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M4 9 GE791 CVR 435 31

RIRHA -
CMI : EEM B X 2 Eil 3%

CM2: & Bhk B g Tilzs
CAM : EAE7EF 4 A

CAMI1 : E BB B CAM X i35
CAM2 : 8| E 5 B CAM Z i35
ATC : 6 EF

SOC : &%
BR6225 ~ BR6856 ~ CI065
m;ﬁ&%%zx%

s

CI614D ~ NH427 % & X

R /%?”faﬂiz
***: LIS
() EBBEIHF®RER
BEREZ T RER
% iR # R B : stall warning
# ik Z R A ¢ over speed warning
B A% R B single chime
it 4 &% 7%  continuous repetitive chime
= B B © altitude alert
WRUATE % & © stick shaker
B %) B B AF k%R B © autopilot disengage warning
Note

fis% 9 GE791 CVR $REHME
€ PR IR

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

Local time=UTC time+08:00:00

B EES g
sl PN A%
17:21:58 (24 HT# )
17:21:58 ATC  |climb and maintain flight level one eight zero
17:22:00 CM2 gﬂznb and maintain flight level one eight zero transasia seven niner
17:22:03 CM2 [climb and maintain flight level one eight zero
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BEEEE Rm HE

17:22:05 CMI1 &

17:22:24 CM1 [FRXR&EATEERE A+ 52

17:22:30 CM2 PREZBEF FTLEEA4E

17:22:37 CMl [ERR—TA+ —BA+AH ERTHE=

+ A

17:22:48 CM1 |ERE %R, ..

17:22:54 | CAMI1 | (&R &)

17:22:56 | CAM2 |—HRFHR K E HAECRMEEET

17:22:58 CAMI1 [HR...

17:24:08 | CAM?2 7R R A2 B Z 3K 3E)

17:23:04 | CAM | (FEETH)
17:23:08 | CAM2 | (AR MeAuf bl 2 %386)
17:23:13 | CAMI | (AR ReAu bl 2 %386 )
17:23:14 | CAM2 | (AR MAu# b 2 %386 )
17:23:14 | CAMI | (AR ReAuf bl 2 3%386)
17:23:25 | CAM2 | ($LAR ReAu bl 2 %386 )
17:23:27 | CAMI | (AR M b 2 %386 )
17:23:31 | CAMI | ($2 KR Ahn b 2 3538 )
17:23:36 | BR6856 | (ATC A BR6856 M Z #& 4% & il 3 )
17:23:40 | CAMI | (324K Aedu b 2 3538 )
17:23:55 | CAM2 | ($2 KR MAn b 2 K38 )
17:23:56 | CAMI | (324K AeAu b 2 3K38)
17:23:56 ATC | (ATC % BR6856 Ml Z &4 & il 35 )
17:23:59 | CAMI | (AR MeAu bl 2 %38 )
17:24:00 | BR6856 | (ATC % BR6856 Ml Z &4k & i35 )
17:24:05 ATC | (ATC % BR6856 Ml Z &4 Eil35)

(

(g2

17:24:08 | CAMI1 2 KR A A B 2 3K 3% )

17:24:26 | CAMI1 | (%R &)

17:24:47 | CAM1 |RURZSF+

17:25:00 CAM2 |altitude star

17:25:01 CAM1 [F

17:25:05 | CAM2 A ETARERE Bk K F L KR

17:25:08 | CAMI [ ook & ReBos &

17:25:11 | CAM2 |& & AR1E 5% & K




Mgk 9 GE791 CVR &Mt

BEEEE | R HE

17:25:11 CAMI1 |B% £ K345

17:25:12 CAM2 |#+F...

17:25:12 CAM | (#Eprajz B2

17:25:14 CAMI1 %

17:25:15 CAM2 % MRE9#FT

17:25:17 | CAMI1 |A =85

17:25:18 | CAM2 |&RE—18.. . F¥&ik

17:25:21 | CAM1 (W& FTE Fk-57T

17:25:30 CAM | (& ikpsk 2 A5

17:25:32 CAM BIRPERZ R )

4% & 48 F A8, BT & Sk 33
17:25:34 | ATC 44T B CI065 Ml Z sepEihias) (AL E TR R ALH

17:25:36 CAMI1

(
4 4 G th T
17:25:38 | Cl065 ;gm B CI065 MZ e Eimzs) (HA&KE

17:25:40 ATC R )

a

S

%
(ATC & Cl065 MZ &4 EiAE) (RafET i8R &850
_T_-

4 & g B
17:25:47 | CI065 ,é%Tg)& CI065 Mz s Eifzt) (RAHRE

17:26:20 | CAMI |A &8 VG 8 R4 % W 84

17:26:24 CAM2 |iEFR1EAR...

17:26:26 | CAMI1 [ REHRZ VG 8 € % 8w B3 £ FHE

17:26:28 CAM2 |@1&

17:26:31 | CAM2 |€H..VG RAEKRBRLE (£H)

17:26:36 | CAMI1 [*** dFef

17:26:38 | CAM2 [FRME VG 691 #Err AR 4,

17:26:40 | CAMI1 [E4F+4

17:26:51 CAMI1 TR T

17:27:00 CAM | (& k92 A5

17:27:12 CAM | (kP2 A5

17:27:27 ATC [transasia ... (&% Fig4)

17:27:35 (o2& TIA)

17:27:42 CM1 radio garble say again

17:27:44 ATC |transasia seven ... (&4 E& F1&4)
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BN EEh

| R AE
17:27:55 CM1 (aipei control transasia seven niner one confirm calling me
17:27:55 CM1 [taipei control transasia seven niner one confirm calling me
17:28:00 ATC (transasia seven niner one ... ( #&% & T1& 5 )
17:28:05 CAM2
17:28:06 CAMI
17:28:07 CM1 sorry unable i can’t hear you transasia seven niner one
17:28:24 | CAM | (& ZHEXIHE)
17:28:31 | CAM | (#&EHRIEEH)
17:28:33 | CAM | (#&EHRIEEH)
17:28:34 | CAM1 |E T2 LBEAE K RET
17:29:15 | CAM | (BZEHHRIEE)
17:30:01 | CAMI1 |ZA "Bek iR
17:30:11 | CAM | (#EHRIEE)
17:30:25 (BF RV EKTTHE)
17:30:38 CAM1 |
17:30:45 | CAM < G R )
17:30:53 CM1 Talpel control transasia seven niner one radio check over
17:31:01 | CAM2 (o)A = &AM & d 7 —18 ..
17:31:02 CAM1 P&
17:31:03 (22 ETHHE)
17:31:06 CAM2 |/ one two niner point one "&
17:31:08 | CAM | (FAHAZHRLETE)
17:31:12 | CAMI |&K4nilfofe ) KA 2R (AELHERE) BT T
17:31:15 | CAM2 [#& 12|
17:31:21 | CAMI1 [radio check #F7
17:31:31 | CI065 | (ATC A CI065 M X & & & 18 3% )
17:31:36 ATC | (ATC A CI065 M Z #& & E il 3% )
17:31:42 | CI065 | (ATC % CI065 Ml X & & &35 )
17:31:51 | BR6856 | (ATC & BR6856 M X 43 & il 35 )
17:31:54 ATC (ATC % BR6856 Ml Z 43 & il 35)
17:31:56 | BR6856 | (ATC & BR6856 M X #& 4 & il 3% )
17:32:02 | ATC | (ATC % BR6856 M Z &4 i35 )
17:32:14 | BR6856 | (ATC % BR6856 M Z &4 i35 )
17:32:35 | CAM2 |TR4F 8ok, A RATAZARAS G AL L okmdt %
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GE791 CVR $F=iMt

BAEEE

B R A
17:32:59 CAM | (XM= AE)
17:33:32 | CAMI1 Pr@kaF# 4+ =
17:34:29 | CAM | (BEH%E5H)
17:34:29 | CAMI1 [ &k
17:34:32 | CAM2
17:34:32 | CAM (ﬁé% )
17:34:42 | CAM | (#EHRIHEE)
17:35:19 | CAMI | ($LAR M b 2 %386 )
17:35:22 | CAM2 | (#LAR M b 2 %386 )
17:35:28 | CAMI | (3R Medu B 2 K38 )
17:35:29 | CAM2 | (3R Mdu B 2 K38 )
17:35:30 ATC | (ATC % BR6856 Ml Z &4 Eill 35 )
17:35:32 | CAM2 | (3R Medn B 2 K38 )
17:35:33 | BR6856 | (ATC % BR6856 M Z f& 4 T il 3E)
17:35:36 ATC | (ATC %A BR6856 Ml Z &4 Eill 35 )
17:35:40 | BR6856 | (ATC % BR6856 M Z f& 4 T3t )
17:35:43 | CAMI | (32K Medn B 2 K38 )
17:35:44 ATC | (ATC % BR6856 M Z #& 4 Eil 35 )
17:35:48 | BR6856 | (ATC % BR6856 I’aﬂ(ﬁ%?*zﬁ )
17:35:57 ATC | (ATC % BR6856 M Z #& 4 Eil 35 )
17:36:02 | BR6856 | (ATC % BR6856 M Z 4 T il &i 9£>
17:36:45 CM2 [taipei control transasia seven niner one radio check
17:36:49 ATC [transasia seven niner one read you five by five how do you read
17:36:53 CM2 [read you loud and clear
17:36:55 ATC  |thank you
17:36:56 CM2 hank you
17:37:01 | CAM2 [#F+
17:37:24 | CAM1 |[R A A4
17:37:48 ATC | (ATC & BR6856 M Z &4 il 35 )
17:37:54 | BR6856 | (ATC % BR6856 Ml Z f 4 &1l 35 )
17:38:00 | CAMI | (£ 38 %)
17:38:42 | CAM | (&EHRIHEE)
17:39:33 | BR6856 | (ATC % BR6856 M X 42 £ il 35 )
17:39:41 ATC | (ATC & BR6856 M X # 4 E 1l 35 )
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17:39:43 | BR6856 | (ATC % BR6856 M X 42 E il 35 )

