cannot see
it under those circumstances, then the accumulation must be too minute
to be of any consequence. Despite evidence to the contrary, these
beliefs may still exist because many pilots have seen their aircraft
operate with large amounts of ice adhering to the leading edges
(including the dramatic double horn accretion) and consider a thin
layer of ice or frost on the wing upper surface to be more benign.
However, as noted, research has shown that small amounts of ice
accumulation on the upper surface of a wing can result in aerodynamic
degradation as severe as.that caused by much larger (and more visible)
ice accumulations.

209



It is also possible that many pilots believe that if they have
sufficient engine power available, they can simply "power through”
any performance degradation that might result from almost
imperceptible amounts of upper wing surface ice accumulation.
However, engine power will not prevent -a stall and loss of control
- at 1ift off, where the highest angles of attack are normally achieved.
Further, small patches of almost imperceptible ice or frost can result
in localized, asymmetrical stalls on the wing, which can result in
roll control problems during lift off.

The Safety Board notes that there are circumstances in which upper
wing surface ice accumulation can be difficult to perceive visually.
For example, depending on the airplane's design (size, high wing,
low wing, etc.) and the environmental and lighting conditions (wet
wings, dark night, dim lights, etc.) it may be difficult for a pilot
to seé icé on the upper wing surface from the ground or through the
cockpit or other windows. Further, frost, snow, and rime ice can be
very difficult to detect on a white upper wing surface and clear

ice can be difficult to detect on an upper wing surface of any color.
However, it is critically important to ensure, by any means necessary,
that the upper wing surface is ¢lear of contamination before takeoff.
That is why the Safety Board recently issued Safety Recommendation
A-04-66, urging pilots to conduct visual and tactile inspections of
airplane wing upper surfaces.

The bottom line is that pilots should be aware that no amount of snow,
ice or frost accumulation on the wing upper surface can be considered
safe for takeoff. However, history has shown that with a careful and
thorough preflight inspection, including tactile inspections and
proper and liberal use of deicing processes and techniques, airplanes
can be operated safely in spite of the adversities encountered
during winter months.

(1) Additional information regarding this accident can be found on
the Safety Board's Web site at http://www.ntsb.gov, accident number
DENO5MAQ28. :

(2) This information is from the Safety Board's final report on the
March 22, 1992, accident involving USAir flight 405, at Flushing,
New York. For additional information, see National Transportation
Safety Board. 1993. Takeoff Stall in Icing Conditions, USAir flight
405, Fokker F-28, N485US, LaGuardia Airport, Flushing, New York,
March 22, 1992. Aircraft Accident Report NTSB/AAR-93/02. Washington,
b.C.

(3) For additional information, see
http://www.ntsb.gov/recs/letters/2004/A04_64_67.pdf.
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(4) This information is from the Safety Board's final report on the
February 17, 1991, accident involving Ryan International Airlines,
at Cleveland, Ohio. For additional information, see National
Transportation Safety Board. 1991. Ryan International Airlines,
DC-9-15, N565PC, Loss of Control on Takecff, Cleveland-Hopkins
International Airport, Cleveland, Ohio, February 17, 1991. Aircraft
Accident Report NTSB/AAR-91/09. wWashington, D.C.

(5) See Aircraft Accident Report NTSB/AAR-93/02. Washington, D.C.,
cited above.

(6) See Aircraft Accident Report NTSB/AAR-93/02. Washington, D. C.,
cited above.

(7) See Aircraft Accident Report NTSB/AAR-93/02. Washlngton, D.C.,
cited above.

(8) This is information contained in the Safety Board's final ‘report
on the January 9, 1997, accident involving Comair flight 3272 at Monroe,
Michigan. For additional information, see National Transportation
Safety Board. 1998. In-flight Icing Encounter and Uncontrolled
Collision with Terrain, Comair flight 3272, Embraer EMB~120RT, N265CA,
Monroe, Michigan, January 9, 1997. Aircraft Accident Report
NTSB/AAR-98/04. Washington, D.C.

