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According to the Aviation Occurrence Investigation Act of the
Republic of China and the International Civil Aviation Organization
(ICAO) Annex 13, this report is only for the improvements of flight
safety.

Aviation Occurrence Investigation Act of the Republic of China,
Article 5cb

The objective of the ASCOs investig
prevent recurrence of similar occurrences. It is not the purpose of such
investigation to apportion blae or liability.

ICAO Annex 13, Chapter 3, Section 3.

The sole objective of the investigation of an accident or incident shall be
the prevention of accidents and incidents. It is not the purpose of this
activity to apportion blame or liability.

This report is written in both Chinese and English.
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Executive Summary

On February 4, 2015, about 1054 Taipei Local Time, TransAsia
Airways (TNA) flight GE 235, an ATRGIE Avions de Transportdgional
ATR72-212A (ATR72600) aircraf, registered B2816, experienced a
loss of control during initial climb and impacted Keelung River, three
nauti cal mi |l es east from its depart.i
Airport. Forty-three occupants were fatally injured, including three flight
crew, one cabin crew, and 39 passengers. The remaining 13 passengers and
one cabin crew sustained serious injuries. One passenger received minor
i njuries., The aircraft was destroyed
wing tip collided with a taxi on an @vpass before the aircraft entered the
river. The taxi driver sustained serious injuries and the only taxi passenger
sustained minor injuries. Flight 235 was on an instrument flight rules (IFR)
regular public transport service from Songshan to Kinmen.

The accident was the result of many contributing factors which
culminated in a stalihduced loss of control. During the initial climb after
takeoff, an intermittent discontinuity engine number@s aut o f eat he
(AFU) may have causethe automatic takeoff power control system
(ATPCS) sequence which resulted in the uncommanded autofeather of
enginenumber 2propelles. Following the uncommanded autofeather of
engine number 2propelles, the flight crew did not perform the
documented abnormal and emergepcocedures to identify the failure
and implement the required corrective actions. This led the pilot flying (PF)
to retard power of the operativengine number Jand shut down it
ultimately. The loss of thrust during the initial climb and inappropriate
flight control inputs by the PF generated a series of stall warnings,
including activation of the stick shaker and pusher. After éhgine
number 1was shut down, the loss of power from both engines was not
detected and corrected by the crew in time ttaresnginenumber 1 The
crew did not respond to the stall warnings in a timely and effective manner.
The aircraft stalled and continued descent during the attempted engine
restart. The remaining altitude and time to impact were not enough to
successfullyestart the engine and recover the aircraft.

Had the crewprioritized their actiondo stabilize the aircraft flight
path, correctly identify the propulsion system malfunction which was the
enginenumber 2 loss of thrustnd then take actions in accordanith
procedure of engineumber 2flame out at take off, the occurrence could
have been prevented. The investigation report identified a range of
contributing and other safety factor
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unit, crew of the aircraft, TranAsi ads f |l i ght operatior

processes, and the regulatory oversight of TransAsia by the Civil
Aeronautics Administration (CAA).

This investigation identified important learning opportunities for
pilots, operators, regulatory agencies andaftenanufacturer to improve
future aviation safety and to seek to ensure such an accident never happens
again. The Aviation Safety Council (ASC) has issued a series of safety
recommendations to TransAsia Airways, CAA and
aircraft/engine/component manufactrs to correct the serious safety
deficiencies identified during the investigation. The manufacturers of
aircraft, engine and auto feather unit have also implemented various safety
actions in response to the occurrence.

According to Article 6 of the Reyblic of China (ROC) Aviation
Occurrence Investigation Act, and the content of Annex 13 to the
Convention on International Civil Aviation, the ASC, an independent
aviation occurrence investigation agency, was responsible for conducting
the investigation. fie investigation team also included members from
BEA (Bureau d'Enquétes et d'Analyses, France), TSB (Transportation
Safety Board, Canada), NTSB (National Transportation Safety Board,
USA), ATR (Avions de Transport Reégional), P&WC (Pratt & Whitney
Canada),UTAS (United Technologies Aerospace Systems)/USA, CAA
Taiwan, and TNA.

The ODr aft &7 i thre aolccurr@&eep investigation was
completed in January 2016. In accordance with the procedures, it was
revi ewe d4lth CourciBMeétmg on January 26016 and then
sent to relevant organizations and authorities for comments. After
comments were collected and integrated, English versiofinal Report
was reviewed an d44agoyncil deetingon BBApriA S C o s
2016 The Chinese versioffrinal Report was reviewed and approved by
A S C 8% Council Meetingon 31 May 2016 Both versions of Final
Report were published on 30 June 2016

There are a total of 25 findings from the draft Final Report, and 16
safety recommendations issued to the relatgdrozations.

Findings as the result of this investigation

The ASC presents the findings derived from the factual information
gathered during the investigation and the analysis of the occurrence. The
findings are presented in three categorigglings related to probable
causesfindings related to risk, andother findings.
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Thefindings related to probable cause#lentify elements that have
been shown to have operated in the occurrence, or almost certainly
operated in the occurrence. These findings aecaated with unsafe acts,
unsafe conditions, or safety deficiencies associated with safety significant
events that played a major role in the circumstances leading to the
occurrence

Thefindings related to risk identify elements of risk that have the
potential to degrade aviation safety. Some of the findings in this category
identify unsafe acts, unsafe conditions, and safety deficiencies including
organizational and systemic rigkhat made this occurrence more likely;
however, they cannot be clearlyosvn to have operated in the occurrence
alone. Furthermore, some of the findings in this category identify risks that
are unlikely to be related to the occurrence but, nonetheless, were safety
deficiencies that may warrant future safety actions

Other findings identify elements that have the potential to enhance
aviation safety, resolve a controversial issue, or clarify an ambiguity point
which remains to be resolved. Some of these findings are of general
interests that are often included in the ICAO formecident reports for
informational, safety awareness, education, and improvement purposes

Findings Related to Probable Cause
Powerplant

1. An intermittent signal discontinuity between the auto feather unit
(AFU) number 2 and the torque sensor may leased the automatic
take off power control system (ATPCS):

A Not being armed steadily duringkeoffroll;

A Being activated during initial climb which resulted in a complete
ATPCS sequence including the engine number 2 autofeathering.

2. The availabke evidence indicated the intermittent discontinuity
between torque sensor and auto feather unit (AFU) numbeas?
probablycaused by theompromisedsoldering joints inside the AFU
number 2.

Flight Operations

3. The flight crew did not reject the ta&# when the automatic take off
power control system ARM pushbutton did not light during the initial
stages of théakeoffroll.
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4. TransAsia Airways did not have a clear documented company policy
with associated instructions, procedures, and noticesraw for
ATR72-600 operations communicating the requirement to reject the
take off if the automatic take off power control system did not arm.

5. Following the uncommanded autofeather of engine number 2, the
flight crew failed to perform the documentdailure identification
procedure before executing any acti
confusion regarding the identification and nature of the actual
propulsion system malfunction and he reduced power on the operative
engine number 1.

6. Theflig ht c r eamplencewvotinTransAsia Airways ATRGD0
standard operating proceduresbnormal and Emergency Procedures
for an engine flame out at take off resulted in the pilot flying reducing
power on and then shutting down the wrong engine.

7. Theloss of engine power during the initial climb and inappropriate
flight control inputs by the pilot flying generated a series of stall
warnings, including activation of the stick pusher. The crew did not
respond to the stall warnings in a timely and eifecianner.

8. The loss of power from both engines was not detected and corrected by
the crew in time to restart an engine. The aircraft stalled during the
attempted restart at an altitude from which the aircraft could not
recoverfrom loss of control

9. Flight crew coordination, communication, and threat and error
managemen{TEM) were less than effective, and compromised the
safety of the flight. Both operating crew members failed to obtain
relevant data from each other regarding the status of bgihemnat
different points in the occurrence sequence. The pilot flying did not
appropriately respond to or integrate input from the pilot monitoring.

Findings Related to Risk
Powerplant

1. The engine manufacturer attempted to control intermittent continuity
failures of theauto featherunit (AFU) by introducing a recommended
inspection service bulletin at JT®O flight hours to address aging
issues. The two AFU failures at624 flight hoursand 1,206 flight
hoursshow that causes of intermittent continuityuees of the AFU
were not only related to aging but also to other previously
undiscovered issues and that the inspection service bulletin
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implemented by the engine manufacturer to address this issue before
the occurrence was not sufficiently effectiveeléngine manufacturer

has issued a modification addressing the specific finding of this
investigation. This new modification is currently implemented in all
new production engines, and another service bulletin is available for
retrofit.

Flight Operations

2. Pil ot flyingbs decision to disconne
master warning increased the pilot
reduced his capacity to assess and cope with the emergency situation.

3. The omission of the required ptakeoff briefing meant that the crew
were not as mentally prepared as they could have been for the
propulsion system malfunction they encountered &diazoft

Airline Safety Management

4. TransAsia Airways (TNA) did not follow its own procedures when
selecting and training pilot flying for upgradeThe TNAGs qual it
assurance processes had not detected that the command selection
upgrade process had been compromised.

5. TransAsia AirwaygTNA) did not use widely available crew resource
management (CRM) gdelines to develop, implement, reinforce, and
assess the effectiveness of their flight crew CRM training program.

6. While the TransAsia Airways (TNA) ATR7800 differences training
program was consistent with the European Aviation Safety Agency
ATR72 opeational evaluation board report and compliant from a Civil
Aeronautics Administration regulatory perspective, it may not have
been sufficient to ensure that TNA flight crews were competent to
operate the ATR7B00 under all normaprocedures and a set of
abnormalconditions.

7. The ATR72600 differences training records for the GE 235 flight crew
showed that Captain A probably needed more training on the single
engine flame out at take off procedure. That meant if the differences
training records weretared, adequately maintained and evaluated by
appropriate TransAsia Airways (TNA) flight operations and/or quality
assurance personnéie TNA would have had yet another opportunity
to review Captain Ab6s ability to ha

8. Capta n AOGs performance during the occ
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performance weaknesses noted during his training, including his
continued difficulties in handling emergency and/or abnormal
situations, including engine flame out at take off and singlenengi
operations. However, TransAsia Airways did not effectively address
the evident and imminent flight safety risk that Captain A presented.

Regulatory Oversight

9. The Civil Aeronautics Administratio
training, including cew resource managemef@RM) training, is in
need of improvement.

10. The systemic TransAsia Airways (TNA) flight crew noompliances
with standard operating procedures identified in previous
investigations, including GE 222, remained unaddressed ahtbef
the GE235 occurrence. Although the Civil Aeronautics Administration
(CAA) had conducted a special audit after the GE 222 accident which
identified the standard operating procedures compliance issue, the
CAA did not ensured that TNA responded ta\pously identified
systemic safety issues in a timely manner to minimizeptitential
risk.

Other Findings

1. The flight crew were certificated and qualified in accordance with Civil
Aeronautics Administration (CAA) regulations and company
requirementsTher e was no evidence to indi
performance might have been adversely affected byexisting
medical conditions, fatigue, medication, other drugs or alcohol during
the occurrence flight.

2. Visual meteorological conditions (V@) prevailed at the time of the
aircraftodos departure. No adverse w;
the flight.

3. The aircraftodés certificate of airwo
at the time of the occurrence. The occurrence aircraft was digoledit
Songshan Airport with no known defects and was in compliance with
all applicable airworthiness directives and service bulletins. A review
of the aircraftods mai nt enance recoa
revealed that there were no defects repothed related to engine
number 2 automatic feathering system.

4. Flight crew transferred from conventional flight instruments to a more
advanced avionic suite with primary flight display, the visual pattern
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and information picked up by the crew in an ege&icy situation may
not be retrieved at the same location with the same display.

5. Although the influence of the flight director indication was not
demonstrated in the occurrence fligiitd the logics of ATR flight
director bars are consistent with othecraft types within the industry
the simulator flight illustrated the flight director bars indication during
stall warning were in contradiction with the automatic stall protection
inputs and thus may disturb the crew.

6. The ATR72 formal document has general statement of rejecting take
off policy and procedure of rejecting take off with both engines
operative.

Safety Recommendations

To TransAsia Airways

1. Document a clear company policy with associated instructions,
procedures, training, and nag to crew members for ATRGD0
operations communicating the requirement to reject a takeoff in the
event that the automatic take off power control system (ATPCS) is not
armed as requireASC-ASR-16-06-001)

2. Conduct a t hor ough fligetwiew wainiogf t he
programs, including recurrent training, crew resource management
(CRM) training, upgrade training, differences training, and devise
systematic measures to ensure that

A Standardized flight crew check and training are conducted:
A All flight crews comply with standard operating procedures;

A Al flight crews are proficient in handling abnormal and emergency
procedures, including engine flame out at takeoff;

A The airlines use widely available guidelines to develop, implement,
reinforce,and assess the effectiveness of their flight crew resource
management (CRM) training program, particularly the practical
application of those skills in handling emergencies;

ACommand upgrade process and traini
procedures and #t competent candidates are selected,;

A ATR72-600 differences training and subsequent line training are
sufficient to ensure that flight crews are competent to operate the
ATR72-600 under all normal and abnormal conditions; and
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A All flight crew training records during the employment period are
retained in compliance with the aircraft flight operation regulations.

(ASC-ASR-16-06-002)

3.l mprove the airlinebs internal gua
processes to ensure that recurring safety, trgqyrand administrative
problems are identified and rectified in a timely manner.
(ASC-ASR-16-06-003)

4. Implement and document an effective and formal pilot performance
review program to identify and manage pilots whose performance is
marginal.(ASC-ASR-16-06-004)

5. Evaluate the safety culture of the airline to develop an understanding of
t he reasons for t he airlineds un
especially the recurring noncompliance with  procedures.
(ASC-ASR-16-06-005)

To Civil Aeronautics Administrat ion

1. Review airline safety oversight measures to ensure that safety
deficiencies are identified and addressed in an effective and timely
manner(ASC-ASR-16-06-006)

2. Implement a highly robust regulatory oversight process to ensure that
airline safety improvements, in response to investigations, audits, or
inspections, are implemented in a timely and effective manner.
(ASC-ASR-16-06-007)

3. Conduct a detailed review of the regulatory oversight of TransAsia
Airways to identify and ensure that the knownergtional safety
deficiencies, including crew noncompliance with procedures,
nonstandard training practices, and unsatisfactory safety management,
were addressed effective(ASC-ASR-16-06-008)

4. Provide inspectors with detailed guidance on how to etaltize
effectiveness of operator nontechnical training programs such as crew
resource management (CRM) and threat and error management (TEM)
training programs(ASC-ASR-16-06-009)

To UTC Aerospace System Company

1. Work with the manufacturers of engine aaticraft to assess the
current operating parameters and aircraft risks associated with the
PW127 series engine auto feather unit (AFU) to minimize or prevent
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occurrences that could result in uncommanded autofeather.
(ASC-ASR-16-06-010)

To Pratt & Whitney Canada

1. Work with manufacturers of the auto feather unit (AFU) and aircraft to
assess the current operating parameters and aircraft risks associated
with the PW127 series engine auto feather unit to minimize or prevent
occurrences that could result in aemmanded autofeather.
(ASC-ASR-16-06-011)

To Avions de Transport Régional

1. Work with manufacturers of the auto feather unit and engine to assess
the current operating parameters and aircraft risks associated with the
PW127 series engine auto feathert yAiFU) to minimize or prevent
occurrences that could result in uncommanded autofeather.
(ASC-ASR-16-06-012)

2. Publish in the flight crew operating manual (FCOM) an operational
procedure related to rejected take off and expanded information
regarding  conidions leading to rejected take  off.
(ASC-ASR-16-06-013)

To European Aviation Safety Agency

1. Require a reviewat industry levelo f manufacturer s
display logic of the flight director so that it disappears or presents
appropriate orders whea stall protection is automatically triggered.
(ASC-ASR-16-06-014)

2. Study the content and the duration of the minimum requirement
regarding a differences training program between a conventional
avionics cockpit and an advanced suite including enhandedhated
modes for aircraft having the same type rat{(dgpC-ASR-16-06-015)

3. Require a review of manufacturer's airplane flight manual (AFM) to
ensure that a rejected take off procedure is also applicable to both
engines operatindASC-ASR-16-06-016)
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Chapter 1 Factual Information

1.1 History of Flight

On4 February2015, an ATRGIE Avions de Transport Regional ATR222A
(ATR72-600) aircraftregistered B2816,TransAsia Airways flight GE235, with
three pilots, two cabin crew, and 53 passenges being operated by TransAsia
Airways (TNA) on an instrument flight rules (IFR) regular public transport service
from Songshan to Kinmen. At054" TaipeiLocal Time, three minutes after taking
off from runway10, the aircraft impacted Keelung River, approximately 3 nautical
mi |l es (nm) east Aigpdrt Thaargaft was slest®yed lgy sripactn
forces.Forty-threeoccupants, includinghreeflight crew, one cabin crew, an®9
passengers were fataliyjured. The remaining 3 passengerand one cabin crew
sustaired serious injuries. Orgassenger received minor injuries

More than half of the main wreckage was submerged in the middle of the river
(seeFigure 1.11). As the aircrafflew over an overpss before impacting the water,
its left wing collided with a taxi with two occupants. The taxi driver susthin
serious injuries and the passenger sustaimedr injuries.

Figure 1.11 GE235 main wreckage

On the day of the occurrence, the flight crewswssigned taperatetwo
return flights from Songshan to Kinmen. The four sectors were allodaied
operating captains and a first officer acting as an observer. The first sector (GE231)
from Songshan to Kinmen departed at 0744 and arrived at 0850uwittuadent.
The return sector (GE232) departed Kinmen at 0917 and arrived at Songshan at 1012

1 Unless otherwise noted, the-Bdur clock is used in this report to describe thelltoge of day, Taipelocaltime,
as particular events occurred. Taifmaltime is Universal Coordinated Time (UTC) +8 hours.
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wasalsouneventful.

The third sector (GE235), which was the occurrence flight, was scheduled to
depart Songshan at 1045. Captain A, who was the-ipdjodommand (PIC),
occupied the left seat and was the pilot flying (fR¥Fxhetake off while Captain B
occupied the right seat and was the pilot monitoring (PM). The first officer
occupied theockpit jumpseat as an observer pilot (OBS).

According to the FlighData Recorde(FDR) and Cockpit Voice Recorder
(CVR) data GE235 took off from Songshan runway 10 at 1051 in accordance with
the MUCHA 2 Quebestandardinstrumentdeparture (SID) procedure bound for
Kinmen. Thetake offroll commenced at 1051:39. Fowcends later (1051:43), the
PM mentioned that thautomatictake off power control system (ATPCS) was not
armed. The PF realg’d pande dbkeontinseatdakie ofb .
The PM wewlllconende . Seven secondgsohthaditer , 1
is ATPCS armeaal and thenthe aircraft became airborne at 1052:01. The landing
gear was retracted after achieving a positive rate of climb. The aircraft accelerated
and continued to climb. The crew selected an altitude of 5,000 feet (ALT 880Q)5
and airspeed of 115 kndt®n the autopilot. The left coupling autopilot was
engaged witHateralnavigation (LNAV) andindicatedairspeed (IAS) modes. At
1052:34 the Songshan tower controller instructed the GE235 flight crew to contact
Taipei Approah while theaircraft was commencing a right turn and climbing
through an altitude of 1,000 feet.

At 1052:38, when the aircraft was continuing the right turn and climbing
through 1,200 feet, the FDR indicated teaginenumber 1 ENG 1) wasoperating
in an uptrim condition with its bleed valve closed. That corresponded with the
beginning of an ATPCS sequence, which included the auto featherinthe
enginenumber 2 ENG 2 propellers. Thenasterwarning(MW) annunciated in the
cockpit and theENG 2 propeller pitch angles started to advance to the feather
position accompanied by thedication of theRENG 2 FLAME OUT AT TAKE
OFF O pr oc eedgmnewarnimgdisplay{EBVD).

At 1052:41, the autopilot waslisconnected athe aircraft climbed through an
altitude of 1,300feet Threeseconds later at 1052:44, the ATPCS sequence ended
and theENG 2 propeller was fully feathered. At 1052:43 the f&tedii will pull
back engine one throtteTheP M r e s pwaihadsecdnd fiross chetk b ut t |
ENG 1powerleverangle(PLA®) had already been retarded from 75 degrees to 66
degrees. The PF and PM then both announced heading mode, and continued the
flight. At 1052:51, the aircraft was climbing through 1,485 feet at 106 kwitts a

Content in italics is quoted from CVR transcript and may contain translation from Mandarin language.

The speed descrillén this report is computed air speed.

Unless otherwise notethealtitude of the aircraft describeih thisreportis radio altitude

Feathering of the propellés where the propeller blades are rotated parallel to the airflow to reduce desgin ¢
of an engine failure.

The PLA signal is from mechanical fuel control unit (MFCU) angle and is recorded on the FDR.
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headingof 131 degrees. Thautomaticflight control system (AFCS)ndicatedthat

HDG SEL and IAS modes were selected. At 1052:57, the selected heading was
altered to 092 degrees and the aircraft then started turning to the left at an airspeed
of 106 knots.

At 1053:00, the PM statefibkay engine flame out checklhe PF responded
fic h e andtheP M s t chdcleutirimfiyes, auto featheryes. At the®PB 3 : 05
responokde d At al most t he s awateh the ispeed, t h
because the indicatecirspeed had redeed to 101 knots. The PF then
announceapull back number orie, a ENG 1tPlbAevas retarded to 49 degrees.
While theENG 1power | ever was ro&ayaowdwmbertwd h e
engine flameoutonfirmedd , and t he okp e ENCILRIBstd i
remained at 49 degrees.

At 1053:09, the aircraft had climbed to 1,68&t which was the highest
altitude recorded for the occurrence flight. The indicated airspeed was 102 knots.
The AFCS IAS mode then reverted into PITEI®LD mod€ and one second later
the stall warning annunciated in the cockpit for one second. The PF then stated
fiterrain ahead and t he okMyr dgolvaeedk thih eyolOdeS s a
lowdb. At 1053: 13 t he foursedohds amethensiick shakesro u n ¢

activated. The PM att eollay [fush, push backto which theP F s tshub.e d
ThePM r es pwanidieda isecondét hrottle thrott!l

Between 1053:13 and 1053:15, tBBIG 2 PLA was advanced to 86 degrees
and theENG 1PLA was retarded to arourgdl.5degrees (idle position). At053:18,
the aircraft was heading 087 degrees but in a continuous left turn with a 10 to 20
degree angle of bank, descending through 1{é@éat an airspeed of 101 knosst
1053: 19 t huembelPoRé sfad Idl deatbed shit glf . i The PM c:
inumberodo.,f eand er hen santh ick pushistactivasett sekemlr
times until 1053:27. At 1053:24, the FDR indicated thatEN& 1 condition lever
was in the fuel shut off position, and six seconds latefefR& 1 propeller had
attainedthe featheedp osi ti on. The aircraftods I ndi ¢
altitude of 1,165eetand descending.

At 1053:35, the PM declared an emergen®layday) to air traffic control

" According to the ATR, the ATR72 IAS mode has two different-sudules: take off sumode and cruise
submode. The two sumodes arghe guidance system internal logics. The IAS take offreode is engaged
two seconds after IHoff and replaced by IAS cruise sufode three minutes after kfiff. The IAS take off
submode guidance primarily maintains the IAS target but also ensumagianum ascending slope. The
minimum ascending slope is monitored biifieght path angle (FPA) protection tedmvhich is compared to the
flAS control ternd. The FPA protection term becoming greater than the IAS control term means that the airplane
has nosufficient energy to continue climbing with that minimum slope at the selected airspeed. If this condition
is met for 20 seconds, the IAS mode automatically disengages and reverts to PITCH HOLD mode.

8 The stick shaker was nngsystempand indibaéed ta the aew aviien e airsaft avas | W 8
approaching an aerodynamic stall by activating el ec
vibrate rapidly.

° In the event of an aerodynamic stall, the aircraft was equippdanstick pusher that automatically decreased
the air cofatthck.6s angl e
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(ATC). The aircraft was heading 050 degrees and had commencedktdobidue

right. From1053:46 to 1054:04, the flight crew tried to engage the autopilot twice,

but they did not succeed. At 1053:53, @BSs a ihaw cdme it becomes like this

At 1054: 05, bdthhsels € IMp sd& nad etdwoi seconzdds | at
and snoaéngirkflaiieout we lost both sides At 1054: 009, t
frestart the engine, when t he fadtwith an aicdpeedwfal®s kito.5

He subsequently e p e sestatdhe éngingsevertimes.

At 1054:20, theENG 1condiion lever was moved out of the shut off position
and at 1054:25, th&NG 1 high pressure speed (NHijcreasedio 30%. The
aircraftdés altitude and i nfdetandalOGktotsai r s
respectively. The aircraft also started to bamkhe left. At 1054:27, the PF said
fwow pulled back the wrong side throtild=rom thattime on, the aircraft entered
an aerodynamic stalom which it did not recover.

At 1054:34, theenhancedground proximity warning system (EGPWS)
fpul-up o wamasi mgqinwnci ated in the cockpit
bank angle increased from 10 to 80 deg
with a taxi driving on the overpass. The wing then impacted the fence and a light
pole at the edge of the ovags located southwest of the Keelung riwecurrence
site (see Figure 1-:2). The aircraft continued to bank to the left after those
collisions and then entered the river inverted.



Figure 1.122 GE235loss of control and initial impact sequence.

1.2 Injuries to Persons

There were a total of 58 persons on board including three pilots, two cabin crew,
and 53 passengers. Four crew members and 39 passengers sustained fatal injuries.
Thirteen passengers and one cabin crew sustained serious injuries angssmeg er
sustained minor injuries.

Theai r cr af toblbded wath & taxmni an gverpass before the aircraft
entered the riverThe taxi driver sustained serious injuries and the only taxi
passenger sustained minor injuries.



Table 1.21 Injury table

Injuries El;gw thltge r:]t dants Passengers | Other Total
Fatal 3 1 39 0 43
Serious 0 1 13 1 15
Minor 0 0 1 1 2
None 0 0 0 Not applicablel 0
Total 3 2 53 2 60

1.3 Damage tAircraft
Theaircraft was destroyed by impact forces as it enteredivier
1.4 Other Damage

A taxi travelling on the overpass was substantially damaged by the collision
with the aircraftoés | eft wing. Part of
were also damaged

1.5Personnel Information
1.5.1Flight Crew Background and Experience
1.5.1.1Captain A

Captain A, aRepublic of China citizen, had served in thie Forceas a pilot.
After retiring from the Air Forcehe joined a local airline in September 2@@®ere
he undertook Airbus A330 transition training beem September 2009 and March
2010. He did not complete the training successfully because he was unable to meet
the airlineds pilot perfor mancelefttheand a
airline in March 2010.

Captain Athen joined TNA inAugust2010 where he successfullpmpleted
initial training on the ATR7500 inFebruary2011and subsequently served as a first
officer on the ATR72500fleet. InAugust2014 he completed ATR#300command
upgrade training and was promoted to capteinNovemler 2014, he completed
differences training and was transferred to the ATRUQ fleet as a captain.

As of thedate of theoccurrence, he had accumula#&814 total flight hours,
including 3,151 hours inthe ATR72500, and approximately 25@oursin the
ATR72-600.

Captain A held an air transportpilot license (ATPL) issued by th€ivil
Aeronautics Administration GAA) with multi-engine land, instrument, andype
rating on both ATR72-500600, endorsed with privileges for operation of
radiotelephone on boash aircraft with no limitatios and a current ICAO Level 4
English language proficiency.



1.5.1.2Captain B

Captain Bwas aRepublic of Chinacitizen He joined TNAiIn Jure 2006 He
successfully completed first officer training in August 2007 and serve faist
officer on the ATR7Z00 fleet. He successfully completed command upgrade
training in September 2011 and was promoted to captain. In February 2014, Captain
B completed ATR7200 differencetrainingand was transferred to the ATR8Q0
fleet as a aptain

As of the date of occurrence, had accumulated 6,922 total flight hours,
including 5,687 hoursen the ATR72500 and 795 houman the ATR72600.

