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1.16.1 ATR42 £ ATRT72 ##% &

A jE

#1994 & 1 2002 & 12 * &t > ATR42 22 ATR72 3|48 = 3 4
Bit s e BAT R CL N B koA BT g B

4184 siis 214 ® GET91 § 45 o

(2)

3)

(5)

(6)

(7)

P o
'E’Iih%l"\ir{’?*ﬂf B R ?‘Iii‘?f—t?ﬁf?f’?}i}%’_

% 1.16-1 357 & 2 2 and i;}»&/m’ B4

P
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A5

%

~

A EATR 42/ATR723] 8 38 38 #f vk 22 #4974

American Eagle Flight 4184, Roselawn, Indiana, USA, October
31,1994 - (2 % > ATR72-212 > NTSB)

15 Km Western the Cottbus, Germany, December 14, 1998. ( £
& ¥ #& > ATR 42-300 » BFU)

Trans States Airlines approach to Lambert-ST-Louis
International Airport, Missouri, USA, January 7, 1999 - (& *t %

#= » ATR 42-300 > NTSB)

Jet Airways over the Indian, June 12, 2000 - ( & *t % # » ATR
72-212A > ATR)

Near Berlin-Tegel, Germany, January 28, 2000. (& * & * ¥
# » ATR 42-300 - BFU)

Air New Zealand over the New Zealand, May 2, 2002. (& *t %
= » ATR 72-212A, ATR)

Czech Airlines, December 12, 2002. ( % *t % = » ATR 42-400 -
ATR)

Trans Asia Airways at Peng Hu Island, Taiwan, December 21,
2002. (% % > ATR72-202 - ASC)
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Bl 1.16-1 Trans States Airlines ATR42 & *t & g B F kL 58 W (3 A
BEA#A#H# 43k 2 )

Bl 1.16-2 Cottbus, Germany, ATR42 & ~ &, *t % & H4F L 8 B (3
p BFU# &34 > 482 %% 1 5x011-0/98 )