(9) This statement is a quote from a technical paper, titled, The
Effect of Wing Ice Contamination on Essential Flight Characteristics,
by Douglas Aircraft Company's deputy chief design engineer for -the
MD-80/DC-9 program (presented in 1988 and again in 1991). See
appendix E of the previously cited Aircraft Accident Report
NTSB/AAR-91/09.

(10) This quote is from Safety in the Operation of Air Transportation,
a lecture presented by Jerome Lederer, M.E., at Norwich University,
in 1939, and cited in the Safety Board's final report on the March
22, 1992, accident involving USAir flight 405 at Flushing, New York.
See Aircraft Accident Report NTSB/AAR-93/02. Washington, D.C.,
cited above.

(11) As a result of this apd other icing-related accidents involving
Cessna 208 series airplanes, on December 15, 2004, the Safety Board
issued Safety Recommendations A-04-64 through-67. Additional
information on the Dillingham, Alaska accident (DCA02MAQ003) and on
Safety Recommendations A-04-64 through -67 can be found on the Safety
Board's Web site at http://www.ntsb.gov.

(12) This accident was investigated by the Air Accidents
Investigation Branch (AAIB), Department for Transport, Great
Britain.. Additional information on this accident can be found at
www.dft.gov.uk/stellent/groups.dft avsafety/documents/page/d ft_a
vsafety 030576.hcsp.

(Although broader than the issue of wing upper surface ice
accumulation discussed in this alert notice, aircraft icing has
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been an issue on the NTSB's Most Wanted List of Safety Improvements
since 1997. A summary of the Board's actions and recommendations in
this area may be found on its website, at
www.ntsb.gov/Recs/mostwanted/air_ice.htm.)

NTSB Media Contact:
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Appendix 26  The safety Actions Accomplished or Being
Accomplished of ATR and DGAC
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Ministaére de I'Equipement, des Transports,
de I'Amenagement du Terrtoire, du Tourisme
etdelaMer

BEA

Bureau d'Enguétes et d'Analyses
2005
pour la Securité de I'Aviation Civile

Dear

| send here helow for your convenience the comments on the action already performed or
ongoing in ATR and DGAC you have reguested.

ATR after the TRANSASIA GETI1 accident and during the investigation put in place some
actions to improve the safety of flights. Those actions were started by ATR on voluntary basis
with the intent of improving the general crew knowledge of severe ice environment 1) [CING
CONFERENCE INFORMATION

Improve AFM manual wording proposing to DGAC a new organisation of the procedure to be
more in line with the sequence of action reqguested to the crew in case of severe ice encounter:
2) ARM MANUAL ICE PROCEDURE RE-WORDING

Research test and develop experimental device to help crew in severe ice detection 3)
NEW TECHNOLOGY FOR ICE DETECTION

1) ICING CONFERENCE INFORMATION

ATR with a woluntary initiative organised and sponsored three 'BE PREFPARED FOR ICE
" conferences.

The first one has been made in Toulouse the 29 and 30" October 2003, for European and
Mediterranean customers. The second one has been made in Miami the 12" and 13"
Movember 20032 for Morth and South America customers. The third one has been made in
Eangkok the 16th and 17th December 2003 for Asia and Pacific customers.

The conferences were performed on a two-day base with the following common agenda;

BEA - Aeroport du Bourget - 83352 le Bourget Cedex - FRANCE
téléphone : +33 (0) 1 49 92 72 00 - télécopie : +33 (0) 1 49 92 7203
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BEA

Firstday 2:30 pm to 5:30 Conference J.M.  Bigarre and
pm Introduction Carmine QOrsi
Didier Cailhol

Icing Mechanism
Review of icing related Giuseppe

incidents Caldarelli
Severe Icing procedure Eric Delesalle
Second 9:30 am to 12:30 CRM Aspects Sammy Szpic
day am Weather Reminder Yéronigue
Elaphos
Flight Preparation Eric Delesalle
2:30 pm to 3:30 Flight Operation Eric Delesalle
pm
345 pm Open Forum
1630 Conference J-M Bigarré
Conclusion Carmine Qrsi

Carmine Orsi Head of ATR Engineering

J-M Bigarré Head of ATR Training Center in Toulouse

Didier Cailhol ATR expert of ice.