Captain B held armir transportpilot license (ATPL) issued by the CAA with
multi-engine land, instrunent, type ratings on the ATR&BD0600, endorsed with
privileges for operation of radiotelephone on board an aircraft with no limigation
anda perpetually valid ICAO Level 6 English language proficiency.

1.5.1.3 First Officer

The first officer, a Republiof China citizen, joined TNA in October 2008. He
successfully completed ATR7200 transition training in November 2009 and
served as a first officer on the ATRBRO fleet. In January 2015, he commenced
ATR72-600 differences training and was still undeairiing on the date of the
occurrence. The first officer had previously flown McDonnell Douglas-82D
aircraft at another airline before joining TNA.

As of the date of occurrence, he had accumulated 16,121 total flight hours,
including 7,911 hours on thdD-82, 5,306 hours on the ATR&BDO, and 8 hours
on the ATR72600.

The first officer held arair transportpilot license (ATPL) issued by the CAA
with multi-engine land, instrument, type ratings on the ATR3Q0600 and
MD-80s, endorsed with privileges faoperation of radiotelephone on board an
aircraftlimited to first officer on the ATR7500/600, anda current ICAO Level 4
English language proficiency.

Table 1.51 Flightcrew basicinformation

Item Captain A Captain B First Officer
Gender Male Male Male
Age as of the 42 45 63
Occurrence
Commenced
Employment | 3 January 2011 5 June 2006 | 4 October 2008
with TNA
: : ATPLT ATPLT ATPLI
License issued
Aeroplane Aeroplane Aeroplane
Aircraft Type ATR72-600 ATR72-600 ATR72-600




ltem Captain A Captain B First Officer

Rating 04 November | 29 Deember | 22 June 2017
Date of expiry 2019 2018
Medical First class First class First class

certificate issuec

: 31 March 2015| 31 March 2015|28 February 201
Date of expiry

4914 hrand 51| 6,922 hrand 58|16,121 hrand 57

Total flight time

min. min. min.
Total flight time | 250 hrand 44 | 794 hrand 55 8 hr and 6 min
ONnATR 72-600 min. min. ' '
Total flight time | 877 hrand 29 | 788 hrand 27 | 888 hrand 16
last 12 months min. min. min.
Total flight time | 246 hrand 30 | 202 hrand 23 | 165 hrand51
last 90 days min. min. min.

Total flight time
last 30 days
Total flight time
last 7 days
Total flight time
last 24 hours
Available rest
period before |16 hr and35 min|16 hr and35 min|20 ht and30min.
occurrence

1.5.2Flight Crew Training Record
1.5.2.1Captain A
Initial Training in Previous Airlines

82 hr and 38 min68 hr and 21 min 9 hr. and 52 min

18 hr and 15 min22 hr and 42 min 8 hr. and 6 min.

4 hr. and42 min. |4 hr. and42min.| O hr. and O min.

Captain A received A330 initial transition trainingpin September 2009 to
March 2010. During the training process,additional 14 hours of ground school,
8 hours on the MFTH, 2 oral tests, 1 interview, and 3 TRBsvere conductetb
addr ess dgkilh and mowledgedéfisiencies identified during tir@ng. In
addi tion, given the pil ot 6sequestedihatitheng p
pilot undertake remedial training during the simulation phases'tF&ai FF$Y).

Captain A could not me et t he airl.
requiremats despite the additional remedial training. The flight training
department subsequently decided to discontinue his training on 30 March 2010.
The concluding training report noted the following areas of concern:

MFTD: maintenancdlight trainingdevice
TRBs:techniquereviewboards.

12" FBS: fixed basedsimulator.

13 FFs: 1l flight simulator.



1 Multi-Tasks handling/management ability svaot able to catch flight
progress, left behind aircraft was observed from time to;time

1 Insufficient situational awareness and confidence. Unable to prioritize and
make correct decisianin bothnormal and abnormal situatipand

1 Lack of resistance totress. Unsteady performance under high workload
situatiors. Unable to handle muitask at the same time.

Initial Training in TNA

Captain AreceivedATR72-500 initial training from 16 August2010 to 18
February 2011He successfullycompletedthe initial training and passed the first
officer line check on March2011

Upgrade Training

Captain Acommenced ATR7-500 commandupgradetraining on ¥ April
2014. He passed the ground schaad simulatortraining but failed thesimulator
check on 31 May 2014 wit t he f ol |l owing wunsatisfac
ENG STARTO; ABOTH HYD SYS LOSSO; and |
check airmandés comments included:

1 Incomplet procedure check and execution;

1 Insufficient knowledge of QRH (ENG FLAME OUT AT T/O, BOTH HYD
SYS LOSS;

1 Did not fully advance power levers to ramp position during the SINGLE
ENGINE APP GO AROUND;

1 Did not follow SOPfor ENG FIRE operation while on short final and
altitude below 40@eet and

1 Cockpit management and flight planningedasmprovanent

A techn c al review board ( TRB) to disc
convened on 19 June 2014. The TRB decided to provide Captain A an additional
simulatorsession followed by aimulatorre-check between 29 and 30 June 2014.

The additional simulator training sgon was conducted by the Flight Operations
Depart ment 6s ( FRdEiYlentAvBosvassatsenimdtructdrpilot @P).

As a qualified seniocheckpi | ot ( CP) , the companyds A
Capt ai rhedkoGaptaineA successfulbompleted the additional simulator
training session and subsequently passed the simulator chealasideomoted to

captain on Duly 2014.

Captain A then completed line training from 2 July to 10 August 2014.
Eval uations of t he plRsldelivedrgy the Bne trainmgna n ¢
included:

1 Prone to be nervous and may make oral errors during the engine start
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procedure;

T I'nsufficient knowl edge | eading to
AEngine Failure after V10 sitwuati on

1 Lack of confidence and being nervous while answering the Smoke
procedure during the oral test;

1 Incomplete check and execution of certain procedures;
91 Hesitant when facing situations that require making decisions; and
1 Flight planning should be improved.

Differ ences Training

Captain A attended a oiveeekATR72-500/600 differences training course at
the ATR Training Center in Singapoiem 27 to 31 October 2014That training
comprised ground training and simulator training. The associated line training was
uncertaken at TNA.

The assessment of t he pil ot ds per f
platform (VHP) trainer ®rogessiisdNorsa i wi t he
Il nstructor s O0GoodoJoline nHewe®ver ,i the assess
performane during the full flight simulator (FFS) session on the final day of
training not eMAY NEBEDextratthieing’ i wott hd an i n:
c 0 mme ndhdckiEFAT® call out andTask sharing and GA Single Engine .

Captain A passed the ATR-BDO simuator check and wasuthorizedto
captain the ATR7500 aircraft on 2 November 2014. The areas for improvement
that were previously identified were assessed again during the simulator check and
the pilotédés performance whb STDb'0"'ulHed t o
subsequently passed the ATRGQ0 line check on 11 November 2014 and began
operating as an ATR7200 captain.

Recurrent Training

Captain A0 s mo st recent annuadre pro
consolidatd with hiscommandiupgradeand dfferencestrainingconducted in 2014.
The records indicated that the pilot had passed the required checks.

“The ATR st at AYINEEDheaxtt rtah et réaiMii ngo6o is used when an ins
before validating a specific task or competence. This can be done by another instructor or himself during the next
normal session or test (no extra training time required asthise p ) . There are 2 possibil
extra trainingdd assessment: Either the same or anot
later and no extra training is required. Or the second demonstration is showing a weakrkss aathe extra

training time is required

EFATO: engineflameout at takeoff. Also known as aenginefailure after takeoff.

GA: go-around.A go-aroundis an abortedanding of araircraftthat is onfinal approach

STD: standard. That is, the pilot met the required performance standard.

10
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1.5.2.2Captain B
Initial Training

Captain B commenced ATR7DO0 first officerinitial training on 22 March
2007. That training comprised six phasphase onébasic ground training phase
t wo fAairpl ane t phase thge@obsarvation flight&d phase fouy o ;
A isnulator training; phase fiveflocal training; and phase siR nitial operating
experience (IOE) line trainirg He completd the initial training successfully on 14
August 2007 andualified asan ATR72500 first officer. No items of concern were
noted in Captain Bos first officer tra

Upgrade Training

Captain Bcommence@®TR72-500 command upgrade training onJihe 2011.
That training comprised ground training, simulator training, and line training. He
completed upgrade training successfully on 3 September 2011 and qualified as an
ATR72500 captai n. There were no areas O
commandupgrade training.

Differences Training

Captain B commenced ATR7D0 differences training on 16 December 2013
at the ATR Training Center in Singapof&hat training comprised ground training
and simulator trainingThe associated line training was undken at TNA.He
successfully completed the differences simulator check on 21 December 2013. The
comment from the JAR certi fied examiner was 0S8
subsequent line check was conducted successfully on 25 February 2014. The
comment fromthel AA certi fied examiner was G
were no othesignificantcomments regarding these checks.

Recurrent Training

Captain B completed eight hours of annual recurrent ground training on 4
December 2014. The trainingyllabus comprisel adverse weather operations,
normal/abnormal procedures, including the roles of PF/PM and other flight crew task
sharing, positive transfer of aircraft control, consistent checklist philosophy,
emphasis on the priorities of "aviate, navigate, communicatatect use of all
levels of flight automation, correct crew response to system malfunction/s, and
aircraft type systems and limitations.

Captain Bos mo s t r e ¢PI)nwas qonducted o6 e ncy
December 2014. Thé&aining syllabus inclued stall recovery, unusual attitude
recovery, and engine flame outake off The JAA certified IRssesse@a pt ai n B
performance as ASatisfactory, Good Job

Captain BOs most rRCpwasconduystedoh Decemizein c y

18 JAA: Eurgpean Joint Aviation Authotiies.
11



2014. The pilot pass# t he <check. C a pvés aannntate® vith e v ¢
Aaircraft maneuvering and procedures a
gener al handling of emergency, gener al
consolidatd with the differences line checkvhich was successfullgompleted on

25 February 2014.

1.5.2.3 First Officer
Transition Training

The first officer(FO) had experience as an ME2 captain with his previous
airline. TNA hired him as a first officer for the ATR72.

The FO commencedATR72-500 transition training on 16ude 2008. The
training syllabus included ground training, line observation training, simulator
training, local training, and line training. The FO failed his first ATFRDD
simulator check. The examineommented that hé Cubd not properly identify
abnormal engine start. Not properly handle standard callouts, engine flame out,
engine fire, and go around. 0

After undertaking remedial training, the FO subsequently passed the simulator
check on 19 September 2008. He compled&&72-500 transition training on 8
November 2008 with a satisfactory line check.

Recurrent Training

The FO completed eight hours of annual recurrent ground training on 12
September 2014. The trainingyllabus comprised adverse weather operations,
normalabnormal procedures, including the roles of PF/PM and other flight crew task
sharing, positive transfer of aircraft control, consistent checklist philosophy,
emphasis on the priorities of "aviate, navigate, communicate”, correct use of all
levels of flight automation, correct crew response to system malfunction/s, and
aircraft type systems and limitations.

The FOOGs most r ec aml thegmere domdactecdtam ¢7yandt r a |
18 September 2014 respectivelfhe training syllabus inclueld stall recovey,
unusual attitude recovery, and engine flame outaké oft The FOO6s t
performance was assessed as ASatisfact ¢
FO also passed his most recent annual line check on 26 November 2014.

Differences Training

The FO commenced ATR700 differences training on 12 January 2@it5
the ATR Training Center in SingaporEhat training comprised ground training and
simulator trainingThe associated line training was undertaken at TNA.

While he passedthe differenes simulator check on 19 January 2015, the
examiner commented that the F@ill need some time to get used to the 600
(ATR72600), flying with an experienced captain is strongly recommended

As at the date of occurrence, the FO was still undergoing AJR02
12



differences line training. The occurrence flight was an observation flight for the
FO.

1.5.3Flight Crew Medical I nformation
1.5.3.1Captain A

Captain Ab6s first cl ass medi cal cer
SeptembeR014with the limitation tha  t Holder shall wear corrective lensis

1.5.3.2Captain B

Captain Bos first class medical2z cer
Septembe2014with no limitations.

1.5.3.3 First Officer

The FOO6s first cl ass medi canl20aobart | f i
2014wi t h t he | i rhbldeashall wear carrbctive lens@s e i

1.5.4Flight Crew Activities within 72 Hours before theOccurrence
1.5.4.1Captain A

1 1 February2015: Reported to Songsha&arport at 0640 and operated
scheduled flightdrom Songsharto Kinmen to Songshanto Kinmen to
Songshan. Total flight time was 4 hours 26 minuiée flight duty ended at
1405.

1 2 February 2015Day off.

9 3 February 2015: Reported to Songsh@inport at 0640 and operated
scheduled flights from Songsh to Kinmen to Songshan to Kinmen to
Songshan. Total flight time was 4 hours 30 minui@s flight duty period
ended at 1405.

1 4 February 2015: Reported to SongsiAaport for dutyat 0640.
1.5.4.2Captain B

1 1 February 2015: Reported to Songsh@inport at 1320 and operated
scheduled flights from Songshan to Kinmen to Songshan to Hualien to
Songshan. Total flight time was 3 hours 44 minutée flight duty ended at
1935.

1 2 February 2015Day off.

1 3 February 2015: Reported to Songshanport at 0640 ad operated
scheduled flights from Songshan to Kinmen to Songshan to Kinmen to
Songshan. Total flight time was 4 hours 30 minutdflight duty ended at
1405.

1 4 February2015: Reported to Songshaiport for dutyat 0640.

13



1.5.4.3 First Officer
1 1February 2015:Day off.

1 2 February 2015Went to office for selstudy from 0830 to 1730, and then
went home.

1 3 February 2015Day off.

1 4 February 2015Reported to Songshairport at 0640 for duty as an
observer.

1.6 Aircraft Information
1.6.1 Aircraft and Engine Basicl nformation
Basic information of the occurrence aircraft is shown in Tablel1.6

Table 1.61 Aircraft basicinformation

Aircraft basic information (statistics date4 February 2015)

Nationality Taiwan, R.O.C.
Aircraft registratiomnumber B-22816

ATR-GIE Avions de Transport
Manufacturer -

Régional
Aircraft model ATR72-212A"
Aircraft serial number 1141
Date nanufactured 14 April 2014
Delivery date 14 April 2014
Owner TransAsia Airways
Operator TransAsia Airways

Number of certificate of
registration
Certificate of airworthiness,

1031271

31 March 2015

validity date

Total flight time (hours: minutes | 1,627:05

Total flight cycles 2,356

Last check, date A4 CHECK 26 January 2015
Flight hours/ cycles elapsed sing , , .

lastcheck 44:50/64

Basic informationfor the two Pratt & Whitney Canadd@WC) engines is
shown in Table 1-2.

19 ATR72-212A: model as petype design; ATR7500: marketing name for legacy ATR222A; ATR72600:
marketing name for ATR7?212A with new avionic suite.
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Table 1.62 Enginebasicinformation

Engine basic information (statistics date4 February 2015)

Number/position No. 1/ Left No. 2/ Right
Manufacturer PWC PWC

Model PW127M PW127M

Serial number ED0913 ED0814
Manufacture date 9 May 2014 19 November 2013
Installation date 16 August 2014 | 7 February 2014
Time sllnc'e installation 829:31 1627-05

(hours: minutes

Cycle since installation | 1240 2356

A4 CHECK, 26 A4 CHECK, 26
January 2015 January 2015

44:50 / 64 44:50 / 64

Last check, date

Time / cycles since last
check

1.6.2 Aircraft MaintenanceRecords

A review of the aircraftdos maintenati
indicated that there were no defeceparted or inoperative items under the
minimum equipment list (MET%) for the occurrence flight when the aircraft was
di spatched from Songshan Ai rport. A
documentation was conducted and included an examination oflli&iifg:

1 Technical log books (TLBs) from the date of aircraft delivery to the
occurrence date;

1 Preflight checks, daily checks, and transit check records for the last 6
months before the occurrence; and

1 The last periodic check (A4 check).

That review indtated that no defects were reported regarding BN& 2
autofeather system.

The deferred defect (DD) records, status of airworthiness directives (ADs) and
service bulletins (SBs) for the occurrence aircraft were also reviewed. The control
of the DD recordsfor the occurrence aircraft was in compliance with CAA
regulations and no DD items related to NG 2 autofeather system were found.
The review also concluded that the aircraft was in compliantteall applicable
ADs and SBs.

20 A minimum equipment list (MEL) is a list of aircraft equipment and systems that may teratiop for flight,
subject to specified conditions. The MEL is approved by the State of the Operator and will enable the
pilot-in-command to determine whether a flight may be commenced or continued from any intermediate stop
should an instrument, equipner systems become inoperative.
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1.6.3Propeller Systens

The occurrence aircraft was equipped with HAMILTON STANDARD 548F
propellers. The propellerare the variable pitch typehydro mechanically
controlled, and can be placed in the reverse or feathering configurations. According
to the aircraft maintenance maal, description / operation (AMM D/Q) (revision
number 38, revision date 1 December
include governing speed mode, synchrophasing, governing pitch mode, and
feathering / unfeathering modes.

Feathering can be perforaie

1  Manually, by the condition lever in case of engine fajlure

1  Automatically, in case of torque decreastakeoffon one engine
1  Manually, by the fire handle in case of engine;fard

1  Manually, during maintenance operations

1.6.4Automatic Take off Power Control System

The automatictake off power control systen{ATPCS) is one of the
subsystems of the propulsion unithe ATPCSs designed to automatically feather
the propeller duringakeoff and approactki the engine torque decreased below 18.5
percent rated torqueThe autefeather logic and control circuita/ith interlock
featuresprovided arming control and prevented afd@ather of the operating
propeller, once the aufeather sequence for one of the propellers was initiated.
The system also pvided for relaying a '‘power uptrim' (engine power increase)
signal to the operating engine.

ATPCS operates with aauto featherunit (AFU) on each enginelhe AFU
conditions torque signal and includes autofeather/uptrim logic funciiodelivers
signalto MFC, which therdelivers signals to thengine electroniccontrol (EEC)
to enable power increase from@ke off power to reservetbke off power, to the
feather solenoid mounted on thepellervalve module (PVM), and the feathering
electric pump insiéed on the reduction gear box on each engine.

The associated controls thecockpit included he ATPCS psh buttoron the
cockpit center panglsee Figure 1), the power lever PL) positionand atest
selector located on the cockpit pedestaiming o the system was performed when
all the following conditions were simultaneously met (Figure2):6

1 Powermanagement (PWR MGT) selector switch placed in T®R¢ off
position;

1 ATPCS pushbutton switch pressed in;

1 Engines 1 and 2 torque higher than 46.2%g

1 Both power leveanglesabove 49 degrees.
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PWR MGT
selector in
TO position

ATPCS
push button

PROCEDURE MENU

NOACTIVE PROCEDURE

LISt

Figure 1.61 PWR MGT selector and ATPCS pushbutton

AFU1 MFC1
.
. : ARM hight
ATPCS ON Arming - Arming "{
PWRMGT on TO r
~ Triggeri )
PLAI > 49 riagening A utofeather F—rer} —9—»
. > No A/F on Prop 2 ’f
N
ENG1 oTO > 46 2% Q< 18,55 . -
s Q= 46.2% Q< 18.5%
Q serscor 21 - Uptrim =
— EEC1
AJC on GND
—— NP cancel
PWRMGTonTO Uptrm
Doc TQ » 46%
AFU2 MFC2
— AT
i A rmii
ATPCS ON Aming me "
-
PAWRMGT on TO - L *
PLAZ > 497 Triggering Autat {irter ——o
[ . . — s Mo AJF on 2rop 1
ENGZ . i . -
TQ sensor #1 [—*TQ>¢6.2% TQ < 18,5
Uptrim *
EEC2
A/C on GHD — NP cancel
PWRMGT on TO Uptnm

Figure 1.62 Furctions of he ATPCS
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The status of the ATPCS was indicate
cockpit center panel ARMOben!| laumemat @dc eg
engineds torque decreased below 18.5
(engine power increase) command to the other engine. The uptrim resulted in
increasing the remaining operating engine power fiakeoff (TO) to reseve take
off (RTO) power. After 2.15 seconds, the propeller of the faulty engine was
automatically feathered by activation of the propeller valve module (Fedther
solenoid and in parallel by the PVM electro hydraulic servo valve (EHSV)
controlled bythe propeller electronic control (PEC) unit. The interlock system then
precluded automatic feathering of the operating engine to ensure that both engines
were not feathered at the same time. The sequence of technical events when the
ATPCS was triggered is shwo in Figure 1.63.

Time | Trigger 2.15s t
ATPCS v A J
ARMED uptrim is triggered and bleed  autofeather is activated >
ON GROUND | valve is shut off on the on the affected engine

remaining engine

A

- feather solenoid activated

- feathering electric pump
energized

- inhibition of autofeather on
the remaining engine

- ARM light extinguishes

v

ARMED autofeather is activated on the
IN FLIGHT affected engine

Figure 1.63 The ATPCS sequence after trigger

Once the ATPCS sequence has been triggered, it can only be cancelled by the
following actions: PWR MGT selector not in TO position, ATPCS push button set
to OFF position or retard both wer levers (PL) below 49°. When the ATPCS is
triggered, the engine and warning display (EWD) will indicate "UP TRIM" on the
operating engine, "AUTO FTR" on the affected engine and the procedUt&®r
1(2) FLAME OUT AT TAKE OFF. Figure 148 and Figure B-5 illustrate
simulated EWD displays for ENG 2 autofeathered and "ENG 2 FLAME OUT AT
TAKE OFF" procedure.
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~» | TAT 15°C
StEL 15° ©

SAT 13°C
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SINGLE ENGINE |  NORMAL CONDITIONS
ELEC DC GEN

AIR BLEED 2
AIR BLEED 1 UPTRIM 7 AUTO FEATHER

ELEC ACM GEN 2 ® IF NO UPTRIM @
- PL 142..,,.ADVANCE TO THE RAMP
e WHEN AIRBORNE
LDG GEAR
BLEED ENG 142....... OFF IF NOT FAULT
e AT ACCEL ALT

IN THE NOTCH

PR MBTscecsccrssccncsscvescesees MCT
IAS MCOE.... oo SET
- NEXT PAGE

Figure 1.64 Simulated EWD indications for ENG 2 autofeathetaie off*

ZL According to ATR 72 FCOM, engine torque indication (TQ%) includes a digital counter and an analogic pointer.
The digital counter displays actual digital torque indication and the readout is green if torque is isegtegn
amber if in amber sector, and white in red reversed video if above amber sector limit. The analogic pointer stays
green when torque is below 100¢rd€ensector). It will become amber if torque is between 1LAM6% (amber
sector), and red if torguis higher than 106%. During an engine flame out event, the operative engine will apply
an additional 10% of torque (RESERVE TAKE OFF), to a level of 100%, comparing to normal take off torque of
90%. During RESERVE TAKE OFF, TQ indication may exceed 1@0f/not 106.3%.
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ENG 2 FLAME OUT AT TAKE OFF MAN ENG 2 FLAME OUT AT TAKE OFF MAN
NORMAL CONDITIONS NORMAL CONDITIONS

PREVIOUS CHOICE PREVIOUS PAGE
2/2

s TF DAMAGE SUSPECTED
OR
s IF NO DAMAGE
—_—— NEXT PAGE - RESTART ENG 2 PROCEDURE

Figure 1.65 SimulatedEWD indications for ENG 2 flame out &tke off

1.65 Engine Torque Sensing and Indication

Engine torque was one of the indicators of engine power. Each engine
contained two torque sensors which were located on the reduction gearbox casing.
Torque sensors were used to measure the torque produtiesidrygine.

As shown in Figure 1:6, the signal sensed by the No. 1 and No. 2 sensors
was transmitted to the AFU and EEC respectively, where it was converted into
engine torque indications. The AFU and EEC transmitted the data to the core
avionic cabinetl (CAC1l) and CAC2. The CAC was supplied with a 5V DC
reference voltage and the signal from the AFU, which were then routed to a display
unit (DU) through ARINC 42% and displayed the torque value in analog form.
The digital indication was produced by an INE 429 message from the EEC to
the DU. The torque value in digital form was also transmitted to the-puriose
computer (MPC), which enabled the solid state flight data recorder (SSFDR) to
capture those indications through ARINC 429.

2 Digital information transfer system (DITS), also known aaeronauticalradio incorporated, is the technical
standard for the predominant avionics data bus used on most-bigh@ommercial and transport aircraft. It
defines the physicand electrical interfaces of a tware data busand a data protocol to support an aircraft's
avionicslocal area network
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Figure 1.66 Engne torque sensing and indication
1.66 Weight and Balancel nformation

The actuatakeoff weight d the aircraftwas 44, 890 | bs. The
gravity (CG) for takeoff was located at 27.6%meanaerodynamicchord (MAC),

which was withintheaicaf t 6s certi fied CG | imitatdi
37% MAC. The ATR72600 CG envelope is depicted in Figuré-I. Table 16-3
details the occurrence dihhrecraafrtcdafweéisg

balance was within the specified ltaiions for the duration of the occurrence flight.
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Figure 1.67 ATR72-600CG envelope
Tablel.6-3 Weight and balance data

Max. zero fuel weight 45,856lbs
Actual zero fuel weight 39,9891bs
Max. takeoff weight 50,265lbs
Actual takeoff weight 44 8901bs
Take offfuel 4,901lbs
Estimated trip fuel 1,720Ibs,
Max. landing weight 49,273Ibs.
Estimated landing weight 43,170Ibs.
Take offCenter of Gravity 27.6% MAC

MAC: meanaerodynamicchord
1.7 Weather Information

The arodrome routine meteological report (METARYor SongsharAirport
around the time ahe occurrencevas

METAR at 1100hours wind from 100 degrees at 10 knots, visibility greater
than 10 kilometers, fef¥ clouds at 1,500 feet, broken at 2,800 feet, broken at 4,000
feet, temperature 16°C; dew point temperature 13°C, altimeter setting 1024, hPa
trend forecasho significant change, Remarks: altimeter setting 30.25gn

% Cloud amounts are reported in oktas. An okta is a unit of sky area equakeigbtieof total sky visible to the
celestial horizon. Few = 1 to 2 oktas, scattered = 3 to 4 oktas, broken =5 to 7 oktas and o8co&ias.

% The altimeter setting (QNH) is a figure that represents the theoretical mean sea level air pressure at a point. The
QNH figure is used to set an altimeter so that it indicates the altitude (height above mean sea level) at that point.
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S o n g s h an autdmatigleaninaliafsrmationservice (ATIS) current at the
time of the occurrence wasformation Sierr® which indicated that the cloud
cover age wa sfeebafnedw 6 Barto klimetzit Ga0DGect RuBWa)
10 was i n use an ¢ Visiklis was grpaterthae 1D kilrsetes w e t
and the wind was from 100 degrees akrtbts The QNH was 1024 hPa. The
temperature wa&6°C and the dew point was3°C. No significant change in the
reported weather conditions was expected.

There was no low level wind shear detected around the time of the occurrence.
visualmeteorologicatonditions (VMC) prevailed for theake offand maneuvering
phases of the occurrence flight.

1.8 Aids to Navigation

There were no reported difficulties with navigational aids along the occurrence
aircraftos flight path.

1.9 Communication

Communication withair traffic control (ATC) was primarily through very high
frequency (VHF) radio with botBongshan Ground and Towesing separate VHF
frequencies of 121.9 and 118.1 MHz respectively.

The ATC radio and hotline communication transcripts are shown in Append
1.