® 1.16-3 Near Berlin-Tegel, Germany, ATR42 £ + & *F ¥ ta {4 L
FH (3FEp BFUR A4 > 24 %5 0 EX001-0/00)
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# 1.16-1 ATR42 &2 ATR 72 3|88 M k& £ i 2 R 0Fk bzt £ (1994 ~2002)
No. 1 2 3 4 5 6 7 8
Occurred Date 1994/10/31 1998/12/14 1999/1/7 2000/1/28 2000/6/12 2002/5/2 2002/12/10 2002/12/21
A/C model ATR 72-212 ATR 42-300 ATR 42-300 ATR 42-300 ATR 72-200 ATR 42-400 ATR 42-400 ATR 72-200
Investigation
NTSB BFU NTSB BFU ATR ATR ATR ASC
Agent
Before
Event-Autopilo ENGAGE ENGAGE ENGAGE ENGAGE ENGAGE ENGAGE ENGAGE ENGAGE
t
Event Alt
FL 80 135 30 30~ 60 170 160 166 180
Event
Airspeed 184 155 142 175 153 146 157
(knots)
Flap position
(deg) at the 15-> 0 0 30 0 0 0 0 0
event
Minimum
Icing speed
corresponding 157 148 118 148 155 153 154 166
to A/C flight
condition
Minimum
Severe Icing
speed
i ) 167(%) 158(*) 128(*) 158 165 163 164 176
corresponding
to A/Ct flight
conditioned
Event AOA
5.2 11 -1.2 7 5 8 10.4 11.2
(deg)
AOA/ SP
icing alarm 11.2 / 153 11. / 21.55 11. / 21.55 11. / 2155 112 / 153 11.2 / 153 104 / 135 11.2 / 153
threshold
Visual cues N/A Side window cue Side window cue Side window cue N/A Side window cue Side window cue Side window cue
. initial descend after ) ) ) ) . initial descent after
Flight phase . climb approach climb cruise capture cruise FL climb .
holding cruise
Ice effects on | aileron hinge moment . . i asymmetric stall with i asymmetric
. asymmetric stall Elevator pitch down No event asymmetric stall asymmetric stall
aerodynamics reversal moderate roll stall
Ice protection
Level lll Level Il Level llI Level Il Level Il Level lll Level Ill Level llI
system
Airframe
Deicing 25 min 12 min 22 min 8 min OFF 17 min 12 min 18.5 min
Activated
A/C model
hardware BASIC CONF=1 CONF=1 CONF=1 CONF=1+2 CONF=1+2 CONF=1+2 CONF=1+2
status
A/C model
procedure BASIC PROC.=1 PROC.=1 PROC.=1+2 PROC.=1+2 PROC.=1+2+3 PROC.=1+2+3 PROC.=1+2+3
status
AJC encountered the
icing conditions during
climb. The crew
noticed ice shapes on
The A/C had entered the side windows and
The crew lost the During approach atmospheric decreasing rate of
control after the A/C phase the crew conditions of severe climb. The non The crew noticed ice
A/C loss of control, . ) . - L L .
. entered and continued| noticed ice shapes on |icing for which it is not application of AFM shapes on the side
attributed to a sudden . ) ] . After prolonged . )
operation in severe | the side windows and certificated. . severe icing windows and
and unexpected . " . o exposure to icing .
. . icing conditions for | A/C deceleration. The| Application of the - ) emergency procedure | decreasing rate of
aileron hinge moment . . . conditions with the | | o . )
Probable which the A/C is not A/C was flying in AFM procedures ) . (increase icing speed climb continued
reversal that occurred o . . . ) airframe de-icing . -
Cause o . certified. The crew identified severe ice |implemented for such by 10 Kts and operation in severe
while in holding at flap ) ) . ) OFF, the A/C lost 25 | ) . »
. had failed to associate| conditions (visual encounter, allowed disengage autopilot) | icing conditions and
15 deg after a ridge of | ) | Kts of speed followed )
) icing of the forward cues). A moderate | the flight crew to exit . . |led the A/C to angle of stalled with
ice accreted beyond | . ) ) ) . by a mild roll of 15°.
the deice boots side windows with the | pitch down and roll these severe icing attack where uncommanded roll
’ severe icing occurred when flap conditions and to aerodynamics excursion.
phenomenon. extended to 30°. continue a safe flight anomalies appeared.
and landing. The subsequent crew
action of quickly
reducing the angle of
attack recovered a
normal situation.
Level Il = Anti-lce ON and Level Ill = Airframe de-icing ON
CONF 1 = External wing boots extended + Flap extension allowed above VFE
CONF 2 = Median wing boots extended + AAS new flashing logic
PROC 1 = Side window cue + Hold prohibited in icing with flap extended + exit and recovery procedures
PROC 2 = Minimum icing +10kts when severe icing + new severe icing cues : Decrease of speed or ROC
PROC 3 = De-icing ON at first visual indication of ice accretion and as long as icing conditions are present

(*) for reference only : introduced by DGAC AD 1999-015-040(B) R1 ( reference to Proc.2)
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N W2l TE Nk24TE

07.01.99 , St-Louis

ATR42 |, TransStates Alrlines
: el LS -0
| | - <
) — P i h\_.fvm E )
| I F g
: F-10
10+ i r E

. . B YAl /\ N b B

& adher TN :EK.__ ~ T AN TR N A

o ::EAE\T?‘V{;;’{\RQ loose” =

=] |Flaps 30 -

£ i Tt ] ro2 £

= | L Trecercy Mluter | '.J I

€ -30d M\ r\' P, g

/\+j\ “‘Vi f“—'\—\\\j‘ :—b.l g
| 1 . ‘\.—ﬂ"‘(_‘ .= — - <
S S -01 o =
|Max ROll=A ! Msx Piten = -17.2| | 7 \ E 34 4
I i / i N § 2 8
— - e —Loz28 1 T

