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Appendix 8 The Cross Section Chart of Radar Images with the 
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Appendix 9 GE791 CVR Transcript 
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Legend 

CM1: identified as Captain’s voice from Captain’s channel 

CM2: identified as First Officer’s Voice from First Officer’s channel 

CAM: sound from Cockpit Area Microphone (CAM)  

CAM1: identified as Captain’s voice from CAM 

CAM2: identified as First Officer’s Voice from CAM 

ATC: Taipei Area Controller 

SOC: Tran Asia Airlines Operations Center 

BR6225, BR6856, CI065, CI614D: identified as radio sources of other flights  

---: unknown source 

…: unintelligible words  

***: expletives 

( ): explanation of sound or some editorial insertions 

Note: 

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

Local time＝UTC time＋08:00:00 
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

17:21:58  (beginning of recording)  
17:21:58 ATC climb and maintain flight level one eight zero  

17:22:00 CM2 
climb and maintain flight level one eight zero transasia 
seven niner one 

 

17:22:03 CM2 climb and maintain flight level one eight zero  
17:22:05 CM1 好 Ok 

17:22:24 CM1 
那天我們頂頭風嗎五六十海浬 The other day we had head wind about fifty or sixty

knots 
17:22:30 CM2 現在還算好 等下上去才知道 It’s ok now we’ll know when we go up there 

17:22:37 CM1 
回來飛一點五十 一點五十五 去飛了兩點三十五 Coming back takes one hour fifty one hour fifty five 

going there takes two hours thirty five  
17:22:48 CM1 差那麼多耶… So much difference 
17:22:54 CAM1 (sound of yawning)  

17:22:56 CAM2 
一般來講回來比較累 因為回來都快睡著了 Usually the return flight is more tiring because it’s 

almost sleep time 
17:22:58 CAM1 耶... Yeah 
17:23:04 CAM (sound of altitude alert)  
17:23:08 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:23:13 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:23:14 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:23:14 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

17:23:25 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:23:27 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:23:31 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:23:36 BR6856 (communication between ATC and BR6856)  

17:23:40 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 

17:23:55 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:23:56 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:23:56 ATC (communication between ATC and BR6856)  

17:23:59 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 

17:24:00 BR6856 (communication between ATC and BR6856)  
17:24:05 ATC (communication between ATC and BR6856)  
17:24:08 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 

17:24:08 CAM1 
(與本次飛航無關之談話) (conversation not related to this flight) 

17:24:26 CAM1 (sound of yawning)  
17:24:47 CAM1 氣流還好啦 Airflow is ok 
17:25:00 CAM2 altitude star  
17:25:01 CAM1 好 Good 
17:25:05 CAM2 教官你要不要喝咖啡我去拿水來 Captain do you want coffee I’ll get the water 
17:25:08 CAM1 哦 咖啡我不喝啦 我 Oh I won’t take coffee I 
17:25:11 CAM2 我拿那個礦泉水  I’ll get mineral water 
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

17:25:11 CAM1 礦泉水就好 Mineral water is ok 
17:25:12 CAM2 杯子… Cup… 
17:25:12 CAM (unidentified sound)  
17:25:14 CAM1 好 Ok 
17:25:15 CAM2 教官 你的杯子 Captain your cup 
17:25:17 CAM1 有三明治哦 Sandwich 
17:25:18 CAM2 我拿一個…牛奶給你 I’ll take one you have the milk 
17:25:21 CAM1 牛奶我不要 牛奶你喝啊 I don’t want milk you have the milk 
17:25:30 CAM (unidentified sound)  
17:25:32 CAM (unidentified sound)  

17:25:34 ATC 
(communication between ATC and CI065)  (unable to 
read from cockpit due to radio garble) 

 

17:25:36 CAM1 (sound of yawning)  

17:25:38 CI065 
(communication between ATC and CI065)  (unable to 
read from cockpit due to radio garble) 

 

17:25:40 ATC 
(communication between ATC and CI065)  (unable to 
read from cockpit due to radio garble) 

 

17:25:47 CI065 
(communication between ATC and CI065)  (unable to 
read from cockpit due to radio garble) 

 

17:26:20 CAM1 有兩個 VG 的 你的你的是肉的 There are two VGs yours yours is with meat 
17:26:24 CAM2 這兩個都… These two are all 
17:26:26 CAM1 這兩個都是 VG 的 它有幾個四個還是兩個 These two are all VGs how many are there four or 
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

two 
17:26:28 CAM2 四個 Four 
17:26:31 CAM2 它有…VG 因為我現在 (sound of laughing) It’s got…VG because now I (sound of laughing) 
17:26:36 CAM1 哦***的 好啦  Oh heck ok 
17:26:38 CAM2 那個 VG 的很難吃耶哦 The VG is disgusting right 
17:26:40 CAM1 還好啦 It’s ok 
17:26:51 CAM1 嗬 肚子餓了 Oh I’m hungry 
17:27:00 CAM (unidentified sound)  
17:27:12 CAM (unidentified sound)  
17:27:27 ATC transasia ...(sound similar to radio garble)  
17:27:35 --- (sound similar to radio garble)  
17:27:42 CM1 radio garble say again  
17:27:44 ATC transasia seven ...(sound similar to radio garble)  

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

 

17:28:00 ATC 
transasia seven niner one ...(sound similar to radio 
garble) 

 

17:28:05 CAM2 …  
17:28:06 CAM1 …  
17:28:07 CM1 sorry unable i can’t hear you transasia seven niner one  
17:28:24 CAM (unidentified sound)  
17:28:31 CAM (unidentified sound)  
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

17:28:33 CAM (unidentified sound)  
17:28:34 CAM1 它可能到某個距離 接收不到了 May be it can’t receive after a certain distance 
17:29:15 CAM (unidentified sound)  
17:30:01 CAM1 沒有嘔吐袋哦 No air sickness bag 
17:30:11 CAM (unidentified sound)  
17:30:25 --- (sound of radio garble for 12 seconds)  
17:30:38 CAM1 …  
17:30:45 CAM (sound of changing radio frequency)  

17:30:53 CM1 
Taipei control transasia seven niner one radio check 
over 

 

17:31:01 CAM2 他剛才叫我們是由哪一個… Which one did he call us from 
17:31:02 CAM1 嗯 Mmn…. 
17:31:03 --- (sound similar to radio garble)  
17:31:06 CAM2 是 one two niner point one 吧 It’s one two niner point one right 
17:31:08 CAM (sound of changing radio frequency)  

17:31:12 CAM1 
我知道他在叫我們但是呢 (sound of changing radio 
frequency) 聽不到了 

I know he is calling us but (sound of changing radio
frequency) can’t hear 

17:31:15 CAM2 聽不到 Can’t hear 
17:31:21 CAM1 radio check 好了 Radio check ok 
17:31:31 CI065 (communication between ATC and CI065)  
17:31:36 ATC (communication between ATC and CI065)  
17:31:42 CI065 (communication between ATC and CI065)  
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

17:31:51 BR6856 (communication between ATC and BR6856)  
17:31:54 ATC (communication between ATC and BR6856)  
17:31:56 BR6856 (communication between ATC and BR6856)  
17:32:02 ATC (communication between ATC and BR6856)  
17:32:14 BR6856 (communication between ATC and BR6856)  

17:32:35 CAM2 
那好像結冰…看我這裡你那邊也有結冰嘛對不對 Looks like it’s iced up….look at my side your side is 

also iced up right 
17:32:59 CAM (unidentified sound)  

17:33:32 CAM1 
外面水氣不夠 負十二度 There’s not enough moisture outside minus twelve 

degrees 
17:34:29 CAM (sound of single chime)  
17:34:29 CAM1 哦 結冰囉 Oh it’s icing up 
17:34:32 CAM2 …  
17:34:32 CAM (sound of single chime)  
17:34:42 CAM (unidentified sound)  
17:35:19 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:35:22 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:35:28 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:35:29 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:35:30 ATC (communication between ATC and BR6856)  
17:35:32 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:35:33 BR6856 (communication between ATC and BR6856)  
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