1.9.1 Communication within thePassengerCabin

Communication between the cabin crew and the flight crew and between the
two cabin crew was via the interphone system or in person. There were no reports
of any difficulty wsystdm. Thé snioa flightatteadarit 6 s
advised the PF (Captain A) that the cabin was ready before the flight crew
requested a taxi clearance from Songshan Ground. There was no further
communication between the flight crew and the cabin crew. The seniot fligh
attendant advised the passengers to fasten their seatbelts shortlytledar.

There was no further communication from the flight crew or the cabin crew to the
passenger cabin during the short duration of the occurrence flight.

1.10 Aerodrome

Tai pei Song$§ klavationiag 1feetrltthad ®ne runway that was
oriented eastvest. Runway 10/28 aligned 095/275° meiry was 2,605 meters
long and 60 meters wide, and was constructed of asphalt and concrete. Runway 10
had astopway® of 51 x60 meter§ and anengineerednaterialsarrestingsystem

25
26
27
28

The ATIS information Sierra was issued at time 1030 and still valid at time of occurrence (1054).

The runway surface was soaked but there is no standing water.

RCSS alsoknown as Taipei International Airport.

Thestopway is an area beyond thewway which can be used for deceleration in the event of an aborted takeoff.
2 The AIP Taipei FIR AD 2RCSS37 Songshamerodromechart dated 9 Jul 15 included an additional area of 60 x
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(EMAS)® of 122 x 69 netersinstalled 111 raterseast of the Runway 28 threshold.
Runway 28 had eunwayend safetyarea (RESAJ' of 51 x 150 neters

High terrain, high density residential buildinggmmercial buildings, military
faciliies, and a multitude of other obstaéfesurrounded the airport and were
prevalent along the aircraftdés occurre

1.11 FlightRecorders

The flight data recorder (FDR) and the cockpit voice recorder (CV&tE
recovered by the ASC investigators at 1605 on the occurrence day. Both recorders
were immersed in water but exhibited no external damBgerecovere€VR and
FDR are shown in Figure 1111

Both recorders we transported to the ASC Investigatiomboratory for
disassembling and readout #ifrelyuary. Thecrashsurvival memoryunits (CSMU)
of both the CVR and FDR were in good condition. After cleaning and drying the
CSMUs, data from both recorders were successfully downloaded

Flight Data Recorder  Cockpit Voice Recorder
.

Figurel.11-1 External view ofthe FDR and CVR

60 m between the end of the Runway 10 Stopway and the beginnimg BMAS.

An EMAS uses a specially installed surface which quickly stops any aircraft that moves onto it. EMAS may be
installed at the end of some runways to reduce the extent, and associated risks, of any overrun off the end of the
runway compared to ¢ghequivalent soft ground distance. As such it may be an alternativeimavayend safety

area (RESA) where the topography precludes the full recommended length of a RESA.

RESA is an area symmetrical about the extended runway center line and adjdlerdrtd of the strip primarily
intended to redee the risk of damage to an@ane undershooting or overrunning the runway

Other obstacles in the vicinity included water towers with lightning rods attached, various trees, transmission
towers and othebuildings up to 328 feet in height. Some of the buildings had scaffolding, antennae and/or
lighting rods attached.

30

31

32
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1.11.1 Cockpit Voice Recorder

CVR Description

The aircraft was equipped with an3 Communications solidtate CVR
(SSCVR or CVR), model FA2100. The CVR was capable of recording 2 hours of
4-channel high quality cockpit audidhe 4 channels of cockpit audio comprised
two channels for each flight crew, one cockpit area microphone (CAM) channel,
and a fourth channel for thaublic address (PA) system The CVROGOs 1 d
information included:

1 Manufacturer: E3 Communicatios
1 Model: FA2100

1 Partnumber: 2100102002

1 Serialnumber: 000706983

1 Hardwaremodificationnumber: 13

CVR Download and Readout

The CVR data download was conducted in accordance with the applicable CVR
ma n u f a cdcadenein @ e st i lgta(Alld)r (Bigure 111-2). The CVR
contained 124 minutes and 14.4 seconds of 4 channel audio data. The audio quality
of each channel wasther good or excellentherecording included the occurrence
flight and two previous flights, GE231 from Taipei to Kinmen and GE232 from
Kinmen to Taipei. The occurrence flight GE 235 began at 1041tt5.4nd ended
at 1054:36.6 hrs. It covered from standing, pushback to the occurrence happened.
The CVR transcript of the occurrence flight can be found in Appendix 2

Figure 1.112 CVR CSMU connection to chassis
1.11.2 Flight Data Recorder

FDR Description

The aircraft was equipped with ard.Communicationsolid-stateflight data
recordef SSFDR or FDR). The FDROs identifyi
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Manufacturer: E3 Communications
Model: FA2100

Part Number: 210404500

Serial Number: 00925587
Hardware Modification Number: 12

S

FDR Download and Readout

The FDR data download was conducted in accordance with the applicable FDR
manuf act (Fgere 10143). Al K

Figurel.11-3 FDR CSMU canectionto chassis

The FDR recording contained 67 hours 22 minutes and 56 seconds of data. The
occurrence flight was the last flight of the recording and its duration was 13 minutes
and 18 seconds. Accor di ng® thedotaAiimRbeaf F DR
recorded parameters was 750 and the raw data was converted into engineering units.
Data plots for the occurrence flight are available in AppeBdix

GE23506s FDR began recording at 1041: 1
of the flight at 1054:3%9.

1.11.3 Other Flight Data and RadarTrack Data
1.113.1 Quick Access Recorder Data

T h e aiquickiecaesgedorler (QAR) and itpersonal computer memory
cardinternational associatiofPCMCIA) card were recovered on 5 February. After
drying the P®ICIA card, all data was downloaded successfully. The last flight
segment data was consistent with the FDR readout data with the exception that the
QAR stopped recording at 1054:34.

33 ATR service letter no. ATR7Z31-6010, Rev 10@eferringto dataframe V4.
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1.113.2 SecondarySurveillance Radar Data

Figure 1.134 shows the GE235TC radar track superimposed on a satellite
image of the area. The three red triangular marks were predicted aircraft positions
derived from the radar system. The ori
valid radar data position was recordedl054:35.26.

Figure 1.134 GE235ATC radar track
1.11.4 Flight Path Reconstruction

The flight path was determined by three recorded parameters with sampling rate
of 1 Hz: GPS latitude; GPS longitude; and beoorected altitude. Aircraft position
inffor mati on was available until 1054: 35.
N25A03046.5760, E12HABT G4t RONNeés Fheguai
path, ATC radar track, and key warnings in the cockpit superimposed on a satellite
photo of he area. The GE235 flight path, satellite image and key ebetisen
1053:07.7 and 1053:59.7 arle last 23 seconds of the flight are presented in
Figures 1.136 and 1.117 respectively

Table 1.111 presents the sequence of technical events for tham@nce based
on the CVR and FDR information.

FDR flight path
O master warning
A stall warning

Figure 1.115 Superimposed GE235 GPS flight path, ATC radar track and key cockpit
warnings
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@ GE235 FDR Flight Path
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10:53:07.7 CM-2 “okay now number two engine flameout confirmed’
10:53:09.9~10.8 CVR stall warning
10:53:12.6~18.8 CVR stall warning
10:53:21.1 CM-1 “feather shuts off” & stall warning
10:53:25.3~27.3 CM-1 “okay i have control’ & stall warning
10:53:34.9 CM-2 ” tower transasia two tree five mayday mayday engine flameout”
10:53:39.4 TWR “transasia two tree five please try again contact taipei approach one one niner decimal seven”
10:53:46.4 CM-1 “engage autopilot”
10:53:54.5 CM-1 “okay you are in charge of communication”
® 10:53:55.9 ~59.7 CVR stall warning

Figure 1.116 GE235 flight path and key events rendered on a fused satellite image and
digital surface model been 1053:07.7 and 1053:59.7

[CRCESORCNONCRCACHC)

¥ ~

-

: L S
10:54:14.1 & 10:54:17.7 CM-1 “restart the engine”
10:54:23.2 ~54:33.9 CVR stall warning/stick shaker
10:54:24.0 CM-1 “restart the engine”
10:54.27.1 CM-1 “wow pulled back the wrong side throttle”
10:54:30.5 CM-1 “restart the engine”
10:54:31.8 CM-3 “impact impact brace for impact’
10:54:35.9 CVR “pull up” sound, FDR stopped recording
10:54:36.6 CVR stopped recording

Figure 1.117 GE235 flight path and key events rendered on a fused satellite image and
digital surface model for the final 23 seconds of flight

SRONCRCRACHS)
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Table 1.111GE235 CVR/FDR Sequence of Events

Local Autopilot/Yaw | Radio Computed Indicated| Fact EWD Comment
Time Damper Staus | Altitude | Airspeed | Airspeed Procedure
(AP/YD) (RALT) | (CAS) (IAS1) Message
LNAV Armed i Before Take
Selected speed 115 | Off
knots
10:51:34 - - increased PLA No Procedure TO sequence
Displayed began
10:51:43 37 37 No ATPCS armed
(CVR)
10:51:52 84 84 ATPCS armed (CVR)
10:51:59 114 114 V1 (CVR)
10:52:00 116 116 Parameter discrete Airborne
main gear=0
ALT armedi Selected
altitude 5,00Geet
10:52:03 6.4 123 127 highest CAS 134nots | After Take
10:52:08 |YD 91 133 135 off
10:52:16 | YD-AP 361 129 130
LNAV
IAS




Local Autopilot/Yaw | Radio Computed Indicated| Fact EWD Comment
Time Damper Staus | Altitude | Airspeed | Airspeed Procedure
(AP/YD) (RALT) [(CAS) (IAS1) Message
10:52:37 |~ 1,165 116 117 ENG 1 uptrimed ATPCS sequence
began
ENG bleed VLV LH
closed (52:35 ~ 52:37)
1052:38 |~ 1,193 117 119 Master warning ENG
2 flame out
10:52:39 |~ 1,246 117 119 ENG 2 feathering ATPCS sequence
began 2.15 ®cafter
trigger, feathering
10:52:40 |YD 1,283 117 117 AP disconnection Manual
ENG 2 Flame gisconnection
LNAV Out at Take
Off
IAS
10:52:42 |~ 1,352 114 114 ENG 2 propeller ATPCS sequence
feathering ended
(beta agle 78 deq)
10:52:50 |YD 1,470 106 104
HDG SEL

IAS
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Local Autopilot/Yaw | Radio Computed Indicated| Fact EWD Comment
Time Damper Staus | Altitude | Airspeed | Airspeed Procedure
(AP/YD) (RALT) [(CAS) (IAS1) Message
10:53:07 | YD 1,582 102 99 ALT not armed:
Vertical Speed
HDG SEL below 80ft/min
PITCHHOLD
10:53:.08 |~ 1,627 102 100 Two sec later, highest
alt 1,661feet(baro
corrected)
10:53:10 1,628 100 97 1% stick shaker FO
10:53:13 |~ 1,621 98 96 1% stick shaker CAPT CAS: 9&nots
10:53:14 |~ 1,596 100 96 PLA2 moved forward Expected to be
(86 deg) before or at the
ramp position
(theoretically
value is 88 deq)
10:53:17 |~ 1,535 101 97 1% stick pusher
10:53:21 |HDG SEL 1,470 102 101
PITCHHOLD
10:53:24 |~ 1,344 107 106 CLA 1 fuel SO ENG 1propeller

was feathered and
ENG 1was shut
off
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Local Autopilot/Yaw | Radio Computed Indicated| Fact EWD Comment
Time Damper Staus | Altitude | Airspeed | Airspeed Procedure
(AP/YD) (RALT) [(CAS) (IAS1) Message
10:53:49 | YD1 AP 875 109 109
HDG SEL
PITCHHOLD
10:53:57 | YD 791 101 98 AP disconnection Automatic
disconnection
HDG SEL
PITCHHOLD
10:54:08 | HDG SEL 533 112 108
PITCHHOLD
10:54:14 |~ 544 105 98 DC essential BUS 1 ENG lrestart
voltage dropped from request
28V down to 18V
10:54:20 |~ 575 96 91 CLA1 no more fuel ENG lrestart
SO cont 6d
10:54:25 |~ 401 106 96 NH1 reached 30% ENG 1lrestart
increasing cont 6d
10:54:30 |~ 107 110 97 PLAZ2 decreased dowi After Take | ATPCS disarming
to 48deg Off - 1EO condition
10:54:31 |~ 101 108 97 ENG 2left feather +
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Local Autopilot/Yaw | Radio Computed Indicated| Fact EWD Comment
Time Damper Staus | Altitude | Airspeed | Airspeed Procedure
(AP/YD) (RALT) [(CAS) (IAS1) Message

MW ENG 2 flame out
disappeared

10:54:33
10:54:34 |~ 83.5 108 100 NH1 reached 50% ENG 1 Fire
10:54:35.9| ~ 55.1 106 103 End of recording in Flight End of recorder

CVR (0254:36.6 sec) data may contain
FDR (0254:35.9 sec) invalid data
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1.12 Wreckage and mpact | nformation

Duringthef nal stages of the occurrence f
with a motor vehicle on the Hudbdong overpass but, with the exception of the left
aileron, it remained attached to the aircraft. That wing then collided with a light
pole and the oveass guard railing before the aircraft entered Keelung River in an
inverted nose low attitude. The aircraft broke up on impact with the water. The
aircraft wreckage was recovered and transported to the storage site for examination
in 1.5 days. The salvag®gperation was made possible by the assistan€zenfral
Disaster Emergency Operatioflew Taipei City and Taipei City Emergency
Response Centers.

1.12.1Recovery of Aircraft Wreckage

The primary aircraft wreckage consisted of two major separated seofions
the airframe: the cockpit section; and the middle/aft section of the fuselage. The
nose of the aircraft was embedded in the mud of the riverbed. A floating bridge and
three heavy lift vehicles were deployed by the Army Engineering Corps to facilitate
the recovery of the deceased passengers and salvage of the aircraft wreckage. The
salvage of the aircraft wreckage commenced after the search and rescue operation
had recovered all surviving passengers and crew. Figurelldepicts the initial
salvage ofthe two major portions of the aircraft wreckage. The major portions of
aircraft wreckage, including the remnants of the engines and propellers, were
successfully recovered by the late afternoon of the second day of the salvage
operation.

Figure 1.121 Wreckage recovery operations

Figures 1.12 and 1.123 identify and map the major sections and
components of the aircraft that were recovered. The recovered wreckage
represented approximately 85% of the whole aircraft. The remaining unrecovered
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15% of the acraft was primarily in the area aft of the cargo area and forward of the
ice shield area.
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Figure 1.122 Recovered aircraft wreckages (1)
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1.12.2 Wreckage Transfer and Storage

With the support othe Ministry of National Defense (MND}he recovered
wreckage wastransported téhe Songshan Air Force Ba&eAFB) for storageand
subsequent examination on the evening of 5 February.

Figure 1.124 shows the aircraft cockpit portion being lifted and moved o th
wreckage storage site. The aircraft wreckage was arranged to represent as much as
possible a reconstruction of the aircratft.

AR

.“]'i‘*llll\ ‘ :

Figure 1.124 Wreckage storage site

1.12.3Video Footage andmpact Information

Video footage and aircraft impact marks indezhthat the aircraft had collided
with a taxi, light pole and guard railing or barrier on theanDong overpasbefore
impacting the Keelung RiveFigure 1.125 presents an aerial photograph of the
accident siteKeelung River is to the north side oktbverpass. The depth of the
river in this location is between one to two meters.
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reference
flight path

Nangang District “ ,/'Huan-Dong Blvd Xizhi District

o

Figure 1.125 Aerial Photo othe GE235 crash site

The height above ground level of the Htdong overpass was about 21 meters.
The width of the overpass was 10 metérsimpact scar on a heading of about 060
degrees magnetic and approximately 2.5 meters long was located on the road surface.
Some aircraft debris was also found near the impact point on the overpass guardrail
or barrier. The aircraft also collided with a lighole, which was very close to the
damaged barrier (see upper right corner of Figure-8)1Zhe distance from the
impacted taxi to the damaged overpass barrier was about 9 medetisedistance
from that barrier to the main wreckage in the river wasua90 meters.

The main wreckage was near inveriedhe middle of the Keelung River on a
heading of about 025 degrees magnetic
position wadN25°3 6 4 8, EB283»7 6 3.. 130

Figure 1.1261 | | ust r at e sal trajectory and impactddcatian.sThef i
image utilized the FDR derived flight path superimposed on related satellite imagery
and ground building models generated from the digital terrain data and aerial photos
provided by Taipei C it of Yrbad ®evelapmemte Figtiré s D
1.12-7 presentsan aerial photof the accident siteakenfrom a rescue helicopter
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Figure 1.127 Aerial photo ofoccurrencesite taken from a rescue helicept

1.12.31 Video Footage of the Occurrence

The aircraftodés flight path was fil me:q
dashboard video and building security cameras. A motor vehicle traveling
westbound on HuaBong overpass capturatdkear footage ofthe occurrence. The
video footage and data from the onboard recorders were synchronized using the
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probable sound of impact with the taxi and overpass heard on the CVR and captured
by the motor vehicleds dashboar dtsafamer
the aircraft fromthe ar 6 s dashboard camera have b
and are shown in Figure 1-B%.

The video frame rate of the vehicles dashboard camera was 25 frames per
second, which mearthat a frame was equal to 0.04 seconds. EgUr.129 to
Figure1.1211 pr esent the dashboard camera vi
trajectory.In conjunction with the site survey data, the aircraft banked to the left at
about 90 degrees as it collided with the taxi on the overpass. fiimatesl distance
betweenthe taxi and the overpass barrier was about 9 meters. Figurel1l.12
indicated that the aircraft impacted the northern barrier of the-Boag overpass at
1107:07 on the video, which corresponded to a CVR time of 1054:34.76.

g bl ANT - ‘ T ;
i - R e . Al f= . o . A
= T Bt 2o v e ] (i
T N ST S
B ! - R ’
00 ! / 10:54:38.000 ! P> 10:64:39.000
(] 4-11:07:10 PAPAGOIPO 2015/02104-11:07:11PAPAGOIPO > 4 2015102104-11:07:12 PARAGOIPQ

Figure 1.128 Snapshots extracted fromtheo t o r vdashboard cantesa

3 Useof thevideo wasauthorizel bythe TVBS.
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10:54:34.56 (f14)
2015/02/04-11:07:07 PAPAGO!P0

10:54:34.68 (f17)
2015/02/04-11:07:07 PAPAGO!P0

Figure 1.1210 17" frame ofdashboard cameradeo
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Figure 1.1211 19" frame ofdashboard camerddeo
1.13 Medical and Pahological Information
1.13.1 Medical Treatment ofSurviving Passengers

Thirteenof the 14 passengers and one cabin crew who survived the accident
sustained serious injuries as a result of impact forces. The injuries included head
trauma, fractures, bruigyy abrasions and lacerations. One passenger sustained
minor injuries. The surviving passengers were initially transportedixtdocal
hospitals around Taipei City and New Taipei City for treatment.

1.13.2Flight Crew Toxicology Information

The Instituteof Forensic Medicine (IFM), Ministry of Justice, conducted
toxicology examinations of the three flight crew members. The test items included
alcohol content, poisons, sedatives, hypnotics, carbon monoxide hemoglobin and the
basic drugs screen (about oneubkand items).

Captain A6s toxicology report of indi

Captain Bo6s toxicol ogy inthe plaod and drimed i ¢ a
No other drugs or toxins were found.

% Doxycycline is used to treat bacterial infections. It is in a class of medications called tetracycline antibiotics. It
works by preventing the growth and spread of bacteria. (U.S. National Library of Medicine
https://www.nlm.nih.gov/medlineplus/druginfo/meds/a68266ml)
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The First Officer ds todiginetiotheobipyd amde p o r
urine. No other drugs or toxins were found.

1.13.3Flight Crew Autopsies

The forensic pathologists from the IFM performed the autopsies of the three
flight crew members. The autopsy reports indicated that the cause of death for th
three flight crew was the same. They had suffered multiple fatal head injuries.

1.134 Victim Inspections

The inspections conducted by the IFM indicated that the primary causes of
death were multiple traumatic injuries and drowning.

1.14 Fire
Not appicable.
1.15 Survival Aspects

TransAsia's ATR72600 was configured with 72 economy class passenger seats.
There were two pilot seats and one observer seat in the cockpit and two cabin crew
seats at the front and rear of the cabin

Figure 115-1 illustratesthe cabin configuration with the passenger and crew
injury and fatality distribution. The passenger seating positions were based on the
airline seating plan and interviews with the suimviypassengers.

Injury/Fatality Distribution

Service Door

hatch broken section

cargo door hatch

TNA Flight GE235 on board ground
ATR72-500 Accident @ fatal. 43 0

Taipei City, Taiwan @ serious Injury 14 o1
4 February 2015 @@ MinorInjury 01 01 B

Figure 1.5-1 Injury and fatality distribution

% Amlodipine: A calcium channel blocker heart medication used in the treatment of hypertebsfinE¢deral
AeronauticalAdministration http://jag.cami.jcchi.gov/toxicology/DrugDetail.asp?did=128)
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1.151 Emergency Escape

All of the 15 survivors were seated after row 10. The surviving passengers and
crew reportedhat dter the aircraft impacted the water, the middfesection of the
fuselage separated from the aircraft and rotatednterclockwise iran inverted
position. The cabin environment became dark and was inundated by fuel odor. Some
of passengers were rendered unconscious immediately after impact and were upside
down in the cabin restrained by their seatbelts. It was reported that the uaaensci
passengers then regained consciousness as they began to choke on the water that wa:
engulfing the cabin. Most survivors were still in their seats and unbuckled their seat
belts by themselves or were assisted by other passengers.

There wasabreak orach i n the right side of
rows 14to 15. The survivors reported that they saw light from outside through this
opening and they then decided to egress the aircraft via that opening. There were
some objects obstructing the surv or s6 escape path inclu
other debris. One survivor who had escaped through that opening reported that her
watch showed 1105 at that tim8he tried to bang on the service door but failed
during her escaped processtotal of 10 suvivors escaped from this break in the
fuselage and then stood on the aircraft wing awaiting rescue.

There were five survivors seated clgige aftcabin escaped from the service
door. One of the five survivors tried to comfort and took care of othervvers
when waiting for rescue and he tried to knock on the window for help. The rescuers
opened the service door and rescued these five passengers at around 1135 through the
service door.

1.15.2 Rescue

According to interviews with the rescuers dhdofficial rescue report, the first
nine rescue vehicles, with about 15 fire fighters from Taipei City and New Taipei
City, rushed to the crash sitm about 1105to 1115 after receiving notification
from the firefighting command centers. Three of theffgbters tried to swim téthe
aircraft main wreckage in the river. Two of them failed to reach the aircraft because
of the strong current. Two powered rubber boats finally reatthedircraft main
wreckage area at 1130 and began to rescue the group safndiOors who were
standing on a wing section. Th&herrescuers then opened the service door near the
a i r ctailsséctiogand rescued the five survivors trapped in that area.

The cabin was dark and inundated with fuel odor wtherrescuersnteredhe
cabin. They usd explosionproof lights and hydraulic cutters to help resc¢he
survivors TransAsia maintenance staff and t
Ai rport provided information regarding
opemtion, fuel tank position, cutting areas, hanging points and so on. Most of the
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deceased persons in the cabin were sitting in their seats with their seat belts fastened
suspended upside down immersed in water.

1.16Testsand Research

1.16.1TNA Simulator Training Observation

The investigationeamconducted ambservatioro f T N A6 s600Anhial7 2
proficiency training and proficiency checking (PT/PC) in May 2015 at Bangkok
Airways training center. Six simulator sessions were observed. Of the six sessions,
four comprised PT and two comprised PC. The crew pairing included a captain and
FO as the PF and PM respectively for each session. The training was conducted by
an instructor/check pilot (IP/CP)

The investigators noted the following: the ATPCS test was performed
during the session@ncluding the PC sessionshetake offbriefing covered single
engine procedures and the acceleration altitude; and the flight oreuctedthe
ATPCS calloui ARMO dur i n gtake difrell. The RRgasrespatsibles for
the power levers (PL) and the PWhs responsible for the condition levers (CL)
during the single engine flameout sequence; however, the PF operated both the PL
and CL for a simulated engine fire duringkeoff and an emergency descent
sequence.

1.16.2Simulation Testing

To further understand the technical and pilot performance issues in the
occurrence, two ATR7B00 simulator sessions were conductedhe ATRfull
flight smulator’” (FFS) facility in Toulouse, France from 27 to 28 July 2015.

The simulated flights replicated the time of day, weather conditions, and aircraft
weight and balance at the time of the occurrence.

The two simulator sessions comprised a total of four hours of testing. Two of
the aircraft ma n u f aendedi ATR7Z600styperated pilets t an
which included a test pilot and an instructor/training examiner pilot, conducted the
simulated test flights. The simulated test flights were observed by members of the
investigations flight operations group and includedresentatives from the ASC,

BEA and ATR.

The findings from the simulated test flights included:

1 Theoccurrenceorofile was successfully reproduced.

37 The FFS are designed and certified for frainpurposes based on mandatory items defined by the respective
certification authorities.
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1 While flying the occurrence profile, the pilot workload was considered
light®® before the stall warning @alio stall warning and stick shaker). The
workload was medium to high after the stall warning.

1 The ATR flight crew conducting the test had no difficulties handling the
single engine flameout situation as long as they followed the abnormal
procedures publised in the ATRflight crew operatingmanual. The tests
were conducted with and without the autopilot (AP) engaged, with the
same results in both cases.

91 The execution of the single engine flameout atke off with the ATPCS
armed demonstrated that the ARl not automatically disengage. The
simulated aircraft maintained wings level flight as expected and continued
the climb at around 600 feet per minutenf) at an indicated airspeed of
115 knots®.

1 The execution of the single engine flameout after tdkavith the ATPCS
selected OOFF6 demonstrated a redu
there was no uptrim (engine power increase) on the operative engine or
autofeather of the failed engin€he simulated aircraft maintained wings
level flight and contiued the climb between 100 to 300 FPM at an
indicated airspeed of 115 knot¥his execise was performed without
applying the full ATPCS OFF dispatch conditions according to MMEL.

1 The AP was effective in controlling the aircraft during a single engine
flameout. It ensured that the aircraft maintained the required profile. A
series of autopilot disconnection tests were conducted to assess the
behavior of the aircraft. The first autopilot disconnection test was
performed with a rudder input of more than®M\*® which was the force
required to disconnect thgaw damper (YD) and AP. After the

% The simulated session was prepared to be as much representative as possible of the occurrence flight so that the
simulation test flight crew performed the saméicaxs as the occurrence flight crelwhe evaluation of the

workload was conducted by the simulation test flight crew (composed by on&r#hRg captain and one ATR

test pilot) who haverespectively 20 and 19ears of experience in evaluatifigght performance in simulated

flights.

V2 or the take off safety speed in normal conditions at MTOW iskhbfs V2 is the minimum speed that needs

to be maintained up to the acceleration altitude, in the event of an engine failure after V1. Flight at & ensure
that the minimum climb gradient required is achieved
O 1.1VMCA). Note. V1 is the decision speed, the maxi
the pilot, and the minimum spd at which the take off can be continued in the event of an engine failure. If an
engine failure does occur after V1 the take off should be continued. VSR is the reference stall speed. VMCA is
the calibrated airspeed at which, when an engine fails ioogerative, it is possible to maintain straight flight

only, provided a small bank angle of 5°is maintained away from the inoperative engine with RTO power set on
the operative engine (take off flaps setting and gear retracted).

A decanewton (daN) ia unit of force equal to 10 newtorSne newton is the force needed to accelerate one
kilogramof mass at the rate of oneetre per second squared
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disconnection of the YD and the AP, the test flight crew did not apply any
control inputs for a few seconds to enable the observers the time to view
the aircr aMittéhso uli e hpaiviiootr I nput s. T h ¢
consistent witha twin-engine aircraft type flying with asymmetric thrust

and no pilot control inputs: it yawed and rolled towards the failed engine
obtaining approximately 20 degrees of roll in a few s€so It took the

flight crew four seconds to revert to wings level. During the other AP
disconnection test, the AP was disengaged using the disconnect push
button but the YD remained engaged. The bank angle change was about 8
degreesThe yaw auto trim fuction compensated for the yaw deviation.