17:40:28 Cmmﬁgiﬁﬁﬁﬁ%ﬁw<£ﬁ>%ﬁ@@@@%;ﬁ%ﬁww

17:40:34 | BR6856 | (ATC & BR6856 M Z #& 4 Eild 35 )

17:40:41 ATC | (ATC % BR6856 Ml Z &4 Eil35)

17:40:59 | CAM | (&EHHIAFE)

17:41:21 | CAM | (BEAFZERAF)

17:42:11 -

17:42:22 | CAMI <§5i$/k AL A2 B 2 3K 7E)

17:42:26 | CAM2 | ($2 KR MAn b 2 K38 )

17:42:28 | CAMI | (AR MeAu bl 2 %38 )

17:42:29 | CAMI | ($Z KR MAn B 2 353 )

17:42:32 | CAM2 | (SRR MRAn B 2 338 )

17:42:35 | CAM2 | ($0R A M 2 3K38)

17:42:40 | CAM2 | ($Z KR MAn B 2 3K38)

17:42:44 | CAMI1 | (AR AAu & M 2 3% )

17:42:45 | CAM2 | (0% A M 2 3K38)

17:42:48 | CAMI | (SRR MR B 2 338 )

17:42:58 | CAM2 | ($AR AAn B 2 335 )

17:43:01 | CAMI | ($Z KR MRAn B 2 3K3)

17:43:05 | CAM2 | (SR MRAu 0 2 338 )

17:43:09 | CAMI | (#A0R A M 2 338 )

17:43:18 | CAM2 | ($Z KR MAn B 2 3K3)

17:43:19 | CI614D |taipei control good morning dynasty six one four delta

17:43:20 | CAMI | ($LAR ReAu bl 2 %38 )

17:43:24 | CAM2 | ($2 KR MAn b 2 3538 )

17:43:26 | CAMI | (AR MeAu bl 2 %386

17:43:26 ATC  |[NHfour two seven standby one

17:43:29 ATC ?Vzgassge;ié ec;ge four delta taipei control roger maintain flight level
wilco we'll maintain two seven zero five seven miles to elato and

17:43:34 | CI614D |estimate elato at five one and we request one zero miles right off
track for weather

17:43:46 | CAM2 | ($2 KR MAn b 2 K38 )
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17:43:48 ATC |standby one

17:43:50 ATC |dynasty six one four delta approved reported clear

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

delta
17:44:01 | CAMI | (324K MAu b 2 338 )
17:44:03 ATC ATC A NH427 M Z #4 Eil )
17:44:04 | CAM2 1 AOR MAS B Z 338 )
17:44:05 | CAMI | ($LARMALA&M 2 3X38)
17:44:16 | CAM1 | ("z )

17:44:26 ATC

ATC A NH427 Bl Z st Eid %)
Eostl

17:44:33 ATC ATC % NH427 M Z #8 Eil 38 )

17:44:47 | CAMI1 Lok T &Ry

17:45:10 ATC ATC % BR6856 M Z #& 4% &8 é

17:45:13 | BR6856 | (ATC % BR6856 M Z & 4% T

17:45:15 ATC ATC % BR6856 M X &4 & il 3%

)
)
)
%)

17:45:19 | BR6856 | (ATC & BR6856 M X 4 & il 3

K —z»rv.)

17:45:24 CAMI1 P

17:45:30 | BR6856 | (ATC %A BR6856 2 # 4k & id %)

st}
st}

17:45:36 ATC ATC % BR6856 FlZ #43 &if %)

17:45:42 | BR6856 | (ATC % BR6856 Ml Z ftp il 4

17:45:47 ATC ATC % BR6856 Ml Z #&4% &l 3%

17:45:50 | BR6856 | (ATC & BR6856 M X #& 4% % 18 35

17:45:52 ATC ATC % BR6856 Faﬂ(ﬁ%?%? i 3%

17:47:04 ATC ATC % BR6856 Ml Z #&4&F

%
17:47:10 | BR6856 | (ATC % BR6856 Ml Z f4p &l 35
17:47:14 ATC ATC % BR6856 M Z #4% & i@ @

17:47:17 | BR6856 | (ATC % BR6856 M Z #44 &

17:47:21 ATC ATC % BR6856 M Z #4&

17:47:29 | BR6856 | (ATC % BR6856 M Z # 4%

17:47:35 | BR6225 | (ATC % BR6225 Ml Z # 4

17:47:42 ATC

17:47:50 | BR6225 | (ATC % BR6225 M Z # 4

(
(g2
(
(
(
(
AR &
(
(
(
(
(
(
(
17:45:40 (44 0.3 A &A%
(
(
(
(
(
(
(
(
(
(
(
(
(
(

T
P
,
T
,
ATC % BR6225 M Z #4832 E 1
P
,
T
,

17:47:56 ATC ATC % BR6856 M Z # 4%
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17:48:01 | BR6856 | (ATC & BR6856 M Z #& 4 T il 35)
17:48:07 | CI614D | (ATC %A CI614D M Z #& 4 Eil 3% )
17:48:12 ATC | (ATC % CI614D M Z &4 Eil3E)
17:48:14 | CI614D | (ATC %A CI614D M Z &4 Eil 3% )
17:48:22 ATC | (ATC %A CI614D M X &4 Eil 35 )
17:48:29 | CI614D | (ATC %A CI614D Fa‘izwiéz i 3% )
17:48:33 ATC | (ATC %A CI614D M X &4 Eil 35 )
17:48:40 | CI614D | (ATC A ClI614D M Z 4% Tl 3L )
17:48:47 | CAM | (JAE &5 AF)

17:48:53 CM2 |BEBE BB R A

17:49:04 SOC |G R A FBHH

17:49:07 M2 rfa;aj;; ;ﬁﬁfﬂﬁﬁﬁ &2 macau ETA 2 R EEE I 3
17:49:16 SOC |94 E % E %

17:49:19 CM2 [#F# &R good night

17:49:20 SOC [FF¥ T MRATMhr b

17:49:23 CM2 |good night

17:49:24 -—- standby

17:49:33 | CAM | (JAE &5 AF)

17:50:03 ATC | (ATC & BR6225 Ml Z &4 Tl )
17:50:07 | BR6225 | (ATC & BR6225 M Z #& 4 Eild35)
17:50:29 | CAMI1 [EE 4K —33R

17:50:31 | CAM2 |[H/E ke

17:50:49 ATC | (ATC A CI614D M Z &4 EilE)
17:50:55 | CAMI1 [B EARMIE KR—8 —BR—BARLE—B LR
17:51:01 | CI614D | (ATC & CI614D M Z & 4% E i@ 3L )
17:51:13 ATC | (ATC A CI614D M Z &4 EilE)
17:51:15 | CAMI (&~ & RKMEREHEMEE H i
17:51:18 | CAM2 |T/&#%

17:51:18 | CAMI |Z#%E € R EK

17:51:20 | CAMI |€ R &M E|HEF —T autopilot & BkizR
17:51:20 | CI614D | (ATC & CI614D M Z &4 E i@ L)
17:51:25 | CAMI |[&RAZLAR &K

17:51:27 | CAM2 |R&H—%
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17:51:28 ATC | (ATC % BR6225 M X #& 4 il 35 )
17:51:30 | CAMI |RAk—Bseh Z— 2R A A4
17:51:33 | BR6225 | (ATC & BR6225 M Z #& 4 Tl 3E)
17:51:35 | CAM2 |[REFRZE (&) AKAREERMIAALA KA
17:51:38 CAM | (& XPRZAE)
17:51:38 | CAM2 [RRR &SRB AR MR ELEKT
17:51:41 | CAM1 AR &4k
17:51:42 | CAM2 |&TH%
17:51:43 | CAMI1 [T #
17:51:44 | CAM2 |TARMTESETRGIKTIAIRE £ 58 L -IKH
17:51:47 | CAMI [ARARARAR A Brid fn
17:51:48 | CAM2 |KBLE % 14K
17:51:49 CAM1 |—#>
17:51:51 CM2 ﬁfgﬁi lcéi)/l;‘{r(())rlletrsai.iszasrig seven niner one request descend maintain
17:51:55 ATC transe}sia seven niner one roger descend and maintain flight level
one SixX zero
17:51:59 CM2 |maintain flight level one six zero seven niner one
17:52:02 | CAMI |2 AA
17:52:08 | CAMI |[BET&EKT
17:52:10 | CAM2 # ¥
17:52:10 | CAM | (BEMIRGAFE R K H)
17:52:11 | CAM | (RAREFHABRUTEREE)
17:52:13 | CAM | (8 By BB k& R H)
17:52:14 | CAM | (BEMIRGAFE R R H)
17:52:15 | CAM | (ARETHBABRUFERRZR)
17:52:16 | CAM | (B HEZTH)
17:52:17 | CAM | (ZADMRSATE & 5 )
17:52:17 | CAM | (2B EZREZTH)
17:52:18 | CAM | (#&EHRIEE )
17:52:19 | CAM | (ARETHEBRBRIATFERRE)
17:52:21 | CAM | (HEETH)
17:52:21 CAM | (k|2 HE )
17:52:22 | CAM | (R E7H)
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17:52:23 | CAM | (BA#ETH)
17:52:23 | CAM | (FAMUIRGATE R R H)
17:52:25 | CAM | (2B TR ETH)
17:52:25 | CAM2 [ FiiAek
17:52:26 CAM | (mEETH)
17:52:28 CAM | (BAZTA)
17:52:29 CAM | (BMBHATE G EH)
17:52:29 CAM | (BxpERAE)
17:52:31 CAM | (RipEZE3A)
17:52:31 CAM | (RBERAE)
17:52:31 CAM | (#Ek#RZHE )
17:52:34 CAM | (&% é’z‘(é?’:%“ )
17:52:40 CAM | (#ZPRIEE )
17:52:46 | CAM | (ki B4 )
17:52:51 (Zeéktz k)
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M4k 10 GE791 FDR #4487 %