2 T ~ g ko 3

8 % | ~ —1 5§

- 2:0 | The aircraft leveled at 1600 ft 2100 =3 §

3 10 | -4 g

g 0.0 i— f e T ]

-10 —

- [l‘!apa back To Lﬁ]J 1900 —
5500.000— _+\ <
5000.000- 1700 b
45000002 | SN ] it

g 4000,0003 — /f"“\_,.—-\ Decsleration max Vi M 5

o 35000003 i S—— N ,_/ ~/ 1500

g 30000009 ™ 3
5 25000004 R =
2 20000004 N 1300 . &

1500.0005 /_ Nl B
1000.0003 /| N - 2 &

5000003 | 10 "

00003 bbb b b b Loy o @
4580 4600 4620 4640 4660 4680 4700 4720 4740 4760 4750 [

FDA Generated Time (s)
Plot 10: Crew Interview Chroneology (Event)
Revised: February 12, 1999 Laboratoires du BE.A

B 1.16-1 Trans States Airlines ATR42 #, * ¥ sc & 47 % B (3 p BEA
hRAEL)
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10

160

155

150

COMPUTED AIRSPEED (KNOTS)

Severe Icing 5X011_0/98 14 DEC 98

25 I ; __ 15 10 13500
A/P_ENGAGE f(o-ENGll | Lengage
3 ' 1
= 20 ) 13450
3 MAGNETIC HEADING  (DEG) a
£ 4
f 5
15 10 13400
9
- 8
g 10 13350
a 7
5 ‘s of
<]
€ 5 5 = 13300
3
4 =
-
90 0 30 2 13250
{ -}
| N Prop2 (%) 1 <
85 -5 : v 08s 13200
- N Propl (%) —
0] -1 a
w w
=] 58
2 2--10 5 13150
g E
] -4 ©
=
i 5 15 [-13100
3 E
E 10
-20 T T 1 1 i ; 1 ! ‘o 05 [-13050
: TAT (degCl ’7
11190 11192 1194 11196 11198 11200 11202 11204 11206 11208 11210
seconds
Preliminary Data final _inc_m
Revised: July 03, 2003 BFU Germany

B 1

.16-2 Cottbus, Germany, ATR42 £ « & #t F & HHF A E @ (F A
BFU 3 #1374 » 42 S5 - 5x011-0/98)
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EX001-0/00

lcing 28 JAN 2000
10
9 A/P_ENGAGE [0-ENG)
7
_ 8 ‘-\\ﬂ [ / I MAGNETIC HEADING (deg)
g s .W‘
4 1
5 2073 3]
2 {7
w | by
-]
g o0 0t f Yt VA b A A i b A p AN [P s o g AW e MR A= R
- 1
-
-}
a |
T -20- 90 } !
N PROP-R (%)
1 P . . . ——— l-w_ F— e
a5 o o Pt v
N PROP-L (%]
300 - '
w
[
o . ! .
g2850-(- 15 ?
& : j VERTICAL ACCELERATION (g}
[rr} I R o= S A & [Py S| I 7. Pt WL
w
o J
EZUD 05
< z
[m}
o
- M
o
=
=}
(]
38400 38600 38800 39000 39200

Preliminary Data incident-m1
Revised: July 03, 2003

seconds elapsed time

39400

BFU Germany

360

300

B 1.16-3 Near Berlin-Tegel, Germany, ATR42 £ = &

(4 p BFUR 2342 > 32 %5 - EX001-0/00)
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1.16.2 ATR72 #8352 %

AERH L RA2003#£37 27p 228p L i W2 & 272 ATR72
BWE R P i Y RRR2ZATR722. 5 + & 5uirsk % (Full Flight Simulator )