17:35:36 ATC (communication between ATC and BR6856)  
17:35:40 BR6856 (communication between ATC and BR6856)  
17:35:43 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:35:44 ATC (communication between ATC and BR6856)  
17:35:48 BR6856 (communication between ATC and BR6856)  
17:35:57 ATC (communication between ATC and BR6856)  
17:36:02 BR6856 (communication between ATC and BR6856)  
17:36:45 CM2 taipei control transasia seven niner one radio check  

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 thank you  
17:37:01 CAM2 好啦 It’s ok 
17:37:24 CAM1 又沒有啦 It’s gone again 
17:37:48 ATC (communication between ATC and BR6856)  
17:37:54 BR6856 (communication between ATC and BR6856)  
17:38:00 CAM1 (sound similar to singing)  
17:38:42 CAM (unidentified sound)  
17:39:33 BR6856 (communication between ATC and BR6856)  
17:39:41 ATC (communication between ATC and BR6856)  
17:39:43 BR6856 (communication between ATC and BR6856)  
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

17:40:28 CAM1 
還有兩個鐘頭還要飛啊 (sound of laughing) 將近兩個鐘

頭 晚上還要被切切切是吧 
Two more hours to fly (sound of laughing) almost 
two hours tonight still going for …… right 

17:40:34 BR6856 (communication between ATC and BR6856)  
17:40:41 ATC (communication between ATC and BR6856)  
17:40:59 CAM (unidentified sound)  
17:41:21 CAM (sound of single chime)  
17:42:11 --- …  
17:42:22 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:42:26 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:42:28 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:42:29 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:42:32 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:42:35 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:42:40 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:42:44 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:42:45 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:42:48 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:42:58 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:43:01 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:43:05 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:43:09 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:43:18 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

17:43:19 CI614D taipei control good morning dynasty six one four delta   
17:43:20 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:43:24 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:43:26 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:43:26 ATC nippon cargo four two seven standby one  

17:43:29 ATC 
dynasty six one four delta taipei control roger maintain 
flight level two seven zero  

 

17:43:34 CI614D 
wilco we'll maintain two seven zero five seven miles to 
elato and estimate elato at five one and we request one 
zero miles right of track for weather  

 

17:43:46 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
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 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 

17:44:03 ATC 
(communication between ATC and NIPPON CARGO 
427) 

 

17:44:04 CAM2 (與本次飛航無關之談話) (conversation not related to this flight) 
17:44:05 CAM1 (與本次飛航無關之談話) (conversation not related to this flight) 
17:44:16 CAM1 (sound of coughing)  
17:44:26 ATC (communication between ATC and NIPPON CARGO  
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

427) 

17:44:33 ATC 
(communication between ATC and NIPPON CARGO 
427) 

 

17:44:47 CAM1 那結冰了 蠻大坨的 It’s iced up quite a huge chunk 
17:45:10 ATC (communication between ATC and BR6856)  
17:45:13 BR6856 (communication between ATC and BR6856)  
17:45:15 ATC (communication between ATC and BR6856)  
17:45:19 BR6856 (communication between ATC and BR6856)  
17:45:24 CAM1 (sound of laughing)  
17:45:30 BR6856 (communication between ATC and BR6856)  
17:45:36 ATC (communication between ATC and BR6856)  
17:45:40  (no sound for 0.3 second)  
17:45:42 BR6856 (communication between ATC and BR6856)  
17:45:47 ATC (communication between ATC and BR6856)  
17:45:50 BR6856 (communication between ATC and BR6856)  
17:45:52 ATC (communication between ATC and BR6856)  
17:47:04 ATC (communication between ATC and BR6856)  
17:47:10 BR6856 (communication between ATC and BR6856)  
17:47:14 ATC (communication between ATC and BR6856)  
17:47:17 BR6856 (communication between ATC and BR6856)  
17:47:21 ATC (communication between ATC and BR6856)  
17:47:29 BR6856 (communication between ATC and BR6856)  
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

17:47:35 BR6225 (communication between ATC and BR6225)  
17:47:42 ATC (communication between ATC and BR6225)  
17:47:50 BR6225 (communication between ATC and BR6225)  
17:47:56 ATC (communication between ATC and BR6856)  
17:48:01 BR6856 (communication between ATC and BR6856)  
17:48:07 CI614D (communication between ATC and CI614 delta)  
17:48:12 ATC (communication between ATC and CI614 delta)  
17:48:14 CI614D (communication between ATC and CI614 delta)  
17:48:22 ATC (communication between ATC and CI614 delta)  
17:48:29 CI614D (communication between ATC and CI614 delta)  
17:48:33 ATC (communication between ATC and CI614delta)  
17:48:40 CI614D (communication between ATC and CI614 delta)  
17:48:47 CAM (sound of changing radio frequency)  
17:48:53 CM2 復興聯管復興拐玖么 transasia operation transasia seven niner one 

17:49:04 SOC 
復興拐玖么清海請說 Transasia seven niner one Chinghai please come 

in 

17:49:07 CM2 
明華辛苦了我們現在在馬公 macau ETA么玖肆陸現在請

問 macau 天氣如何 
Hello MingHwa we are now at Makung Macau ETA 
nineteen forty six. How’s the weather in Macau 

17:49:16 SOC 啊都正常正常 All normal normal 
17:49:19 CM2 好謝謝你 good night Ok thank you good night 
17:49:20 SOC 辛苦了飛行愉快 Have a pleasant flight 
17:49:23 CM2 good night  
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

17:49:24 --- Standby  
17:49:33 CAM (sound of changing radio frequency)  
17:50:03 ATC (communication between ATC and BR6225)  
17:50:07 BR6225 (communication between ATC and BR6225)  
17:50:29 CAM1 哇塞 好大一坨哦 Wow it’s a huge chunk 
17:50:31 CAM2 什麼冰哦 What an ice 
17:50:49 ATC (communication between ATC and CI614 delta)  

17:50:55 CAM1 
這速度越來越小囉 本來一百 二百哦一百九現在一百七

哦 
This speed is getting slower it was a hundred two 
hundred one hundred and ninety now one hundred 
seventy 

17:51:01 CI614D (communication between ATC and CI614 delta)  
17:51:13 ATC (communication between ATC and CI614 delta)  

17:51:15 CAM1 
會不會我們空速管被糊住囉 堵死囉 Is our pitot-static tube going to get blocked get 

stuck 
17:51:18 CAM2 啊怎樣 What 
17:51:18 CAM1 空速管會不會被 Is pitot-static tube going to be 
17:51:20 CAM1 會不會糊到囉等一下 autopilot 會跳掉喔 Going to get blocked then autopilot would be trip 
17:51:20 CI614D (communication between ATC and CI614 delta)  
17:51:25 CAM1 要飛傳統儀表哦 Have to use instrumental flight 
17:51:27 CAM2 飛高一點 Go higher 
17:51:28 ATC (communication between ATC and BR6225)  
17:51:30 CAM1 飛低一點啦 高一點沒有用啦 Go lower no use going higher 
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

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

17:51:35 CAM2 
只要不要在(再)有水氣因為我們現在有水氣 Just as long as no more moisture because we 

have moisture now 
17:51:38 CAM (Unidentified sound)  
17:51:38 CAM2 那你是要高還是要啊嚴重結冰了 So do you want to move up or ah severe icing up 
17:51:41 CAM1 耶要低啦 Yeah move down 
17:51:42 CAM2 要下降 Move down 
17:51:43 CAM1 下降 對 Move down yes 

17:51:44 CAM2 
可是我們下降高度可能會收不到訊號喔 要高還是要低哦 But we may receive no transmission when we 

move down up or down 
17:51:47 CAM1 低低低低低 趕快通知 Down down down down down notify them quickly 
17:51:48 CAM2 大概要多低 How low 
17:51:49 CAM1 一萬六 Sixteen thousand  

17:51:51 CM2 
taipei control transasia seven niner one request 
descend maintain flight level one six zero 

 

17:51:55 ATC 
transasia seven niner one roger descend and maintain 
flight level one six zero 

 

17:51:59 CM2 maintain flight level one six zero seven niner one  
17:52:02 CAM1 看到沒有 Do you see that 
17:52:08 CAM1 嚴重結冰了 It’s severe icing up 
17:52:10 CAM2 教官 Captain 
17:52:10 CAM (Sound similar to stick shaker)  
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