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

AC ELEC. BUS STATUS 1 0=OFF

AC ELEC. BUS STATUS 2 0=OFF

ADVISORY DISPLAY UNIT CAUTION ACTIVE

AILERON TRIM (>0 TAB DOWN LH AIL. UP)

AIRCRAFT CONFIG.(ENGINE TYPE & PROPELLER TYPE)

AIRCRAFT NUMBER (AIRLINE RANK)

AIR-FLOW CONTROL O=HIGH ON

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 stk ok

CALCULATED STATIC AIR TEMPERATURE #*###3*3




%%-C‘-"" RMBWAERS

CALCULATED TRUE AIRSPEED ##s#sssketsssdoitck

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=OFF

24 |DC ELEC. BUS STATUS 2 0=OFF

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 I=EVENT

30 [FDAUB.IT.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 |GP.W.S STATUS 0=WARNING

37 |GLIDESLOPE ARMED

38 |GLIDESLOPE CAPTURE

39 |GLIDESLOPE DEVILS.1 (>0 ABOVE BEAM)

40 |GLIDESLOPE DEV.ILS.2 (>0 ABOVE BEAM)
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LIRS BBIR

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
47 |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 AOA B105

53

INDICATED AIRSPEED

54

INDICATED AIRSPEED CAPTURE

55

INNER MARKER I=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

LATERAL ACCEL. >0=RIGHT SIDE SLIP

61

LATPOS

62

LATITUDE POS. ELAB LSB nouvelle definition

63

LATITUDE POS. ELAB MSB nouvelle definition
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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.LS.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. <0=ACCELERATION

79

LOW PITCH ENGINE 1 0=NORMAL TRACTION

80

LOW PITCH ENGINE 2 0=NORMAL TRACTION

81

MAGNETIC 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

90

MULTIFONCTION COMPUTER 1-B STATUS

91

MULTIFONCTION COMPUTER 2-A STATUS
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92

MULTIFONCTION COMPUTER 2-B STATUS

93

NP1 PROPELLER SPEED ENG.1

94

NP2 PROPELLER SPEED ENG.2

95

OUTER MARKER I=MARKER

PILOT CONTROL COLUMN EFFORT SENSITIVITY [no source data input]

96

PITCH ANGLE (>0 NOSE UP)

97

PLA POWER LEVER ANGLE ENG.1

98

PLAPOWER 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

SYNCI1




NEC— npswmens

r 4 |

118

SYNC2

119

SYNC3

120

SYNC4

121

TORQUE ENG.1

122

TORQUE ENG.2

123

TOTAL AIR TEMPERATURE

124

TOUCH CONTROL STEERING ACTIVE

125

VERTICAL ACCEL. >0=UP

126

VERTICAL/SPEED CAPTURE

127

VHF.1 0=IN SEND MODE

128

VHE.2 0=IN SEND MODE

129

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

130

VOR ARMED

131

VOR CAPTURE

132

YAW DAMPER STATUS
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B2EE:  2003E68198 T4 07:28
HEDOfES:  Shdfr028.pdf; Shdfr033.pdf
=E: RE: F&00) FDR data loss problem

Hello
Gerald Godbee is currently out of our facility on business so | will respend 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 FB00 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 sconer 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.




NEC— npmswmans




Bisk 13 SCERARFRMAES F800 BUNTHHEFREBCEE (Z)

BHék 13 R BB B FS00 R B A HEZEE (=)

Avimtion Remnders
SN0 E. Froitville Boad, Sarasots, FL 34232
Telephone 941-371-0511

Facimile 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. F800 DFR FSB033

.  Planning Information

A.  Effectivity
Awiation Recorders’ Digital Flight Recorder, Model FE00, all part numbers.

B. Reasons

In order to extend the life of the A100/A1004 CVR, L-3 Communications has
had to use the tape raw material used for the F800 DFRs.

C. Description

L—2 Communications has researched several different vendors to find a re-
placement tape for the A100/A100A CVRs. The only raw material that meets
the minimum criteria to manufacture the CVR tape is the raw material used to
manufacture the FS00 DFR tape. Due to using this source, the tape supply
available to continue the manufacture of the FB00 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: (941) 3710811 (Aviation Sales)
Fax: (941) 377-5591