21 fg st (Engineering Flight Simulation) =% GE791 b # 4# 7k 15
2o UM g BT A g

7/‘24—: o

1.16.2.1 ATR72 7 * H#ul ik idsk % %

EcA f'?ATR72 * {f‘ﬂm’fs_:kﬁﬁﬁ?é%g TR g;’; H A ﬁ £ BBEAZ ATR{ 4%
=R %‘ﬂmpé%‘/* AR tEECER RE R TiE 2 o ATRAE B2 ATR 724
SR A TR AR 2 P 481 ¢

B EFEE Y 2 A7 diE 2

B EE (W) 20,500 kg
£ (CG) 28% Mac
o 2 (IAS) 200 Kts
wing B (AlY) 18,000 ft
s ki e (lcing) Before .stlall, 7 min.Lfte
Severe icing condition
8% (AP) Engage
# v (NP) 86%
B o boiE (wind) 0 deg/0 kts

ATR:zE B 74 i :x (stallrecovery) sif it 5 » & s - &4 i@

2 iv# (Stick Pusher Active) ¥ p # & B ptin > dfd T HESH R Y
ASRPEEN »Hfro- N T i fa7d FRRAEFEESE o

(1) #=&E *» 4 » 4 (Pilot off the Loop)
ATEEE g B TATR 727 * BB a3 B A2 4 r T2 4
#iT e o

FREBPEAHR P ks L
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(2) wr#»®EP:xr (Recovery attempt with roll control only)

GE7911FDR%#§¢;&E—? AR - B2 g ELFRG S EYRR R
¥ (Stick) 7 ﬁhg?] AL Hos AT BERFE ST ¢ 8k (neutral
position ) > & % B 1y ,ﬁgiggig?] B IERE B E e T o

AR G BB AT ATRT24 i (4 0 Rl o 4B % Bk et

(3) #* %»&2H PPzt (Recovery by pushing the stick)

AR g LB TR R D B A EL TR 5 P R R E H)
T F A o LR B RA L Bk @jﬂﬁ:;{&.ﬂml{;‘&p{l o

,¢%Pgﬁw$1~ I 450 % R D16,500R pF o %
a0 FE 20K o I 2 FENAAEL LA o A @
¥R s 2 wﬁgt > 1045 1 20%"«'4#%%“ |

(4) 2w 2@ EXy-cr (Recovery by flaps extension)

Nf_ig 4 2170
fs 5]1()f7 ) R

A%y LB RSN S D A R ER RS8P RER LR
Tz A TR E T NER o 1§ﬂm%,3’93i;%}'ﬁ_% N A LR L

ST oo

gqeggémﬁieﬁgﬁyfﬁ"L "% 1116,500%< pF 5 7 3¢ 3 4 1 165
& kB8R o T fpz e FEAAfEL A o *ﬁ 16 98%) 0 F &
ﬁﬁéﬁi’ﬁﬁiﬁﬁ?ﬁ}i TG B ek 9104 21547 2 Bl e

1 g

ATR72z 75 * Bintimid S - AT f kR 23 8" 1151
$’iﬁ§%§?ﬁﬁféﬁﬁﬁwﬁ°iﬁwﬁﬁﬁi%m%7:

® e kR TRERF

0%Eﬁﬁ%ﬁﬁﬁﬁﬁﬁéﬁiﬁ+ﬁﬁ’?ﬁ%i%ﬁjﬁV%
LR g

® L ERAGHERENY REIT L HBM2EEHFE T A
® @ % ATRZERz o Hjirdid BB ¥E & -
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1.16.2.2 ATR72 1 g & Af 3% 5 %

»3Fm GETO1 p i s B vk i 2 258 2 A @ {82 #
b i o ATR722 1 28 Subifi 4 1945 FDRE AL » 2+ 5 GE791:8 38 # vk I
TR FL A s i PR FDRe s 282 5 F (Aileron) g7