17:52:11 CAM (Sound of stall warning and stick shaker)  
17:52:13 CAM (Sound of autopilot disengage)  
17:52:14 CAM (Sound similar to stick shaker)  
17:52:15 CAM (Sound of stall warning and stick shaker)  
17:52:16 CAM (Sound of single chime)  
17:52:17 CAM (Sound similar to stick shaker)  
17:52:17 CAM (Sound of continuous repetitive chime)  
17:52:18 CAM (Unidentified sound)  
17:52:19 CAM (Sound of stall warning and stick shaker)  
17:52:21 CAM (Sound of altitude alert)  
17:52:21 CAM (Unidentified sound)  
17:52:22 CAM (Sound of stall warning)  
17:52:23 CAM (Sound of single chime)  
17:52:23 CAM (Sound similar to stick shaker)  
17:52:25 CAM (Sound of continuous repetitive chime)  
17:52:25 CAM2 教官拉起來 Captain pull up 
17:52:26 CAM (Sound of altitude alert)  
17:52:28 CAM (Sound of single chime)  
17:52:29 CAM (Sound similar to stick shaker)  
17:52:29 CAM (Sound of overspeed warning)  
17:52:30 CAM (Sound of stall warning)  
17:52:31 CAM (Sound of overspend warning)  
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Makung 
Radar UTC 

SOURCE CONTENT TRANSLATION 

17:52:31 CAM (Unidentified sound)  
17:52:34 CAM (Unidentified sound)  
17:52:40 CAM (Unidentified sound)  
17:52:46 CAM (Unidentified sound)  
17:52:51  (End of recording)  
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Appendix 10 GE791 FDR Parameter List
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ATR-72, F800, 17M800-261 FDR Parameter List 

FICHIER : ~/etal/a443a330 

FICH. ETAL A/R SFIM FDAU P/N ED34A330 (CAPABLE 
OMEGA/GPS)ATR42-400/500   NOTE REF:420.0049/96  ED55 
1 AC ELEC. BUS STATUS 1              0=OFF 

2 AC ELEC. BUS STATUS 2              0=OFF 

3 ADVISORY DISPLAY UNIT CAUTION ACTIVE 

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

5 AIRCRAFT CONFIG.(ENGINE TYPE & PROPELLER TYPE) 

6 AIRCRAFT NUMBER (AIRLINE RANK) 

7 AIR-FLOW CONTROL               O=HIGH ON 

8 AIRFRAME DE-ICING 

9 ALL GEARS SQUAT SWITCH       1=ON GROUND 

10 ALTITUDE  ELAB.       B12/26+29 

11 ALTITUDE CAPTURE 

12 ALTITUDE COARSE SCALE 

13 ALTITUDE FINE SCALE 

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

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

14 ASYMMETRICAL FLAPS               1=NORMAL 

15 AUTO-PILOT ABNORMAL DISCONNECT 

16 AUTO-PILOT STATUS 

17 BACK-COURSE ARMED 

18 BACK-COURSE CAPTURE 

 CALCULATED MACH NUMBER ***************** 

 CALCULATED STATIC AIR TEMPERATURE ****** 

 CALCULATED TRUE AIRSPEED *************** 

 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 
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25 DEGRADE (GPS) 

26 DESIRED TRACK 

27 DRIFT ANGLE  provision (GPS) 

28 ELEVATOR TRIM POSITION (>0 NOSE DOWN TAB UP) 

29 EVENT MARKER PUSH BUTTON         1=EVENT 

30 FDAU B.I.T.E 

31 FLAPS POSITION 

32 FLIGHT DATA ENTRY PANEL PIN-PROG 0=ACARS PRESENT 

33 FLIGHT NUMBER ELAB. 

34 FLIGHT NUMBER TEN + UNIT 

35 FLIGHT NUMBER THOUS + HUND 

  FUEL QUANTITY 1 (no correct source data) 

  FUEL QUANTITY 2 (no correct source data) 

  FUEL QUANTITY TANK 1 *** OK IF ACARS INSTALLED 

  FUEL QUANTITY TANK 2 *** OK IF ACARS INSTALLED 

36 G.P.W.S  STATUS                0=WARNING 

37 GLIDESLOPE ARMED 

38 GLIDESLOPE CAPTURE 

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

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

41 GMT 

  GMT HR 

  GMT MIN 

  GMT SEC 

42 GO-AROUND CAPTURE 

43 GROUND SPEED  provision  (GPS) 

44 HEADING CAPTURE 

45 HEADING HOLD 

46 HEADING SITUATION INDICATOR SELECTED STS 

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 
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53 INDICATED AIRSPEED 

54 INDICATED AIRSPEED CAPTURE 

55 INNER MARKER                    1=MARKER 

56 INTER TURBINE TEMPERATURE ENG.1 

57 INTER TURBINE TEMPERATURE ENG.2 

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

59 LAT. MODE ACTIVE CAP/TRACK 

60 LATERAL ACCEL.  >0=RIGHT SIDE SLIP 

61 LATPOS 

62 LATITUDE POS. ELAB LSB  nouvelle definition 

63 LATITUDE POS. ELAB MSB  nouvelle definition 

64 LEFT AILERON POSITION (>0 TURN RIGHT) 

65 LEFT ELEVATOR POSITION (>0 NOSE DOWN) 

66 LH HP AIR FLOW VALVE        0=VALVE OPEN 

67 LH LOCAL ANGLE OF ATTACK >0=UP 

68 LH PACK AIR FLOW VALVE      0=VALVE OPEN 

69 LH SPOILER POS. 

70 LOCALIZER ARMED 

71 LOCALIZER CAPTURE 

72 LOCALIZER DEV.ILS.1 (>0 LH OF BEAM) 

73 LOCALIZER DEV.ILS.2 (>0 LH OF BEAM) 

74 LONGI. MODE ACTIVE CAP/TRACK 

75 LONGPOS 

76 LONGITUDE POS. ELAB LSB  nouvelle definition 

77 LONGITUDE POS. ELAB MSB  nouvelle definition 

78 LONGITUDINAL ACCEL. <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 
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90 MULTIFONCTION COMPUTER 1-B STATUS 

91 MULTIFONCTION COMPUTER 2-A STATUS 

92 MULTIFONCTION COMPUTER 2-B STATUS 

93 NP1 PROPELLER SPEED ENG.1 

94 NP2 PROPELLER SPEED ENG.2 

95 OUTER MARKER                    1=MARKER 

  PILOT CONTROL COLUMN EFFORT SENSITIVITY [no source data input] 

96 PITCH ANGLE        (>0 NOSE UP) 

97 PLA POWER LEVER ANGLE ENG.1 

98 PLA POWER LEVER ANGLE ENG.2 

99 PROPELLER BRAKE CTL      0=BRAKE ENGAGED 

100 RADIO-HEIGHT R/A.1 

101 RH HP AIR FLOW VALVE        0=VALVE OPEN 

102 RH LOCAL ANGLE OF ATTACK >0=UP 

103 RH PACK AIR FLOW VALVE      0=VALVE OPEN 

104 RH SPOILER POS. 

  

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

flight] 

105 ROLL ATTITUDE     (>0 RH WING DOWN) 

106 RUDDER POSITION (>0 TURN LEFT) 

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

108 SECONDE BCD GMT ED55R1 

109 SELECTED AIR DATA COMPUTER 

110 SELECTED ALTITUDE 

111 SELECTED BARO SETTING LSB 

112 SELECTED COURSE 

113 SELECTED DECISION HEIGHT 

114 SELECTED HEADING 

115 SELECTED INDICATED AIRSPEED 

116 SELECTED VERTICAL SPEED V/S 

117 SYNC1 

118 SYNC2 

119 SYNC3 

120 SYNC4 

121 TORQUE ENG.1 

122 TORQUE ENG.2 

123 TOTAL AIR TEMPERATURE 
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124 TOUCH CONTROL STEERING ACTIVE 

125 VERTICAL ACCEL. >0=UP 

126 VERTICAL/SPEED CAPTURE 

127 VHF.1                     0=IN SEND MODE 

128 VHF.2                     0=IN SEND MODE 

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

130 VOR ARMED 

131 VOR CAPTURE 

132 YAW DAMPER STATUS 
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Appendix 11 Flight Data Diagram
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Note: 

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

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

（pressure altitude, IAS, pitch, roll, AOA, icing condition, AP, Acceleration, total temperature） 
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 The flight data of the last one minute of GE791 (17:51:50~17:52:50) 