Giuseppe Caldarelli ATR Product Safety

Eric Delesalle ATR Chief test pilot

Sammy Szpic working for French research center GIFAS and expert of Cockpit Resource
Management
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This conference addressed the issues we sorted out during last years of ATR and world
turboprop fleet operation. The presentation was mainly focused on:

e |cing meteoralogical aspect,

Training and procedures application,

icing phenomena recognition evaluation

CEM and decision-making processes,

aerodynamic and cases study

The participants were mainly ATR chief pilats, Instructor pilots, Safety officers.

There were around 100 person in Toulouse, including {(DGACY French Certification Authority
Experts, (BEA) French Bureau of Investigation representatives and Transasia People from
Taiwan .

In Miami (USA) there were 50 people including Experts from FAA.

In Bangkok there were 35 participants.

We gathered very positive comments from DGAC, BEA and FAA. They encouraged us to
continue on this approach.

Many of the Operators expressed the wish that other manufacturers would follow the same
ATR approach.

Each participant received a copy of the 'Be prepared for ice ' brochure and a copy of a CO-
ROM both containing the content of the conference. (| already sent them to ASC).

Those brochures and CD's as the entire conference organisation has been paid by ATR.
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The part regarding the icing meteorological aspect and the training has been reported into the
Brochure and CO-ROM.

The part related to the CEM and decision-making process has been only presented.

The part regarding the Aerodynamic explication of icing effect on the wing and the analysis of
ATR incident of bad de-icing and severe icing encounter with non application of AFM flight
procedure DFDR analysis of previous incident was presented in detail and the slide content
wias not provided.

The people present have wery well perceived the Conference content and the interest showed
during the presentation and the comments collected during coffee breaks and at the end of
conference have been enthusiastic.

This has well compensated the effort of ATR in general and of the people involved in the
preparation of the conference in particular.

MWost of the people have been wery interested and impressed into the aerodynamic explication
of the performance degradation in severe icing condition which has been made presenting a
CLACD plot with clean and polluted aircraft values.

This is a simplified CL/CD plot relative to a severe icing encounter similar to what you can find
in the DOJTE-2524/03 technical nate,

Other positive comments went for the presentation of the DFDR regarding consequence in
flight as consequence of bad de-icing. This is an action nommally performed on airport by
ground de-icing team and shall be monitored by pilots.

The pilots appreciated the conference and confirmed that the presentation content, which has
to be used for flight in severe ice condition, should be part of their professional background,
disregarding the kind of asroplane they are going to fly.

This is true because when there is a big deposit of ice on a wing either jet or turboprop always
gives performance penalties.

2) AFM MANUAL ICE PROCEDURE RE-WORDING

The AFM manual is known to be a document approved by certification and ainworthiness
authority, for ATR is the French DGAC. The AFM chapter Limitation treating the Icing
condition has been approved and published for the ATR 72-200 and last update is February
1999,

Since the first certification of the ATR 72 this chapter has been reworded to include all the
possible information available to the crew.

During initial discussion with ASC investigators after the accident of the Transasia ATR72 msn
322 it was noted that the AFM procedure which were the result of years of data collection and
information gathering were not optimised due to the large amount of information included as
the knowledge were progressing.

Therefore ATR, thinking that a new procedure presentation could have been beneficial to the
crews, took the lead proposing to DGAC a new organisation of the procedure to be more in
line with the sequence of action requested to the crew in case of severe ice encounter. This
was done without waiting for the final action issuance from ASC therefore bearing in mind that
it everybody agrees it is beneficial for the flight there is no need to wait the official issuance.
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The general commitment of this update was to improve and optimise the action and reading
straightforwardness of the procedure keeping the same meaning.