”ﬂ (Elevator) 3% % ® 4 (Control Column Deflection - CCD) % % %
4% ( Control Wheel Deflection ~ CWD ) 2. @.] » o Tt HCVR 2 #icip 32 %
?‘7\ Aodp 2 R PER > $5401.11.2.5 - ATRI 42§ SuidR 2 4o/ 458-2" -

RyppATR723 2 B E P 5273364 2 4 i ¥4 (27-26 Stall
Warnings ) #.p > 323412 4 2 L 5 5 - %4 3 &L (Primary Stall
Warning) £ % = s 4 i¢ #2 (Secondary Stall Warning) - % i &2 £ #>

(Activation) #d % # i #4537 % (MFC) it p =+ 7 Brr & fF4
(Alpha Probe) 2. 8 plsc & (Local AOA) &k |z o ATR72*" ¢ &npkif 18

Frkz $- BB - st @ &2 vh 2 st d 28 F M2 1534 » rk
1.16-2 -

135 FDRe & 58 X GE7TO B k2 T B A 2 2 4 24 e
%1 (CL,ror > CD,ror) » AL ATR723 483 5272 #H 41T > o HEUR[EZ b
B Rt iE L A4 & s Gl (CLwner » CDwrrr) e A £ & (ACL >

CD) &5 P BRBFDIoffik - E > 23 253%™

CL ror=CL,wrrr+A CL

CD,rpr=CD,wrrr+A CD

15 "44%8-2 ATRA 473 2 > Bl 1.16- 4"*’?}1 16-5 5 GE791:% :8 4% k&2
BEERER PR MR EEF s L & cing detector?
2 B o B11.16-65 GE791 3 k1 T &ﬁﬁf’”&—‘[ S R it 3 B
B > B1.16-7 GE791: 88 k2 T B F 2 2 4 B d GEckgrcd g1
B > ATR 722 322 8 E ~ # /kif #eek 3] (failure ice shapes) & GE7914
Rk F i h ik o ek 1.16-3%777 o

' ATR 72-200 : TRANSASIA AIRWAYS MSN 322 — Accident Analysis

2 Icing detector = CVR z = =t single chime (1734:28 ~ 1734:31 ~ 1741:20)
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ATR72 1 8 & Sl sk & & & BLyoT ¢

(1) % - = B # airframe de-icing(17:40:23)pF : 1AS=192 KT ; AC=0; A
Cp=+0.004 -

(2) % = = fx# airframe de-icing(17:41:25)pF : IAS=196 KT ; AC.=0; A
Cp=+0.010 -

(3) & 3 minimum severe icing speed(17:50:23)pF : IAS=176 KT ; A
C.=-0.025 ; A Cp=+0.026 -

(4) # ¥ minimum normal icing speed(17:51:21)pF : IAS=166 KT ; A
C.=-0.056 ; A Cp=+0.030 -

(5) FE 35 17 :#(17:52:12)pF : IAS=157 KT ; A C.=-0.1 ; A Cp=+0.048 -
(6) ATR72 2 523 ¥ ~ fa kg seoh A 22 GE791 ff k2 = pet

® 5 - =t airfframe de-icing *##H > ER x4 91 A2 1.5 % - £
kg GE791 ffrkz = revt (CLICD)~ %] 2 122 2 116 -

® 5 - =t airframe de-icing T # fF (17:45:30~17:48:23) £ § sz &£
1SR 2R - EfkE GE7T91 frk 2 et 285 14252 1130

® % - =t airframe de-icing iT#> # ¥ (17:48:23~17:50:27)> & F st & d
2RI 3R oAEMkE GETO fFokz2 2 et 2w 5 16.3° %2 10.00

® % - =t airframe de-icing it#- ¥ ¥ (17:50:27~17:51:44)> & F st & d
BRI 45 Bog ke GETI1 farkz At 2w 5 17.8° 2 9.60

® 5 - =x airframe de-icing e #p ¥ (17:51:44~17:52:05)> 2 F s & d
45 R¥ 1 55 & - gf ke GE791 ok At w5 17.7 5 2
8.0 -