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

（pressure altitude, AP, master warning, three-dimensional accelerations） 
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The calibrated flight data of the last 3 minutes of GE791 (17:49:50~17:52:50) 

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

（pressure and Mode-C altitudes, IAS, pitch, roll, CCD and CWD deflections, AP, local and true AOAs, descent rate and vertical Acc）
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Appendix 12 Comments from L3 Communications for the 
Data Lost of Track 1&2 of Model F800 DFDR 
Tape (1)
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Appendix 13 Comments from L3 Communications for the 

Data Lost of Track 1&2 of Model F800 DFDR 
Tape (2)
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Appendix 14 The CSIST Materials Test Report
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Appendix 15 Wreckage List



 

 72

Intentionally Left Blank



 

No. Date Time Latitude Longitude Zone Description ATA
Station 

From/To
Section
From/To

Stringer 
From/To 

Len

001 21/12/02 0600 23.21 119.23 Floating Cargo Track 53  141/142  50c
002 21/12/02 0840 23.25 119.26 Floating V.STAB Skin PNL 55  322/324  115
003 21/12/02 0840 23.25 119.26 Floating V.STAB Skin PNL 55  322/324  150
004 21/12/02 0840 23.25 119.26 Floating V.STAB Skin PNL 55  322/324  83c
005 21/12/02 0600 23.21 119.23 Floating V.STAB Skin PNL 55  322/324  66c
006 21/12/02 1100 23.23 119.22 Floating V.STAB Skin PNL 55  322/324  45c
007 21/12/02 1100 23.23 119.22 Floating V.STAB Skin PNL 55  322/324  53c
008 21/12/02 0810 23.25 119.26 Floating V.STAB Skin PNL 55  322/324  70c
009 21/12/02 0600 23.21 119.23 Floating V.STAB Skin PNL 55  322/324  86c
010 21/12/02 0600 23.21 119.23 Floating V.STAB Skin PNL 55  322/324  25c
011 21/12/02 1100 23.23 119.22 Floating V.STAB Skin PNL 55  322/324  39c
012 21/12/02 1100 23.23 119.22 Floating V.STAB Skin PNL 55  322/324  74c
013 21/12/02 0810 23.25 119.26 Floating RUD L/E 55  326  103
014 21/12/02 0600 23.21 119.23 Floating RUD Skin PNL 55  327  73c
015 21/12/02 0600 23.21 119.23 Floating RUD Skin PNL 55  327  33c
016 21/12/02 0800 23.25 119.24 Floating RUD Skin PNL 55  327  106
017     Floating RUD Skin PNL 55  327  59c
018     Floating RUD Skin PNL 55  327  37c
019     Floating RUD Skin PNL 55  327  49c
020 22/12/02 0930 23.23 119.30 Floating RUD Skin PNL 55  327  40c
021 22/12/02 0930 23.23 119.30 Floating RUD Skin PNL 55  327  30c
022 21/12/02 0810 23.25 119.26 Floating RUD Trim Tab 55  328  69c
023 21/12/02 0600 23.21 119.23 Floating RUD Trim Tab 55  328  45c
024 22/12/02 1545 水垵村西洞尾沿岸 Floating RUD Trim Tab 55  328  70c
025 21/12/02 0600 23.21 119.23 Floating SPLR 57  543/643  49c
026 21/12/02 0600 23 21 119 23 Fl ti SPLR 57 543/643 40



 

034 21/12/02 1430 23.22 119.26 Floating Tail Cone Skin 53  313/314  110
035 21/12/02 0800 23.25 119.27 Floating Tail Cone Skin 53  313/314  87c
036 21/12/02 1350 23.27 119.23 Floating Tail Cone Skin 53  313/314  80c
037 21/12/02 1258 23.27 119.24 Floating Fairing 53  191/195  40c
038 21/12/02 0600 23.21 119.23 Floating Fairing 53  191/195  47c
039 21/12/02 0810 23.25 119.26 Floating Fairing 53  293/294  62c
040 21/12/02 0600 23.21 119.23 Floating Fairing 53  191/195  62c
041 21/12/02 0600 23.21 119.23 Floating Fairing 53  191/195  30c
042 21/12/02 0600 23.21 119.23 Floating Fairing 53  191/195  36c
043 21/12/02 0800 23.25 119.24 Floating Fairing 53  191/195  41c
044 21/12/02 0800 23.25 119.24 Floating Fairing 53  191/195  29c
045 21/12/02 1100 23.23 119.22 Floating Fairing 53  191/195  68c
046 21/12/02 1100 23.23 119.22 Floating Fairing 53  191/195  27c
047 22/12/02 0930 23.23 119.30 Floating Fairing 53  191/195  53c
048 21/12/02 0600 23.21 119.23 Floating Fairing 53  191/195  62c
049 21/12/02 1245 23.28 119.24 Floating Cargo Floor PNL 25  141/142  32c
050 21/12/02 0600 23.21 119.23 Floating Cargo Floor PNL 25  141/142  33c
051 21/12/02 0600 23.21 119.23 Floating Cargo Floor PNL 25  141/142  28c
052 21/12/02 0600 23.21 119.23 Floating Cargo Floor PNL 25  141/142  43c
053 21/12/02 0600 23.21 119.23 Floating Cargo Floor PNL 25  141/142  20c
054 21/12/02 0600 23.21 119.23 Floating Cargo Floor PNL 25  141/142  95c
055 21/12/02 0800 23.25 119.24 Floating Cargo & Floor 25  141/142  210
056 21/12/02 0800 23.25 119.24 Floating Cargo Floor PNL 25  141/142  42c
057 21/12/02 0600 23.21 119.23 Floating PAX Door Step 52  834  53c
058 21/12/02 1330 23.27 119.24 Floating PAX Door Step 52  834  53c
059 21/12/02 1135 23.27 119.24 Floating ADF#1 ANT 34  253  45c
060 21/12/02 1135 23.27 119.24 Floating COM HF Coupler 23  264  31c
061 21/12/02 0600 23 21 119 23 Fl ti C Li i PNL 25 251/252 24



 

069 21/12/02 0600 23.21 119.23 Floating Flap Skin PNL 57  541/542  37c
070 21/12/02 0600 23.21 119.23 Floating Flap Skin PNL 57  541/542  27c
071 21/12/02 0600 23.21 119.23 Floating Flap Skin PNL 57  541/542  42c
072 21/12/02 1100 23.23 119.22 Floating Flap Skin PNL 57  541/542  44c
073 21/12/02 1430 23.22 119.26 Floating Flap Skin PNL 57  541/542  43c
074 22/12/02 0930 23.23 119.30 Floating Flap Skin PNL 57  541/542  39c
075     Floating Flap Skin PNL 57  541/542  60c
076     Floating Flap Skin PNL 57  541/542  65c
077     Floating Flap Skin PNL 57  541/542  110
078     Floating Flap Skin PNL 57  541/542  63c
079     Floating Flap Skin PNL 57  541/542  74c
080 21/12/02 0600 23.21 119.23 Floating Wing T/E PNL 57  530/533  44c
081 21/12/02 1100 23.23 119.22 Floating Wing T/E PNL 57  530/533  45c
082 21/12/02 1100 23.23 119.22 Floating Wing T/E PNL 57  530/533  36c
083 21/12/02 1100 23.23 119.22 Floating Wing T/E PNL 57  530/533  44c
084     Floating Wing T/E PNL 57  530/533  40c
085     Floating Wing T/E PNL 57  530/533  45c
086     Floating Wing T/E PNL 57  530/533  37c
087 21/12/02 0600 23.21 119.23 Floating AFT UP ENG Cowl 54  475/476  30c

088 12/01/03 
F:0626
T:0640

23°28.760' 119°26..296'  DFDR  S/N 3490 31  FR46  30c

89 13/01/03 
F:1640
T:1550

23°28.7569' 119°26..2954'  
CVR  P/N 

93A100 
31  FR46  35c

90 16/01/03 16:45 23°28.7593' 119°26.3004'  FIRE WALL 70  475/485  100
91 16/01/03 16:45 23°28.7593' 119°26.3004'  Propeller Blade 61  412/422  130