31-30-01-33
Paga 10of2
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P = N RSB RS
b FEEAL R T E
No. Date Zone Description ATA ':S':(:nﬁ;_’rr; Length Width Height Remarks
098 | 18/02/03 | Sea Bed Wing Skin PNL 57 520/620 86cm 30cm 3cm % 001
099 | 18/02/03 | Sea Bed Wing Structure 57 500/600 55cm 5cm 4cm 7% 002
100 | 18/02/03 | Sea Bed Pipe 28 500/600 54cm 22cm 3cm % 003
101 | 21/02/03 | Sea Bed L/G 32 731/741 60cm 14cm 4cm % 004
102 | 21/02/03 | Sea Bed Wing Skin PNL 57 520 167cm 41cm 3cm % 005
103 | 21/02/03 | Sea Bed Exhaust Pipe 71 479/489 65cm 34cm 24cm % 006
104 | 21/02/03 | Sea Bed Window Frame 53 200 56cm 40cm 2cm % 007
105 | 21/02/03 | Sea Bed V.STAB Skin 55 320 102cm 44cm 23cm % 008
106 | 22/02/03 | Sea Bed Bleed Duct 36 FR23 110cm 54cm 2cm % 009
107 | 22/02/03 | Sea Bed RUD L/E 55 320 54cm 34cm 13cm %010
108 | 22/02/03 | Sea Bed | V.STAB Structure 55 320 97cm 38cm 15cm % 011
109 | 22/02/03 | Sea Bed A/C Skin 53 200 46cm 36cm 3cm %012
110 | 22/02/03 | Sea Bed A/C Skin 53 200 43cm 33cm 8cm %013
111 | 22/02/03 | Sea Bed AJ/C Skin 53 200 70cm 35cm 1cm %014
112 | 22/02/03 | Sea Bed AJ/C Skin 53 200 85cm 50cm 10cm % 015
113 | 23/02/03 | Sea Bed A/C Skin 53 200 80cm 30cm 10cm %016
114 | 23/02/03 | Sea Bed A/C Skin 53 200 60cm 39cm 10cm %017
115 | 26/02/03 | Sea Bed Wing Skin PNL 57 520 103cm 46cm 7cm %018
116 | 26/02/03 | Sea Bed Wing Structure 57 540/640 110cm 33cm 6cm # 019
117 | 26/02/03 | Sea Bed Wing Structure 57 520/620 60cm 38cm 7cm % 020
118 | 26/02/03 | Sea Bed SVC Door 52 840 108cm 46¢cm 4cm % 021
119 | 26/02/03 | Sea Bed Wheel 32 731/741 39cm 29cm 14cm # 022
120 | 26/02/03 | Sea Bed A/C Structure 53 FR25 75cm 39cm 4cm % 023
121 | 26/02/03 | Sea Bed MECH Rod 53 540/640 56cm 3cm 8cm % 024
122 | 26/02/03 | Sea Bed A/C Structure 53 FR47 135cm 6¢cm 1cm % 025
123 | 26/02/03 | Sea Bed A/C Skin 53 200 30cm 9cm 2cm % 026
124 | 26/02/03 | Sea Bed | V.STAB Structure 55 320 65cm 54cm 20cm % 027
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 % 029
127 | 27/02/03 | Sea Bed A/C Skin 53 200 37cm 17cm 0.3cm % 030
128 | 27/02/03 | Sea Bed A/C Structure 53 FR38 88cm 29cm 0.3cm % 031
129 | 27/02/03 | Sea Bed A/C Structure 53 FR39 60cm 16cm 3cm % 032
130 | 27/02/03 | Sea Bed Wing Structure 57 620 166cm 75cm 4cm 7% 033
131 | 27/02/03 | Sea Bed Wing Structure 57 FR26 184cm 75cm 4cm % 034
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132 | 27/02/03 | Sea Bed Wing Structure 57 540/640 84cm 34cm 4cm % 035
133 | 28/02/03 | Sea Bed Cargo Track 53 141/142 48cm 9cm 3cm % 036
134 | 28/02/03 | Sea Bed Wing Structure 57 520/620 48cm 4cm 1cm % 037
135 | 28/02/03 | Sea Bed AJC Skin 53 FR40 200cm 94cm 16cm % 038
136 | 28/02/03 | SeaBed | Wheel and BRK 32 731/741 73cm 45cm 20cm % 039
137 | 28/02/03 | Sea Bed AJC Structure 53 200 49cm 6cm 0.3cm % 040
138 | 28/02/03 | Sea Bed AJ/C Structure 53 200 75cm 9cm 1cm % 041
139 | 28/02/03 | Sea Bed Wing Structure 57 530/630 50cm 13cm 10cm % 042
140 | 28/02/03 | Sea Bed Cargo Track 53 141/142 55cm 8cm 5cm % 043
141 | 28/02/03 | Sea Bed AJC Skin 53 200 34cm 10cm 0.2cm % 044
142 | 28/02/03 | Sea Bed Wing Structure 57 530/630 36cm 16cm 0.3cm % 045
143 | 28/02/03 | Sea Bed Fairing 57 550/650 25cm 18cm 6cm % 046
144 | 28/02/03 | Sea Bed Fairing 53 191/195 56cm 22cm 0.3cm % 047
145 | 28/02/03 | Sea Bed AJC Skin 53 200 56¢cm 22cm 14cm %048
146 | 28/02/03 | Sea Bed Cargo Liner 25 141/142 55cm 37cm 0.2cm % 049
147 | 28/02/03 | Sea Bed RCAU Cover 23 FR12 21cm 13cm 0.3cm % 050
148 | 28/02/03 | Sea Bed AJC Structure 53 200 85cm 50cm 30cm % 051
149 | 28/02/03 | Sea Bed Cargo 120cm 9cm 4cm % 052
150 | 28/02/03 | Sea Bed Window Frame 53 FR19 72cm 21cm 3cm % 053
151 | 28/02/03 | Sea Bed Wing Structure 57 530/630 79cm 40cm 0.4cm % 054
152 | 28/02/03 | Sea Bed A/C Structure 53 200 24cm 8cm 0.2cm % 055
153 | 01/03/03 | Sea Bed AJC Skin 53 FR40 158cm 151cm 73cm % 056
154 | 01/03/03 | Sea Bed HYD Pipe 29 78cm 0.5cm 0.5cm % 057
155 | 01/03/03 | Sea Bed Bundle 24 101cm 0.3cm 0.3cm % 058
156 | 01/03/03 | Sea Bed AJC Skin 53 200 39cm 20cm 0.2cm % 059
157 | 01/03/03 | Sea Bed AJ/C Structure 53 200 45cm 8cm 3cm % 060
158 | 01/03/03 | Sea Bed Flap Structure 57 550/650 52cm 43cm 8cm % 061
159 | 01/03/03 | Sea Bed AJC Structure 53 200 79cm 19cm 6cm % 062
160 | 01/03/03 | Sea Bed AJC Structure 53 FR24 98cm 42cm 13cm % 063
161 | 01/03/03 | Sea Bed AJC Skin 53 200 36cm 30cm 17cm % 064
162 | 01/03/03 | Sea Bed Tire 32 731/741 74cm 25cm 6cm % 065
163 | 01/03/03 | Sea Bed AJC Structure 53 200 98cm 11cm 5cm % 066
164 | 01/03/03 | Sea Bed AJC Skin 53 200 55cm 28cm 12cm # 067
165 | 01/03/03 | Sea Bed AJC Structure 53 FR25 142cm 72cm 8cm % 068
166 | 01/03/03 | Sea Bed Flap Structure 57 630 148cm 44cm 27cm % 069
167 | 01/03/03 | Sea Bed AJC Skin 53 FR21 59cm 46cm 0.3cm % 070
168 | 01/03/03 | Sea Bed AJC Skin 53 200 30cm 24cm 0.2cm %071
169 | 01/03/03 | Sea Bed AJC Skin 53 FR23 85cm 70cm 12cm %072
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170 | 01/03/03 | Sea Bed A/C Skin 53 FR42 82cm 6cm 14cm % 073
171 | 01/03/03 | Sea Bed Wing Structure 57 520/620 150cm 5cm 4cm #* 074
172 | 01/03/03 | Sea Bed A/C Structure 53 200 90cm 5cm 4cm # 075
173 | 01/03/03 | Sea Bed AJC Structure 53 200 37cm 19cm 2cm % 076
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 % 079
177 | 02/03/03 | Sea Bed Wing Skin 57 530/630 60cm 24cm 6cm % 080
178 | 02/03/03 | Sea Bed A/C Structure 53 200 65cm 29cm 7cm % 081
179 | 02/03/03 | Sea Bed AJC Structure 53 200 64cm 15cm 5cm % 082
180 | 02/03/03 | Sea Bed AJC Structure 53 200 87cm 46¢cm 8cm % 083
181 | 02/03/03 | Sea Bed A/C Structure 53 FR46 97cm 71cm 29cm % 084
182 | 02/03/03 | Sea Bed Plate 53 FR41 60cm 25cm 2cm % 085
183 | 02/03/03 | Sea Bed A/C Skin 53 FR43 100cm 40cm 9cm % 086
184 | 02/03/03 | Sea Bed Plate 53 FR38 69cm 18cm 3cm % 087
185 | 02/03/03 | Sea Bed Wing Structure 57 520/620 42cm 30cm 12cm 7% 088
186 | 02/03/03 | Sea Bed Wing Structure 57 520/620 56cm 19cm 2cm % 089
187 | 02/03/03 | Sea Bed A/C Structure 53 FR37 57cm 19cm 3cm % 090
188 | 02/03/03 | Sea Bed A/C Skin 53 200 45cm 33cm 3cm % 091
189 | 02/03/03 | Sea Bed A/C Skin 53 FR41 63cm 43cm 13cm % 092
190 | 02/03/03 | Sea Bed AJ/C Skin 53 FR40 109cm 53cm 5cm % 093
191 | 02/03/03 | SeaBed | DE-ICE PR SW 30 435/445 22cm 11cm 3cm % 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 % 096
194 | 02/03/03 | Sea Bed A/C Structure 53 200 33cm 24cm 3cm % 097
195 | 02/03/03 | Sea Bed Wing Structure 57 530/630 63cm 29cm 0.2cm % 098
196 | 02/03/03 | Sea Bed AJ/C Skin 53 200 45cm 30cm 0.2cm % 099
197 | 02/03/03 | Sea Bed |Pilot Seat Structure 25 FR8 34cm 18cm 1cm # 100
198 | 05/03/03 | Sea Bed AJC Structure 53 FR45 205cm 135cm 6cm %101
199 | 13/03/03 | Sea Bed Flap Structure 57 550/650 140cm 30cm 3cm %102
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fiEk 17 "Lucas Aerospace" Diagram

Ht#k 17 "Lucas Aerospace" Diagram

Theoretical liquid water content and ice accretion speed vs TAS (kt)
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1.02. 01 — DEFINITION OF WORDING

Note

CAUTION

WARNING

: An operating procedure, technique etc... considered

essential to emphasize

: An operating procedure, technique efc... which may
resuit in damage to equipment if not carefully followed

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

1.02. 02— UNIT CONVERSION

Weight

Length — Allitude

Distance

Pressure

Temperature

1 kg =2.2046 Ib

-1 m=23.2808 ft

1 m=39.3701 in
1 HPa = 0.0145 psi
1°C=( 1°F-32)x 555

11b=0.4536 kg

1 ft=0.3048 m
1in=0.0254m

1 psi =69 HPa
1°F=1"Cx1.8+32
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« Atmospheric icing conditions exist when
~ QAT onthe ground andfor take—off is at or below 5°C orwhen TAT in
fiight is at or below 7°C,
— and visible moisture in any form is preseni (such as clouds, fog with
vizibility of legs than one mile, rain, snow, sleet and ice crystals).

+ Ground lcing condltions exist when
— OAT on the ground is at or below 5°C,
— and surlace snow, sianding water or slush is present on the ramps
taxiways and runways.

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

- Operation in atmospheric icing conditions :
NP setting below 86 % is prohibited,
Allicing 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 detector must be operative,
Refer to 3.04.01 for associated procedures and 6.06.02 for
performancs dala.
- Operation in ground icing conditions 1
Referto 3.04.01 for associated procedures and to FCOM part 3 andio

AFM section 7.03 for advisory informadion on contaminated runways
penalties.

a;o/-“
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- 8Severe lcing :

Severa icing may result from environmental conditions outsids of those for
which tha airplane is cerificated. Flight in freezing rain, reezing drizzle, or
mixed icing conditions {supercocled iiquid water andice crysials) may resuit
in ice build-up on protected surfacas exceesding the capability of the ica
protaction system, or may result in ice forming aft of the protected surfaces.
This ice may not be shed using the ice protection systems, and may
setiously degrade the performance and controfiability of the alrplane.

— During flight, savere icing conditions that excesd thoss for which the
airplane is cerlificated shall be determined by the following

Stalcus Wi 7] Y IGE COVETng an of
a substantial part of the unheated portion of either forward side window,
possibly associated with water splashing and streaming on the windshield.

and/ or
rU"_‘Wnexpec &d decrease (h 5peed or rale of Chinb.
and/or

The icllowing secondary indications

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

. Accumuiation of ice on the lower surface of the wing aft of the protected
area.

. Accumulation of ice on the propeller spinner farther aft than nommally
chserved.

If one of these phenomena is observed, immediately request priority
handling from Air Traffic Control to facilifate a route or an allitude change to
exit the icing conditions. Apply procedure specified in the Emergency
Procedures chapter.