® 5 - =t airframe de-icing T #p /¥ (17:52:056~17:52:12)> & F sz & ¢
55 RH 1 83 R cmfmrkz At 5 17.1- ATR72 1 2 & Huli it &
#irscd A2 5.5 82 GE791 f ket Al enB e 4 giL o
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#1.16-2 ATR722 % - 58 % - 543 B (Th b )

ATR 72 Primary Stall Warning (cricket aural alert and stick shaker)

Flight Conditions (A/C 072~100)

Aircraft
Icy Conditions
Configuration
Normal Cruise or Take-off
Take-off
since more than 10
(10 min)
Flap 0 16.50 deg / 11.20 deg
Flap15 16.37 deg 14.50 deg 10.37 deg
Flap 30 15.00 deg / 9.10 deg

ATR 72 Secondary Stall Warning (stick pusher)

Flight Conditions (A/C 072~100)

Aircraft

Icy Conditions
Configuration [Normal

Take-off Cruise
Flap 0 20.00 deg / 15.30 deg
Flap15 20.00 deg 16.40 deg 16.47 deg
Flap 30 19.50 deg / 12.00 deg
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ATARA72-202, Transasia

Dec.21, 2002, Penghu fsland, Taiwan

Adframe De-Icing

pi-Ire {ne

5-| There's not enough
~moisture outside
3 [Eminus twelve deq

Auto-Filot Status

BE—

alalas el
el
g

True ACM A (deg!

It's iced up quit
a huge chunk

arre

_,: #W'MWWWdW%“m%mﬂwm B il 3
od E Li Frue ADA (deg 1 53
E 3 .
E Vartdosl | Acoal (G) 3
" 1.0
20 - 1 Lag
200 M et E 260
1854 @ Jkaso
180 E Irdicated Airspeed (KE ‘_-‘_'fwmﬂ_ 240
185 E E . 230
= : Magnatic Heading ([Da} e [ o
E ipaie
5 1lam
E e TAT lGeod) 1o
5 | i I ) ——
i 1+
s Single chime [ Single chime E S
F “Oh it's icing up” SAT (degr) r
= et e = [ %
S v e N N P E O R I e
C 4 Ly
» s ] » ™
i F F & & ¢ &t 1§ i
& & & R g & R & 3 & &
b ~ ™~ - - Al - ] - - ~
FOR Data
B 1.16-4 GE791 : Eﬁﬁa/}»ﬁﬂi,&éﬁ KR TR RF W ER S 7R

7

B F st & ~ Fuw 22 cing detector 2
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ATA72-202, Transasia Dec.21 2002, Penghu fsland, Taiwan

E Auto—liot Status \ - |:Ch
E E Al frans De-Toing E aFF
} F ] 14
= R =]
E i k2o
- 1 18
F Lf Trus| ARA fuegt  Trieo ACA R iog) L e "5 S
E { E2
100— 25 [ =
et el E E
-0 FJE Left Ailermnn Position (>0 Tup Righe) idegh E
s W G = A L] N EEYSIHAE
01 s]F
i_:g I E N Roll Attitude B0 AR Wing |Dodrd faeg!
g0 151 12
E 17
P, 'Ir"'"""" \ M,Mhﬁ,._.h,m,ﬂlm.n,g.! i ST NPT I e 15
= verticel-Accel G . Udﬂl kel
E 08
W s ™
1o u . 250
s W — oy =5l
17 E
= : Magnetlc Headlng Oa nﬁ.m 2’;
1 = P,
16 g T 210
2 TAT ey o
: -2
E -
E SAT (deg)
e P TN, g - s )
E e SRR e e e s 4 =
3 2 g 5 I 3 3 3 8 8
2 g ; ¥ : d IR &
3 3 S S g d g g /& 2
- - b e - - - [ ]
FOR Data i S /
- i Minimum normal /
Minimum severe Wow it's a huge chunk “Icing speed 166 kts I — |
lcing speed 176 kisl— . : t's severe icing up
This speed is getting slower - - - Down down down down down
now one hundred seventy notify them quickly