92 16/01/03 16:45 23°28.7593' 119°26.3004'  
Landing Gear and 
Fuselage Panel 

32  741  120

93 19/01/03 16 54 23°28 7569' 119°26 3309' F i 53 200 20



 

Intentionally Left Blank
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The second phase: Fish boat operation 
 

No. Date Time Latitude Longitude Zone Description ATA
Station 

From/To 
Section
From/To

Stringer
From/To

Length Width Height 
Remark

s 
098 18/02/03    Sea Bed Wing Skin PNL 57  520/620  86cm 30cm 3cm 漁 001 
099 18/02/03    Sea Bed Wing Structure 57  500/600  55cm 5cm 4cm 漁 002 
100 18/02/03    Sea Bed Pipe 28  500/600  54cm 22cm 3cm 漁 003 
101 21/02/03    Sea Bed L/G 32  731/741  60cm 14cm 4cm 漁 004 
102 21/02/03    Sea Bed Wing Skin PNL 57  520  167cm 41cm 3cm 漁 005 
103 21/02/03    Sea Bed Exhaust Pipe 71  479/489  65cm 34cm 24cm 漁 006 
104 21/02/03    Sea Bed Window Frame 53  200  56cm 40cm 2cm 漁 007 
105 21/02/03    Sea Bed V.STAB Skin 55  320  102cm 44cm 23cm 漁 008 
106 22/02/03    Sea Bed Bleed Duct 36  FR23  110cm 54cm 2cm 漁 009 
107 22/02/03    Sea Bed RUD L/E 55  320  54cm 34cm 13cm 漁 010 
108 22/02/03    Sea Bed V.STAB Structure 55  320  97cm 38cm 15cm 漁 011 
109 22/02/03    Sea Bed A/C Skin 53  200  46cm 36cm 3cm 漁 012 
110 22/02/03    Sea Bed A/C Skin 53  200  43cm 33cm 8cm 漁 013 
111 22/02/03    Sea Bed A/C Skin 53  200  70cm 35cm 1cm 漁 014 
112 22/02/03    Sea Bed A/C Skin 53  200  85cm 50cm 10cm 漁 015 
113 23/02/03    Sea Bed A/C Skin 53  200  80cm 30cm 10cm 漁 016 
114 23/02/03    Sea Bed A/C Skin 53  200  60cm 39cm 10cm 漁 017 
115 26/02/03    Sea Bed Wing Skin PNL 57  520  103cm 46cm 7cm 漁 018 
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116 26/02/03    Sea Bed Wing Structure 57  540/640  110cm 33cm 6cm 漁 019 
117 26/02/03    Sea Bed Wing Structure 57  520/620  60cm 38cm 7cm 漁 020 
118 26/02/03    Sea Bed SVC Door 52  840  108cm 46cm 4cm 漁 021 
119 26/02/03    Sea Bed Wheel 32  731/741  39cm 29cm 14cm 漁 022 
120 26/02/03    Sea Bed A/C Structure 53  FR25  75cm 39cm 4cm 漁 023 
121 26/02/03    Sea Bed MECH Rod 53  540/640  56cm 3cm 8cm 漁 024 
122 26/02/03    Sea Bed A/C Structure 53  FR47  135cm 6cm 1cm 漁 025 
123 26/02/03    Sea Bed A/C Skin 53  200  30cm 9cm 2cm 漁 026 
124 26/02/03    Sea Bed V.STAB Structure 55  320  65cm 54cm 20cm 漁 027 
125 27/02/03    Sea Bed ENG Tail Cowl 71  477/487  40cm 38cm 0.5cm 漁 028 
126 27/02/03    Sea Bed No SMK Sign PNL 25  FR39  40cm 34cm 0.5cm 漁 029 
127 27/02/03    Sea Bed A/C Skin 53  200  37cm 17cm 0.3cm 漁 030 
128 27/02/03    Sea Bed A/C Structure 53  FR38  88cm 29cm 0.3cm 漁 031 
129 27/02/03    Sea Bed A/C Structure 53  FR39  60cm 16cm 3cm 漁 032 
130 27/02/03    Sea Bed Wing Structure 57  620  166cm 75cm 4cm 漁 033 
131 27/02/03    Sea Bed Wing Structure 57  FR26  184cm 75cm 4cm 漁 034 
132 27/02/03    Sea Bed Wing Structure 57  540/640  84cm 34cm 4cm 漁 035 
133 28/02/03    Sea Bed Cargo Track 53  141/142  48cm 9cm 3cm 漁 036 
134 28/02/03    Sea Bed Wing Structure 57  520/620  48cm 4cm 1cm 漁 037 
135 28/02/03    Sea Bed A/C Skin 53  FR40  200cm 94cm 16cm 漁 038 
136 28/02/03    Sea Bed Wheel and BRK 32  731/741  73cm 45cm 20cm 漁 039 
137 28/02/03    Sea Bed A/C Structure 53  200  49cm 6cm 0.3cm 漁 040 
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138 28/02/03    Sea Bed A/C Structure 53  200  75cm 9cm 1cm 漁 041 
139 28/02/03    Sea Bed Wing Structure 57  530/630  50cm 13cm 10cm 漁 042 
140 28/02/03    Sea Bed Cargo Track 53  141/142  55cm 8cm 5cm 漁 043 
141 28/02/03    Sea Bed A/C Skin 53  200  34cm 10cm 0.2cm 漁 044 
142 28/02/03    Sea Bed Wing Structure 57  530/630  36cm 16cm 0.3cm 漁 045 
143 28/02/03    Sea Bed Fairing 57  550/650  25cm 18cm 6cm 漁 046 
144 28/02/03    Sea Bed Fairing 53  191/195  56cm 22cm 0.3cm 漁 047 
145 28/02/03    Sea Bed A/C Skin 53  200  56cm 22cm 14cm 漁 048 
146 28/02/03    Sea Bed Cargo Liner 25  141/142  55cm 37cm 0.2cm 漁 049 
147 28/02/03    Sea Bed RCAU Cover 23  FR12  21cm 13cm 0.3cm 漁 050 
148 28/02/03    Sea Bed A/C Structure 53  200  85cm 50cm 30cm 漁 051 
149 28/02/03    Sea Bed Cargo     120cm 9cm 4cm 漁 052 
150 28/02/03    Sea Bed Window Frame 53  FR19  72cm 21cm 3cm 漁 053 
151 28/02/03    Sea Bed Wing Structure 57  530/630  79cm 40cm 0.4cm 漁 054 
152 28/02/03    Sea Bed A/C Structure 53  200  24cm 8cm 0.2cm 漁 055 
153 01/03/03    Sea Bed A/C Skin 53  FR40  158cm 151cm 73cm 漁 056 
154 01/03/03    Sea Bed HYD Pipe 29    78cm 0.5cm 0.5cm 漁 057 
155 01/03/03    Sea Bed Bundle 24    101cm 0.3cm 0.3cm 漁 058 
156 01/03/03    Sea Bed A/C Skin 53  200  39cm 20cm 0.2cm 漁 059 
157 01/03/03    Sea Bed A/C Structure 53  200  45cm 8cm 3cm 漁 060 
158 01/03/03    Sea Bed Flap Structure 57  550/650  52cm 43cm 8cm 漁 061 
159 01/03/03    Sea Bed A/C Structure 53  200  79cm 19cm 6cm 漁 062 
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160 01/03/03    Sea Bed A/C Structure 53  FR24  98cm 42cm 13cm 漁 063 
161 01/03/03    Sea Bed A/C Skin 53  200  36cm 30cm 17cm 漁 064 
162 01/03/03    Sea Bed Tire 32  731/741  74cm 25cm 6cm 漁 065 
163 01/03/03    Sea Bed A/C Structure 53  200  98cm 11cm 5cm 漁 066 
164 01/03/03    Sea Bed A/C Skin 53  200  55cm 28cm 12cm 漁 067 
165 01/03/03    Sea Bed A/C Structure 53  FR25  142cm 72cm 8cm 漁 068 
166 01/03/03    Sea Bed Flap Structure 57  630  148cm 44cm 27cm 漁 069 
167 01/03/03    Sea Bed A/C Skin 53  FR21  59cm 46cm 0.3cm 漁 070 
168 01/03/03    Sea Bed A/C Skin 53  200  30cm 24cm 0.2cm 漁 071 
169 01/03/03    Sea Bed A/C Skin 53  FR23  85cm 70cm 12cm 漁 072 
170 01/03/03    Sea Bed A/C Skin 53  FR42  82cm 6cm 14cm 漁 073 
171 01/03/03    Sea Bed Wing Structure 57  520/620  150cm 5cm 4cm 漁 074 
172 01/03/03    Sea Bed A/C Structure 53  200  90cm 5cm 4cm 漁 075 
173 01/03/03    Sea Bed A/C Structure 53  200  37cm 19cm 2cm 漁 076 
174 01/03/03    Sea Bed Plate 53  FR41  74cm 7cm 0.2cm 漁 077 
175 02/03/03    Sea Bed A/C Skin 53  200  28cm 19cm 0.2cm 漁 078 
176 02/03/03    Sea Bed A/C Skin 53  200  86cm 34cm 0.3cm 漁 079 
177 02/03/03    Sea Bed Wing Skin 57  530/630  60cm 24cm 6cm 漁 080 
178 02/03/03    Sea Bed A/C Structure 53  200  65cm 29cm 7cm 漁 081 
179 02/03/03    Sea Bed A/C Structure 53  200  64cm 15cm 5cm 漁 082 
180 02/03/03    Sea Bed A/C Structure 53  200  87cm 46cm 8cm 漁 083 
181 02/03/03    Sea Bed A/C Structure 53  FR46  97cm 71cm 29cm 漁 084 
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182 02/03/03    Sea Bed Plate 53  FR41  60cm 25cm 2cm 漁 085 
183 02/03/03    Sea Bed A/C Skin 53  FR43  100cm 40cm 9cm 漁 086 
184 02/03/03    Sea Bed Plate 53  FR38  69cm 18cm 3cm 漁 087 
185 02/03/03    Sea Bed Wing Structure 57  520/620  42cm 30cm 12cm 漁 088 
186 02/03/03    Sea Bed Wing Structure 57  520/620  56cm 19cm 2cm 漁 089 
187 02/03/03    Sea Bed A/C Structure 53  FR37  57cm 19cm 3cm 漁 090 
188 02/03/03    Sea Bed A/C Skin 53  200  45cm 33cm 3cm 漁 091 
189 02/03/03    Sea Bed A/C Skin 53  FR41  63cm 43cm 13cm 漁 092 
190 02/03/03    Sea Bed A/C Skin 53  FR40  109cm 53cm 5cm 漁 093 
191 02/03/03    Sea Bed DE-ICE PR SW 30  435/445  22cm 11cm 3cm 漁 094 
192 02/03/03    Sea Bed DE-ICE Boot 30  510/610  29cm 17cm 0.2cm 漁 095 
193 02/03/03    Sea Bed Wing Structure 57  530/630  51cm 30cm 0.3cm 漁 096 
194 02/03/03    Sea Bed A/C Structure 53  200  33cm 24cm 3cm 漁 097 
195 02/03/03    Sea Bed Wing Structure 57  530/630  63cm 29cm 0.2cm 漁 098 
196 02/03/03    Sea Bed A/C Skin 53  200  45cm 30cm 0.2cm 漁 099 