The new revision has now the changes here below detailed:

- Limitation Section: the definition of the severe icing cues was surrounded (Attachment. 1.
YWe changed it considering that the surrounded words should be limited to procedure task and
the surrounding has been removed (Attachment 2).

- Limitation Section: The definition of the severs icing cues included "water splashing and
streaming on the windshield" {Attachment 1). This cue has been removed from the primary
cues andtransferred as secondary indications {Attachment 2).

- Limitation Section: A note describing conditions conducive to severe icing has been added
IAttachment 2.

- Emergency Procedures Section. ATR considered that when a crew reads this section it is to
find first the emergency procedure to be applied. The previous AFM revision (Attachment 3.1
and 3.2) reminded first the means to detect severe icing then described the emergency
procedure to be applied.

Furthermore there were too many words to describe the emergency procedures. The actual
revision {Attachment 4.1 and 4.2) details first the emergency procedure to be applied step by
step as for a check list and then reminds the description of the severe icing cues using the
same wording as within the limitation section.

DGACZ and FAA now approve the version attached and are now published and in use in all
ATR models of the ATR famiky .

3) NEW TECHNOLOGY FOR ICE DETECTION

Some modemn aircraft are equipped with ice detectors that tell the crew when icing conditions
are encountered or when to switch 'ON' ice protections system. There are two kinds of ice
detection system either advisory (signal provided for information) or primary (signal provided
for action). Some recent incidents or accidents have shown that these current ice dstection
systems may not work for some specific icing conditions, such as severs ice condition, which
are outside the current icing cerification envelope (JAR/FARZ2S Appendix C). For this reason,
Authorities are now downgrading some originally certificated primary systems to advisory
system. ATR aircraft are equipped with an advisory ice detection system as supplement of the
primary detection means described within the operational manuals.

Several working groups have been created (and ATR panticipates in most of them) to address
icing conditions (called severe icing conditions) beyond the current certification envelope.

The regulatory authorities have tasked these working groups to define © a new icing envelope,
and associated regulatory materials {including the development of new means of compliance
to certification) and to investigate into new technologies for ice detection.

Mew ice detection principles are based on

- droplet diameter or Liguid Water Content measurements, or
- aerodynamic performance monitoring, or

- detection of ice on aircraft parts not usually accreting ice.

Some of them seem to offer promising performance but they still require a lot a development
worl to reach a mature status. The application of that new reliable equipment needs a parallel
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development of new certification regulations and certification standard evolution.

The simple low speed indicator in the cockpit, which give a warning when a fixed speed is
attained, is not welcome by pilots because it presents a lot of untimely activation during flight
therefare it looses credibility for the crew.

ATR determined that several visual cues, which may be present upon severe icing condition
encounters, are adequate. These visual cles have been documented and detailed within our
operational manuals as well as the exit procedures to be applied by the crew in case of
inadvertent encounters.

MNevertheless ATR is always active and continuously research and test equipment capable to
help crews in ice detection.

This continuous activity at present is focused on an onboard real time calculation of aircraft
performance, comparison with expected performance. If the system finds differences the crew
is alerted. The specified goals of the system are: easy to refrofit, easy to install, low rate of
false alarm, alernt given when degraded performance are present.

At present a prototype is in flight test, the evaluation is undergoing through normal operational
flight, the scope is to gather as much flight we can to examine them before to decide its launch
in production.

ATE presented the content and to scope of this activity has been to French Airworthiness
Authority (DGAC) and in case of compliance of the system with technical requirements they
will grant the certification.

Taking into account the ASC recommendations we believe that our willingness in developing

such is proven, it remains to assess the proof of the concept with the operational tests and the
industrial application
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