Bl 1.16-5 GE791 % = =xra k% (Fhdp B2 8 8 ~ 23 - E 9104 -
#uw ¥ icing detector 2. B %




% 1.16-3 7 F# E W kit ™ ATR 72 2. D peb drrz & B 52 (0248
ki feoh Al GE791)

without icing failure ice shapes GE791

AOA| CL CD |CL/CD| CL CD |CL/CD| CL CD |[CL/CD
10| 044 | 0.036 | 122 | 044 | 0.046 | 9.6 0.44 | 0.038 | 11.6
20| 054 | 0.038 | 142 | 0.52 | 0.048 | 10.8 | 0.54 | 0.048 | 11.3

3.0 0.65 | 0.040 | 16.3 | 0.62 | 0.054 | 11.5 | 0.62 | 0.062 | 10.0

45| 082 | 0046 | 178 | 0.76 | 0.062 | 123 | 0.75 | 0.078 | 9.6
8.0

55| 092 | 0.052 | 17.7 | 0.84 | 0.068 | 124 | 0.80 | 0.100

8 1.16 | 0.068 | 17.1 1.00 | 0.096 | 10.4 N/A N/A N/A
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SUBJECT: Report of simulation session with Taiwan ASC
and BEA.
1- Introduction.

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

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

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

ASC Representative #2

BEA Representative #1

Simulator Engineer: ATR Representative #3
At the end of the session, the records of the runs were given to ASC
representatives.

2- Tests performed.
Four different scenarios were demonstrated from the same initial
conditions, close to those of MSN322 accident :

Weight : 20,5 t

CG:28%

Altitude : FL 180

Indicated airspeed : 200 Kt

Severe icing conditions

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

Stick-shaker and AP disconnection

Roll motion until ~45° of bank angle

Scenario 1 : Pilot off the loop

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

As expected, the rolling motions are increasing, and so does the
negative pitch angle.
Scenario 2 : Recovery attempt with roll control only

MSN 322 DFDR data showed that the stick was kept around pitch
neutral position, except during a very short instant at the activation of

the stick pusher, and the pilot only made roll inputs trying to bring back
the wings level.

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

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

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

Scenario 3 : Recovery by pushing the stick.

This recovery 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

8-21



decreases for the same stick position and speed.

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

This simulator session allowed to demonstrate the main following

points:
€ Severe icing conditions induce speed decay;
€ [f 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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1. Purpose:

Note DO/TF-2524/03

Du 02/06/2003

The purpose of this note is to analyze the flight GE 791 dated December 21st 2002 of the ATR 72-
200, MSN 322 operated by TRANSASIA Airways. The aircraft was performing a cargo flight
betwsen 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 particuiar aircraft speed behavior up to autopilot

disconnection by analyzing and comparing data from:

- Flight GE 791 DFDR read out

- Flight GE 791 CVR transcription

- Simulations

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

crew is matter of different note.

2. Factual analysis:
a) General

Aircraft

Type

Serial number
Registration
Airline

Airline flight number

Airport:
From: Taipee
To: Macao

Take off Conditions
Weight
Previous trip fuel

CG

ATR 72-202

MSN 322
B-22708
Transasia airways

GE 791

21219 Kg
1556 Kg

28%

8-43
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Note DO/TF-2524/03
Du 02/06/2003

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

encounter.

c) DFDR read out:
s Flight level 180 ( Capture):
» 17h 24mn 57s (see Figure 1)
Altitude capture is activated and IAS mode is deactivated
Altitude 17948Ft, IAS 159 Kt, TS -12°¢
* Flight level 180 ( acceleration):

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

After the capture of the selected altitude (18000Ft) the aircraft accslerated 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 (Ki) 204 202
Minimum icing speed (kt) 164 168
Page 4/6
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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