197 02/03/03    Sea Bed
Pilot Seat 
Structure 

25  FR8  34cm 18cm 1cm 漁 100 

198 05/03/03    Sea Bed A/C Structure 53  FR45  205cm 135cm 6cm 漁 101 
199 13/03/03    Sea Bed Flap Structure 57  550/650  140cm 30cm 3cm 漁 102 
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Appendix 16 "Penn State University" Diagram
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Appendix 17 "Lucas Aerospace" Diagram
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Appendix 18 The Dispatcher’s statement provided by TNA
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Appendix 19 Information About Severe Icing 
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Airplane Flight Manual 
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Flight Crew Operating Manual 
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Quick Reference Hand Book 
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Appendix 20 ATR 72-200 ： TRANSASIA AIRWAYS MSN 322 – 
Accident Analysis
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Appendix 21 ATR 72 Full Flight Simulator Test Report. 
SUBJECT: Report of Simulation Session with 
ASC and BEA 
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SUBJECT : Report of simulation session with Taïwan 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 28th 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 



 

 145

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 
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decreases for the same stick position and speed. 

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

This simulator session allowed to demonstrate the main following 
points: 

 Severe icing conditions induce speed decay; 

 If the pilot does not observe the minimum speed recommended by 
the procedure, a stall may occur, with unwanted roll motions; 

 The stalling conditions are maintained if the pilot only counteracts 
the roll motions, keeping the stick around the neutral position; 

 The control of the aircraft is immediately regained when applying 
either of the recovery techniques recommended by ATR. 
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Appendix 22 Simulation Analysis Performed by ATR in 2004 
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Subject: Simulation analysis  

July, 2004 

 

The simulation study reproduced the FDR parameters and provides 
adequate elements for a better understanding of the roll excursion 
and the loss of control of the 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. 

Conclusions:  

Both flight recorders analyze show that the after second activation 
of airframe de-icing system, the aircraft engaged the autopilot and 
continued in icing environment about 11 minutes. The Loss of 
control of the GE791 has been initiated by an asymmetrical lift 
between right and left wing due to a long exposure to severe icing 
conditions. This asymmetrical lift induced a consequential left roll 
when the autopilot disconnected. Large rudder input during the roll 
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induced a further increase of angle of attack, which produced stick 
pusher activation. This was immediately counteracted keeping high 
the angles of attach in conflicting to what required by the recovery 
procedure which was never been applied.  
The aircraft after a first left roll followed by a right roll, continued to 
roll left, increasing the speed and diving until the crash into the sea. 
 
The Safety Council, after analysis of FDR and CVR data, believes 
that the GE791 probably encountered a severe icing condition, 
which was worse than icing certification requirements of FAR/JAR 
25 Appendix C.  
In fact the continued flight in such conditions caused a drag 
increase of 500 counts which is 130% greater than the expected 
drag for this aircraft model in cruise and 100% more the normal ice 
condition. Both lift-drag ratio and airspeed decayed rapidly and 
caused the mishap from which the aircraft did not recover for lack of 
application of the recovery procedure. 
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Fig. 1 
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Fig. 2 
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Fig. 3 



 

 170

 

Fig. 4 
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Appendix 23 Performance and Stability Analysis of Flight 
GE791 Accident 
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Abstract 
 

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

Introduction 
 

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

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

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

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

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

(3) Effects of freezing drizzles or rains were not well documented. 
(4) FAA regulations did not refer to any handling qualities problems in icing 

conditions. 
(5) ATR’s warnings to pilots included (a) disengaging autopilot, (2) increasing speed, 

(3) no “excessive” maneuvering, and (4) exiting freezing rain conditions as soon 
as possible. 

(6) In simulator training, an abrupt asymmetrical stall with roll upset was instituted. 
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Preparation of GE 791 Flight Data 
 
  The present study will emphasize the flying and handling quality issues. Although 
thrust will not affect these issues too much, and it cannot be estimated accurately anyway, 
for completeness it is estimated in the following manner. The maximum available power 
from each engine is taken to be 2400 HP. Therefore, total power available is 
 
Power = (average percent torque in FDR)*max. power*2*550, ft-lb/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:δa, left. 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 lbs  S= 656.6 ft2, mean chord = 7.4 ft. span = 88.75 ft. 
Ix = 213800 slug-ft2, Iy = 220120 slug-ft2 , Iz = 423050 slug-ft2 
Thrust line at 2.2 ft. above C.G. (measured from a 3-D view) 
 
The moments of inertia are all estimated by using statistical data. 
 
Most of the plots are from t =2550 sec. in the present notation, which is equivalent to 
UTC time = 17:48:05. 
 
 

Results and Discussions 
 

Normal Climbing Flight 
 

To demonstrate the model estimation of aerodynamics in normal flight, the data in 
climbing flight are first used to set up the aerodynamic models for the normal force (CN), 
pitching moment coefficient (Cm), rolling moment coefficient (Cl) and yawing moment 
coefficient (Cn). The objectives are to determine CNα, Cmα, 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 CN and Cm are compared with data in Figure1 with good 
agreement. For the longitudinal derivatives, the following conditions are chosen: 

 
M=0.33, V=350 ft/sec, α = 4.0 deg., k = 0. (static), δs (trim elevator position) = 

-0.3 deg., δe = 0.3 deg. 
 