There were no manual aircraft control difficulties experienced in the single
engine condition with airspeeds between 95 and 118 knots. The simulated
aircraft response was a little sluggish and the stall warninyaseti
intermittently during low speed flight.

The stall test results showed that the stick shaker and stick pusher worked
as designed. It took approximately 10 seconds andfei®f altitude to
recover the simulated aircraft from stick pusher activaaio®3 knots until

the aircraft acquired 118 knots. If the stall recovery maneuver was
conducted immediately after stick shaker activation at 99 knots, it took the
test crew approximately 6 seconds and less thanfd€®f altitude to
recover the aircratind increase the airspeed to 118 knbiere is another
phenomenoinas been observed in the stall test; as the FMA vertical mode
had previously revert e dightdoectarfFD)T CH |
bars provided guidance to maintain a pitch target°ofhen the stick
shaker and subsequently the stick pusher activated the aircraft pitch was
consequently decreased to approximately 10° qulosen while the FD

bars were still showing a nosg guidanceon the primary flight display
(PFD)accor di g TCH HIDO& DO mod-&). ( Ref Fig
The occurrence flight crew unsuccessfully attempted to restart the
operative engine late in the descent. A simulated engine air restart test was
conducted to determine the parameters for success. The air restart was
initiated at an altitude of 1,4@G6etabove ground levellhe time required

to successfully restart the engine was approximately 25 to 30 seconds after
the start procedure was initiated. Several simulated air restart tests were
performed and the aircraft losetween 400 to 90@eet of altitude, which
indicated that it was highly unlikely that the occurrence flight crew would
have been able to successfully restart the operative engine with the altitude
they had remaining.
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Figure 1.161 PFD display while thstick pusher activated

1.16.3Aircraft Structure Examination

The examination of the aircraft structure was conducted on 10 February 2015
at the SAFB wreckage storage site. The examination was conducted by ASC, CAA,
and TNA structural engineers. Seven magdincraft structural components were
examined. The fracture surfaces of the structural components were consistent with
overload and post impact damage.

1.164 Engine Examination

The examination of the aircraft engines was conducted from 7 February to 9
February 2015 at the SAFB wreckage storage site. Representatives from the
Transportation Safety Board (TSB) Canada, Transport Canada (TC), ATR, P&WC,
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CAA, TNA and ASC participated in the examination.
1.164.1 Engine Number 1

The ENG 1was examined in therrame nacelle as recovered. The external
case inspectionevealed thaall quick engine change items and airframe nacelle to
engine connections appeared to be intact, with water immersion damage. The
propeller blade remained attached to the hub witlbldee outer spans separated.

The engine turbo machine was borescope inspected in accordance with the
PW127 enginanaintenancananual. The turbine section components, combustion
section components, compressor section components and reduction gearbox
componats all displayed no indications of any anomalies affecting normal
operation, and all components observed showed normal running wear. All
components showed immersion damage.

Some control and accessory componentsN& 1were removed and shipped
to TSB Camada for dispatch to their respective vendors for investigation and
analysis under the oversight of the U.S. National Transportation Safety Board
(NTSB), Transport Canada (TC), BEA, P&WC, ATR, UTC Aerospace Systems
(UTAS) and ASC. The removed componentsluded the following: propeller
electronic control (PEC), engine electronic control (EEC), auto feather unit (AFU),
data collection unit (DCU), torque sensor No. 1 and No. 2, upper and lower high
rotor speed (Nh) sensors, low rotor speed (NI) sensor anklfo speed (Np)
sensor.

1.164.2 Engine Number 2

The ENG 2was examined in the airframe nacelle as recovered. The external
case inspectiorevealed thaall quick engine change items and airframe nacelle to
engine connections appeared to be intact, widter immersion damage. The
propeller blade remained attached to the hub with the blade outer spans separated.
The nacelle aft section and exhaust duct were separated.

The engine turbo machine was borescope inspected in accordance with the
PW127 engine matenance manual. The turbine section components, combustion
section components, compressor section components and reduction gearbox
components all displayed no indications of any anomalies affecting normal
operation, and all components observed showed alomanning wear. All
components showed immersion damage.

To troubleshoot the technical factors that contributed to the uncommanded
autofeather, a continuity check of the AFU harness, which connected the AFU and
No.1 torque sensor, was undertaken. Accordnthe PW127 engine maintenance
manual, all the results were within limi(see Table 1.14 and Figure 1.1-@).
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Upon removal of the harness plugs for the continuity check, both the torque probe
and AFU plugs showed slight water ingress to the plug ratpigollar. The
connector pin seats appeared to be dry.

Table 1.161 Continuity check of AFUNo. 2electrical circuit

PointA PointB Expected Result

J6 pin A J6 pin B 553589 ohms | 575 ohms

P16 pin H P6 pin A 0-0.5 ohms 0 ohm

P16 pin J P6 pin B 0-0.5 ohms 0 ohm
Insulation resistance (with reference to ground) of torque sensor
1> 2 Mohms

.\

P16 pin H to P6 pin A J6 pin A to J6 pin B

Figure 1.162 Continuity check of AFWNo. 2electrical circuit

SomeENG 2control and accessory components were removed and shipped to
TSB Canada for dispatch their respective vendors for investigation and analysis
under the oversight of the NTSB, TC, BEA, P&WC, ATR, UTAS and ASC. The
removed components included the following: PEC, EEC, AFU, DCU, Torque
Sensor No. 1 and No. 2, upper and lower Nh Sensorsnsbsand Np sensor.

1.165 Components Test and Examinatioft

1.165.1 Auto Feather Units Testing

The occur r en caeto feaitherunits AFUsHveere remaved and
sent to the manufacturer (UTAS) in the USA for examination and testing. In
addition, aother AFU from another ATR72 aircraft that had experienced an
uncommanded autofeather ev@rafter the GE235 occurrence was also sent to the

L All the testswereconducted orromponentpostimpact
“2 A TransAsia flight GE507 ATR72-500, B-22806, encountered an uncommanded autofeather event on 21
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manufacturer for examination and testing.

The testing was performed at the UTAS facility in Eagan/Burnsville,
Minnesota, USA, from 8 to 11 April 2015. Representatives from the involved safety
l nvestigation boards (NTSB, BEA and AS
aviation regulatory authority (Transport Canada), aircraft and engine technical
advisors (UTAS, PWG&Gnd ATR) and observers from TransAsia Airways attended
the AFU examination and testing. The testing included standard functional testing
(shop test) and detailed laboratory examination. The NTSB representative
documented key findings and group decisionsnduthe shop teswith a field
notes The BEA also prepared a Meeting Report of the AFUs testing (Document no.
BEA20150039 tec10). The Meeting Report detailed the shop test process and
results but did not include the laboratory examination. After theptaimon of the
AFUs examination and testhe NTSB provided ASC a comprehensive AFU
Investigation Report prepared by UTAS on 11 June 2015. The following
information presents relevant excerpts from these technical reports regarding the
status of the threeAUs.

Basic information: Basic informatiorfor thethreeAFUs is shown in Table 1.18.

Table 1.162 AFUs basic information

AFU No.1 AFU No.2 AFU No.3

9015.02:09

'$\. \\
&

prsieniniotyy

Manufacturer UTAS UTAS UTAS

Part Number 300480000628 30048000028 30048000028

February 2015.
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Serial Number

RT3077

RT2362

RT2354

J2 Connector

Reference *

1301

1315

1315

Position Enginenumberl Enginenumber2 Enginenumberl
Aircraft ID B-22816 B-22816 B-22806
Flight ID GE 235 GE 235 GE 507
TSN*® 826 1,624 1,206
CSN* 1,236 2,352 1,723

* Format is yeaweek (YYWW)

Terms of reference for AFU testing

The following testing protocol for each AFU was agreedll the units before
the meeting:

- Visual inspection;

- Perform a continuity check;

- Perform the functional tests manually;

- Perform the functioal tests automaticalff’
- Perform the thermal cycle tests; and

- Perform the vibrations tests.

If a device failed a test, then the testing protocol would be modified or adapted
to facilitate alternative instructive testing.

AFU No. 1

43
44
45

Time since new.

Cycle since new.

73-20-03 Rev1l, Component Maintenance Manual, Part Number 300d8* Part Testing and Fault Isolation

More details on the continuity, functional, thermal cycle and vibration testing process can be found in the
Component Maintenaxe Manual pp.10129.

“° D06409502 Rev Cacceptancéestprocedure
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AFU No. 1 passedhe continuity test,manual functional tests, automatic
functional tests, thermal tests and vibration tests.

Findings for AFU No. 1

- AFU No. 1 passed all the tests in accordance with dbmponent
maintenancenanual (CMM).

AFU No. 2

AFU No. 2 failed to pasthe continuity test. The measured resistance values
for connector pins J and*Hfluctuated from 1 to 20 ohms when the ribbon was
moved by hand. The resistance was higher than the €Nklues threshold of
0.35 ohms for pins J and H. These two pins conneittdtie torque sensor. An
X-ray examination of AFU No. 2 was performed and no defect was found. In order
to identify the source of the increased resistance between J2 connector pins J/H and
the A2 board strip contact (contact points No. 34/33), a newptesedure for
assessing AFU No. 2 was proposed and agreed to by all attendees.

Three test points were defined to isolate the source of high resistance:

1 X171 The insulation was removed at the end of the ¢lesuit to create a
testing point

1 X271 The flange on the pin that vgasoldered between the flex circuit and
the circuit card

1 X371 Atesting point on the circuit card, instead of the strip contact point
defined in the CMM

With reference td-igure 1.163, the test results found that:

1 The resistanceR;) measured between pin J and point X1 provided a
value consistent with the maximum resistance value provided by the CMM.
Moving the ribbon did not affect this value.

1 The resistance () measured between pin J and point X2 provided a
value greater thaRy;, which was unstable and changed while the ribbon
was moved.

1 The resistance (B) measured between pin J and point X3 provided a
value greater than,® which was unstable and changed while the ribbon
was moved.

4" The J2 connector pins J and H are part of the AFU connector that connects the AFU to the torqtiersegkor
the ribbon wire Continuity of the signal is required to ensurefiivectionality of ATPCS. A disrupted signahay
result in an uncommanded autofeather).

8 Componentnaintenancenanualwith lllustrated Parts List, Z30-03, Rev. 111 Oct 2014.
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Figure 1.163 Continuity check of pin and A2 board

It was noted that the first time;/and R, were measured, both were unstable.
Repeated resistance testing of pins J and H resulted in only one stable resylt for R
and/or Ry,. The continuity failures detected on pins H and J were locasidki the
header strip connector (end of the ribbon, opposite the J2 socket). The discontinuity
was observed to be intermittent. The test reswith the new test procedurae
summarized in Table 1.1&%

Table 1.163 AFU No. 2 J2 connector pins J and ésistance test results

AFU No. 2 Resistance

J2 Connector Pin | X1 X2 X3

Pin J Stable Unstable Unstable
Pin H Stable Unstable Unstable

The AFU No. 2 functional test was not completed because stfost circuit
during thegaintest An X-ray examination was conducted and a possible cause was
identified as bonding No. 16 of component U5 on the A2 board. As component
replacement could be seen as a destructive choice, it was decided to stop the test of
this unit.

A CT-Scan (computed tomogphy) of the J2 solder joints was subsequently
performed and potential solder cracking was identified. A destructive test was
performed to find the possible root cause of continuity failures inside the J2 flex
circuit 90 connector. The J2 flex circuit wasit out of the circuit card assembly

(CCA) and housing. J2 flex circuit pins -32 were examined using an optical
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microscope and acanningelectronmicroscope(SEM). Figure 1.16! shows the
microscope (40X magnification) and SEM images for Pins 33 dnd3e J2 flex

circuit connector pins 3382 were cross sectioned to the component camteand
examined. Figures 1.1% and 1.166 show the cross sectioned pin to flex solder
joints of pins 33 and 34. In the optical cr@sstion images the leatth area was
indicated by the grey particles dispersed within the whitgicimarea. In the SEM
images the lead area is represented by white and tin by grey. Tiexpsolder

joints displayed a coursing of the solder micro structure near the pin on e&aeh of t
10 pins in the strip. The condition was most advanced on pins near the end of the
strip. The solder microstructure was consistent with enlargement, coarsening and
cracking in a stress zone adjacetmess to
zore0 the solder microstructure was very

Pin 33 Magnification 40x

Pin 34 Magnification 40x

Figure 1.164 Microscope (40X magnification) and SEM images for Pins 33 and 34.
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EHT=2000 KV WO= f4mm  N=10 SignalA=SE1 100 m
IProbe= 76pA  Mag= 300X  ScanSpeed=7 Date 20May2016 |

Left Detail

EHT=2000kV WO= fdmm  N=10 Signal A=SE1 100 m WO= 1dmm
IProbe= 76pA  Mag= 400X  ScanSpeed=7 Date 20 May2016 | 1 IProbe= T76pA  Mag= 400X  ScanSpeed=7 Date:20MayZ015 |

WO= t4mm  N=10 Signal A=BSD 100 pm
IProbe= 76pA  Mag= 300X  ScanSpeed=7 Date 20 May 2016

Right Detail-Dual Magnification

EHT=2000kV WO= t4mm  N=10 Signal A=SET 100 pm EHT=2000KV WD= t4mm  N=10 Signal A=BSD 100 pm
IProbe= 76pA  Mag= 400X  ScanSpeed=7 Date 20 MayZ015 | IProbe= 76pA  Mag= 400X  ScanSpeed=7 Date 20May2015 |

Figure 1.166 Cross sectioned pin to flex solder jointspofs 34
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Summary of Findings for AFU No. 2

1 Continuity failures (resistance values above the CMM threshold) existed
between J2 connector pin H and the circuit board, and between pin J and
the circuit board,

1 Continuity failures (resistance values above thdMCthreshold) were
located at the solder joint interface between the J2 flex circuit and the
header pin;

1 Continuity failures (resistance values above the CMM threshold) were
intermittent; and

1 The solder microstructure was consistent with enlargement, eztoags
and cracking in a stress zone adjacent to the solder joint interface between
the flex circuit and the header pin.

AFU No. 3

Only J2 connector pin J failed the AFU No. 3 continuity t&sie measured
resistance value for connector pin J fluctuaietiveen1 and 10 ohms when the
ribbon was moved by hand. The resistance was higher than the CMM value
threshold of 0.35 ohms for pinAn X-ray examination of AFU No. 3 identified no
defects. In order to identify the source of the continuity failure betd2eonnector
pin J and the A2 board strip contact (contact point No. 34), the same new test
procedure that was developed for AFU No. 2 was applied to AFU No. 3. The
definitions of test points X1, X2 and X3, were the same as those for AFU No. 2.

The testedesistance values (R Rx», Rx3) for AFU No. 3 were similar to those
of AFU No. 2 except that the resistance valugs WRere all repeatedly unstable
during the testing. The continuity failure detected on pin J was located inside the
header strip connectgend of the ribbon, opposite the J2 socket). The test results
with the new test procedusge summarized in Table 1-46

Table 1.164 AFU No. 3 J2 connector pin J resistance test results

AFU No. 3 Resistance
J2 Connector Pin X1 X2 X3
Pin J Stable Unstable Unstable

A CT-Scan of the J2 solder joints was subsequently performed and potential
solder cracking was identified. A destructive test wa#nd the possible root cause
of continuity failures inside the J2 flex circuit'@®nnecbr. The J2 flex circuit was
cut out of the CCA and housindR flex circuitpins 3342 were examined using an
optical microscope and a SEM. Th2 flex circuit connectopins 3342 were cross
sectioned to a shallow depth (20%) and examined. The processpeaded to the
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component centerline. The pilex solder joints displayed a coursing of the solder
micro structure near the pin on each of the 10 pins in the strip. The condition was
most advanced on pins near the end of the strip. The solder microsnwets
consistentvith enlargement, coarsening and cracking in a stress zone adjacent to the
pin/solder int estrkeszcoen.e 0Awahye fsroolnd etrh insi ciir
fine.

Summary of Findings for AFU No. 3

1  Continuity failures (resistance vasi above the CMM threshold) existed
between]2 connectopin J and the circuit board;

1  Continuity failures (resistance values above the CMM threshold) were
located at the solder joint interface between the J2 flex circuit and the
header pin;

1 The solder mimstructurewas consistent wittenlargement, coarsening
and cracking in a stress zone adjacent the solder joint interface between the
flex circuit and the header pin;

1 Functional tests were passed despite the continuity failure (resistance
values above thEMM threshold); and

T Thermal cyclesd tests were passed
values above the CMM threshold).

Further simulation of AFU performance with increased inline resistnce

In an effort to understand the potenimlpactof increased resistance between
the torque sensor and the AFU the system was modeled and simua#s.
performed the simulation with the information required to model the torque probe
provided by P&WC The AFU model was reduced to the zero crossing circuit
which is the 1st signal conditioning circuit block used to convert the torque probe
signal to voltage level. Between the models a resistance was added to represent the
resistance between the torque probe and the AFU circuit card. The findings of this
simulatian are:

1  The simulation and bench testing indicated that AFU performance would
be impacted at 10k to 25k ohms.

1 The AFU was not able to receive adequate signal levels when the
resistance reached 35k to 50k ohms.

1.165.2 MFCs NVM Data Download

Twenty two cirei i t boards from t hemuldunctionr en c
computers (MFC 1, 2) were removed and dispatched to the BEA fovalatile
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memory (NVM) data download and readout.

Four memory chips were extracted from the central processing units (CPUs) of
MFC 1 and MFC 2 The chips were dried and electrically checked before the data
download and readout commenced. The data were readout twice to confirm the
accuracy of the downloaded binary files. The binary data files were decoded by the
BEA and Airbus. Theesults were the same. Information stored in the memory
chips was divided into three groups: Basic BIfBAdvanced BITE; and Super
advanced BITE.

The results of the readout indicated a code 02 failure (flight cehtnas
recorded in the Basic BITE. Nather failure had been detected since the last MFC
maintenance actich

Advanced BITE provided technical I nf
before the occurrence, with the exception of the two flights immediately preceding
the occurrence flightSix of the most recent flights contained the code 02 failure.
The definition of a code 02 failure and the associated corrective actions were:

1 TORQUE 2 FAULT (confirmation delay: 30 s)
1 This code appears with the following conditions:
Right power lever in T@yosition AND torque below 25%
OR Right power lever not in TO position AND torque upper 50%
AND Right ECU not fault
AND Right engine oil not in low pressure
AND MFC1B or 2B valid
1 Maintenancéctions:
Check AFU, Torque indicator, microswitch on right moviever and
associated wiring.

When a code 02 failure occurse origin of the failure may be in any of the
signalfrom: TQ sensor #I of ENG 2, the harnessr AFU No. 2 (S/N: RT2362)

49 BITE: built-in testequipment. BITE provides an integrated ground maintenamél&ht maintenance monitoring
system that is available to maintenance personnel whenever power is applied to the aircraft. The system design
objectives are to minimize earcraft maintenance time, reduce unconfirmed line replaceable unit (LRU)
removal ates, and facilitate identification of failed LRUs and associated interfaces.

%0 TNA information: TNA checksMFC memory every Wednesday night durinch e a iweekly ehéck|fotise

only failure code presented we$OW (weight on wheek), the memorywaserased If there were failure code

other than WOW, the associated corneetactionswere documented in theéechnicallog book (TLB). The

a i r |maimtendrse recordsdicated thatheoc cur r ence ai rweaklgdhécldwas pedosnied ane c e n't

28 January 2015 with no faglfound.

The TQ sensor #1 supplies the analog torque indication displayed on the EWD. If the analog torque indication

had failed before the occurrence, the failure would probably havarhadluenceon the information displasd

to the crew; The TQ sensor #2 supplies the digital torque indication displayed on theTEB&/DFDR records

the torque value supplied by the TQ sensor #2.
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This failure will affect the torque indication on EWD, flight crewyrse the ENG
2 torque analog indication fluctuated.

The last two flights prior to the occurrence flight were performed on the same
day of the occurrence flight (4 February 2015). There was no failure code for those
flights recorded in the memory chips.

During theoccurrencdlight, MFC #2 recorded an autofeather request inside
the superadvanced BITE, with a signal coming from AFU No. 2. Both module 2A
and 2B recorded the same context:

1 Asingle record
1 Code E1: Activation signal for feathering pump 2 status
1 Code E3: Auto feathering signal from AFU No. 2

This recording was consistent with the code 02 failure (flight controls),
recorded inside the basic BITE during the occurrence flight (all the MFC modules).
As the right power lever was recorded in take df position by the FDR, the
torque indication value was then detected to be below 25%.

Summary of NVM findings

9 No error other than the invalid TQ needle indication was detected by the
MFC since the last deletion of the MFC memory (maintenance action);
1 AFU #2 reported TQ values &NG 2 lower than 25% to the MFC for
more than 30 seconds; and
1 The autofeather system was triggered during the occurrence flight.

1.165.3 PECs and EECs Data Download

Two engineelectroniccontrols (EECs) and twaoropeller electranic controls
(PECs) were removed from the occurrence aircraft and sent to the manufacturer,
Hamilton Sundstrand at Windsor Locks, Connecticut, USA, for NVM data
download. The data download was performed by the manufacturer under the
supervision of represtatives from the NTSB, TC and P&WC between 20 and 22
April 2015. The subsequent technical report was submitted to the ASC on 20 May
2015. Table 1.1%6 contains the EEC and PEC identifying information.

Table 1.165 Basic EEC and PEC information

P/N S/N Postion
EEC 10129744-002 | 14040035 No.1 / left
EEC 10129744-002 | 13100020 No.2 / right
PEC 8163325-401 | 13070018 No.1 / left
PEC 8163325-401 | 13080013 No.2 / right
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The data download and technical report indicated that both PECs had no
induced failuresrad no fault codes for the occurrence flight. Both EECs passed the
power up test and contained some stored fault codes. Each of those fault codes
occurred on the flight prior to the occurrence and was most probably caused by the
powerup sequence of the EEOCU, AFU, andair datacomputer (ADC).

1.165.4 Wiring Harnesses

The wiring harnesses connecting the No. 1 torque sensors to the AFUs of both
engines were removed from the occurrence aircraft and dispatched to BEA for
further examination. A visual or maxscopic inspection and-Ky examination
were conducted. The connection between the torque sensor and the AFU was
achieved through (see Figure 1-71)6

1 Pin Hand pin J on the AFU connector; and
1 Pin No. 1 and pin No. 2 on the torque sensor connector.

Figure 1.167 Connectors oAFU (left) and torque sensor (right)

The X-ray examination of both harnesses showed no anomaly. Frey X
pictures of the connectors which connect AFU and the torque sensdbl@Rare
shown in Figure 1.18.
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Figure 7: AFU female connector with the Figure 8: AFU connector: location of the
connections wire/female pins connected pins

BLO [1t5ev o0 o0 o BLA [Iovev o o0 9

Figure 9: TQ sensor connector Figure 10: tilt view of the TQ sensor
7 connector )

>=] "‘ ST

Figure 11: AFU connector

SEA e | “ B

Figure 12: view of the AFU connector

Figure 1.168 X-ray examination of AFU and torque sensor connectors

The macroscopic examination identified a difference between pinENG2
AFU connector and the other pins on that connector. Figure9lshibwsAFU

No.2connector pins H and J.
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Figure 1.169 Connectompins H (left) and J (rightpf AFU No. 2

The wiring harness was brought to UTAS Rosemount Aerospace for a
continuity check. The continuity check of pins J and H indicated that the resistances
were 0.20 ohms and 0.21 ohms respectively.

1.16.5.5 EnginéSen®rs

Twelve engine sensors including right torque, left torque, Np speed, lower Nh
speed, upper Nh speed and NI speed sensd&blGf 1andENG 2which removed
from the occurrence aircraft were sent to P&WC via TSB for testing. After all
necessary tests fshed, P&WC provided ASC a report on June 22, 2015,
document number RFA No 15ECNO00082 S| File No:0D&. According to the
report, observations recorded from testing of the speed and torque sensors were
indicative of immersion in water and impact. Test hssare summarized in
Appendix 4. The detailed examination and test of torque sensoiSN§: 2 as
follows,

ENG 2torgue sensor left S/IN CH1468

This sensomwas on the engine at initial engine delivery. The shop examination
resultsof this sensoas follows,

Dark residue was present on the torque sensor fiiigb&he magnet was
recessed into the probe tip. The interior of the electrical connector was clean and
dry. The body of the probe was béste Figure 1.240). The packing was present
on the tip and gpeared to be damaged. Following removal of the wiring harness a
small amount of white residue was observed in the sensor electrical connector. Oll
and crystal residue was present in the packing groove. Chemical analysis of the
residue identified fibelike material composed of silicon with oxygen and sodium
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(possibly glassiber). Silicon and iron with oxygen, aluminum and potassium was
also present. This was suggestive of environmental debris and magioasiem

The sensor was tested in accordance wih tecord sheet TRO736 Rev. 04
(P&WC ACMM 3075736 Rev. 1). The following observations were recorded:

1 Test point 4.2 Coil winding resistance: with the sensor at room
temperature there was an open circuit between pins 3 and 4.

1 Test point 6.2 Dynamic test:ith the gap between the senor tip and the
phonic wheel set at 0.035in, and the phemieel speed set at 639RPM
the peak to peak voltage between pin 1 and 2 was 0.85volts. This was
below the test point minimum limit of 1.5volts.

1 Test point 6.3 Dynamic teswith the gap between the senor tip and the
phonic wheel set at 0.035in, and the phemizel speed set at
4263RPM the peak to peak voltage between pin 1 and 2 was 5.21volts.
This was below the test point minimum limit of 8.9volts.

1 Test point 6.6 Dynamnitest: with the gap between the senor tip and the
phonic wheel set at 0.035in, and the phemiezel speed set at
4263RPM the peak to peak voltage between pin 3 and 4 was 5.94volts.
This was below the test point minimum limit of 8.9volts.

1 Test point 6.2d 6.6Dynamic test: The peato peak voltage was erratic
throughout this series of tests.

Note: The reference values quoted for each test point represent values for
these parameters extracted from the appropriate component maintenance manual or
overhaul maual test procedures. The component maintenance manual or overhaul
manual ranges of values are those used-tergfy an accessory and are provided
here for reference purposes only.

3D X-ray analysis(see Figure 1.141) of the sensor indicated that tleeil
wires had broken at the outside of the bend due to the impact.
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Figure 1.1610 External view ofENG 2torque sensor left S/N CH1468

Figure 1.1611 3D X-ray view ofENG 2torque sensor left S/IN CH1468

ENG 2 Torqgue sensor right SIN CH1457

This sener was not on the engine at initial engine delivery. The shop
examination results of this sensor as follows,

Dark residue was present on the torque sensor juAlstignThere was a small
amount of dark residue and contact marks on the probe tip. The ¢mel wiring
harness was attached to the electrical connector and secured with-shrivéat
sleeve. The packing was present on the tip and appeared to be intact. Following
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removal of the wiring harness a small amount of clear liquid was observed inside
thesensor electrical connector. lroride with traces of silicon and aluminum were
identified on the probe tip.

The sensor was tested in accordance with test record sheet TR0736 Rev. 04
(P&WC ACMM 3075736 Rev. 1). The following observation was recorded:

1 Ted point 6.2 Dynamic test: with the sensor installed with an air gap of
0.035in from the phoniwheel, and the wheel speed set at 639RPM the
voltage between pin 1 and 2 was 1.49 volts gegbeak. This was
slightly below the test point minimum limit of3.volts peakio peak.