AUTOPILOT ON h

severe icing
speed 176kt

1AS (Kt) - Heading - Flight Level

[ e B BB
FLIGHT LEVEL |r
=

)

il o il S B B

17:31:00 17:35:00 17:38:00 17:43:00

Times WMinimim norma
icing spee_g 166!53‘“

» 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 05s to 17h 38mn 08s

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

Page5/6
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Note DO/TF-2524/03
Du 02/06/2003

» 17h 38mn 08s to 17h 48mn 24s

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

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

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

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

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

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

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

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

- At17h 52mn 11s the lowest speed reached was 157Kt

d) CVR transcription:
« Audio alarms: (See figure 2)

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

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

Crew’s conversation: (See figure 2)
Note: Only the crew’s conversation concerning iéing events is reported on figure 2 and

figure 3

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

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

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

total CVR information concerning the icing events.

f UTC Time Crew Translation

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

17:50:30 First officer | What ice

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

hundred and ninety now one hundred seventy

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

17:51:17 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

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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Note DO/TF-2524/03

Du 02/06/2003
The CVR analysis shows that:

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

the speed decay.

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

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

Simulation analysis:

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

better understanding of the speed decay during cruise.

+ Performances analysis:

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

» 17h 23mn 09s to 17h 24mn 59s

Clean model (See chart 1)

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

to 425ft/mn in flight.
Clean model! + Drag duefo 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 15s to 17h 831mn 45s
Clean model (See chart 3)

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

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

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

speed.

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

delta drag are provided;

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

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

Clean modet + 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 duse to ice (See chart 11)

17h 47mn 23s to 17h 48mn 23s
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AS (K1) - Heading

Note DO/TF-2524/03

Du 02/06/2003
Clean mode! + Drag due to ice (See chart 12)
~» 17h 48mn 03s to 17h 48mn 53s
Clean model + Drag due to ice (See charts 13 and14)

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

despite the important increasing on drag.

» 17h 48mn 03s to 17h 48mn 53s
Clean model + Drag due to ice (See chart 15)
Clean model + Drag + lift due to ice (See chart 16)

A loss of litt (DELTA CZ) has been added on the clean model to correctly match
the angle of attack.

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

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

Figure: 4
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LIFT

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

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

normal icing.

Figure: 5
Performances comparison
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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

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 late a
relationship between the ice effects on aircraft performances and the spead decay.
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1) Parameters:

Z

vC

DM

TRIM

ALFA

TETA

NZ1

DELTA CZ

DELTA CX

DN

DLD

PSI

NY

PHI

2) Simuiations:

ANNEX 1 : SIMULATIONS

Pressure aititude (ft)
IAS (Kt)

Left elevator (°)

Pitch trim (°)

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

Delta Drag

Rudder (°)

Right aileron (°)
Heading (°)

Lateral load factor (g)

Bank angle(®)

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

DFDR parameters

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

DFDR parameters

Figure 1 and 2
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Du 02/06/2003

—

TITRE : ATR 72-200 : TRANSASIA AIRWAYS MSN 322 ~ EMETTEUR :DO/TF

Accident analysis REFERENCE  :DO/TF-2524/03
Page de Note Annexe
SERVICE ’ ARCTTON NOM-PRENOM B.D. ggrde

Diderot M0199/6 original | original | original
DoY/T C. ORSI (ATR)

CEO/ S E. D'ANIELLO (ATR) X

DS/T D. VALAX {ATR) X

.DO/TV E. DELESALLE (ATR) X

DO/TF G. PETIT ({(2) (ATR) X

DO/TA G. CALDARELLI (ATR) X

DO/ TC/T D. CAILHOL (ATR) X

DO/TC/N Y. OTTOGALI (ATR) X

Diffusion Externe
Nom Société
ACCORD POUR DIFFUSION EXTERNE
Date : 20/06/2003