- Since the autopilot may mask tactile cues that indicale adverse changesin
handiing characteristics, usse of the autopilot is prohibited when the severe
icing defined abova exists, or when unusual lateral trim requirements or
autopiict trim wamings are encountered while the airplane is in icing
conditions,
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3.04. 01 - ICING CONDITIONS

+ DEFINITION
Referto 2 .06 .01

» As sopon as and as long as atmpsdaheric fcing conditions exist, the
following procedures must be applied :

ANTI-IGING (propellers, horns, side-windows) ................ ON
PROPMODESEL ........ciieiivireiinnnnnnns According to SAT
NP i it et s i i s e set = 86 %
Minimum maneuver/operating

icingspeed . ... BUGGED AND OBSERVED
ICEACCRETION ...t iiiiiiniiniseanianannans MONITOR

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

e 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 (propeliers, horns, side windows) ...... CONFIRM ON
—DEICINGENGT+2 ....ioiiiiii i i iiaisnna ON
—AIRFRAMEDE ICING . ....vvciiiiiiirnnininranisnnsrans ON
~ Eng and airframe MODE SEL ............. ACCORDING TO SAT
— Minimum maneuver/operating '

fcing speed ...... Tevevnn CONFIRM BUGGED AND OBSERVED

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

s 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 o clear is the ice
evidence probe. As long 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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L1

4 - G

DEYECTION

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

and/or

! Unexpected decroase in speed or rate of climb, }
and/or

The following secondary indications
. Unusually extensive ice accreted on the alrframe in areas not normally
cbserved {o collect ice.
. Accumulation of ice on the lower surface of the wing aft of the protected
area.
« . Accumudation of ice on the propefier spinner farther alt than normally
observad.

The following weather conditions may be conducive to severe in flight icing :
. Visible rain at temporatures close 1o 0 degreas Celsius ambient air
temperalure, '

. Droplets that splash or splatter on impact at temperatures close 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
tomperatures as celd as —18 dsgrees Celslus, increased vigilance is
warranted at temperatures around freezing with visible moisture present,

B ! severe icing, as determined above, is encountered :

—~Immedialely 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
allitude change to exit the severae icing conditions in order to avoid extended
exposure to fiight conditions more severe than those for which the airplane
has been certificated.

~Avcid abrupt and excessive maneuvering that may exacerbate control
difficulties.
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- Do not engage the autopilot.
2 }f the sutopliot is engaged, hold the control wheel firmly and

disengage the autopiiot.

i the flaps are extended, do not retract them until the airframe Is
clear of ice.

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

- Pushing on the wheel as needed,

- Extending flaps to 15,

- Ingraasing power, up to MAX CONT if needed.
if the aircraft is not clear of ice :

- Maintain flaps 15 for approach and landing, with ‘reduced flaps
APP/LDG icing speed’+ 5 ki.

- Multiply fanding distance fiaps 30 by 1.91

- Repart these weather conditions to Air Traflic Controi

Eng: PW124
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FC.OM. ADVERSE WEATHER JuL9g

This chaptaris divised in three parts .

- lcing,
- Cold weather operations,
- Operstions in wind conditions.

ICING

| - GENERAL
fcing conditions are defined as foliows :

P Atmospheric icing conditions

Atmospheric icing conditions exist when QAT 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 air

in ahy form:is present {such as clouds, tag with visibility of one mlie or less, rain,
snow sleet and ice crystals).

p Ground icing conditions

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

ramps, tadways and runways. where surface snow, standing watez or stush is
present,

B 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 fiight tests have linked unique ice accretion patterns ©
conditions of dropiei sizes up to 40 microns. Procedures have been defined in
case of inadvertent encounter of severe icing.

p» Organization of this subchapter

It will address the following areas :
e Operations within the certified envelope.

e |nformation about severa icing beyond the certified e'welope
& (Good operating praci’:ces
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It — QPERATIONS WITHIN THE CERTIFIED ICING ENVELOPE

PREAMELE

lcing conditions should never be assessed with complacency. Although the aircraft is
adequately protected for most of the encountered cases, any severe icing exposure
should be minimized by a corect evaluation and proper avoiding actions.

A) GENERAL

Dperations in atmospheric icing conditions require SPECIAL ATTENTION since ice
accretion on airfrarne and propeliers SIGNIFICANTLY modifies their aerodynamic
characteristics.

The primarily considerations are as follows :

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 ANT! ICING PROCEDURES and SPEED LIMITATIONS
MUST BE COMPLIED WITH as soon as and as long as ICING CONDITIONS are
met and even before ice accretion actually takes place.

b — Main sfiects of ice accretion on airfolls are :

» Maxtmum achigvable LIFT is reduced.
» For a given angle of attack, LESS LIFT and MORE DRAG are generated.
in order to maintain a8 SAFE MARGIN AGAINST STALL, which will occur at
& higher speed when ice accretion spoils the airfoil
— the stali warning threshold must be reset to a lower value of angie of
attack, .
— the stick pusher activation threshold is lowered accordingly.

These lowered thresholds are effective when switching homs anti icing ON and
illuminating 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 2.02.07) MUST BE INCREASED,
These new minimum speeds are calted « MINIMUM ICING SPEEDS ». They are
defined further in paragraph B.
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Ifi - SEVERE ICING

A} GENERAL

Severe icing may result from environmental conditions outside of those for which
the airplane is certificated. Flight in freesing rain, freezng drizde or mixed icing
conditions {supercooled liquid water and ice crystals) may result in ice build-up
on protected surfaces 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 seriously degrade the performance and

' controllability of the airplane,
. B) CONDITIONS OF FORMATION

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

if one or maore 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 diamster
The droplet diameter-may be up to 3 to 30 times greater than the upper limit
of the certification envelope in freezing drizzleffreering rain conditions. The
inertia of droplets is such that the ice may cover all the frontal surface of airfoll
exposed to the cloud, outside of the protected areas.
Depending on the angle of attack of the airfoii, a ridge may form mainly on the
upper side of the airfail (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. Baps 0L
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 1o
15000 ft) with a static air temperature down to — 18°C. They may be the
consequence of the turbulence effect which leads to a coalescence process of
small 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 g static alr temperature close to 0°C, droplets cannot freeze on
the ieading edge because the skin ternperature is positive, they roli along the
chord till they encounter a surface at a negative temperature. The leading edge
is free of ice but a ridge or rivelets may be formed aft of the protected areas.
The rivelets are oriented in the airstream direction. They accrete on the lower
and upper surfaces.
This phenomenoen may occur also with colder temperatures but when & large
amount of water is present in the cloud. The structure of the leading edge is
not cold enough to fregze the whole water amount and the remaining droplels
freeze with delay behind protected parts.




Fare RABHATRS

éé s PROCEDURES AND TECHNIQUES 2.02.08
Pi2 001
AR 72
FC.OM. ADVERSE WEATHER _ JUL 69

3) Mixed icing condition

Mixed icing condilion may be encountered in the range of temperatures
-10°C/0°C. It is basically an unstable condition, it is extremely temperature
dependant and it may change quite rapidly. This condition may surpass the ice
protection capabililies becavse 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 pollution extension occurs on the lower surface of the wing, it increases the
drag and the airplane speed decreases. It may lead to stall i no action is taken to
recover a correct speed.
(f the potlution occurs first on the upper patt of the wing, the drag is not affected
noticeably but controllability anamalies may be encountered.
Severe roll anomalies may be encountered with "flaps 157 accretions flown with
flaps O sefting. It shouid be emphasized that it is not the fiaps 15 configuration itseif
that is detrimental, but the low angle of attack that may result from such a setting,
especially close to VFE. This low or negative ACA increases the wing upper side
exposire to large droplet impingement. This is why holding with any flaps 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 :

Bevere icing is characterized by ice covering &il o7 & substantial part of the
unheated pontion of efther forwazd side window, possibly associated with
waler splashing and streaming on the windshield,

Nele : This cun is visible after a very short exposure (about 30 seconds).
At night, this pattern is put forwarg by the pilot’s reading lights oriented
towards the side window.

and/or

Unexpecied decrease in speed of rate of climb

and /ot

The foltowing secondary indications :

. Unusually extensive icg accreted on the aidaame in areas not normally
abserved to collect ice.

. Agcumulation of ice on the lower surface of the wing alt of the protected areas.

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

- The loliowing weather condilions may be conducive {o severs in—Hight icing ©
. Visible rain at temperatures close 1o 0°C ambisnt aif femperature {(SAT),
. Droplatsthatsplashorsplatier on impact at temperatura closa to 0°C ambiant
&it temperaiure {SAT).

= The oggurence of rain when SAT is below {reezing temperature should always
trigger the aleriness of the crew.

EXIT THE SEVERE ICING ENVIRONMENT

There are no requiatory requirements to cenily an aircra®i beyond JAR/FAR 25
Appendix C. However, in case of inadvertent encounter with such conditions
“severe icing” procedure must be appiied {refer to 2.04.05).
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IV~ GOOD OPERATING PRACTICES

Aircrafi certification requirements describe the icing conditions fikely to be encountered
in commercial aviation. However, as demonstrated by experience, icing remains one oi
the major causes of incidenls and accidents, and good airmanship prohibit any
complacenty i 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 Pilot 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 enccuntered in
freezing temperatures or on a cold soaked aircraft.

p Marginal freezingtemperatures andicing conditions should create a heightened state

of awareness. Remember, severe ice can siill be incurred at temperatures down to
Loe o . .
approximately — 18° C, at.high altitude.

"R P Bealert to severe icing cues defined pages 12/13.
R P When severe icing is encountered, take appropriate steps to leave the conditions.

Since these unique conditions are usually small in area and associated with very
specific ternperatures conditicns, a change in aftitude of just a couple thousand
feel may place you in a totally different environment.

P Make reports to ATC and Company.

There is no better operational tool available loday than first hand reports of these
conditions. Hemember thal because these are localized areas and extrernely temperature
dependent, another aircraft passing through the same area at a different airspeed
may experience different conditions. For example, a laboratory test showed for a
specific, yet normal condition, rime ice up to about 150 ki, mixed ice as speed was
increased to about 200 ki, glaze ice between 200 and 360 ki, and no accration 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 ulilized unless encountered for an
extended period of time {over 1 hour).
Light : The rate of accumulation may create a problem if llight is prolonged
in this environment (over f hourj. Occasionai 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 accumtiation is such that de-icing/anti-icing equipment
fails to reduce or control the hazard, Immediate flight diversion is necessary.
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The emergency procedures have been estabfished for application in the event of a
seriaus failure. They are applied according 1o the « AEAD AND 00 » parciple except for
memaory items.