1 Test point 6.3 Dynamic test: with the sensor installed with an air gap of
0.035in from the phoniavheel, and the wheel speed set at 4263RPM
the voltage beteen pin 1 and 2 was 8.5 volts pagakpeak. This was
slightly below the tegboint minimum limit of 8.9 volts peato peak.

Note: The reference values quoted for each test point represent values for
these parameters extracted from the appropriate component maintenance manual or
overhaul manual test procedures. The component mamtermanual or overhaul
manual ranges of values are those used-tergfy an accessory and are provided
here for reference purposes only.
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Figure 1.1612 External view ofENG 2torque sensor right SIN CH1457

1.170rganizational and Management Informaton
1.17.1Flight Operations Division

The rad of TNAGs FIl ight Operations Di
assistantvice president (AVP). The FOD comprised an Administration and
Scheduling Department, Fleet Management Department and Standard, Trathing an
Development Department. The FOD organization chart is shown in Figurd.1.17
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Figure 1.171 TNA Flight Operations Division Organization chart

The Standard;Training & Development @partment(STDD) included two
sections:standards andraining; andplanning anddevelopment. The department
was responsible fothe training and checkingf all TNA pilots. The STDD
provided the following flight crew training and checks for all aircraft, including the
ATR fleet

(@)
(b)
()
(d)
(€)
(f)

(9)
(h)
(i)

0)

In

Aircraft typetraining
Groundschoot

Initial training
Recurrentraining
Transitiontraining;
Upgraderaining

Instructor andexaminertraining
Ab-initio training
Re-qualificationtraining and
Crosscrew qualificatiors (for Airbus fleej or differencestraining (for ATR
fleet).

addition, theSTDD also provideddangerousgoods training and special

operations training, such aseduced vertical separation minimugikRVSM),
performance based navigatidi?BN), extended range two engine operations
(ETOPS), low visibility operationgLVO), cold weatler operationshigh elevation

airport

operations, and fatigue management.
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The CAA had authozed STDD to nominate suitably qualified and experienced
training captains as designated examiners (DE) to conduct aircraft type rating
training and checks. Betwe@011 and 2013, only one pilot had failed a proficiency
check on the ATR72 fleet. All other pilots on the fleet had passed the type rating,
proficiency and line checks during that period. However, as a result of the GE235
accident, the CAA required that M™Nds ATR72 pilots be re
supplementary proficiency teststh higher standard for risk contrd total of 55
pilots took the supplementary proficiency tests.

The evaluations were conducted by the CAA dedignated examiner3en
pilots failed the oral test and a further 19 pilots did not undertake the test because of
sickness or they were not in Taiwan at the tiffiveenty ninepilots were suspended
for a month pending a 1test. One captain was subsequently demoted and several
pilots left the airline. The remaining suspended pilots subsequently passed the
re-test

1.17.1.1nitial ATR72 Training
TNA ATR72initial pilot training comprised the following

(@ Groundschool: was conducted by eithetearning or in the class room for
teachingaircraft systems, aircraft performanceslated regulationsand
safetyand emergency procedures

(b) Line observation: total of 8 flights; four flights to be completed before
commencing simulator training and the remaining four flights to be
undertaken éfore commencingitial operatingexperience (IOE);

(c) Simulator training:total of 18 sessiongsovering normal altmormal and
emergencyprocedures, including windhear,controlledflight into terrain
(CFIT), traffic aert andcollision avoidancesystem (TCAS), andunusual
attitude recovery (UAR). Seven sessions were conducted in a-basdd
simulator andlL1 sessions were conducted ifukflight simulator,

(d) Local training: local training included two training flights in the actual
aircraft and one chedkght;

(e) Initial operatingexperience (IOE): comprised three different phases. Phase 1
focused on PM duties; phase fbcusal on PF duties; and the last phase
emphasizé total crew performan¢end

() Trainees were required to pass a final line check pribeitog designated a
fully qualified line pilot.
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1.17.1.2Recurrent Training

The Standard, Traing & Development Department also provided a recurrent
training program for pilots every 6 months. Two recurrent training sessions and their
associated checksane to be conducted within a twelve calendar month period. The
training was to be completed before each of the checks. The interval between the two
checks was within four to eight calendar months. The recurrent training program
comprised ground school asinulator sessions. The ground school component was
a minimum of 20 hours per year.

1.17.2First Officer to Captain Upgrade Process and Training
1.17.2.1Captain Upgrade Selection Process

The airlineds c¢ommand firat pffcer dodcapain) pr o m
procedures were documented in sectieB &f the flight operationsdepartment
operationsmanual (FAOM). The first stage of the command upgrade selection
process involved FOD compiling a list of FOs who met the qualifications and
experience requiremgs for upgrade specified in Chapter 10 of the FOM. Potential
upgrade candidates were then recommendednbiructor pilots (IPs). Those
potential candidates who were not recommended by IPs for upgrade were to
undertake additional remedial training to Mycthe areas requiring improvement.

The FOD also submitted a report to the airline President detailing the number of
pilots required for upgrade training. On approval of the numbers specified,
designated upgrade candidates were required to undertakecééemnd other tests

within a specified period and score 90 points or higher. The performance of
candidates who met the criteria for that stage were reviewed by a panel of at least
two-thirds of the fleet instructor and check pilots (IPs/CPs) who theructed oral

tests of the candidates. The selection panel then calculated final scores and ranked
the candidates for upgrade training. A candidate whose oral test score was below 60
points as determined by at least 4hed of the panel was not recommended
upgrade training.

Three ATR72 First OfChptam A attempted time@boved i n ¢
oral test on 7April 2014. The selection panel assessing the candidates oral test
performanceomprisedsix ATR72 IPs/CPsT he ai r |l i ne6s ot#ldfR7 2 |
12 IPs/CPs at that time. One of the assessors scored all those candidates below 60
points. Another assessor scored all the candidates 60 points. The remaining assessors
scored all the candidates above 60 points.

1.17.2.2Upgrade Ground Training

Secti on 2. fightadiningmdmagesnentnanual (FTMM) outlined the
components of upgrade training: ground training; flight simulator training; and line
training. FTMM section 2.4.2 AGround
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be conducted &fr the completion of all ground courses.

Four ATR72first officers attended the upgrade training in 2014. Three of the
candidates, includinGaptain A, did not completall the ground courses unétfter
the ground test on 1Ray 2014. That was notinacor dance wi th t |
documented upgrade training procedur@scording to the interview notehe
justification for not following the documented process was that they were assigned
flying duties during the ground training periods.

1.17.3ATR72-500 b ATR72-600 Differences Training

1.17.3.1EASA Operational Evaluation Board Report

TNAOGSs AJOR6 2ATR726 0 0 di fferences7260ther ei
di fferenceso) training program was de
Aviation Safety Agency (EASA) AR42/72 Flight Crew Qualification®perations
Evaluation Board (OEB) report’. There were various types of ATR600
di fferences training programs dependi
experience, and the configuration and onboard equipment ediops ATR72
aircraft flown. The two standard ATR#&D0 differences training programs
recommended by the OEB report includedldy and 10-day programm The
pre-requisites for theBlay program required pilots to be current and qualified on the
ATR72-500 ar have a minimum experience on ATR aircraft of 500 houtstal or
100 hours in the last twelve months. Pilots not meeting thoseequesites should
undertake the X@ay program.

Section 6.7.1 of the OEB report listed a series of iteit should reeive
special emphasis at the appropriate point during the ground and flight differences
training, and included in part:

1 Engine malfunctions duringke off

1 Use of avionics in normal and abnormal / emergency operations, including
flight mode annunciation EMA) annunciations, caution and warning
messages on thengine & warningdisplay (EWD), and associated human
factors issues;

T Use offlight managemengystem(FMS);
f Use ofelectronicchecklist (ECL); and

1 Crewresourcemanagement (CRM) with regard to the nimctionalities.

2 European Aviation Safety Agency operational evaluation board report, ATR 42/72 Flight Creificqicis
Revision 3, 23 August 2013.
% TASE:trainingareas ofspecialemphasis.
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The recommended requirements for familiarization flights following
ATR72-600 differences training were listed in section 9.3.2 of the OEB report. Pilots
who met the praequisites for the fSlay differences training program should
undertale familiarization flights ranging from 6 to 10 sectors flown as PF or PM,
taking into account overall ATR and/or glass cockpit experience. The pilots who did
not meet the experience prequisites and required the-tl@y differences training
program shouldvere recommended to undertake familiarization flights ranging
from 25 to 30 sectors as PF or PM.

1.17.3.2TNA ATR72-600 Differences Training Program

Before operating the AT®O00, current TNA ATR72500 pilots completed
ATR72-600 differences training. TNAs  A00 differences training was
conducted by ATR in accordance with section 2.18 ofltglkt trainingmanagement
manual (FTMM) The differences training syllabus is presented in Appe&dan
additional simulator check was to be conducted byddsegnatedxaminer (DE) or
CAA inspector following the ground and simulator training.

After passing that simulator check, the flight crews were required to complete at
least eight sectors of line training followed by a two sector line check as part of the
ATR72-600 initial operating experience.

1.174 Crew Resources Management Training

The ASC6s U BE&&igation report detailed the ntechnical skills
(NOTECHSY® recurrent training conducted at TNAny applicable updated TNA
NOTECHS information sincéhat occurrence is presented in this section. Section
1.182.1 0 f this report presents extracts
pertaining to NOTECHS.

1.174.1 Training Policy

The flight training managemenima n u a | (FTMM) d oewme nt
resourcemanagement (CRM) training policy for flight crew. The publication of the
most recent editiofi, of the FTMM was withirone month of the GE235 occurrence.

> On July 23, 2014, TransAsia Airways passenger flight GE 222, an7&T&rplane, registration number22810,
took off from Kaohsiung International Airport for Penghuagpng Airport. There were 58 people on board,
including 2 flight crewmembers, 2 cabin crewmembers and 54 passehberaircraft crashed in Xixi Village
near Magong Airport at 19:06L when conducting the RWY 20 VOR approach, caused 48 fatalities ai@i40 ser
injuries.Five residents on ground suffered minor injuries.

The distinction between technical and #enhnical skills (NOTECHS) has been widely used in the aviation
domain to differentiate between pi | ot 6 s psyc homot otheinterpersonakskills and atteed a b i
behaviors required to function effectively as a pilot, particularly in a rorétiv environment. It has been
epitomized bycrew resourcemanagement (CRM) anthreat anderror management (TEM) skills. NOTECHS
includes skiks pertaining to leadership, communication, decisimaking, and situation awareness.

%6 339 editionof the FTMM dated8 January 2015

55
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The CRM training received by the GE235 flight crew was based on the previous
edition of the FTMM.

CRM training for flight crew as documented in the most recent and previous
edition of the FTMM included:

CRM training current at the time of occurrence

T

A four hour LOFT’ course conducted in a FFS for each of the following
phases of training: initial; commangbgrade; and transition training;

A four hour CRM ground course delivered as part of initial training. The
course content included: definition of CRM, automation, logic of CRM
application, CRM policy, CRM development, CRM skills, error avoidance,
decision making process, threat and error managemd&mnEM),
communication, and case introduction;

After the completion of initial training, all flight crew completed a recurrent
CRM ground course every 24 months. The FTMM did not stipulate
minimum training hour rguirements for recurrent CRM ground courses;
and

The philosophy and practice of CRM skills shall be an integral part of
training courses in the simulator and aircraft, and formed part of both the
initial and annual recurrent training.

CRM training received by occurrence flight crew

T

Four hour CRM ground course as part of initial training on joining the airline.
The FTMM did not contain any CRM ground course content. After
completion of initial training, all flight crew received a recurrent CRM
ground couse at least every 3 years. The recurrent CRM ground course was
included in the safety recurrent training conducted by the Safety and Security
Office. While the FTMM did not stipulate minimum training hour
requirements for recurrent CRM ground courses, GRihing records and

the Safety Management Manual indicated that the duration of recurrent CRM
training was one hour every two years.

CRM training was to be incorporated into recurrent simulator training at least
once a year; and

LOFT concepts were to betegral to recurrent simulator training (4 hours)
once a year. Such training was to be administeredtireal in a line
environment setting and involved an uninterrupted planned scenario with

" Line-oriented flight training.
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specific CRM objectives where such skills were observed amefsibupon
completion.

The TNAflight crew trainingsupervisor and assistantanager advised that
prior to the GE235 occurrence, the CRM instructional methods used in the
simul at or varied i n accordance with t
standadlized. TNA did not provide CRM instructional methods training or guidance
to its IPs so they could effectively incorporate and assess the practice of CRM skills
in simulator training including the development afetailed LOFT scenarios with
specific CRM djectives.In addition, IPs rarely used videos of simulator training to
discuss CRM performance with the crews during training debriefing.

1.17.42 CRM and Human Factors Ground Course Material

The TNAflight crew CRM courses focused on CRM developmentiyidEach
CRM instructor had their own training materialfierefore, the CRM training was
not standardized. TNA safety staff advised that the CRM training materials
essentially included information on topics listed in Chapter 5 of the FOM, which
included:CRM skills; error avoidance; threat management; error management; and
decision making.

1.175 Training Records Management

The CAArequired an operator to establish a system to retain all training records
for inspection in accordance with Article 21 ofetlAircraft Flight Operation
Regulations.

The management of TNA flight operations records and data was prescribed in
the FODOM section 119. The following flight operations records and data were to
be preserved for a specified time interval: flight and dume records (for at least
one year); flight documents (at least 3 months); pilot rosters (at least 2 years);
personal data and training records, including successful and unsuccessful flight crew
evaluations (for the duration of the employment perioderithe required retention
periods, the records may be disposed of. Furthermore, the records were to be legible,
maintained and locked in proper storage devices (such as metal cabinets) with
protection/security functions, and were to be accessed by aatigeersonnel only.

Before the GE 235 occurrence, crew ATRED differences training records
were not well maintained by the Flight Operations Division. However, the TNA
ATR72-600 differences training records were retained by ATR, who delivered the
training.
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1.176 ATPCS Check Associated Policy and Procedures

TheATPCS is asubsystenof the pwerplantunit. The ATPCS provides case
of an engine failure durintakeoff uptrimming of take offpowerfor the remaiimg
engine combined with the automateathering of the failed engine.

TNA ATPCS CheckPolicies

TheTNA Flight Operations Division had issued téaxhnical circulas to ATR
pilots®® in order b reduce thabortedtakeoffratesdue to the ATPCS not indicating
Oar med 6 tdke offrolhig201lare 2012

On30November2011, TNA issued the firsechnical circular
1 Technical circulaN0.1001130p in 2011

Thecircularrequiredflight crew to add an extra item in thake offbriefing as
follows: flight crew shall check theegulated take dfweight (RTOW) limitation
during thetake off briefing. If the actuakake off weight was below the RTOW
limitation, flight crew can continue tiake offeven if the ATPCS was not indicating
Oar med & tdke offrolh @therwise, the flight crew shaborttake oft

In February 2012, TNA consulted ATR that whether the pilots could continue
take off when the takeff power set and the pilots found the ATPCS "ARM" light
not illuminated during takeff while the aircraft weight is not heavy (ATOW lower
than RTOW with ATPCS off). The ATR commented that if the ATPCS light does
not illuminate and the aircraft speed was below V1 at a very low speed, the safest
solution is to aborake offand see what's going on with the aircratft.

On 26 April 2012, TNA hadan IP/CP meeting to discuss the ATPCS issue. The
meeting minutes indicated that the TNA ABRO pilot could continugake off
when ATPCS ARM indicator did not lit durinigike offroll while the weight was
within limit.

On 4 June 2012, TNA issued the settachnical circular

1 Technical circulaNo. m1010604x in 2012

The circularincludeddetailed procedussand attachmentsi(planeflight
manual (AFM) Supplement 7_02.10) regarding the ATPCS not iagmas
follows:

1. Before enginsstart, flight crew shall adck the RTOW chart according to
weather conditions to acquitake off weight limitation and performance
data,;

8 The TNA only had ATR7500 aircraft at that time.
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2. If the ATPCSis not armedpilot flying shall apply reserveake off(RTO)
power by pushing both power levers to the RAMP position, and prlar
monitoringto select ATPC®% OFF 0 and bl eamd val ves |

3. After take off set both power levers into Notches position, and then select
both bleed valve®i ONO whi | e c o takkwfichheckiisy an af

The TNAflight crew training supervisor stglatinterview: the abovéechnical
circulars only applkedto ATR72500 operations. ATR7#800 pilots were trained to
abort thetake offif the ATPCS was not armed during tiad&e offroll.

The reldaed TNA ATPCSoperationaprocedures were as follows:
9 Dispatch with ATPCS OFF procedure

This procedure (Appendi&) was described irthe airplane flight manual
(AFM) Supplement 7_02.10. While the ATPCS may be inoperative, flight crew
can follow this procedure to dispatch the aircratft.

1 ATPCS Static Test procedure

This procedure was described in the ATR'® 0 S OP s OPr el
Cockpit Pr epar a-17) The fightcreve shall condudt thisategse 5
procedure to check the function of the ATPCS during preliminary cockpit
preparation.

1 ATR72-600 Normal checkidit

The flight cr ew Off(maperhtivefTdkeQGif iWWe n 4 h PGS
while conductingake offbriefing. See Appendix.

1 Take offprocedure

This procedure was described in the ATR/® 0 STake sfd® 6 sect i o
(page 121) CM1 shall checkf the ATPCS $ armed or not and then announce
the resulisee section 1.182).

1 ATPCS Dynamic Test procedure

This procedure was described in the ATF/ ® 0 S OPs oODai ly
section (page 23). The flight crew shall conduct this procedure to check the
function of he ATPCS at the end of final flight sector of a day.

The TNAflight crew trainingsupervisomat interview statedt was emphasized
during flight crew training that ATR#800 pilots should abort thiake offif the
ATPCS is not armed during thake offroll. Several procedures shall be conducted
while the ATPCS was not armed, but it was inappropriate to perform those
procedures during thiake offroll. This was why crews were required to abort the
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take off However, the above policy was not clearly docoted in any of the
company manuals or communicated in notices to flight crew.

ATR ATPCS Check Poliges

After the occurrence, the ATR provided a statement of the SOP policy
regarding the checks performed duritadceoff and focus on ATPCS checksee
Appendx 8), excerpts from the statement as follows,

The purpose of the Standard Operating Procedures (SOP) is to ensure the
aircraft is in the appropriate configuration for all phase of flight, including takie
By definition, any check not completed halte ffrocedure andake offcannot
proceed.

This is the industry norm.

As per ATR SOP, Refer to FCOM 2.03.14, the above policy applies to all the
below actions related to checks during thke offroll before V1.:

- Check of the FMA

- Check of the ATPCS

- Check of the Engine Parameters
- Check of the Power Setting

- Check of the 70kt speed indication and associated checks (availability of
both flight crew members foake off transfer of controls)

The objective of the acti on OUINC&EDO, A
Is to confirm the availability of the ATPCS for tia&e offin the actual conditions.

At take offpower initiation, PL1+2 set in the notch, if the check of ATPCS
armed condition is negative, ARM light not lit, means that the ATPCS is not
available.

To emphasize this point, ATR issued the QEB27° whi ch st ates
ATPCS must be checked armed and announced (FCOM 2.03.14). If it is not armed
while both power levers are in the notch, or in the case of intermittent arming /
disarming of the ATPCShe take off has to be interrupted, as for any other
anomaly intervening during theke offr un . 0

% The OEB was issued in Marcl9 5.
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1.17.7 Civil Aeronautics Administration Regulatory SafetySurveillance /
Inspection Program

Civil aviation regulatory surveillance programs are undertakensystematic
manner to provide an assessment o f t h
implement appropriate responses. The quality assurance approach strongly supports
an appropriately developed regulatory surveillance program that should
continuausly strive to achieve the quality characteristics of:

1 Effectiveness;
1 Consistency; and
1 Efficiency.

Any regulatory body sets its standards by its promulgated regulatory
requirements. CAA is a regulatory body and sets the standards for Taiwan aviation
by itsregulatory framework and subordinate legislative documentation.

Compliance with those regulatory requirements achieves a minimum level of
aviation safety. There are noagulatory factors assessed as risk indicators which
in themselves, either individuglbr collectively, can affect aviation safety.

CAAGs surveillance and inspection pr
be conducted to determine the level of industry compliance with the regulatory
requirements and to record observations on safetyintbkators. The information
obtained from surveillance activities provides a basis to follow up with appropriate
corrective actions that can range from compliance guidance, education and
counselling to enforcement.

The role of regulatory inspections & t

identify the current practices;

establish that the practices were appropriate;

establish that the documentation matched the practices;

review the system for regulatory compliance;

determine i f the operatorsoé edaff v
and

1 identify any immediate safetsignificant problems.

= =2 =2 2 =

CAAOGs operator surveill ance-degtmand i ns |
cockpit enroute inspections at specified intervals, special inspections, and industry
meetings. The inspection procedure®rav outlined in the CAA Operations
|l nspector 6s Handb o o kirincipilloperat@nsmspector 0I3 d e
was the primary interface between the operator and CAA. The GE222 investigation
had identifiedspecific areasfor enhancement ifC A A 6 gulatorg surveillance
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activities and they will not be discussed further in this report.

However, of note is that the CAA conducted aidie pt h I nspecti ol
Flight Operations Division (FODBystem Operations Control (SOC) and the Safety
and Secunt Office (SSO) after the GE222 accident in August 2014 and identified
multiple safety deficiencies which included but were not limited to:

1 Lack of standardization in flight crew training and chagkactivities;
1 Crew resource management problems
1 Flight crew norcompliance with procedures.

In addition, the GE222 and previous ASC safety investigations had identified
systemic flight crew noiwompliance with procedures on the line and during
training at TNA. These safety issues were still being addresse@ layrline at the
time of the GE235 occurrence.

1.18Additional Information

1.18.1 FactorsAffecting Flight with One Engine I noperative

Safe flight with oneengine inoperative required an understanding of the basic
aerodynamics involved and proficiencyaneengine inoperative procedures. Loss
of power from one engine affected both climb performance and controllability of
multi-engine aircraft. An important consideration for meligine aircraft
performance is toninimize aerodynamic drag in the eventaf engine failure in
flight. Drag can be caused by a windmilling propelextended landing gear and
wing flaps, control surface deflection or aircraft attitude. In wings leveleniggne
inoperative flight, an aircraft will sideslip while maintaining adéng, thus
increasing drag. Banking up to 5 degrees toward the operating engine reduces drag,
by reducing the sideslip, as well as the amount of rudder required to counteract yaw.
Drag from a windmilling propeller will cause an aircraft to yaw toward<dftied
or failing engine.

Many multrengine turboprop aircraft, including the ATR72, are equipped
with auto feathering propellers. Auto feathering feathers the propellers without
pilot input in response to a powerplant malfunction where the engine teadjue
reduces below the piefined threshold. Feathering results in the propeller blades
being streamlined to the direction of aircraft travel and the propeller blade ceasing
to rotate, whichminimizesdrag and therefore the yawing tendency in the ewént
an engine failure or shutdown in flight.

The occurrence aircraft had surplus performance available after the
uncommanded autofeather and was able to continue climbing without difficulty on
one engine under the full control of the flight crew.
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1.18.1.1Critical Speeds for a Powerplant Malfunction or Shutdownafter Take
off

Air Minimum Control Speed (Vuca)

A multi-engine aircraft equipped with winrgounted engines will experience
asymmetric thrust if one engine suffers a total or partial loss of power.
Consequently, the aircraft will yaw towards the failed engine, and the pilot must
counteract that asymmetric thrust moment by applying rudder towards the operative
engine. The rudderodés effectiveness wil
If the arcraft decelerates, the airspeed will eventually reach a speed below which
the rudder moment can no longer balance the asymmetric thrust moment.
Directional control will then be lost.

Vuca IS the minimum speed at which it is possible to maintain direaition
control of the aircraft with the critical engine inoperative. When flownyatYand
with a bank angle of approximately five degrees towards the operating engine, the
pilot should be able to maintain directional control of the aircraft. The aircraft
ceatification process includes demonstration gfcy. JAR 25.107requirethat the
take offsafety speed (V2) must not be less than 1,4,V Therefore, if an aircraft
is flown at Wca rather than the V2 speed following an engine failure, climb
performance wi not be achieved. By banking the aircraft towards the operative
engine, the wings develop a lateral force that results in the aircraft sideslipping
towards the operative engine. The sideslip creates a positive angle of attack of the
airflow over the ruddr. The resulting momeitround the aircraft CG counters the
moment produced by operating with one engine inoperative, and the other engine
producing thrust.

Vwuca for the occurrence aircraft was approximately 99 knots indicated
airspeed (KIAS).

Minimum Fli ght Speed (Mici)

The manufacturer defined a minimum flight spe¥gd ) at which the aircraft
can be controlled with five degrees of bank in case of failure of the critical engine,
the other set at garound power (landing flaps setting, gear extended)wandh
provides rolling capability specified by regulations.

Vel for the occurrence aircraft was approximately 98 KIAS.

Reference Stall speed (3R)

An ai r c °apeaddshe nsiimarn Isteady flight speed at which the

® Janeds Aerospatr@e8®dicdévnmiryes a stall as a 6Gross <ch
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aircraft is controllable in aigen configuration. The manufacturer definéegk as
the 1 g stalling speed for a specified
weight.

V gr for the aircraft at the time of the occurrence was 97 KIAS.

Take off safety speed (V)

Thetake offsafety speed\,) may be defined as the speed selected to ensure
that adequate aerodynamic control will exist under all conditions (including sudden,
complete engine failure) during the climb aftake off V,is never less than 1.1
Vwuea, Or 1.2Vsr The manufacturer defined¥, astake off safety speed reached
before 35feet height with one engine failed and providing second segment climb
gradient not less than the minimum (2.4%).f&f the occurrence flight was 110
KIAS.

Final take off speed Vo)

The final take offspeed (o) for the occurrence aircraft was 134 KIAS:tY
Is the speed of the aircraft that exists at the end ofaltes off path in the emroute
configuration with one engine inoperative.

1.182 Manual Information

TNA provided flight opeations related policies, requirements, procedures, and
guidance to flight crews in several document, the detailed are shown as below:

1.182.1 Flight Operations Manual

The current TNA flight operations manual (FOM) revision 42, publishetl on
February 2015, establishes general procedures and provides instructions and
guidance for use by flight operations personnel in the performance of their duties.

PF/PM Task Sharing

The Chapter 3 "duties and responsibilities” contains the following information
regardimg pilots' task sharing:

3.8 PF/PM Task Sharing

1. Whenevelirregularities occur during flight that have effectson aircraft
operation or result in seriousfailure, the Captainshall immediatelytake
over the control from FOs and serveas PF. If the PF/CM2is a Captain,

anangleoht t ack] just beyond [t he] l'imit for attached f|
boundary layerfroi{ he] wupper surface and [a] |l arge reduction i
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the other Captain (CM1) shall exerciseCRM principle and take over the
controlif necessaryor safetyconcerns.

2. For taskssharing betweenPF/PM for normal operations,seerelevant
SOPs.

3. The general task sharing shown below appliesto both emegency and
abnormalprocedures.

a. Thepilot flying remainspilot flying throughouttheprocedure.
b. For Airbus320/321/330:

é é
c. ForATRZ:

PF is responsibldor:

powerlever

flight path and airspeed control
aircraft configuration
navigation

communications

PMisresponsibldor:

Monitoring and check list reading
execution of required actions
actions on overhead panel
., condition lever
Note: The Automatic Flight Control System (AFCS) is always coupled i
the PF side (Couple selection).

CRM Policy

The Chapter 5 'lew resource management" contains the following
information regarding TNA CRM policy:

5.4 TNA CRM Policy

TNA believes that optimally safe and efficient flight operations are
achieved when crewmembers work together as a coordinated team

utilizing all resources available to theirhuman resources, hardware ai
information.
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To achieve this optimal level of performance, TNA further believes that all
crewmembers must embrace CRM principles and techniques and appl
consistently in all aspeés of flight operations.