 

 175

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

 
At α = 4 degrees, CNα = 3.644 per radian, and Cmα = -0.1455 per radian. For the 
lateral-directional aerodynamics, only a slow banking motion was present during the 
period of 84 – 210 seconds. Since parameters are identifiable only if the related motions 
are excited, only the flight data in the aforementioned time period plus some records 
before and after this period are used in modeling. To extract the dynamic derivatives, the 
following oscillatory flight conditions are specified: 
 
k= 0.01, M = 0.24, V=260. ft/sec., δa = 2.7 deg. (rolling), = 2.4 deg. (yawing), δr = 0. α = 
6 deg. 
 
The roll deflection is chosen to coincide with the maximum aileron deflection to recover 
from the bank; while the aileron deflection for yawing derivatives is that at maximum 
yaw rate. To obtain yaw derivatives, a yawing motion of 0.5 degree in amplitude is 
specified. The results are presented in Figure 3a and b. To obtain the roll damping 
derivative, a roll amplitude of 16 degrees is specified. This is because k (the reduced 
frequency) is small, so that a large amplitude is needed to generate enough roll rate. The 
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results are presented in Figure 3c. Based on these results, we can determine that at ψ = 0, 
Cnr = -0.258 and Cnβ = 0.197 per radian; and at φ = 0., Clp = -0.334. These 
lateral-directional derivatives are comparable to those given in reference 4 for a different 
turboprop transport (Cnβ = 0.155 per radian, Cnr = -0.25, Clp = -0.52 at α = 0 deg.), except 
the present roll damping is much lower.  
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Figure 2 Static longitudinal aerodynamics. M =0.33, δs (trim elevator position) =  
- 0.3 deg., δe = 0.3 deg. 
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Figure 3 Lateral-directional derivatives. M = 0.24, k=0.01, δa = 2.7 deg. (rolling), = 2.4 
deg. (yawing), δr = 0. α = 6 deg. 
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Accident Flight 
 
The aircraft attitudes and trajectory in the last 283 seconds are re-created in figure 

4. As can be seen, the accident scenario started in rolling motion. This will be verified 
further with engineering plots. Therefore, only three (3) aerodynamic models for the 
normal force, pitching moment and rolling moment coefficients will be generated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
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 α = 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 α before roll excursion is 
estimated to be about 2.2 per radian. Since the effectiveness of both the elevator and 
stabilizer before the roll excursion appeared to be small (fig. 7b and fig. 8b), tail icing 
might have started before wing ice accretion. 
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Figure 7 Calculated derivatives for the normal force coefficient along the trajectory 
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Figure 8 Calculated derivatives for the pitching moment coefficient along the trajectory 
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 The speed decrease at a rate of 0.28 ft./sec per second means that wing ice has increased 
the aerodynamic drag slightly. In figure 8a, it is seen that longitudinally it was almost 
neutrally stable (i.e. small negative Cmα). 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 (Clβ >0) and the roll damping is also slightly 
unstable (Clp >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 (Clδa <0) before roll excursion. According 
to the conventional sign, if the roll control is effective, Clδa should be positive. Before the 
scale in figure 6a for Clp 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. Clp >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. 
 α = 6 deg., δr =0. 
 
The results are extracted from the aerodynamic model and presented in figures 11a with β 
effect and 11b without β effect.  
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Figure 11a Response in rolling moment with β effect to a rolling oscillation input at 
k=0.03, M = 0.4, V=400 ft./sec., α = 6 deg. 
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Figure 11b Response in rolling moment without β effect 
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The β 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 β would be generated. 
Figure 6a indicates that β 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 (Clp)osc is positive, implying dynamic instability. On the other hand, a 
counterclockwise hysteretic loop implies a negative (Clp)osc , and hence, dynamic stability. 
Figure 11a shows that left roll is unstable, so that the aircraft will roll to the left under any 
disturbance, not necessarily due to aileron deflection. Besides, the aileron has lost its 
effectiveness already (fig. 9b). As the left roll angle became large, Clβ changed its sign to 
negative (stable), and the aircraft would roll back. Note that all rolling moment 
derivatives are primarily contributed from the wing. If wing rock was the cause, it would 
not be possible to control the aircraft and recover from the disaster, not only because of 
the issue of control effectiveness, but also a human pilot just can not provide timely roll 
control input for stability augmentation. To damp wing rock, the only way is to generate 
artificial damping moment (ref. 6). 
 

Based on these results, we can now compare the roll excursion scenario between 
the Roselawn case (fig. 12) and GE 791: 
 
 Roselawn case   GE 791 
 No roll oscillation  roll oscillation 
 
 In descent and holding in cruise 
 pattern 
 
 No stall warning sounded stall warning sounded 
 
 Propeller RPM=77%  Propeller RPM=86% 
 
 Speed decreased faster speed decrease was slight and 
     eventually it was increased fast 
 
 autopilot disengaged  autopilot disengaged 
 
 α ≅ 6 deg.   α ≅ 6 deg. 
 
Note that roll oscillation was also present in the Antonov AN-12 icing accident on 
January 31, 1971, as mentioned in ref. 3.  
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Figure 12 Roll characteristics of an ATR-72 in Roselawn, IN accident 
 
 
Finally, we will examine the possibility of early ice detection. One proposed scheme 

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

(1) Initial R2 = 0.918 
(2) After points at 1487, 1490, 1498 are removed, R2 = 0.935. 
(3) After additional points at 1484, 1542 and 1544 are removed, R2 = 0.9479. 
(4) After additional points at 1489 and 1481 are removed, R2 = 0.972. 

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

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

Concluding Remarks 
 

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

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

 
Finally, based on data correlation concept, it was shown that it could be possible to 

detect the occurrence of significant icing. 
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Appendix 24 Comments on the Report to ASC on 
Performance and Stability Analysis of Flight 
GE791 Accident 
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Introduction: 

The aim of this note is to produce relevant comments on the report" Performance and stability 

Analysis of flight GE 791 Accident", in particular during the 4mn before autopilot 

disconnection. 

Comments: 

Page 2: Because it happened at a relatively low angle of attack (=6 deg) 

It is worth to specify that the following relation between true AOA and Vane AOA is: 

True AOA = Vane AOA*0.6262 + 0.98 

-The Roselawn accident occurs at Vc= 187Kt and AOA (Right vane+ Left vane)/2 = 

5.5° ) True AOA = 4.4° 

- The GE 791 Accident occurs (beginning of roll departure) Vc= 158Kt and AOA 

(Right vane+ Left vane)/2 = 8° 

True AOA = 6° 

 

Page 3:  Power = (average percent Torque in FDR) * max.power*2*550,ft-lb/sec 

This approximate formula must take into account the RPM of the propeller Aircraft. 

- Power = (average percent Torque in FDR) *(average percent RPM in FDR) * 

max.power*2*550,ft-lb/sec 

 

Page:3  The aileron deflection angle is given by the left aileron position reading : δa,left . A 

positive deflection of aileron would produce a positive rolling moment and a bank angle to the 

right. 

Unfortunately the left aileron data is recorded with a wrong sign. The proof is given on Chart 

14 of performance analysis.  

In this case, either we consider that it is the right aileron(δa,right): 

- 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 (δa,left ) 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. 

 

 



 

 195

 

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

to be about 2.2 per radian. 

 

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

4.7rd-1 and not 2.2 rd-1.  

 

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 δe = 0.405 rd-1 

- Elevator trim lift gradient:  Cz δtrim = 0.0635  rd-1   

- Elevator pitching moment efficiency:  Cm δe = -2.25 rd-1 

  Figure: 1 - AC 322    LONGITUDINAL STABILITY
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- Elevator trim pitching moment efficiency: Cm δtrim = -0.389  rd-1 

In the report to ASC the value in figure 4 are about: 
- Elevator lift gradient :Cz δe = -1 rd-1 

- Elevator trim lift gradient : Cz δtrim = 1  rd-1 

- Elevator pitching moment efficiency : Cm δe =  0 rd-1 

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

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

correctly the longitudinal stability of this aircraft. 

 

Longitudinal stability: 

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

clean aircraft coefficient associated at the FDR coefficients (lift) and parameters (elevator).  