PRESENTATION

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

~ indication of the particular failure {alert condition)

— explanation for actions where the reason is not self evident

- addiional backgmound information.

The abbreviation used are identical to the nomenclature on the cockpit panels.
All actions are printed in eapital letters,

Memory items are for identification.

if actions depend on 2 precondition, a preceding black square [l is used to identify the
precondrtion.

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

#

TASK SHARING

For 2ll procedures the general task sharing stated below is applicable.
The pilpt flying remains pilet fiying throughout the emergency procedure.

PF — Pilot fying Responsibie for:
. PL
. Flight path and airspeed control
. Aircraft configuration
. Navigation
PNF - Pilot non Fying Responsibie for:
. GCheck list reading
. Exgcution of required actions
. Actions on OVHD panel
. CL
. Comununications

The AFCS is always caupled to the PF side (CPL selection).
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SEVERE ICING

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

Moritor 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 leing is characterized by ice coveding all or a

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

Unexpected decrease in speed of rate of climb
and{or

The following secondary indications :

. Uni;.usually extensive ice accreted on the airframe in areas nol normally observed to
coflect ice.

. Accumulation:of ice on the lower surface of the wing ait of the piotecied areas.

. Accumulation of ice on the propelter spinner fariher aft than normally cbserved.

- The following weather conditions may be conducive to severe in-{light icing :
. Visible rain at temperatures close 1o 0°C ambient air temperature (SAT).
. Droplets that splash or splatter on impact at temperature close to 0°C ambient air
temperature (SAT). :

PROCEDURE

] SEVEREICING | ]

= |f severe icing as determined above Is encountered accomplish the following :

- Immediately increase and bug the minimum maneuvetfoperating icing speeds by
10 ki. Increase power, up o MAX CONT if needed _

- Request prionity handiing from Air Traffic Control to facilitate a route or an alitude
change to exit the severe icing conditions.

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

- Do not engage the autopilot.

o If the autopllot is engaged, hold the control wheel firmly and disengage the

autopilet,

= i the flaps are extended, do not retract them until the airframe is clear of ice,

= | an unusual roll response or uncommanded roll conbol movement ls observed,
maintain the rolf controls at the desired posilion and reduce the angle of attack by :
- Pushing on the wheel as needed,
- Extending flaps to 15,

- Increasing powst, up o MAX CONT ¥ needed.

a | the alreralt is not clear of ize :
- Malntagln ffa&s 15, for approach and landing, with ‘reduced flaps APP/LDG icing
+ 5 kt.

;‘fe@d Sk
- Multiply landing distance flaps 30 by 1.91
- Repod these weather condifions lo Air Traffic Control,

Eng: PW124
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COMMENTS

- Since the autopilot may mask taclile cues that indicate adverse changes in handling
characteristics, use of the autopilot is prohibited when the severe iting defined above
exists, or when unusual [atera! trim requiremenis 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 exit those conditions either :

. by climbing 2000 or 3000 ft, or
. if terrain clearance allows, by descending into a layer of air temperature above

freezing, or

. by changing course based on information provided by ATGC.
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ENTERING ICING CONDITIONS

ANTICING (PROP-HORNS —SIDEWINDOWS) ...t rirvincirarcnens O
PROPMODESEL .. .vvitiiiiiiriiiaiiii i According to SAT
L T N T T L L T E PP Set = 86%
MINIMUM Maneuver/Operating iCING SPEEDS ........ BUGGED and OBSEHVED|
IGEACCRETION (.. it iiiiiieiiiiisrsrisisicassisnisannnnnrans MONITOR

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

ENG START rotary seloctor o.ouvisieeesererraniiassescaansnans CONT RELIGHT
ANT] ICING (PROP-HORNS —SIDEWINDOWS) . ......cooiiiians Confirm ON
DEICINGENG 1 42 it nicia s iansantassenvrrarnresnnsantossncanannes ON
ARFRAME DEICING .. .uvivvnnrnrcmamvautnsstsssrrsonssnassnnconsanans ON
ENG and AIRFRAMEMODE SEL L. ..cuueiesiiaiinaissiasnrss According to SAT
l MINIMUM Maneuver/Operating ICING SPEEDS ........ BUGGED and OBSERVED§

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

u if significant vibrations occur ‘
R CLS o iinnr ittt i e et MAX RPM for not less than 5 minutes

WHEN LEAVING ICING CONDITIONS

CONT RELIGHT, DE ICING and ANTE ICING may be switched OFF

WHEN THE AIRCRAFT IS VISUALLY
VERIFIED CLEAR OF ICE

ICNG AOA Caption may be cancelled and NORMAL SPEEDS may be used
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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 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 normally
observed to collect ice.

.Accumulation of ice on the lower surface of the wing aft of the protecte
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 If 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 to 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 autopilot.

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

M If an unusual roll response or uncommanded roll 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.
M If the aircraft is not clear of ice :

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

—Multiply landing distance flaps 30 by 1.91

—Report these weather conditions to Air Traffic Control.

BREEKEH
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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 flight 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 DFDR and CVR analyses supported by simulation show that the MSN 322 encountered severe icing
conditions, ice accretion resulted in an increase of drag with subsequent speed decay. The crew, which
observed the ice building up and the loss of speed, established later a relationship between the ice effects on

aircraft performances and the speed decay.

The non-compliance by the crew of the icing speeds led the aircraft to attitudes, where on wings polluted by
severe ice, aerodynamic anomaiies appear.

The aircraft behavior from few seconds before autopilot disconnection up to the loss of control by the crew is
matter of different note.
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+ Note DO/TF-2524/03

Du 02/06/2003

1. Purpose:

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 flight
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
o Aircraft
B Type ATR 72-202
Serial number MSN 322
Registration B-22708
Airline Transasia airways

Airline flight number GE 791

+ Airport:
From: Taipee
To: Macao

o Take off Conditions

Weight 21219 Kg
Previous trip fuel 1556 Kg
CG 28%

Page3/&
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b) DFDR observations:
« 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 climb with autopilot engaged in IAS
mode (160 Kt) and climb power (Np:86%, PLA in the notch).

Note: Above the fevel 110 the static temperature crossed under 0° and before reaching the
level 180 the vertical load factor activities shows moderate turbulence, indicating clouds

encounter.

c) DFDR read out:
s Flight tevel 180 ( Capture):
» 17h24mn57s (see Figure 1)
Altitude capture is activated and IAS mode is deactivated
b : Altitude 17948Ft, IAS 159 Ki, TS -12°
s Flight level 180 ( acceleration):

» 17h24mn 57s 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
IAS target (Kt) 204 202
Minimumricing speed (ki) 164 168
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figx 20 ATR 72-200 : TRANSASIA AIRWAYS MSN 322 — Accident Analysis

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

T

S e il Sl il o

: _pa LOAD FACTOR

RRSES I

severe icing

speed 176kt

FI oy P

150

17:23:00 17:27:00 17:31:00 17:35:00 17:38:00 17:43:00 17:47:00 17:51,00
Times Minimim normai
Licing speed 166¢ |

» 17h 32mn 38s to 17h 35mn 05s

The aircraft decelerated to 194Kt (-8kt) due to ice accretion (see vertical load
factor activities). This deceleration has been stopped by the crew intervention to
select level 3 of de-icing system (Airframe ON from 17h 34mn 52s to 17h 37mn 38)

> 17h 35mn 058 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.
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> 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

arer
- formal icing 166Kj,
- severe icing 176 K.

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.
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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

here's not enough moisture its Iced up, quite a huge chunk
e 7 i 5 outside, minus twelve degrees |
60 s g
oh, it's cing up

260 e
- OFF = AIRFRAME ON

250

24

28

220

210

L bk fa

pi

IAS (Kt) - HeadIng

() ameiadua; opess () vov

170

160

EZCTC
it it Rl ot el o
-16

17:48:00

T T TR TR

150 -
17:30:00 17:32:00 7:34:00 17:36:00 17:38:00 17:40:00 17:42:00 17:44:00 17:46:00
Times

Fi 3 |Thls speed is getting fower...
ure: aver -
¢ fow one h_‘—“und Sorenty .So a0 yau ‘“a“‘h 1Down,down,down,down,down,
———— o move up or A I ok
Whatice severs cing un otify them guickly
I Wow It's a huge chunk it's severely iced up I

260

250

T

240

230

[INEETAREET FEET

Arores

220

210

P FERRY PN

200

190

IAS (K1) - Heading

o
() aumriadwat opms {.) voy

180

17¢

160

1860

412
17:53:00

140 +
17:48:00 17:49:.00 17:50:00 17:51:00 17:52:00
Times
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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
17:51:17 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
k 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
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figx 20 ATR 72-200 : TRANSASIA AIRWAYS MSN 322 — Accident Analysis

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 aititude.
The first officer did not understood that the aircraft have to go lower in aititude.

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

Simulation analysis:

The aim of simulation is to reproduce DFDR parameters in order to pkovide 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 resuits computed with the clean aerodynamic model.

» 17h 28mn 09s to 17h 24mn 59s

Clean model (See chart 1)

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

to 425f/mn in flight.
Clean model + Drag due 1o 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 about 100 drag

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

» 17h 25mn 15sto 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 mode! + Drag due to ice (See chart 4)

This chart gives the delta 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 to 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 medel + Drag due to ice (See chart 8)
» 17h 42mn 19sto 17h 43mn 19s

Clean mode! + Drag due to ice (See chart 9)
» 17h 44mn 53s to 17h 45mn 43s

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

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

> 17h 47mn 23s o0 17h 48mn 23s
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figx 20 ATR 72-200 : TRANSASIA AIRWAYS MSN 322 — Accident Analysis

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

Clean modef + 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 model + 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 slowiy (within 100 counts) inducing a
speed diminishing about 10Kis. After that, the drag increased quickly and the

speed dropped to 158 Kis in 4 minutes.