Accordingly, the company has established the following CRM policy:

1. CRM ability and a facility for teamwork will be criteria for flig

crewmember selection.

2. CRM principles and practices will be fully integrated into all aspet flight

operations training.

All crewmembers will share the responsibility for establishing
environment of trust and mutual commitment prior to each fli
encouraging his fellow crewmember(s) to speak out and to accept n
responsibility fo the safety and welbeing of the passengers and equipm
entrusted to them. AWhatoés righ-
crews.

Each flight crewmember will be responsible for notifying the pilo
command if any condition or circumstanegists that could endanger tl
aircraft or impair the performance of any crewmember.

5.7 Error Avoidance

5

5

Maintaining your health

High levels of training and proficient.
Following SOP's.

Proper use of checklists.

Minimizing distractions.

Planning ahead.

Open tweway communication.
Maintaining situational awareness.

5.9 Error Management

Reasons for making errors: lack of experience; rushed; distractions; sti
Crews make mistakes several times during each flight, most of whic
unimportant. However itan be beneficial to recognize and learn fr
errors, since it will help crewmembers manage resources better durin
next flight.
Types of Error:
Intentional NoncomplianceViolations. Ex) Checklist from memory.
Procedural- followed procedures with aorrect execution Ex) Wrong
altitude setting dialed.
Communicatior Missing information or misinterpretation. Ex)
Miscommunication with ATC.
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Proficiency- Lack of knowledge or skill. Ex) Lack of knowledge wit
automation.

Decision- Crew decision unboundéyy procedures that unnecessar
increased risk. ExXiYynnecessary navigation through adverse weath

Managing Errors:
Once an error is committed, it is difficult for a crewmember to catc

(trap) his/her own error. Other people are more likely to cataitar
error. Therefore, redundancy is one strong defense against error.
Execution: Monitor/crosscheck; workload management; vigilance;
automation management.

Guidelines and techniques for effective challenging: timely; with
respect; constructive intent; spific; use questions.

5.10 Decision Making Processes

5.10.1 General

The company has chosen a standard mnenioSiA F Ei to help remembe
the steps for effective decistamaking. SAFE means:

S State the problem

A Analyze the options

F Fix the poblem

E Evaluate the result

5.10.2 Priorities of Flight

Always take into account the following priorities when invoking
decisionmaking process:

a. Safety

b. Punctuality

c. Passenger Comfort

d. Economy

Callouts and Sterile Cockpit Environment

The Chapter 7 "flight operations procedure” contains the following paragraph
regarding callouts and sterile cockpit environment:

7.3 Callouts

1. Call Outs shall not interfere with ATC communications.
2. To establish CRM, the communications between flightncesmbers shall b
based on verbal standard callouts, rather than using looks.
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3. Except for the flight controls, power levers and deceleration system
switches and push buttons have to be changed or executed by PM un
command (except as otherwseot ed i n speci fic a
responsibility to cross check these positions are in the right position

the aircraft is in manual flight.

4. All switches and push buttons are set by PF and crobecked by PM whe

it is in auto pilot geration.

5. Either auto pilot flight or manual flight; all the appeared flight mc
indications (ATR) and FMA (Airbus) have to be called out and crossche
by PF or PM according to respective SOPs. Any deviation or movem
CDI shall be reported by ¥ and verified by PF.

6. To hand over the aircraft controls, the PF has to call:

a. ifYOU HAVE
PM must cal l

CONTROLO. As soon

il HAVE CONTROLO.

b. The PIC shall make a gpr ound | mmedi atel y
c o n t iftle laiccraft not stabilized during approach.

c. For seamless radio communications, when PM is busing in dict
metrological information or liaison with other units, he or she shall
PF "YOU HAVE RADIQ", then takes action after PF responses.

7. Use of Checklist:

a. The PIC shall ensure that the flight crew utilizes checklists to comply
standard operating procedures and provisions of the certificat

airworthiness, which may

include safety check, originating/recei

before start, aftertart, before taxi, beforéake off aftertake off climb,
enroute, before landing, landing, after landing, parking, emerge
nortnormal, abnormal procedures checklists.

b. Normal Operation Checklist (placed in the cockpit)

Checklist Job Description:

Commander

Checklist Holder

Give command to checklist holder to
execute the check, regularly, check t
regulation andmain procedure first,
after completing the check, and infor
checklist holder to read checkilist.

Visually check the item being called
andreport its current position or
function.

Apply the check pr
habit flow pattern.

Check the prescribed checklist item with
the response and execute the next chec
item. (Visually check the item, its positio
or its function if wokload permits.)
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If the response is different from the
checklist, a correction shall be made
before proceeding to the next item.

The checklist will not be completed if an
item is standby unless the item is
accomplished.

Example: Checklist will be compéat by

When has been done, then c;i
"CHECKLIST COMPLETED" .

Example: During approach, if the seat b
light is not on, the Approach Checklist w
be completed by Seat Belt on, when the
seat belt light is on the Approach

Checklist is coplete.
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c. Abnormal/Emergency Checklist (also QRHs, placed in the cockpit)
(i) During an abnormal or emergency condition, PF gives command t«

check and checklist is execut ¢
responsible for confirmation on the operatioriswitches and push
buttons while maintaining aircraft in safe attitude.

(i) All failing switches must be confirmed before turned off.

7.5.8 Sterile Cockpit Environment

1. The company prohibits all activities in the cockpit not required for the
opeaation of the aircraft during critical phases of flight. These prohibi
activities include nois af ety rel ated company
and nonessential conversations. Critical phases of flight include all gro
operations involving taxitake off and landing, and all other fligh
operations conducted below 10,000 ft (for Airbus) or 5,000 ft (for A
except cruise flight.

2¢é¢éé.

7.5.10 Crew Monitoring And CrogShecking

1. The PF will monitor/control the aircraft, regardless of the lewdl
automation employed.

2. The PM will monitor the aircraft and actions of the PF.

€ é

e é

e é

8. Pilots shall make a crossheck by dual response before actuation of crit
controls, including: i)thrust lever reduction of failed engine; ii) fi
Master/Corrol switch; iii) fire handle and extinguisher switch; iv) ID
Disconnect Switch.

1.182.2 TNA Standard Operating Procedure

The current TNA standard operating procedure (SOP) is revision 1, published
on 20 January 2015 which established ATRDP operatig procedures and

provided specific procedures and techniques for flight crew.

Sterile Cockpit

The Chapter 1 "general information" states the following information

regarding sterile cockpit environment:
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U The company prohibits all activities in the cockpdt mequired for the saft
operation of the aircraft during critical phases of flight. These prohib
activities include nois af ety r el ated company ¢
nonressential conversations. Critical phases of flight include all gro
operations involving taxitake off and landing, and all other flight operatior
conducted below 5,000 ft, except cruise flight.

U During the periods mentioned below, calls from the cabin to the cockpit
except in case of an emergency, not be made:

a. Aftertake off Until the turning off of seat belt sign.

b. Before landing: After being notified by the cockpit of reaching 5,000
case the period mentioned above is anticipated to become longer than
proper information shall be given frometltockpit.

Crew Monitoring and Cross Checking

The Chapter 1 "general information" contains the following information
regarding crew monitoring and cresisecking:

U If an indication is not in compliance with a performed action, crew members
check thatinvolved system is correctly set and/or take any necessary acti
correct the applicable discrepancy. PM can be temporarily busy (ATC mes
listening to weather, reading operating manugissforming related procedur
action, etc). Any significant atius change (AFCS, FMA, systems...) mus
reported to PM when his attention is restored.

0 When making auto flight systems inputs, comply with following items ii
acronym CAMI:

@onfirm FMS inputs or performance calculations with the other pilot w
airborne.

@ctivate the input.

(Monitor Flight Mode Annunciator (FMA) to ensure the auto pilot sys
performs as desired.

¢ntervene if necessary.

During high workload periods FM®iputs will be made by the PM, upon the reqt
of PF. Examples of high workload include when flying below 10 000 ft and
within 1000 ft of level off or Transition Altitude.

Flight crewmembers shall include scanning of the Flight Mode Annunciatorras
of their normal instrument scan, especially when automation changes occur
course changes, altitude level off, etc.). Changes to the Automated Flight
(AFS)/Flight Management System (FMS) and radio navigation aids during
departure and oapproach phases of flight shall be monitored and crosschecke

Take off Briefing during Taxi
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The Chapter 10 "taxi" SOP states the following procedure regatalkegoff
briefing during taxi phase:

PF “TOBRIEFING ...ttt PERFORM
- Take off briefing should usually be a brief confirmation of the departur
briefing made at the parking bay, and should include any change (RW
SID...)

- Standard calls
- For significant failure before V1, GAT A1 N wi | | cal l
take any necessary stop actions.
- Above V1 take off will be continued and no action will be taken except
CAPTAIN command:;
- Single Engine procedure is.............
- Acceleration Altitude is...................
- Departure clearance is...................
CM1 -CABIN REPORT.........cceevviiiinnee OBTAIN FROM CABIN ATTENDAN"

ALL TAXECIL e COMPLETED

Take off Checksduring Take Off

The Chapterl2 'take off SOP contains the following procedure before
airborne duringake offphase:

CM1-An TAKE OFF AT XX: XX, V1XXXAINQUNCE

CML-BRAKES ... oot s e s e RELEASED
(O e = I R PR SET IN THE NOTCH
(O e 1Y ANNOUNCE
HDG SEL LO IAS ‘ I FD | =T ‘
LAY
|

(O 1Y e 1Y AR CHE
CM2-AATPCS ARMO ... . . .....CHECKthen ANNOUNCE
CM2 - ENGINE PARAMETERS. ... oot e CHECK

Note: Parameters should be obtained at around 60 Kt

ACTUAL TQ oot s MATCH T.0 BUG



Note: If necessary, adjust PLs to obtain TO TQ (bugs )

RTO BUG.....coeecee s CHECK

N P e e ~ 100 %

Note: NP =100 %- 0.6%I1+0.8%

LT T e CHECK
CMZ-TO INHIB ..o CHECK
CM2-AiPOWER SETO . .. . . eimeeeeeeeeeme....ANNOUNCE

When reaching 70 Kt

CM2-ASEVENTY KNOTSO .. .. ... ...ANNOUNCE

CML1 - SPEED.......ciiiiiiiiiiiiee et s s CROSS CHECkon PFD
And cross check speeds with IESI

ALL-Al HAVE CONTROLO / AYOU .HAAMNBOUNGCH
-lf CM1 becomes PF, CM1 announce
-l f CM2 becomes PF, CM1 announce
answer il HAVE CONTROLO

PM-AX O . . . . . . . e, ANNOUNCE .

When reaching VR:

PM-AROTATEO . . . . . . . . . . . . e ANNOUNCE .

PF - ROTATION ..ottt PERFORM
Note: Pitch rotates smoothly and follow FD bar.

Communications and Standard Terms

The Chapter 24 "standard callouts" SOP states the following information
regarding communations and terms:

COMMUNICATIONS AND STANDARD TERMS

Standard phraseology is essential to ensure effective crew communicatiol
phraseology should be concise and exact. The following Chapter lists the ci
that should be used as standard. They Bmppnt the callouts identified in the SOI
These standard ATR callouts are also designed to promote situational awat
and to ensure crew understanding of systems and their use in line operation.

SOP Engine 1(2) Flame Out At Take Off

The Chapter 25 "emory items" SOP states the following procedure regarding
engine 1(2) flame out at take off:
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ENG 1(2) FLAME OUT AT TAKE OFF
UPTRIM Lottt eemmmneeeas CHECK
AUTOFEATHER ..o CHECK
If no UPTRIM
PLL 42 e ADVANCE TO THE RAMP
. When airborne
LDG GEAR ..ottt UP
BLEED 1+ 2 oo OFF, IF NOT FAULT
, At Acceleration Altitude
AL T e ——— SET
., AtVFTO
PL L A 2 e IN THE NOTCH
PWR MGT ..t MCT
LA S e e SET
If normal condition
SPD TGT .ot CHECK VFTO
FLAPS ottt e e 0°
, Ificing condition
SPD TGT oot CHECK VFTO ICING FLAPS 15°
FLAPS oo MAINTAIN 15°
PL affected SIde.......cooviiiiieiiee e FI
CL affected side..........ccooviiviiiiiiiiiiiieee e FTR THEN FUEL SO
BLEED engine alive..........cccuvveiiiiiiiiiiiiiiiiiii e, OFF if necessary

Crew Coordination

The Chapter 26 "abnormal &neergency proc" SOP states the following
information regarding general and crew coordination:
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GENERAL
Flight crewmembers shall cope with abnormalities/emergencies by adapting tt
following principle:
Prioritization: AviateNavigateCommunicate
Task Sharing
Division of PF/PM Duties
, Crew Coordination
IMPORTANT: Never rush up, take all necessary time to analyze situation befc
acting. No actions (except memo items), no checklists to be
performed befiee acceleration altitude is reached.
Continuingto fly the airplane is the single most important consideration in almc

every situation.

CREW COORDINATION

Whenever irregularities occur during flight that have effects on aircraft operatic
or result in seious failure, the Captain shall immediately take over the control fi
FOs and serve as PF.

PF is responsible for:

power lever

flight path and airspeed control

5

5

aircrafi configuration

5

navigation

5

communications

PM is responsible for:
Monitoring and check list reading

5

execution of required actions

5

actions on overhead panel

5

condition lever

5

Rules of Fly

The Chapte 26 "abnormal & emergency proc.” SOP states the following
information regarding rules of fly the airplane:

When an emergency or abnormal situation occurs:

FLY THE AIRPLANE.

One pilot will devote his/her attention to flying the airplane. When anmsmal
situation occurs, the pilot flying (PF) will continue to fly the airplane until prop
relieved of that responsibility. It
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will be the PF for the purposes of situation stabilization and clgarandwill ensure
that both pilots understand who is flying the airplane at all times. The PF will
handle ATC communications as aircraft control permits. Unless the emerger
abnormal procedure directs the pilot to disconnect the auto flight system,
recommended that it be used as much as possible during these situations.

Rules of Failure Identification

The Chapter 26 "abnormal & emergency proc" SOP states the following
information regarding rules of failure identification:

Failure identification
In case of system failure, information is provided to the crew:

1 - CREW INFORMATION
+ CRC
(Continuous
repetitive chime)

or 2 - SYSTEM |
IDENTIFICATION j
EWD
call 3 - ISOLATION
= VAR LOCAL ALERT SYSTEM PAGE
PF PM
Checks involved flasher and label flashing on EV
AMASTER WARNI NG/ CAUTI (
AXXX ON FWSO
Cancds flashing warning/caution, then checks
relevant SD page and lit local alert
AXXX FAULT( OR TYPE OF
ACHECKDO
Acknowledges failure or event
identification and when able
ASYSTEM CHECKDO
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RejectedTake off

The Chapter 2 "rejectedtake off SOP states the following information
regardinggeneral and decision mareagent

General
The decision to reject théake offand the stop action is made by the Captain. |
therefore recommended that the Captain keeps his hand on the power levers L
aircraft reaches V1, whether he/she is Pilot Flying (PF) or Pilot Monitoring (PM)
som as he/ she decides to abort, hel s
and performs the stop actions. It is not possible to list all the factors that could I¢
the decision to reject thiake off However, in order to help the Captain nmake a
decision, the EWD (CCAS) inhibits the warnings that are not essential from 70|
500 ft (or 2 min after lifoff, whichever occurs first). Experience has shown
rejectedtake of§ can be hazardous even if the performance is correctly esdclyl
based on flight tests.
This may be due to the following factors:

- Delay in Performing the stopping procedure

- Damaged tires

- Brakes worn, brakes not working correctly, or higher than normal initial bre
temperature

- The brakes not being fullypglied

- A runway friction coefficient lower than assumed in computations

- An errorin gross weight calculation

- Runway line up not considered
When the aircraft speed is at or above 70kt, it may become hazardous to fejeet
off. Therefore, when thaircraft speed approaches V1, the Captain should
AGmi ndedo i f none of the main failu
have occurred.

Decision management

Below 70kt:

The decision to reject theke offmay be t aken at on, Hependihe
on the circumstance&lthough we cannot list all of the causes, the Captain sh
seriously consider discontinuing theke off if any EWD (CCAS) warning/caution i
activated.

Note: The speed of 70kt is not critical, and was chosen irr ¢odeelp the Captair
make his/her decision and avoid unnecessary stops from high speed.

Above 70kt, and below V1:
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Rejecting theéake offat these speeds is a more serious matter, particularly on slig
runways. It could lead to a hazardous situationthgé speed is approaching V1.
these speeds, t hemiOadpetdad na nsdh owe rdy bfee
to the decision to reject thiake off

1. Fire warning, or severe damage

2. Sudden loss of engine thrust

3. Malfunctions or conditions thaive unambiguous indications that the aircraft v
not fly safely

4. Any red warning

Exceeding the nose gear vibration should not result in the decision to taecoff
above 70kt.

In case of tire failure between V1 minus 20 kt and V1:

Unless debrigrom the tires has caused serious engine anomalies, it is far better
airborne, reduce the fuébad, and land with a full runway length available.

The V1 call has precedence over any other call.

Above V1:

Take offmust be continued, because it may be possible to stop the aircraft on t
remaining runway.

1.182.3 ATR72-600 Flight Crew Operations Manual

The current ATR7200 flight crew operations manual (FCOM) is revision 3,

published on 19 January 2015 and accepted by CAA, the contents of B@&OM
similar to SOP but more detailed. In addition, this SOP also contains the features of
flight operation in TNA. If there is any conflict between the FCOM and the SOP,
operators should follow the SOP that plays as the primary indicator of TNA policies.

The related paragraphs are shown as below:

Purpose and Engagement of Autopilot

The part 1, description, "AFCS" contains the following information regarding
purpose and auto pilot engagement:

PURPOSE

The YAW DAMPER (YD) provides yaw damping, turn coordinaia rudder trim
function. To achieve these functions, AFCS computers (CAC1/2) and AP yaw
actuator are used.

The AUTO PILOT (AP) allows the following :

- stabilizing the aircraft around its center of gravity while holding pitch attitude

and heading, wingevel or bank angle (AP in basic modes).
- flying automatically any upper or basic mode or amyde except GO AROUNIL
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mode which must be flown manually only.

AUTO PILOT ENGAGEMENT

When the AP is engaged, the pitch, roll and yaw actuators are connethed to
flight controls, the pitch autotrim and yaw auto trim function are activated.

Engagement with no vertical upper mode selected: The AP flies current pitc
attitude. This iIs the basic verti
Pitch wheel and TS can be used to modify the pitch attitude.

Engagement with no lateral upper masidected Depending of the conditions ¢

engagement , the AP wi ||l | evel Wi n
LVLO, displayed in greeajddiaoag WOHD!
di splayed in green) or will maint:

displayed in green). These are the basic lateral modes. TCS pb may be use
1.04.10).

Engagement with a lateral or vertical armed upper mode selectedARHHkes
basic mode until the armed mode becomes active.

Engagement with a lateral and/or vertical active upper neelectedthe AP
maneuvers to fly to zero the FD command bars.

If AP is engaged while the vertical FD orders are not followed, ¢wension is
done in pitch hold mode. (AP basic mode)

General information of AFCS

The part 2, limitations and procedures, "procedure and techniques" contains

the following general information regarding AFCS:

GENERAL
The ATR 72 with Mod 5948 is equippedwatThales AutoPilot/Flight Director.
Systematic use of AP/FD is recommended in order to :

Increase the accuracy of guidance and tracking in all weather conditions, fr
early climb after take off down to landing minima.

Provide increased passengeamsfort through SMOOTH AND REPEATABLE
altitude and heading changes in all atmospheric conditions.

Reduce crew workload and increase safety.

Flight Characteristics of Stall

The part 2, limitations and procedures, "procedure and techniques" contains

the following stall flight characteristics regarding stall without ice accretion:

STALLS
STALL WITHOUT ICE ACCRETION
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In all configurations, when approaching the stall, the aircraft does not exhibit
noticeable change in flight characteristics: control effemtess and stability remair
good and there is no significant buffet down to CL Yhauxhis is the reason why bot
the stall al ert (audio fAcricketo ani
fartificialo devices rbnestdd on angl e
Recovery of stall approaches should normally be started as soon as stall a
perceived:a gentle pilot push (togethavith power increase if applicablewill then
allow instantaneous recovery. If the stall penetration attemptasitained &er stall
alert has been activated, the STICK PUSHER mayattevated: this is clearly
unmistakable as the control column is suddenly and abruptly pushed forward, wi
itself initiates recovery.

Note : The fApushing act isappledin 0l secand aits
lasts as long as angle of attack exceeds the critical value.

Procedure initiation following failure

The part 2, limitations and procedures, "procedure following failure" contains
the following information regarding procedsrmitiation:

Procedures initiation
- No action will be taken (apart from depressing MW pb):
T  Until flight path is staized.

1 Under 400 fet above runway (except for propeller feathering after enc
failure during approach at reduced power if go aroundassidered).

- Before performing a procedure, the crew must assess the situation as a vinge
into consideration the failures, when fuidlentifiedand the constraints imposed.

Procedures of Engine 1(2) Hame Out At Take Off

61 ¢, max: maximum value of the coefficient of liffhe angle at which maximum lift coefficient occurs is st
angle of the airfoil.

2 The angleof attack specifies the angle between the chomldiithe wing of a fixedving aircraft and the vector
representing the relative motion between the aircraft and the atmasphere

97



The part 2, limitationsand procedures, "emergency procedures" con
the following procedure regarding engine 1(2) flame out at take off:

ENG 1(2) FLAME OUT AT TAKE OFF
ALERT

An engine flame out may be recognized by:
- Sudden dissymetry

-TQ decrease
- Rapid ITT decrease

CONDITION | VISUAL AURAL
Engine flame| - MW light flashing red CRC
out or ATPCS - Associated ENG 1(2) OUT red message
sequence EWD + AUTO FTR and UPTRIM labels ¢
EWD
PROCEDURE
ENG 1(2) FLAME OUT AT TAKE OFF
UPTRIM oot CHECK
AUTOFEATHER ...ttt CHECK
If no UPTRIM
PLLH2 i ADVANCE TO THE RAP
. When airborne
LDG GEAR ..ottt e UP
BLEED 1+ 2 ittt OFF, IF NOT FAULT
, At Acceleration Altitude
AL T e e e e e e e e e e e e SET
. AtVFTO
PL L+ 2 it e IN THE NOTCH
PWR MGT .o e MCT
LS e e e e e — SET
., Ifnormal condition
SPD TGT oottt e CHECK VFTO
FLAPS ot 0°
. Ificing condition
SPDTGT .o, CHECK VFTO ICING FLAPS 15
FLAPS oo MAINTAIN 15°
PL affected Side..........oooiiiiiii e FI
CL affected side..........ccooiiiiiiiiiiiiiieeeeeees FTR THEN FUEL SO
BLEED engine alive............cccuuveieiiiiiiccccc e OFF if necessary

98



Procedures of Recovery after stall

The part 2, limitations and procedures, "emergency procedures” contains the
following procedure regardingcovery after stall or abnormal roll control

RECOVERY AFTER STALL OR BANORMAL ROLL CONTROL
CONTROL WHEEL.....cccoiiiiiiieeeeeee e PUSH FIRMLY
If flaps 0° configuration
FLAP e e 15
PWR MGT..... it MCT.
CL I H 2 e .100% OVRD
PL L 4 2 e s NOTCH
AT C e NOTIFY
If flap s are extended
PWR MGT ...ttt MCT|
CL 14 2 e 100% OVRDO
PL L 4 2 e NOTCH
ATC e NOTIFY

Note: This procedure is applicable regardless the LDG GEAR position is (DOW
UP).

1.182.4 ATR Flight Crew Training Manual

Theflight crew training manual (FCTM) provided by ATR is an essential tool
to learn the ATR standard operating @dares. It has been conceived as the
standard baseline for all ATR flight crew training. The manual was published in
February 2014.

The "emergency procedures" contains the following procedure regarding
engine 1(2) flame out at take off:
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In the following,PF is seated on the right side. The procedure below starts &
controls transfer.

Ezlight eventEJ ( PM ) ( PF )
' » CALL
“MY CONTROL"
Control through rudder pedals and control wheel
& column,
REACHING V1 » CALL
“wqr
( cm1 )
» DO
PLTEZ. i, RELEASE
REACHING VR » CALL
“ROTATE” » DO
PITCH ..o, ROTATETO B°
FOBARS. ..o, FOLLOW
ENGINE FLAME First CM who detects the engine failure calls loudly "ENGINE FAILURE"
out The detection clues are:
PF: Unexpected rolland dissymmetric handling
PM: abnormal engine parameters (TQ decrease, rapid ITT decreass)
And the other CM acknowledges with “CHECK"™
» ORDER
“ENGINE FLAME OUT AT TAKE-OFF MEMO ITEMS"
POSITIVE RATE » CALL
“POSITIVE RATE" » COMMAND
» DO & CALL “GEAR UP”
UPTRIMENG 2 lor 1. CHECK
AUTOFEATHER ENG 1 (or 2]. ... CHECK
LANDING GEAR ..o upP
YAW DAMPER ... ENGAGE
TAXI &T.0. LIGHTS OFF
BLEEDS FAULT ..o CHECK
ILLUMINATED
“UPTRIM, AUTOFEATHER, GEAR UP, BLEEDS If o UPTRIM, PF orders PL1 & 2 to the ramp.
FAULT LIT” If bleed fault not lluminated, order BLEED 1 (or 2) OFF.
If¥D can not be engaged, use rudder trim first and
then engage YD
» CALL
“RADIO RIGHT SIDE”
» TRANSMIT
“MAY DAY, MAYDAY, MAYDAY, [CALL SIGN),
ENGINE FLAME OUT, I'LL CALL YOU BACK"
“SPEED VFTO MAGENTA"
PASSING » CALL
ACCELERATION “ACCELERATION ALTITUDE" » COMMAND
ALTITUDE “SET ALT"
[mini 400 ft DO & CALL
AAL or higher if FGOP: ALT ..ot SET
requested) “ALT GREEN" P CALL
“CHECK"
» DO
FMAMODE..........coooiiiii CHECK » DO & CALL
FMA MODE ... CHECK

“SPEED VFTO MAGENTA”
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[Flight events]

( PM J

( PF )

-

» CALL & READ
“ENGINE FLAME OUT AT TAKE-OFF CHECKLIST?"
Refer to EWD C/L

> CALL
* ENG FLAME OUT AT TAKE-OFF CHECKLIST
COMPLETE"

REACHING » CALL
VFTO “VFTO"
» DO, CALL & COMMAND
PLTE&Z. CHECK IN THE NOTCH
» DO & CALL “PL IN THE NOTCH, SET MCT”
PLT&EZ. i, CHECK IN THE NOTCH
PWR MBGT oo MCT
TA/NP . CHECK / ADJUST
“MCT SET”
» COMMAND
“SET IAS”
» DO & CALL
FGCP: IAS MODE .....ooovviiviiiiiinnn, ENGAGE
“IAS SET”
» COMMAND
“NORMAL CONDITIONS, FLAPS 0"
or
» DO “ICING CONDITIONS, MAINTAIN FLAPS 15"
FLAPS oo AS RAORD
FLAPS 0°/15° » CALL
ON INDICATOR “FLAPS 0" Nomnal conditions
“MAINTAIN FLAPS 15" |cing conditions
FLIGHT PATH » DO & CALL
STABILIZED PLT IO 2] POINT
» DO & CALL “PL 1 (OR 2)?"
PL POINTED ATBY PF.......ooooviinns CHECK
“CONFIRM"” » DO & CALL
PL 1 [or 2).... RETARD GENTLY TO FI
» DO & CALL “FLIGHT IDLE”
CL 0P 2] POINT
“CL 1 (OR 2)?" » DO & CALL
CLPOINTED AT BY PM ... CHECK
» DO & CALL “CONFIRM”
CLTlor 2, FTR then FUEL 5.0.
“FEATHER, FUEL SHUT-OFF”
Shut-off step by step. Stay 1 sec in FTR position
before setting CL to Fuel SO.
» DO & CALL
BLEED 1 (or )i POINT
“BLEED ENGINE ALIVE OFF, YES OR NO?”
If necessary, remaining BLEED can be deselected
to increase climb performance. » DO & CALL
BLEED POINTED AT BY PM ............ CHECK
» CALL “NO” (or “YES")
“MEMO ITEMS COMPLETE"
» REQUIRE

“ENGINE FLAME OUT AT TAKE-OFF CHECKLIST”

ENGINE FLAME
OUT AT TAKE-
OFF CHECKLIST
COMPLETE

» CALL & READ
“AFTER TAKE-OFF 1 EO CHECKLIST”
Refer to EWD C/L
"AFTER TAKE-OFF 1 EO CHECKLIST
COMPLETE"

» REQUIRE
“AFTER TAKE-OFF 1 EO CHECKLIST”

» REQUIRE
“SINGLE ENG OPERATION CHECKLIST”
Continue with Single Engine operation.
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1.182.5 ATR72-600 Minimum Equipment List and Configuration Difference
List

The current ATR72600 minimum equipment list armbnfiguration difference
list (MEL/CDL) is revision 1 and was published on 10 February4201 is
developed from the ATR Master MEL revision 05 and ATRA2A AFM revision
15, and then be tailored to TNA specific operational requirements. It was approved
by CAA. The MEL paragraphs related to propellers are shown in App8&ndix

1.182.6 Songshan Airport Departure Aeronautical Chart

Theaeronautical information publicatiqAlP) Taipei FIR is published by the
CAA. The Songshaiirport RCSS MUCHA TWO departe chart is shown in
Figure 1.181.
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o % 1.Minimum climb gradient
| MU2H: HLGHL. required 7.4%(450ft/NM)
P2 MU2Q: track APU R-225AP 225BRG, cross RONEO at or above 10,0001, until 4,000ft.
® then track MKG R-0588M 238BRG to MKGBM. 2.Cautlon high terraln
=| MU2R: track APU R-225AP 225BRG to join W4, cross RONEO at or above 10,000ft. around airport.
| Muzmt 3.A 1700ft-high BLDG at
<| Depart HDG 120 untllleaving 2,500ft, turn rightto track SW 255BRG to MUCHA, 2.1NM south of THR 28.
g then track APU R-203AP 203BRG to XEBEC, cross APU 30D ator above 10,000ft, 4.A 818ft-high BLDG at
cross XEBEC at or above FL160, then track MKG R-064BM 244BRG to 2 NM SW of THR 10.
= MU2M: MKGBM
g MU2T: join W4

Figure 1.181 RCSS MUCHA TWO departure chart
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1.183 Interview Summaries
1.183.1 TNA Flight Crew Interview s

The i nv e flight gpexationsgrodpsinterviewed 12 TNA ATR flight
crew after the GE235 occurrendéwe interviewees included:

1 FourATR72-500 IPs/CPs;

1 TwoATR72-600 IPs/CPs;

1 TwoATR72-600 Captains;

1 FourATR72-600 First Officers.

The interview notegvere divided into 9opicsand summarizeds follows:

Abort take off policy while ATPCS not armed during take off roll

Most of the interviewees stated that ATR-BDO0 flight crewshould abort the
take offif the ATPCS was not armed during tia&e offroll. In the same situation,
ATR72-500 flight crewcancontinue hetake offif the calculated ATPCS$ake off
weight was below the RTOW limitation. However, some ATRA interviewees
preferred to disregard the above company policy and abadkbeffregardless of
thetake offweight.