Notice: In severe icing conditions and at positive AOA the flow separation appears always on 

the wing and never on the tail plane. On the other hand, at negative AOA the flow separation 

occurs always on tail plane.  

In body axis the pitching moment is written: 

Cm = Cmα∗α + Cm δe*δe  + Cm δtrim * δtrim + Cmβ*β  + Cmq1*q1*l/v  + Cmdα /δτ ∗dα/dt* 

l/v 

As during this period the term in β, q1, dα/dt, are negligible the equation is written: 

Cm = Cmα∗α + Cm δe*δe + Cm δtrim * δtrim = 0. 

 Cmα∗α = - Cm δe*δe - Cm δtrim * δtrim 

Cmα =  - Cm δe * 
α
δe

  - Cm δtrim * 
α

δtrim  

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

To take the lift and pitching moment values on a time interval and not on a single point 

because we have to compute differentials, 

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

differentials. 

Note: In the Figure 1: 

- All the points recorded in the DFDR have been used for calculations: the lift, (blue) 

elevator (pink) and trim (black areas).  

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

(smoothed) values.  
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- The trim sign is reported with the following convention: trailing edge down 

positive 

Application at the GE 791 accident: 

The Figure 1 shows three break points: 
 

1) At 17h 47mn 57 the corresponding linear values are: 
- Alpha 1.4 
- Elevator 1.9 
- Tim -1.1° 
- Lift 0.535 

2) At 17h 50mn 51s the corresponding linear values are: 
- Alpha 3.4 
- Elevator 1. 
- Tim -0.8° 
- Lift 0.7 

3) At 17h 51mn 57s the corresponding linear values are: 
- Alpha 5.2 
- Elevator -0.2 
- Tim 0.1° 
- 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: 

 

Cmα  = 2.25 ∗ 
2

9.0−  =   −1.01 rd-1 

With trim 

Cmα  = 2.25 ∗ 
4.14.3

9.11
−

−  + 0.39 ∗ 
4.14.3
1.18.0

−
+−  =   −1.07 rd-1 

and  

Czα  =57.3 ∗ 
4.14.3

535.07.0
−

−  = 4.727  rd-1 

 

We obtain:  

727.4
0.1)

 
XF28.0( T
Chordmean

−=−  

 The aerodynamic center of this aircraft is situated at 506.0
 

XF =
Chordmean

. 

Flight test conducted on ATR 72 200 A/C 98 shows that the aerodynamic center with 

the same configuration is situated at 49% of the Mean Chord. The small differences in 
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the results are normal and come from: recording equipment and pick up installation, 

sampling, flight tests acquisition units, storage of data, conversion of recorded 

parameters into physics data, reading of curves made by specialists. For this reasons 

1% of variation is largely tolerable and a closer look could reduce it, but in our case 

the margin is so huge and we accept the result. 

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

 

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

Cmα  = 2.25 ∗ 
4.32.5
12.0

−
−−  + 0.39 ∗ 

4.32.5
8.01.0

−
+  =   −1.305 

and  

Czα  =57.3 ∗ 
4.32.5
7.079.0

−
−  = 2.865  rd-1 

 

We obtain:  

865.2
305.1)

 
XF28.0( −=−
Chordmean

 

 The aerodynamic center of this aircraft is situated at 735.0
 

XF =
Chordmean

 

 

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

Figure: 2 - ATR 72-200 - LONGITUDINAL STABILITY
CLEAN A/C - FLAPS 0 - POWERED
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moves back (generally a loss of efficiency of tail plane moves forward the aerodynamic 

center and reduces the longitudinal stability). 

In fact the flow separation on the wing due to severe ice produces a loss of lift, which reduce 

the pitch up due to the wing and also reduce the downwash. These effects increase the Cmα  

due to tail plane.  

Remember: 

∆Cmα (Tail plane) = Czα (Tail plane) *  chordmean
wingandtailbetweenArm  ∗ (1 − 

α
ε

d
d ) 

In configuration flaps 0° ¸
α
ε

d
d  = 0.27 when the A/C is not polluted in this case the downwash 

is estimated to
α
ε

d
d  = 0.2   

This proof that the loss of lift gradient is due only at the wing 

3) 17h 51mn 57s to stall warning: 

 

 

When the autopilot initiated the descent a flow separation occurs simultaneous on the 

two wings (no roll) up to AOA=6°, then an asymmetrical left roll appears.  

During this period it is difficult to check correctly the longitudinal stability due to the 

aerodynamic hysteresis phenomenon on the lift (See figure:3). However the elevator 

efficiency is not affected and after the roll departure (17h52mn07s). The longitudinal 

Figure: 3 - AC 322    LONGITUDINAL STABILITY
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stability after stall is reduced (but Aerodynamic center > 28%) and the recovery from 

stall can be performed because elevator remains always effective. 

 

Page 4: Figure 6a shows that the dihedral effect is unstable (Clβ>0) and the roll damping 

also slightly unstable (Clp >0 See figure 6b). and the roll control effectiveness is negative 

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

effective, Cl δa should be positive. 

The roll control effectiveness without spoiler is Cl δa= -2rd-1 when the following conventional 

sign is used: Aileron = (Right aileron - Left aileron)/2  

And  

Claileron = Cl δa * 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-1); p (rd/s); C aerodynamic chord (m); V aircraft speed (m/s) 

The nominal value for an ATR 72-200 clean aircraft is :  Clp = -34.9 rd-1 

The following approach allows knowing the Clp before autopilot disconnection. 

Total Lift = Right wing Lift + Left wing lift                                       

Right wing Lift = f(Alpha right wing)                                               

Left wing Lift   = f(Alpha left wing)                                              

Alpha right wing (rd) =  AOA(true) (rd) +  p (rd/s) * Y  (m) / V (m/s)                    

Alpha left wing (rd)   = AOA(true) (rd)  -  p (rd/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 α  = 4.7 rd-1 then   Cz α  = 2.86 rd-1 and according to the figure:3  

Cz α  = -2.86  few seconds before the roll departure and Cz α  = 2.86 between roll departure 

and stall warning. 

1) 17h 47mn 57s to 17h 50mn 51s  : Cz α  = 4.7 rd-1 

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

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

Total Roll =  -4.7*p* C*V
Y*Y

 =-4.7*p* C * C*V
C* Y*Y

 

As Cl = Clp * p * C/V  

Clp * p * C/V = -4.7*p* C * C*V
C* Y*Y

 

Clp = -4.7* C * C
 Y*Y

 

With Y= 6.2m and  C= 2.3m  Clp = -34 rd-1 

During this period the Clp is nominal 

 

2) 17h 50mn 51s to 17h 51mn 57s : Cz α  = 2.86 rd-1 

  Clp = - 20.7 

During this period the Clp is not nominal but it is effective 
 
 
3) 17h 51mn 57s to 17h 52mn 07s : Cz α  = −2.86 rd-1 

Clp = 20.7 

During this period flows separations occur on the wings, inducing a loss of lift 
(negative gradient) without roll. 
 
 
4) 17h 52mn 07s  to 17h 52mn 10s  Cz α  = 2.86 rd-1 

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

Note: 

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

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

When a flow separation occurs, the figures 3 et 4 show that a significant 

reduction of angle of attack  (about 3°) during few seconds, leads the aircraft in 

a situation where all aerodynamic parameters are nominal. 

Conclusions: 

In the report "Performance and stability analysis of Flight GE 791 Accident", conclusions are 

affected by wrong control surface and aerodynamic coefficient assumption. This document 

qualifies and quantifies the errors and gives the following conclusion.  

Except the 10s before the roll excursion (17h 51mn 57s to 17h 52mn 07s) where the 

longitudinal and lateral stability has been modified by the hysteresis due to flow separation, 

the longitudinal and lateral stability and the efficiency of the elevator and aileron are enough to 

recover the aircraft. In particular the application of recovery procedures using a significant 

reduction of aircraft AOA (3°) by a pitch down elevator input or flaps extension (15°) lead the 

aircraft in a situation where all aerodynamic parameters are nominal. 

Figure 4 : ATR 72 - WIND TUNNEL TEST
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Appendix 25 Alert to Pilots for Wing Upper Surface Ice 
Accumulation
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Appendix 26 The safety Actions Accomplished or Being 
Accomplished of ATR and DGAC
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