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

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

normal icing.

Figure: §
Performances comparison

Fir e
drrar]aemds

s

N - 2
AOA (Body 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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Note DO/TF-2524/03
Du 02/06/2003

Conclusion:

The DFDR and CVR analyses supported by simulation show that the MSN 322 encountered
severe icing conditions, ice accretion resulied in an increase of drag with subsequent speed
decay. The crew, which observed the ice building up and the loss of speed, established late a
relationship between the ice effects on aircraft performances and the speed decay.
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fdEk 20 ATR 72-200 : TRANSASIA AIRWAYS MSN 322 — Accident Analysis

Note DO/TF-2524/03

Du 02/06/2003

ANNEX 1 : SIMULATIONS

1) Parameters:

Z Pressure altitude (ft)

vC IAS (Kt)

DM Left elevator (°)

TRIM Pitch trim (°)

ALFA Angle of attack - body reference (°)
TETA Pitch attitude (°)

NZ1 vertical load factor (g)

DELTACZ Delta Lift

DELTA CX Delta Drag

DN Rudder (°)

DLD Right aileron (°)

PSI Heading (°)

NY Lateral load factor (g)
PHI Bank angle(®)

2) Simuiations:

Charis 1to 15
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fdEk 20 ATR 72-200 : TRANSASIA AIRWAYS MSN 322 — Accident Analysis

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

DFDR parameters

Figure 1 and 2
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%44 21 ATR 72 Full Flight Simulator Test Report. SUBJECT: Report
of Simulation Session with ASC and BEA

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 :
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Weight : 20,5 t

CG:28%

Altitude : FL 180

Indicated airspeed : 200 Kt
Severe icing conditions

Power setting : Np 86%), max cruise TQ

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.
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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 technique 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 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.

3. Conclusion.

This simulator session allowed to demonstrate the main following points:

€ Severe icing conditions induce speed decay;
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@ 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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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 aircraft.

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.
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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 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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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
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“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-1b/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, .. 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 =45320 Ibs S= 656.6 ft*, mean chord =7.4 ft. span = 88.75 ft.
I, = 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.
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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 (C,,), rolling moment coefficient (C;) and yawing moment
coefficient (C,). The objectives are to determine Cyq, Cyq, 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, a = 4.0 deg., k = 0. (static), &, (trim elevator position) = -0.3
deg., 0. = 0.3 deg.

The angle of attack is varied over Aa = 0.5 degree. The results are presented in Figure 2.
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Figure 1 Longitudinal aerodynamics in climbing flight

At a = 4 degrees, Cng = 3.644 per radian, and C,,q = -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:
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k=0.01, M = 0.24, V=260. ft/sec., &, = 2.7 deg. (rolling), = 2.4 deg. (yawing), &, = 0.
= 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
results are presented in Figure 3c. Based on these results, we can determine that at ) = 0,
Cur = -0.258 and C,g = 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 (C,g = 0.155 per radian, C,, = -0.25, C;, = -0.52 at a = 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., &, = 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 coefticients 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 6c, it is shown that roll rate is the primary angular rate
affecting the motion. In figure 7, the normal force coefficient slope with a 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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The speed decrease at a rate of 0.28 ft./sec per second means that wing ice has
increased the aecrodynamic drag slightly. In figure 8a, it is seen that longitudinally it was
almost neutrally stable (i.e. small negative C,,q). 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 (C;3>0) and the roll damping is also slightly
unstable (C;, >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,5 <0) before roll excursion.
According to the conventional sign, if the roll control is effective, C,4, 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.
a =6 deg., 0, =0.

The results are extracted from the aerodynamic model and presented in figures 11a with

B effect and 11b without [3 effect.
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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.
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Figure 11b Response in rolling moment without 3 effect

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 3 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 (Cj,)qs 1s positive, implying dynamic instability. On
the other hand, a counterclockwise hysteretic loop implies a negative (C,)osc , and hence,

dynamic stability. Figure 11a shows that left roll is unstable, so that the aircraft will roll
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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, C;3
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 holdingin 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 [J6 deg. o [J6 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
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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 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
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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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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 Ve= 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-lb/sec
This approximate formula must take into account the RPM of the propeller Aircratft.

- 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, ..
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.
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In this case, either we consider that it is the right aileron(d, rignt):

- 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 (J, e ) 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.

Page 4 In figure 4, the normal force coefficient slope with a before roll excursion is

estimated to be about 2.2 per radian.

Figure: 1 - AC 322 LONGITUDINAL STABILITY
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The figure 1 shows that between 17h 47mn 57s to 17h 50mn 51s the lift coefficient
is 4.7°*" and not 2.2,
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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 5 = 0.405 ™"

- Elevator trim lift gradient: Cz gim = 0.0635 ™!

- Elevator pitching moment efficiency: Cm g = -2.25 """

- Elevator trim pitching moment efficiency: Cm gyim = -0.389 d-1

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

Elevator lift gradient :Cz 5 = -1

- Elevator trim lift gradient : Cz gy, = 1 wd-1

- Elevator pitching moment efficiency : Cm gz = 0™

- Elevator trim pitching moment efficiency :Cm gyim = -1 rd-1
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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 = Cmgld + Cm &*d + Cm syim * Otrim + Cmg*B  + Cmgq *q*l/v  +

Cmyq s5; Lda/dt* 1/v
As during this period the term in 3, q; do/dt, are negligible the equation is written:
Cm=Cmy[d +Cm s*0e + Cm gim * Otrim = 0.

Cmyld =-Cm 5*de - Cm gy * Otrim

Cmg= -Cmgs & -Cm gy, * 9rim
a a

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.
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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.

- 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:
- Alphal4
- Elevator 1.9
- Tim-1.1°
- Lift 0.535

2) At 17h 50mn 51s the corresponding linear values are:
-  Alpha34
- Elevator 1.
- Tim-0.8°
- Lift 0.7

3) At 17h 51mn 57s the corresponding linear values are:

- Alpha 5.2
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- Elevator -0.2
- TimO.1°
- Lift 0.79

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 5‘2_9 = -101™!
With trim
Cmg =2.25 011212 4+ 0,39 008+ = 17!
3.4-1.4 3.4-1.4
and

Czq =57.3 2222 = 4,727

We obtain:
XF -1.0T
(0.28 - _-Lo
mean Chord ™ 4.727
: o o XF
The aerodynamic center of this aircraft is situated at ——————=0.506.

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 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.
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Figure: 2 - ATR 72-200 - LONGITUDINAL STABILITY
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Longitudinal stability of A/C 322 (flight 791) is nominal in this period

This period confirms that the tail plane is nominal because the aerodynamic center

moves back (generally a loss of efficiency of tail plane moves forward the

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

Cmy = 2.25 072271 4+ 0.39 (21408 = _1305
52-34 52-34
and

Cz, =57.3 D"SZ%OZ = 2.865""!

We obtain:
(0.28- XF _ —1.305
mean Chord 2.865
The aerodynamic center of this aircraft is situated at X o35

mean Chord

aerodynamic center and reduces the longitudinal stability).
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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 Cmg due to tail plane.

Remember:

Arm between tail and wing [(1 _ de&

ACMyg (14 = CZa (Tai *
o (Tail plane) o (Tail plane) mean chord da

In configuration flaps 0° ,3—2 = (0.27 when the A/C is not polluted in this case the

downwash is estimated toZ—Z =0.2
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
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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.
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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 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 (CI3>0) and the roll
damping also slightly unstable (Clp >0 See figure 6b). and the roll control effectiveness

is negative (Cl 5 <0) before roll excursion. According to the conventional sign, if the

roll control is effective, Cl s, should be positive.

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

And
Clyjieron = Cl & * 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 yight wing)
Left wing Lift = f(Alpha i¢ wing)
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Alpha ighiing (1d) = AOA(e (td) +  p (1d/s) * Y (m)/ V (mvs)
AIpha iving (1d) = AOAqo (1) - p(d/s) * Y (m)/ V (m/s)
Total Roll = (Left wing Lift - Right wing Lift) * Y (m)/C(m)

C: Aerodynamic mean chord; Y :  Lift application 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 50mn 51s : Cz 4 = 4.7
Left wing Lift= 4.7/2 * (a - p*Y/V)
Right wing Lift = 4.7/2 * (a + p*Y/V)

Total Roll = (4.7/2 * (0 - p*Y/V) - 4.7/2 * (a + p*Y/V)) * Y/C

Total Roll = -4.7* ”‘Y*Y—47”< W YTC
CREROET TP e TP mexc
As Cl=Clp * p * C/V

Clp* p* C/V = -4.T4p* oo

PP IR

*

C*C

Clp=-4.7*
With Y=6.2mand C=23m Clp=-34""

During this period the Clp is nominal

2) 17h50mn 51sto 17h 51mn 57s : Cz 4 = 2.86%"

Clp=-20.7

During this period the Clp is not nominal but it is effective
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3) 17h 51mn 57s to 17h 52mn 07s : Cz o = —2.86%"

Clp = 20.7

During this period flows separations occur on the wings, inducing a loss of lift

(negative gradient) without roll.