ATPCS dynamic test

Only a few interviewees were able to correctly redadt the ATPCS dynamic
test should be conducted at the end of the last flight of each day. Some-BUI&72
interviewees stated that the ATPCS dynamic test was unnecessary for anrZ0uR72
aircraft. Most interviewees agreed that the dynamic test was ramnetiucied by
flight crew. One interviewee stated that he learned about the ATPCS dynamic test
from the ATR72600 differences training course and tried to conduct it in line
operations. However, some captains refused to do it because they preferred to finish
duty early.

Crew coordination for control of power levers and condition levers

With regard to ATR7Z600 operations, most interviewees stated that they
followed the instructions provided at the ATR8Q0 differences training. The PF
was responsible for th@ower levers and the PM was responsible for the condition
levers in abnormal or emergency situations. One AFBO®Rinterviewee stated that
both the power and condition levers should be controllegiloy flying in line
operations.

With regard to ATR72500 operationghere are several different statements for
this issue.
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Crew resource managemenfCRM)

Most of the interviewees were unable to share what they had learned from CRM
training. There were some introductory cases used in CRM recurrent traunitinge b
instructor did not design scenarios to facilitate discussion of a specific situation by
crews.

Some senior captains did not consider that the use of standaalitsalvere
important and preferred to use gestures instead ebutdl Some first oiters would
attempt to chal |l ecogmian@ behaviprtba would sot ISP n
in correcting it. In addition, several interviewees did not want to report SOP
noncompl i ance behavior via the companyaos
not trust the system.

ATR72-600 differences training

A few ATR72-600 interviewees who had flown other glass cockpit aircraft
stated that the-8ays difference training was adequate. Others stated that it was not
adequate, especially for FMS and electronispldys familiarization. Most
ATR72-600 interviewees stated that longer lead time periods prior to the differences
training would have been helpful for learning, such as the conduct of AGRT2
observation flights, more futime selfstudy courses (at dst one week), and a
mentoring program by experienced and current AFRJQ pilots. Interviewees also
indicated that TNA had arranged about 7 days forgally prior to the differences
training. However, most of the salfudy time was shortened te32days because of
support flight duties.

One engine flameout atake off

Most of the interviewees stated that the scenario of one engine flaméake at
off in simulator training was initiated just as the aircratft lifted off the ground before
the autopilot vas engaged. In the simulator, the IPs required trainees to perform the
procedures step by step and not rush to complete the procedures.

Autopilot engagemenissue

Most of the ATR72500 interviewees stated that the autopilot will disengage
automatically inthe event of an engine flameout because of the abrupt yawing
moments. However, the ATR7&D0 interviewees stated that the autopilot will not
disengage automatically in the event of an engine flameout. Furthermore, they also
indicated that the ATR7ZB00 aicraft had a more powerfalidderautatrim function
SO0 an excessive application of rudder was not necessacprrectdirectional
deviationsExcessive rudder inputsuld result in the yaw damper disengaging. One
ATR72-600 interviewee stated that he nragnually disengage the autopilot in the
event of an engine flameout even if the autopilot did not disengage automatically.
Some interviewees stated that ATR instructors taught them not to disengage the
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autopilot because it could reduce the workload.
Commens on GE235 flight crew

Most of the interviewees made positive comments about the GE235 flight crew.
The pilots who flew with Captain A or Captain B within one week of the occurrence
stated that their behavior and condition was normal in flight.

OnelPwlwh conducted part of Captain Ab6s
little nervous during line operations and had a tendency of rushing to perform the
procedures without coordination with t

ATR fleet manpower problem

A few interviewees stated that TNsRould increase training requirements and
standards for flight safety. In recent years, several senior ATR first officers were
transferred to the Airbus fleet. It was also expressed that TNA salaries cannot attract
high quality pilots from elsewhere. THisi mi t ed TNAG6s recrui ti |
to result in less experienced first officers being upgraded to captain.

1.183.2 Maintenance DivisionAssistant Manager

The Il ntervi ewee i ntroduced TNAOGS |
procedures and howfdif i cul ti es were reported. T N/
(MCC) collected the reported aircraft defects from all stations and compiled them
into a daily report. These defects might be from pilot reports, safety department or
maintenance personnel etc. Ailg report was generated and used for reference
during TNAOGs directors meetings. MCC a
the daily report as necessary. If there were service difficulty items, MCC would
report the items to the quality control cen{QCC). The QCC was also required to
submit service difficulty reports (SDR) and report the difficulty to the Civil
Aeronautics Administration (CAA). After the SDR was reported to the CAA,
TNAOGSs reliability control b o amithd CAA RCB)
personnel.

Regarding aircraft diversions resulting from engine problems during the
occurrence aircraftos ferry flight fr
expressed how those engine problems were reported to Taiwan CAA. While the
aircraft was m cruise from Toulouse to Taipei, a low oil pressure warning on the
ENG 1 occurred. The flight crew shut down tlEeNG 1 and diverted to Macau
Airport. TNA replaced thé&NG 1so the aircraft could continue the delivery flight.
During the flight from Macauad Taipei, theENG 1 low oil pressure warning
appeared again and the flight crew shut dowrE8N& 1land diverted to Kaohsiung
Airport. The investigation confirmed that the missing drive shaft/spur gear
woodruff key of theENG l1reduction gearbox oil scavge pump was the cause of
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the engine low oil pressure warning. Due to reped&blds 1 low oil pressure
warnings and the commanded in flight shut down events, CAA sent a principal
maintenance inspector (PMI) to Kaohsiukigport to assist TNA.

When asked abou TNAOGsSs response to in flight
years, the interviewee replied that two of those in flight shut down events occurred
during aircraft deliveries and were mentioned earlier. Another engine in flight shut
down event occurred onMay 2012 and was the result of a manufacturing defect
in the engine turbine blades which had been investigated and closed by the ASC.
An uncommanded autofeather event occurred on 16 August 2011 and was the result
of defective J1 and J2 AFU connectors. TMeévised the ATR continuous
airworthiness maintenance program (CAMP) task number
771362RAI-10006TNA to change the AFU inspection to a hard time interval. The
last in flight shutdown occurred on 6 October 2010 and was due to engine torque
fluctuations afer takeoff To address the loss of engine torque signal or torque
fluctuations, TNA issued Engineering Circular HC0604 requesting compliance
with documents and procedures related to electrical connector care.

1.183.3 Maintenance Personnel Stationeat Kinmen Airport

The interviewee has worked for TNA since 1995. He holds CAA A/EIAV
maintenance engineer licenses and is stationed at Kinmen Airport as a senior
mechanic. The interviewee received ATRSTD type training and configuration
differences couss training for the ATR7500 and-600 aircraft. The interviewee
also received aviation maintenanetated recurrent training each year. The
interviewee then described the procedures for authorizing and dispatching aircraft
after the completion of requiregdhecks and maintenance

When asked what maintenance work had been performed on the occurrence
aircraft before it was returned to service to operate the sector from Kinmen to
Songshan, the sector before the occurrence flight, the interviewee stated the
following. There were two mechanics stationed at Kindigport. Mechanics that
did not hold a CAA license performed the aircraft refueling work and the
interviewee did the transit check alone. The interviewee finished the transit check
in 20 minutes and no tidts werefound. Usually, if no fault was found, the transit
check could be done in about 20 to 25 minutes. The interviewee also checked the
maintenance records. There were no deferred defects for the aircraft. The
interviewee then signed the Technical LBgok and the aircraft was released for
service. After the refueling was completed, the interviewee walked to the cockpit
and gave the fuel form to tlwaptain. The flight crew did not mention any problem
about the engines.

8 Airframes,engines avionics.
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When a fault was identified befe aircraft departurehe did not feel any
pressure to release an aircraft 1 f it
The interviewee said that aircraft airworthiness was the first priority.

1.183.4 Maintenance Personnel Stationedt SongshanAirport

The interviewee has worked for TNA since 2005. Before that he had worked
for Dragorairf or 2.5 year s. He holds CAAGs A/
SongsharAirport as a mechanic. The interviewee had received ATHORR type
training and conf@iuration differences course training for the ATRYID and-600
aircraft. The interviewee also received aviation maintenagleged recurrent
training each year. The interviewee then described the maintenance procedures for
dispatching an aircraft afteneé completion of required checks and maintenance.

The transit check before the occurrence flight was done by the interviewee.
The transit check was completed in 20 minutes with no fault found. The
interviewee expressed that if no fault was found, a trah&itk would usually be
done in about 20 minutes. The intervie
maintenance records and no deferred defects were found. The interviewee then
signed the Technical Log Book and the aircraft was released to service.

The interviewer asked if the flight crew had mentioned anything about an
engine problem before the occurrence flight on the sector from Songshan to
Kinmen. The interviewee replied that the first leg of that day was flight GE231.
The interviewee conducted aedlight check while the captain performed a 360
degree (walk around) check. The 4fiight check result was normal. Before flight
GEZ235, the interviewee conducted the transit check himself. The flight crew did not
mention anything about the engine. Ieth were any faults found before aircraft
departure, the interviewee never bargained with the flight crew to apply the MEL to
delay maintenance. He did not feel any pressure to release an aircraft if it were to
del ay an aircraftodos Iintewibwea gdidetdat afagita r t
airworthiness was the first priority.

1.183.5 Songshan Tower.ocal Controller

The interviewee commenced the | ocal
described the workload as light to moderate. Around the time of therence,
visibility was greater than 10 km but there were some patches délelcloud to
the east of the airport. Because of an aircraft approaching to land on Runway 10,
the crew of GE235 was instructed ®0o ho
runway totake offwas normal. The interviewee then instructed GE235 to change
frequency to Taipei Approach after climbing through 1,000 feet just after passing
the end of the runway. The local controller then directed her attention to the other
aircraft and vehicles under her control after the GE235 pilot read back the
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instructions and everything continued as normal. Afterwards, Taipei Approach

called Atower transfer TransAsia two t
called her simultaneously. Theound from the loud speaker was louder so the
Il nNntervi ewee di dnot hear what t he pil

interviewee instructed GE235 to contact Taipei Approach again because she
thought there was a communication problem but no answer wewedc Taipei
Approach asked her if she could see the aircraft. She then observed the departure
route but found nothing. Afterwards she discovered that the tracking of the
occurrence flight on the raddrsplay did not coincide with the normal flight path

of the Mucha departure and there was n
Approach coul dnot contact GE235 =eithe
aircraft several times but got no response. Because the occurrence flight situation
was unknow at that point, she informed Taipei Approach and the supervisor of the
situation. Her supervisor instructed her to suspakedoff and landing operations

and to proceed with accident notification procedures.

1.183.6 Songshan ToweSupervisor

The interviavee was on duty from 0800 hours to 1800 hours. Before the
occurrence, he was undertaking administrative tasks and his workload was light.
His colleagues were working normally. While the local controller was performing
ATC duties, he heard from the loudskea(on the right of the local controller and
front right side of him) that there was no contact from GE235 and Taipei Approach
had requested the local controller to transfer the aircraft again. He immediately got
up to look for the traffic, and asked fibre takeoff status of the occurrence aircraft.

The local controller replied that the aircraft had taken off. The interviewee roughly
remembered the position of the occurrence flight on the radar digplayt was

not stable), and he was not very surewalbbis. In addition to the runway extension
lines, he also observed the whole airport area, but he could not locate the
occurrence flight. He immediately requested the local controller to call the aircraft
on channel 118.1 continuously, while he called thmergency channel and
observed the airport and its surroundings with a telescope. There was still no reply
from GE235 during the broadcast so the interviewee considered this situation as an
emergency and instructed the local controller to stop the irexafé entering the
runway fortake off and to continue the observations and broadcasts. At that time,
there was a controller undertaking familiarization training beside him, so he asked
that controller to inform the tower chief on the 4th Floor. The o®upervisor
instructed his colleagues to suspend aircraft movements and clear the airspace
because the status of GE235 was unknown. He then examined the airport and its
surroundings again by telescope, and asked a colleague to notify the Flight
Operatims Office to conduct a runway inspection to see if the runway could still be
operational.
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The visibility was more than 10 kilometers as per the weather report at that

time, but he observed the clouds were not very high. After the airport resumed

normal opeations fortakeoffand landing, departing aircraft disappeared from sight

(in clouds) within one minute from theke offroll.

1.184 Abnormal Engine Torque Related Events/Information

1.184.1 Chronology of TNA ATR72 Abnormal Engine Torque Related
EventdInformation

A review of

Tai wan CAAOGs avi ati
ATR72 abnormal engine torguelated events were investigated between October

2010 and the day of the GE235 occurrence. One was related to the connection
between the tone sensor and the EEC and the other event was related to the AFU.
There was also a TNA ATR72 autofeather event after the GE235 occurrence. A

on

chronology of these events and applicable information is shown in Tabl4.1.18

Table 1.181 TNA ATR72 abnormal enge torque related events

Date

Type of aircraft
or Info issued by

Description of event/information

Nov. 17,
2008

P&WC

P&WC issued Service Information Lett
SIL No. PW100125 to operators o
proper electrical connector protection &
wrapping.

Oct. 06,
2010

ATR72-500

After take off ENG 2 torque vibratec
between 20% and 100%, the aircraft tur
back and landed safelylhe connection
between No. 2 torque sensor and EEC
suspected.

Jun. 28,
2011

TNA

TNA issued Engineering  Circuls
EC-110604 to Line/Bse Maintenanc
and Training Sectionto reiterate the
importance of practicing appropriate
connector care during any engi
connector installation.

The Flight Operations Division adds
Abnormal Engine Parameters in Flig
procedure intathe ATR FLEET Trainng
Program.

Aug. 16,
2011

ATR72-500

During cruise,ENG 1 torque dropped tx
zero causing the pildb shut downENG 1
The ENG l1lwas then restarted and aaiftr
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landed safely.

P&WC report confirmed that a defe
found in the AFU caused th
uncommanded aofeathering oENG 1.
Mar. 15, | TNA TNA issued Engineering Circuls
2012 EC-120303 to inform related departmer
of the information in the P&WC repot
including the associated symptoms.
Feb. 21, | ATR72-500 After take off ENG 1 torque droppec
20158* causng ENG 1 propellerto autofeather
The aircraft turned back and landed safeg

1.184.2 Related Service Information Issued by P&WC

On 15 August 2007, P&WC issued Service Bulletin SB21742 which advised
operators to perform a oitene inspection of AFUs. B21742 was issued to
address the aging of AFU electrical connectors and the interconnect ribbon solder
joints that could lead to loss of torque signal and subsequent autofeather. Later in
August 2007, P&WC issued SB21742Rsee AppendiXLl0) which recommened
that operators send their AFUs to an authorized accessory shop to conduct the
onetime inspection per the latest CMM instructions. In December 2009, P&WC
moved the content of SB21742R1 in Table 4 of sectioi2®B0 of the engine
maintenance manual (PB037332, rev. 42) and changed this inspection to a repeat
inspection. P&WC then cancelled SB21742 in April 2011 because the maintenance
requirements were now contained in the engine maintenance manual.

On 14 December 2010, P&WC issued service informaletter (SIL) No.
PW103138 for AFU inspection/repair at shop visits. The document indicated that
some of the AFUs involved in those autofeather events exhibited cracks in the
soldering of the U3 voltage converter mounted on the AFU board. Those cracks
were believed to have caused momentary electrical disruptions leading to the
autofeather events. The manufacturer of the AFU then revised instructions
regarding the U3 converter inspection, installation and soldering to its mounting
board. In addition, testingequirements for the AFU were improved via testing at
low, high and ambient temperatures.

On 26 September 2011, P&WC issued Service Information Letter No.
PW100147°° for AFU-related autofeather events. The document indicated that

® Incident date ofthis eventwas after the date @E2350ccurrence4 Feh 2015).
% The PNV100-147 wasexpiredon 26 September 2@1
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several of the reporteditofeather events were associated with 28 Volts DC power
interruptions at the AFU. On ATR aircraft, those power interruptions generate large
magnitude torque bug fluctuations. The AFU manufacturer has incorporated related
content into its CMM which incluak

1 Revised instructions for U3 converter inspection, installation and soldering
on the mounting board,;

1 Inspections related to the J1 and J2 flex conductors and boards
interconnect flexible ribbons; and

1 Functionality testing of the AFU at different temperas (low, high and
ambient).

On 29 October 2012, P&WC issusgrrvicebulletin SB21822 that introduced
an AFU with low pass filters. On 12 May 2014 P&WC issued SB21858 that
introduced an improved AFU with longer solder filled joints of the J2 connector
flex circuit assembly.

1.184.3 Emergency Airworthiness Directive

After the occurrence, th@iwan Civil Aeronautics Administration issued an
emergency airworthiness directive (AD number G2@1502-013E) on 25
February 2015. On the following day, the redisersion was issued (see Appendix
11). The AD was applicable ATR7200 and ATR7200 fleets. The AD was issued
to address the uncommanded autofeather events. The AD quotempévations
engineeringbulletins (OEB) issued by ATR (Appendi®?). These two @&Bs were
"Uncommanded autfeather- 500" and "Uncommanded adteather- 600" and
contained similar content. The emergency AD required operators to amend the
affected sections of thequick referencenandbooks (QRH) in accordance with the
instructions catained in the ATR OEBs. The recommended changes to operational
procedures in the OEB included:

a. Take offnormal procedure

At take off the ATPCS must be checked armed and announced. If it is not
armed while both power levers are in the notch, or in tase of
intermittent arming / disarming of the ATPCS, thke offmust be rejected.

b. Any loss of NP and/or TQ should be dealt with as an engine failure
I. During Take off

ENG FLAME OUT ATTAKE OFFprocedure is applicable.
ii. During any other phase olight
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Applythe following procedure:

PL affected SId@ ...oneeeeeeeeeee e Fl
CL affected side .....c.oevenveiinenannen. FTR THEN FUEL SO
LAND ASAP

SI NGLE ENG OPERATI ON procedure (2.

1.185 Propulsion System Malfunction and Inappropriate Crew Response
1.185.1 Overview of PSM+ICR Study

Following an accident in the U.S. in December 894he US. Federal
Aviation Administration (FAA) requested the Aviation Industries Association (AlA)
to conduct a reviewof serious incidents and accidents that involved an engine
failure or perceived engine failure an
conducted the review in association with the European Association of Aerospace
Industries (AECMA) and produced theeport in November 1998.

The review examined all accidents and serious incidents worldwide which
Il nvol ved OPropul si on System Mal funct.
(PSM+1 CR) 0. Those events wer e define
appropriately hmad|l e a single benign engine or
Inappropriate responses included incorrect response, lack of response, or
unexpected and unanticipated response. The refoeusedon events involving
westernbuilt commercial turbofan and taoprop aircraft in the transport category.
The review conclusions included the following:

1 The rate of occurrences per airplane departure for PSM+ICR accidents had
remained essentially constant for many years. Those types of accidents were
still occurring aspite the significant improvement in propulsion system
reliability that has occurred over the past 20 years, suggesting that the rate
of inappropriate crew response to propulsion system malfunction rates had
increased.

% Flight Safety Foundation. (1996). Commuter captain fails to follow emergency procedures after suspected engine
failure, loses control of the aircraft during instrument approachident Prevention, 53 (4);12.

7 Sallee, G. P. & Gibbons, D. M. (199®ropulsion system malfunction plus inappropriate crew response (PSM +
ICR). Flight Safety Digest, 1§11-12), 1-193.
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91 As of 1998, the number of accidemtsolving PSM+ICR was about three
per year in revenue service flights, with an additional two per year
associated with flight crew training of simulated engig conditions.

1 Although the vast majority of propulsion system malfunctions were
recognizedand handled appropriately, there was sufficient evidence to
suggest that many pilots have difficulty identifying certain propulsion
system malfunctions and reacting appropriately.

1 With specific reference to turboprop aircraft, pilots were failing to properly
control the airplane after a propulsion system malfunction that should have
been within their capabilities to handle.

1 The research team was unable to find any adequate training materials on the
subject of modern propulsion system malfunction recognition.

1 There were no existing regulatory requirements to train pilots on propulsion
system malfunction recognition.

1 While current training programs concentrated appropriately on pilot
handling of engine failure (single engine loss of thrust and resulting thrust
agymmetry) at the most critical point in flight, they do not address the
malfunction characteristics (auditory and visual cues) most likely to result
In inappropriate response.

1.185.2 Turboprop Aircraft

Of the 75 turboprop occurrences with sufficientaddr analysis, about 80%
involved revenue flights. PCM+ ICR events in turboprop operations were occurring
at 6 £3 events per year. About half of the accidents involving turboprop aircraft in
the transport category occurred during thke off phase of fight. About 63% of
the accidents involved a loss of control, with most of those occurring following the
propulsion system malfunction duringke off Seventy percedf t he Opowe
malfunction duringiake of6 events | ed t o amddiataysor of
on the subsequent approach to land.

Propulsion system failures resulting in an uncommanded total power loss were
t he most common technical events. 0Shi
where either a malfunction of the engine occurred #re crew shut down the
engine, or where one engine malfunctioned and the other (wrong) engine was shut
down.Fifty percentof t he &éshut down by crewd ev:e
down the wrong engine, half of which occurred on training flights.

1.185.3 Failure Cues

The reportds occurrence data indicat
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propulsion system malfunction from the symptoms, cues, and/or indications. The
symptoms and cues were, on occasion, misdiagnosed resulting in inappropriate
action. In many of the events with inappropriate actions, the symptoms and cues
were totally outside of the pilotds op

The report stated that to recognize powerplant malfunctions, the entry condition
symptoms and cueed to be presented during flight crew training as realistically as
possible. When these symptoms and cues cannot be presented accurately, training via
someother means should be considered. The need to accomplish failure recognition
emerges from analysief accidents and incidents that were initiated by single
powerplant failures which should have been, but were not, recognized and responded
to in an appropriate manner.

While training for engine failure or malfunction recognition is varied, it often
involved pilot reaction to a single piece of data (one instrument or a single engine
parameter), as opposed to assessing several data sources to gain information about
the total propulsion system. Operators reported that there was little or no training
given a1 how to identify a propulsion system failure or malfunction.

There was little data to identify which cues, other than system alerts and
annunciators, the crews used or faileduse in identifying the propulsion system
malfunctions. In addition, the regovas unable to determine if the crews had been
miscued by aircraft systems, displays, other indications, or each other where they
did not recognize the powerplant malfunction or which powerplant was
malfunctioning.

1.185.4 Effect of Autofeather Systens

The influence of autofeather systems on the outcome of the events was also
examined. The fnltakesb odv emind rweér el uspaeagi
since this was the type of problem and flight phase for which autofeather systems
were designetb aid the pilot. In 15 of the events, autofeather was fitted and armed
(and was therefore assumed to have operated). In five of the events, an autofeather
system was not fitted and of the remaining six, the autofeather status is not known.
Therefore, in tleast 15 out of 26 events, the presence of autofeather failed to prevent
the loss of control. This suggests that whereas autofeather is undoubtedly a benefit,
control of the airplane is being lost for reasons other than excessive propeller drag.

1.185.5 Training Issues

In early generation jet and turboprop aircraft flight engineers were assigned the
duties of recognizing and handling propulsion system anomalies. Specific training
was given to flight engineers on these duties under the requirements &3
Certification: Flight Crew Members Other than Pilots, Volume 2, Appen8lixi@
become a pilot, an individual progressed from flight engineer throughlatoto
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pilot and all pilots by this practice received powerplant malfunction recognition
training. The majority of pilots from earlier generations were likely to see several
engine failures during their careers, and failures were sufficiently common to be a
primary topic for discussion. It was not clear how current generation pilots learned to
recognize and handle propulsion system malfunctions.

At the time of the report, pilot training and checking associated with propulsion
system malfunctions concentrated on emergency checklist items which were
typically limited, on most aircraft, to enginied, in-flight shutdown and right, and,
low oil pressure. In addition, the training and checking covered the handling task
following engine failure at or close to V1. Pilots generally were not exposed in their
training to the wide range of propulsionsggm malfunctions that can occur. No
evidence was found of specific pilot training material on the subject of propulsion
system malfunction recognition on modern engines.

Thereds a broad range of propul sion
sympbms associated with those malfunctions. If the pilot community is, in general,
only exposed to a very limited portion of that envelope, it is probable that many of
the malfunctions that occur in service will be outside the experience of the flight crew.