4) 17h52mn07s to 17h52mn 10s Cz o = 2.86"
Clp=-20.7

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

Figure 4 : ATR 72 - WIND TUNNEL TEST

LIFT

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)
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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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——E2RBRRENZLORETHN L S AR ERD MY 30-40 R4 5B T4
BHERKABATHEPLPXERE  AREEL okt ARG RAH I MR B
%%%’%%Rﬁﬁ%ﬁﬁéﬁﬁ - (7)

. ——FAA #5 T 8384 7k Environmental Ic1ngJ BlZAERBREE (NRS) 354 » it o A

L FEO R BARARRIEAL  MEHE RBARET AR R Tiﬂb o A B

" ‘k#@%ﬁ.?\‘i‘ 1477 3%, %Iiﬁkzéﬁ#&ﬁ-%@* TR DS R BR AR H BE B Ak W Ak
A R B B - (8)

R R éﬁ%ﬁﬂ’éﬂﬁ #aA Tk (a little ice), B@F > jask{Rie R
mé%zm&%@&&ﬁé#%ﬁﬁﬁﬁﬁﬁ%ﬁ (9)

RN E —RELH MBI E R TR 5%&3?%4&%4’{%#%%%'?&
& (Jerome Lederer, M.E., 1939)-(10)

——BEENEFGHRBRERET NP &kl AEEINH LE OB ABEAEHR
K (BREBRMG) HRGHHBRERBALR - EREn et ETa4Emr o &
AB BV AT ERMEM AR BFERR - Hdo > 552001 410 A 10 8 £FTRHF
sm Dillingham —%2 Cesssna 208 N9530F &b a4 - (11) A28 2002
# 1 A 4 B /£ 3%# 8 Birningham — % Bombardier Challénger 604, NO0AG BOF
ARHEERSE - (12)

‘%%mﬁﬁé*‘ %m@ﬁ&“%ﬁiéﬁméxﬁ%ﬁiﬁﬁiﬁ’mmaﬁ

oK MBPMER ERELERERGE - BFHABERRD @R H /L EY
“% WRBBBANINRE  ERAIGENIEETHRENAREL A%
RABELERITTHRBREGNARZALNEE (AEAETHAAREL) £22

T AALTEG-RBRNOKREBEARACAEEMTHBE - Rk m LT ’J:;i&a%&
ERABRERK (BEBARY) BEBLERAT IR ENHIK -

T%ﬁ%%mﬁ%ﬁﬁ’ﬂgﬁﬁ%%ﬂﬁﬁﬁ’%Wugé%u%ﬁxiwﬁi
EBMENERE LA S RBAERERIE AR A aEx Al
RAF BBk REERY AR &I - Sk BRI FE K
HAE A E L R B RS iéﬁ%%%aé“ui % %iﬁ%ﬁiﬁﬂfré’ﬂﬁ | R R AE

B2E#4 3 H , FSD CAA 2004/3/10
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ABEBRRERRLLZA TN A LEEHK *%Emiﬁumaﬁﬁﬂm o
AR Z AR (R~ BHE - REE) REBERELENL CRE ~ & - B
BRE ) &ﬂmﬁmﬁﬂaiﬁu“‘i&@‘ké}iﬂa&iﬁm Duﬁﬁ%ﬂi—t—g@* Ko Rl
W BARERK RGN ERORBEREE  mUAAEMEGYH LEHY
HELAEIIR - RM o RWUEF T A ARRN#AR LI GEBRGERAELES
# o BLRAHTESZBE TR EM A-04-66 REZBHOERA > LURERMEE
REBRAEHEIIGER B LEH -

CESBRMAMEANE > LA DA SRS ERLET R AT - A
,ﬁA FHET  RAERA TG RTARE > AHBBRE B ABRARAES
R EAFHRERBRI ) LTS MRERE -

(1) R MhRENSFHZENTEZELAR %@?"-ﬁr ZRegwEy
http://www. ntsb. gov, accident number DEN0OSMA028 & 24 -

- (2) WEWMERE 19923 B 22 8 £B 41> 405 ABER 42 ) Flushing &b F 42
LFARREMELLE CHRLERL - Al ENELMAEE 1003 524
BlALZ 405 3E4% Fokker F-28, N485US, 1992.03.22 £ & # Flushing =
Laguardia #3354 dﬂ%ﬂ?iﬂm%i ek & 4 F 4R 45 NTSB/AAR-93/02 -

(RBmtme EEEMAKRAEN > BRSO RBE AR 1997 £ 8RS
NISB REXEME RG> AHIBBLARER S LZ B4 AR THRERLES
T & B H 48%5 www. ntsh. gov/Recs/mostwantd/air_ice. htm. )
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National Transportation Safety Board
Washington, DC 20594

December 29, 2004
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ALERT TO PILOTS: WING UPPER SURFACE ICE ACCUMULATION

XSS XX EL A AR R R R AR RS AL EL R L LELER A SRR SRR XA AR EEEE LTRSS

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
onh 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
size of a grain of table salt and distributed as sparsely as one per
sgquare centimeter over an airplane wing's upper surface can destroy
enough lift to prevent that airplane from taking off. The Safety Board
has commented on the hazards of upper wing ice accumulation 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
[thé 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 sole
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 possibkle
without a tactile inspection.(7)

-— The Federal Aviation Administration's (FAA) Environmental
Icing National Resource Specialist (NRS) indicated that he was
concerned that most pillots 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 I¢cing NRS stated, 'pilots may observe
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." 8trict attention should be focused on ensuring that
critical aircraft surfaces are free of ice contamination at the
initiation of takeoff.(9)

—— Strange as it may seem, a very light coating of snow or
ice, light encugh 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; (11l) 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 the 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.
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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 lift 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 clear 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 informatien regarding this accident can be found on
the Safety Board's Web site at http://www.ntsb.qov, accident number
DEN(5MAQ28.

(2) This 1nformatlon 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,
D.C.

(3) For additional information, see :
http://www.ntsb.gov/recs/letters/2004/n04_ 64_67.pdf.

TENEC FEEEKE
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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 Takeoff, Cleveland-Hopkins
International Airport, Cleveland, Chio, February 17, 1991. Aircraft
Accident Report NTSB/AAR-91/09. Washington, D.C.

(5) See Aircraft A001dent 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 flnal ‘report

on the January 9, 1927, 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 previcusly 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) BAs a result of this and 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/dft 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: Ted Lopatkiewicz
(202) 314-6100
lopatt@ntsb.gov
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Ministére de 'Equipement, des Transparts,
de 'Amenagement du Territoire, du Tourisme . :
Liberte + Egalicd « Fraternité

et de la Mer

BEA

Bureau d'Enquétes et d'Analyses
2005

pour la Sécurité de '"Aviation Civile

REPUBLIGQUE FRANCAISE

Dear

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

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 woluntary basis
with the intent of improving the general crew knowledge of severe ice environment. 1) ICING
COMNFERENCE INFORMATION

Improve AFM manual wording 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:
2) AFM 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 PREPARED FOR ICE
" conferences.

The first one has been made in Toulouse the 28" and 30™ October 2003, for European and
Mediterranean customers. The second one has been made in Miami the 121 and 13"
Movember 2003 for North 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 - 93352 le Bourget Cedex - FRAMCE
téléphaone : +33 (0) 1 49 92 72 00 - télécopie: +33 (0) 1 4982 7203
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Firstday 2:30 pm to 5:30 Conference Jd.M _ Bigarr_e and
pm Introduction Carmine Orsi
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 Véronigue
Elaphos
Flight Preparation Etic Delesalle
2:30 pm to 3:30 Flight Operation Eric Delesalle
pm
3:45 pm Open Forum
1630 Conference J-M Bigarré
Conclusion Carming Orsi

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

Véronique Elaphos responsible for ATR operational training

This conference addressed the issues we sorted out during last years of ATR and world
turboprop fleet operation. The presentation was mainly focused on:

s |cing meteorological aspect,

Training and procedures application,

icing phenomena recognition evaluation

CRM and decision-making processes,

aerodynamic and cases study

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

There were around 100 person in Toulouse, including (DGAC) 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 wery 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 forice ' brochure and a copy of a COv
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 CD-ROM.

The part related to the CRM 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 DFDOR analysis of previous incident was presented in detail and the slide content
was not provided.

The people present have very 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.

Most of the people have been very interested and impressed into the aerodynamic explication
of the performance degradation in severe icing condition which has been made presenting a
CLfCD 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 note.

Other positive comments went for the presentation of the DFDR regarding consequence in
flight as consequence of bad de-icing. This is an action normally 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 aeroplane 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 airworthiness
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
wias done without waiting for the final action issuance from ASC therefore bearing in mind that
if everybody agreesitis 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 sams meaning.

The new revision has now the changes here below detailed:

- Limitation Section: the definition of the severe icing cues was surrounded (Attachment. 1).
YWWe 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 severe icing cues included "water splashing and
streaming on the windshigld” (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
{Attachment 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 sewere 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 .

DGAC and FAA now approve the wersion attached and are now published and in use in all
ATR models of the ATR family.

3) NEW TECHNOL OGY FOR ICE DETECTION

Some modern aircraft are equipped with ice detectors that tell the crew when icing conditions
are encountered or when to switch 'OM' 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 detection
systems may not work for some specific icing conditions, such as severe ice condition, which
are outside the current icing certification 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 participates 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 Liquid Water Content measurements, or
- gerodynamic 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
work to reach a mature status. The application of that new reliable equipment needs a parallel

-4 -
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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
therefore it looses credibility for the crew.

ATR determined that seweral visual cuss, which may be present upon sewvere icing condition
encounters, are adequate. These visual cues 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.

Mevertheless 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
i5s alerted. The specified goals of the system are: easy to retrofit, easy to install, low rate of
false alarm, alert 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.

ATR presented the content and to scope of this activity has been to French Ainworthiness
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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