It was the view of the research group that, during basic pilot training and type
conversion, a foundation in propulsion system malfunction recognition was
necessary. This should be reinforced, during recurrent training with exposure to the
extremes of propalon system malfunction; e.g., the loudest, most rapid, most subtle,
et c. Thi s, at | east, should ensure th;
experience, as was often the case.

The report also emphasized t Idantify i Al t
and diagnose certain emergencies, the industry needs to effect cockpit/aircrew
changes to decrease the likelihood of agager crew member in shutting down the
Wrong engineo. Il n addition, the remport
seen to occur since initial or -@ttio training was normally carried out in aircraft
without autofeather systems. Major attention was placed on the need for rapid
feathering of the propeller(s) in the event of engine failure. On most modern
turbopropcommercial transport airplanes, which are fitted with autofeather systems,
this training can lead to oweoncentration on the propeller condition at the expense
of the more important task of flying the airplane.

Furthermore, botmegative training and mafer were most likely to occur at
times of high stress, fear and surprise, such as may occur in the event of a
propulsion system malfunction at or near the ground.

Loss of control may be due to a lack of piloting skills or it may be that
preceding inapmpriate actions had rendered the aircraft uncontrollable regardless
of skill. The recommended solutions (even within training) would be quite different
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for these two general circumstances. In the first instance, it is a matter of instilling
through practie the implementation of appropriate actions without even having to
think about what to do in terms of control actions. In the second instance, there is
serious need for procedural practice. Physical and mental workload can be very
high during an engine faire event.

1.185.6 Training Recommendations

The report made a number of recommendations to improve pilot training. With
specific reference to turboprop pilot training, the report recommended:

1 Industry provide training guidelines on how to recagnanddiagnose the
engine problem by using all available data in order to provide the complete
information state of the propulsion system.

Industry standardized training for asymmetric flight.

Review stall recovery training for pilots duritake offand gearownd with

a focus on preventing confusion during low speed flight with an engine
failure.

= =

1.18.5.7Error types

Errors in integrating and interpreting the data produced by propulsion system
malfunctions were the most prevalent and varied in substance afralltgpes
across events. This might be expected given the task pilots have in propulsion system
malfunction (PSM) events of having to integrate and interpret data both between or
among engines and over time in order to arrive at the information thamdeter
what is happening and where (i.e., to which component). The error data clearly
indicated that additional training, both event specific and on system interactions, is
required.

Data integration

The samdailure to integrate relevant datasulted in mstances where action
was taken on the wrong engine. These failures to integrate data occurred both when
engine indications were changing rapidly, that is more saliently, as well as when they
were changing more slowly over time.

Erroneous assumptions

A seond category of errors related to interpretation invole¥tbneous
assumptionsbout the relationship between or among aircraft systems and/or the
misidentification of specific cues during the integration/interpretation process.
Errors related to erronesuassumptions should be amenable to reduction, if not
elimination, through the types of training recommended by the workshop. Errors due
to misidentification of cues need to be evaluated carefully for the potential for design
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solutions.

Misinterpretation of cues

A third significant category of errors leading to inappropriate crew responses
under Ai nt e rpiginetpretatisnakthe patterrn of ddthes) available
to the crew for understanding what was happening and where in order to take
appropiate action. Errors of this type may be directly linked to failures to properly
integrate cue data because of incomplete or inaccurate mental models at the system
and aircraft levels, as well as misidentification of cues. A number of the events
included n this subcategory involved misinterpretation of the pattern of cues
because of the similarity of cue patterns between malfunctions with very different
sources.

Crew communication

A fourth error category involved tHailure to obtain relevant data fromeev
membersThe failure to integrate input from crew members into the pattern of cues
was considered important for developing recommendations regarding crew
coordination. It also highlighted the fact that inputs to the process of developing a
complete piture of relevant cues for understanding what is happening and where can
and often must come from ot her crew m
cueseeking activity. This error type wa
crew me mb e rwddde classliied asha detextion error.

System knowledge

Knowledge of system operation under amrmal conditions was inadequate
or incomplete and producegtroneous or incomplete mental models of system
performance under nemormal conditions. The inapppriate crew responses were
based on errors produced by faulty mental models at either the system or aircraft
level.

Improper strateqy and/or procedure and execution errors

The selection of an inappropriate strategy or procedure featured prominently in
theevents and included deviations from best practice and choosing to reduce power
on one or both engines below a safe operating altitude. Execution errors included
errors made in the processing and/or interpretation of data or those made in the
selection othe action to be taken.

1.186U. S. Army OWrong Engined Shutdown St
The United States (U. S.) Army condu
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St utfyodspe if pl ot sd r e a engin® emergencies irs duagjrie e
helicopters were a systemic problendavhether the risks of such actions could be
reduced. The goal was to examine errors that led to pilots to shutting down the wrong
engine during such emergses.

The research involved the use of surveys and simulator teGtesg.70% of
survey resporehts believed there was the potential for shutting down the wrong
engine and 4060 confirmed that they had, during actual or simulated emergency
situations, confused thmwer controllevers (PCLs). In addition, 50% of those who
recounted confusion confirrdgéhey had shut down the "good engine" or moved the
good engineb6s PCL. When asked what the
PCL, 50% indicated that their action was based on an incorrect diagnosis of the
problem. Other reasons included the desigh@fPCL, the design of the aircraft, use
of night vision goggles (NVG), inadequate training, negative habit transfer, rushing
the procedure and inadequate written procedures. When asked how to prevent pilots
from selecting the wrong engine, 75% recommaehnttaining solutions and 25%
engineering solutions.

The simulator testing (n=47) found that 15%the participants reacted
incorrectly to the selected engine emergency and 25% of the erroneous reactions
resulted in dual engine power loss and simulatedlifigls. Analysis of reactions to
the engine emergencies identified difficulties with the initial diagnosis of a problem
(47%) and errors in action taken (32%). Other errors included the failure to detect
system changes, failure to select a reasonabldgeatl on the emergency (get home
versus land immediately), and failure to perform the designated procedure. The
range of responses included immediately recognizing and correcting the error to
shutting down the "good" engine, resulting in loss of the bpter. Although
malfunctions that require singengine emergency procedures were relatively rare,
the study indicated that there was a one in six likelihood that, in these types of
emergencies, the crew will respond incorrectly.

The pattern of cognitivereors was very similar to the PSM+ICR error data. The
functions contributing to the greatest number of errors were diagnostic
(interpretation) and action (execution). The largest difference was in the major
contribution of strategy/procedure errors in B®M+ICR database, whereas there
were comparatively few goal, strategy, and procedure errors in the U.S. Army
simulator study. The survey data indicated that pilots felt that improper diagnosis and
lack of training were major factors affecting their actionghe wrong engine. This
supported the findings of the PSM+ICR report that included the need for enhanced
training to improve crew performance in determining what is happening and where.

8 Wildzunas, R.M., Levine, R.R., Garner, W., and Braman, G.D. (199®r analysis of UH60 singleengine
emergency procedure@JSAARL Report No. 995). Fort Rucker, AL: U.S. Army Aeromedical Research
Laboratory.
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1.187 Additional Human Factors considerations

1.187.1 Diagnosticskills

Diagnostic skills are recograd as having important implications for operators
of complex socigechnical systems, such as aviafibnThe developmenof
advanced technologies and their associated interfaces and displays have highlighted
the importace of cue acquisition and utilization to accurately and efficiently
determine the status of a system state before responding appropriately to that
situation Moreover, cudased processing research has significant implications for
designing diagnostic spprt systems, interfaces, and trainffig In addition,
miscuind® and/or poorly differentiated cues have been implicated in several major
aircraft accidents, including Helios Airways Flight 522 and Air France Flight?447
3 1t has also been argued that <hssed associations comprise the initial phase of
situational awarene&s Furthermore, it has been demonstrated that individuals and
teams with higher levels of cue utilization have superior diagnostic skills and are
better equipped to respond to Roormalsystem statés

The 6PSM+1 CR6 study identified recur |
propulsion system malfunctions, in part, because the cues, indications, and/or
symptoms associated with the mal functi
training and experience. Consistent with the U.S. Army study, that often led to
confusion and inappropriate responses, including shutting down the operative
engine.

1.187.2 Situational Awareness

Situational awareness (SA) is a state of knowledge which is\aghithrough
various situation assessment proceSsasis internal model is believed to be the
basis of decisioimmaking, planning, and problem solving. Information in the world

" Wiggins, M. W. (2015). Cues in diagnostic reasoningMnW. Wiggins and T. Loveday (Eds.Riagnostic

expertise in organizatinal environmentép. 1:13). Aldershot, UK: Ashgate.

Wiggins, M. W. (2012). The role of cue utilization and adaptive interface design in the management of skilled
performance in operations contrdheoretical Issues in Ergonomics Science,1150.

Miscuing refers to the activation of an inappropriate association in memory by a salient feature, thereby delaying
or preventing the accurate recognition of an object or event.

Loveday, T. (2015). Designing for diagnostic cuesM.W. Wiggins and T. bveday (Eds.)Piagnostic expertise

in organizational environmen{pp. 4960). Aldershot, UK: Ashgate.

Perry, N. (2015). Diagnostic support systetnsM.W. Wiggins and T. Loveday (Edspiagnostic expertise in
organizational environmen{pp. 113122). Aldershot, UK: Ashgate.

" ObHare, D. (2015). Sit udnN. WnWwidginsamdalr Loveday (EdsRiagadostid i a g n o s
expertise in organizational environmeifpp. 1326). Aldershot, UK: Ashgate.

Loveday, T., Wiggins, M. W., & Searl8. J. (2013). Cue utilization and broad indicators of workplace expertise.
Journal of Cognitive Engineering and Decisibaking, 8,98-113.

Endsley, M.R. (2004). Situation awareness: Progress and directions. In S. Banbury & S. TremblayA(Eds.),
cogniive approach to situation awareness: Theory and applicatigm 317 341). Aldershot, UK: Ashgate
Publishing.
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must be perceived, interpreted, analyzed for significance, and integrated with
previous knowledge, to facilitate a pr ¢
having an accurate understanding of what is happening around you and what is likely
to happen in the near future. Team SAhis degree to which every team member
posesses the SA required for their responsibilities

The three stages in SA formation have traditionally included:

1 Perception of environmental elements (important and relevant items in the
environment must be perceived and recognized. It includes elemeants i
aircraft such as system status, warning lights and elements external to an
aircraft such as other aircraft, obstacles);

1 The comprehension of their meaning; and

1 The projection of their status following a change in a variable (with sufficient
comprehenion of the system and appropriate understanding of its behavior,
an individual can predict, at least in the near term, how the system will
behave. Such understanding is important for identifying appropriate actions
and their consequences).

Dominguez et al (1994)® proposed that SA comprised the following four
elements:

1 Extracting information from the environment;

1 Integrating this information with relevant internal knowledge to create a
mental picture of the current situation;

1 Using this picture to direcfurther perceptual exploration in a continual
perceptual cycle; and

1 Anticipating future events.

Many factors can induce a loss of situational awareness. Errors can occur at
each level of the process. Taldlel82 lists a series of factors related tesoof
situational awareness, and conditions contributing to those @rrors

A loss of situational awareness could occur when there was a failure at any one

" Endsley, M. R. & Jones, W. M. (2001). A model of intand intrateam situation awareness: Implications for

design, training and measurememt.M. McNeese, E. Salas & M. Endsley (Ed®\gw trends in cooperative
activities: Understanding system dynamics in complex environm@atgéa Monica, CA: Human Factors and
Ergonomics Society.
8 Dominguez, C. (1994). Can SA be defined? In M. VidulichP8minguez, E. Vogel, & G. McMillanSituation
awareness: Papers and annotated bibliografy. 516). Wright-Patterson AFB, OH: Armstrong Laboratory.
Flight Safety Foundation. (2009)ré&vresourcemanagemenOp er at or 6s gui de tioo. human f
Alexandria,VA: Author.Also see
http://www.skybrary.aero/index.php/Situational_Awareness_%280GHFA_BN%?29
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of these stages resulting in the pilot and/or crew not having an accurate mental
representation ohe situation.

Tablel.182 Factors involved in loss of situational awareness

1 Data are not observed, either because they are difficult to observe or becau
observerb6s scanning is deficient du

- Attention narrowing

- Passive, complacent behavior
- High workload

- Distractions and interruptions
- Visual lllusions

 Confirmation bias:

- Information is misperceived. Expecting to observe something and focusing
attention on that belief can cause people see what they expect rather than v
actually happeimig.

1 Use of a poor or incomplete mental model due to:
Deficient observations
Poor knowledge/experience

Use of a wrong or inappropriate mental model, eediance on the mental
model and failing to recognize that the mental model needs to change.

Human oprators may interpret the nature of the problem incorrectly, which
leads to inappropriate decisions because they are solving the wrong problem (an SA
error) or operators may establish an accurate picture of the situation, but choose an
inappropriate coursef action (error of intention).

Endsley (1999) reported that perceptual issues accounted for around 80% of SA
errors, while comprehension and projection issues accounted for 17% and 3% of SA
errors, respectively. That the distribution of errors was sewgerceptual issues
likely reflected that errors at Levels 2 and 3 will lead to behaviors (e.g., misdirection
of attentional resources) that produce Level 1 €ftors

St. John and Smallman (2088)noted that SA is negatively affected by

8 Endsley, M. R. (1999). Situation awareness in aviation systems. In\§is&, V. D. Hopkin, V. D., & D. J.
Garland, (Eds.)}Handbook of aition human factorgpp. 257275). Mahwah, NJ: Lawrence Erlbaum.

8 StJohn, M. S., & Smallman, H. S. (2008). Staying up to speed: Four design principles for maintaining and
recovering situation awarenegsurnal of Cognitive Engineering and Decision hitag, 2, 118139.
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interruptions andnulti-tasking. One of the difficulties of maintaining SA was to
recover from a reallocation of cognitive resources as tasks and responsibilities
change in a dynamic environment. In many respects, interruptions andaskitg
introduce conditions for @nge blindnes$ or problems with cue acquisition,
understanding and utilization.

For a pilot, situational awareness means having a mental picture of the existing
inter-relationship of location, flight conditions, configuration and energy state of the
aircraft as well as any other factors that could be about to affect its safety such as
proximate terrain, obstructions, airspace, and weather systems. The potential
consequences of inadequate situational awareness inClkilde loss of contral
airspace infringeent loss of separatignor an encounter wittwake vortex
turbulence

There is a substantial amount of aviation related situational awareness research.
Much of this research supports loss of situational awareness mitigation concepts.
These include the need to be fully briefed, in order to completely understand the
particular task at hand. That briefing should also include a risk management or threat
and error management assessment. Another important mitigation strategy is
distraction management. It is important ma@nimize distraction, however if a
distractonham ccurred during a particular tas
whether the intended sequence has been followed.

1.187.3 Stress

Stress can be defined as a process by which certain environmental demands
evoke an appraisal process in which percededand exceeds resources and results
in undesirable physiological, psychological, behavioral or social outcomes. This
means if a person perceives that he or she is not able to cope with a stressor, it can
lead to negative stress reactior&tress can havenany effects o n a ©pilo
performance. These include cognitive affects such as narrowed attention, decreased
search activity, longer reaction time to peripheral cues and decreased vigilance, and
increased errors performing operational procedtifés® ¢ 87,

82 Change blindness is the striking failure to see large changes that normally would be noticed e&SityoS&eD.

J., & Rensink, R. A. (2005). Change blindness: Past, present, and futumrds in Cognitive Sciengel 16-20.

Sdas, E., Driskell, J. E., & Hughes, S. (1996). Introduction: The study of stress and human performance. In J. E.
Driskell & E. Salas (Eds.Btress and Human Performangp. 1-46). Mahwah, N.J.: Lawrence Erlbaum.

Salas, E., Driskell, J. E., and Hugh&s (1996). Introduction: The study of stress and human performance. In J. E.
Driskell and E. Salas (Eds$tress and human performancklahwah, New Jersey: Lawrence Erlbaum
Associates.

8 Hancock P. A., & Szalma J. L (2007). Stress andperformance.ln P. A. Hancock & J. L. Szalma(Eds.),
Performancaunderstress(pp. 1-18). Aldershot, UK: Ashgate.

Hancock, P. A., and Warm, J.S. (1989). A dynamic model of stress and sustained attentian. Factors31,
519538.

87 BoagHodgson C. (2010). Topi 12: StressATSB human factors cour§ep.1-12). Canberra, ACT: ATSB.
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http://www.skybrary.aero/index.php/Wake_Vortex_Turbulence

Stress management techniques include simulator training to develop
proficiency in handling nomormal flight situations that are not encountered often
and the anticipation and briefing of possible scenarios and threats that could arise
during the flidit even if they are unlikely to occur (e.g. engine failure). These
techniques help prime a crew to respond effectively should an emergency arise.
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Chapter 2 Analysis

2.1 General

The flight crew were properly certificated and qualified in accordance with
applicable Civil Aviation Regulations, Republic of China. There was no evidence to
i ndicate that the flight c¢crewbs perfor
pre-existing medical conditiongatigue, medication, othedfrugs or alcohotluring
the ocurrence flightVisual meteorologicakonditions (VMC) prevailed at the time
of the aircraftodés departure. No adver si
The analysis addresses safety issues associated with aircraft airworthiness, flight
opemtions, including crew training, and human factors issues, such as crew resources
management The GE222 investigation had identifiedpecific areas for
improvementin the TNAGs saf ety ma nandedfanteraneéssofp r o C ¢
CAAOGs r egul atactiwvitiessas they wilenotlbe discussed further in this
analysis. Those safety issues were still being addredste time of the GE235
occurrence.

2.2 Airworthiness

2.2.1 Aircraft Systems and Powerplant

T h e ai cedificadefof ainsorthiness anegistration were current at the
time of the occurrence. The occurrence aircraft was dispatched at Songshan Airport
with no known defects and was in compliance with all applicable Airworthiness
Directives and Servi ce BulalntenmancerrecordsA r «
before the occurrence flight revealed that there were no defects reported that related
to ENG 2automatic feathering system.

The wreckage examination indicated that the aircraft damage was the result of
impact forces. Posmpact examiation of the engines indicated no fmesting
anomaliesaffecting their normal operation. However, the CVR and FDR data
indicated that ATPCS had not armed during the initial stage of the take off roll but
then indicated that it had armed later in the @i#eoll. During the initial climb an
uncommanded autofeather of the ENG 2 occurred.

The ATPCS, AFU, and related components were examined and {Estede
signal continuity relevant items including wiring harnesses and torque sensors were
also checkedThe continuity of wiring harnesses were checked normal. Among the
four torque sensoft’ that were examined, the left torque sensor of ENG 2 which

8 Each engine contained two torque senstirs No. 1(left) and No. 2(right) sensor The left torque sensas
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connected tAAFU No.2was found a coil winding open circuit. Theray analysis
(see Figure 1.180) of the smesor indicated that the coil wires had broken at the
outside of the bend due to the impact.

The AFU examination results indicated that teenpromisedsoldering joints
inside ENG 2 AFU which formed part of the connection betwdeNG 2torque
sensor and th&FU No.2hadincreased an unstable signal path resistance, therefore,
may haveproduced an intermittent discontinuity of the torque sig@ahtinuity of
the signal was required to ensure that the ATPCS system funcéisreegbectedlhe
disrupted signgbrobably resulted in the uncommanded autofeather

2.2.2 ATPCS and Uncommanded Autofeather

The purposeof the ATPCS wago automatically feather the propeller during
take offin the case oénginefailure,and thenncrease engine power (uptrim) to the
opposite operating engineThe ATPCS monitors both engine torque signals, when
one engine decreased below 18.5 percent rated tdropakcates the engine failure
Arming of the ATPCS also required that torcgignal on both engines was greater
than 46%. Theperation of the ATPC®ould berendered unreliable if the torque
signals transmitted to the system were disrupted intermittently or otherwise.

Postimpact testing of AFU No.2 revealed thathe resistance exceeded the
CMM threshold The measured resistangalues for pins J and H, which were the
connecting points between the torque sensor and AFU, fluctuated and were higher
than the prescribed values in CMM when the ribbon was moved by hand.
Intermittent signal discontinuity produces an unstable torquealkig AFU and can
adversely affect the functioning of the ATPCS, including unreliable arming and
inadvertent or uncommanded autofeathering

At time 1051:43 as recorded by the CVR, the flight crew announced that the
ATPCS was "not armed" aake off powerinitiation. However, the FDR data (see
Table 2.11) indicated that all the conditions required for arming the ATPCS had
been met. The abnormal staiten beexplained by thealiscontinuity betweenthe
AFU No.2and the torque sensdihediscontinuity interupted the torque signal path
to the AFU and caused the ATPCS to indicate that it was not armed. Eight seconds
later (1051:51), as recorded by the CVR, the flight crew announced that the ATPCS
was now ARMED. This symptom was consistent with a tempatiacpntinuity that
persisted for about eight seconds. During the climb through Ife2@@s recorded
by the CVR and FDR, the master warning sounded associated display of the "ENG 2
FLAMEOUT AT TAKE OFF' procedure, the ATPCS autofeather sequence
completed,eading to the uptrim dENG 1followed by the feathering of tHENG 2
propell er. However, all oI wdeeh@mabemrep ar :

connectedo the AFU andhe right torque sensor is connected toER«.
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the ATPCS sequence was triggered. This symptom was also consistent with a
temporarydiscontinuity betweenthe AFU No.2and the torque sensdrhe technical
events that contributed to the occurrence were all consistent with intermittent
discontinuity in theAFU No.2

Table 2.11 FDR data related to ATPCS

Time AIR/GND |PWR |PLA_ |TQ_No. |PLA No. |TQ _No.2

(hh:mm:ss)| mode MGT No.l1 |1 (%) 2(deg) (%)
Switch | (deg)

10:51:43 | GND TO 749 |83.8 74.2 84.7

10:51:52 | GND TO 749 [89.9 74.2 90.3

10:52:37 |AIR TO 74.9 ]100.9 74.2 89.6

The intermittendiscontinuity of AFU No.2 produced the unstable behavior of
the ATPCS which reswdtl in the uncommanded autofeather ofEN&G 2propeller

2.2.3 Autofeather Unit Quality

A few days after the GE235 occurrence, another TNA ATR72 crew
experienced an uncommanded autofeathdéiight. That ai rcr aft dés A
as AFUNo. 3 was remweed and sent to the manufacturer for test and examination.
The results revealed a similar discontinuity problem as fouAéuh No.2

The serial numbers AFU No.2 and AFU No.3 were RT2362 and RT2354
respectively. The date of manufacturing of these twtJa was in the same week,
the fifteenth week of 2013 he AFUs had been in service since March 2014 and
April 2014 respectivelyand theservice periodS were less than one yeaiThe
similar compromisedoldering jointsverefound in these two units.

The engine manufacturer (P&WC) had been aware of AElated technical
Issues causing uncommanded autofeathamnts since2005 and proposedBs
starting from 2007Investigation of the AFUs from those events revealed that some
of the units exhibited cracks ime soldering of the J1 and J2 connectotsosE
cracks were believed to have caused momentary electrical disruptions leading to an
uncommanded autofeather. In resportbe, manufacturer issued varioasrvice
bulletins and service information letters to perators recommending unit
modification and/or information to address the AFdlated autofeather events.

SB No0.21742 advised that "Aging of the Autofeather Unit (AFU) electrical
connectors and interconnect ribbon solder joints can lead to loss of sgmad'.
The manufacturer recommendedplementingthe service bulletin actions before

8 According to the TNAthe ®rviceperiodof AFU SN RT2362was from28 March 2014to 4 February2015, SN
RT2354was from8 April 2014to 21 Felruary2015.
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the AFU had accumulated 12,000 flight hours, or before 31 July 2010, whichever
occurred last. SIL No. PW1e038 and PW10ad47 provided further information
regarding theonverter inspection, installation and soldering to its mounting board.

In addition, AFU testing requirements were improved via testing at different
temperatures (low, high and ambient) and vibration testing. These new instructions
supplemented the reviséustructions introduced for the J1 and J2 connectors and
interconnect ribbons testing and inspection. The above maintenance actions were
included in the latest CMM version.

With reference torable 1.162, the total flight times of bothFU No.2 and
AFU No.3 were 1,624 flight hours and 12fight hours respectively. Compared to
the engine manufacturer's recommended inspection time of 12,000 flight hours,
these two AFUs' had accumulated time far below the manufacturer's inspection
recommendation. This ggested that the causes of intermittent continuity failure of
the AFU may not only be related to aging, but also to other previously undiscovered
issues. The current technical countermeasures implemented by the engine
manufacturer to address the AFU couiiy problems wer@ot sufficiently effective
and require further solutions. During this occurrence investigation, the engine
manufacturer, Pratt & Whitney Canada, informed the investigation team that a
product improvement was made to the da@ther conbl and is currently
implemented into all new production engines. Also, for the existing engines in
service, a Service Bulletin, SB21880 (see Appet8)xwas issued in October 2015
to replace the autfieather control with the improved ane

2.3 Flight Opeations
2.3.1 ATPCS Policy and Procedures

Af ter the brakes were released and
NOTCH6 and wWw&MAannounced aAiRV2600takedife d,
standard operating procedures required &M20 check the€S anno
A R M @&s the throttle was advanced for take off in the occurrence flight, Captain B
(PM) noticed that theATPCS was not arme@dnd he responded correctly by
announcing that. The PM then announced
Captain A (PF) Wo then decided to continue the take off with the assent of the PM.
The CVR indicated that the PM announced thatXheCS had armedbout seven
seconds before the aircraft reached V1 speed.

TNAOGs AQ0ORe&epolicy permitted flight crews to continine take off if
the ATPCSpushbuttond A R Nigit did not litas long as RTOW had been checked

% EMA: flight modeannunciator.
1 CM2: crew member 2. The initial section of the take off B©refers to CM1 and CM2. Part way through the
checklist the flight crew identification terminology changes to PF and PM when V1 is announced.
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before take off and the operation of the aircraft was modified in accordance with the
procedures promulgated by compaeghnical circulamNo. m1010604x issued in
2012The TNA flight crew training supervisor informed the investigation that those
technical circulas only applied to the500 aircraft not the600 aircraft. The

c o mp any 6600 policRrédqired crews to reject the take off if the ATPCS did
not 0 @R déws were trained to perform this procedure. In addition, the
ATR72-600 pilots (including IPs, CPs, captains and first officers) who were
interviewed also stated that they would abort the take off in such circumstances.

The occur r enc aecisioh iwgshnot consistewtdwith these
expectations. However, there were no documented company policies, instructions,
procedures, or notices to crew for ATRBQ0 operations communicating the
requirement to reject the take off if the ATPCS did nat.adbnt he contr ar vy,
ATR72-600 normal check list stit equi red fl i ght crew to
MTOW was below the RTOW before take off because that was the criterion for
determining if a take off could be continued in the event of the ATPCS natgarm
That may have indicated #600 flight crew that thec00 ATPCS take off procedures
in the event of the ATPCS not arming could apply. That discrepancy and potential for
confusion had not been identified before the occurrence flight.

As of the date ofthe occurrence, Captain A and B had accrued 250 and 795 fly
hours on the ATR7-B00 respectively. They had previously accrued 3,151 and 5,687
fly hours on the ATR7-500 respectively. They were comparatively new to-@o®.

It was possible that their prams on the-500 fleet had transferred across to
operating the600. However, there was no evidence the occurrence flight crew
reverted substituted othes00 procedures before or after the ATPCS not arming.
Therefore, it seemed more likely that the alesenf a formal, documented company
policy that was enforced and consistent with the reported ATPCS training-@9the
created an opportunity for misunderstanding

The aircraft manufacturer issued two OEBs, "Uncommanded-featber
-500" and "Uncommandedutofeather-600" after the GE235 occurrence. Both
OEBs promulgated the same normal take off procedure for ATPCS discrepancies:
"At take off, the ATPCS must be checked armed and announced. If it is not armed
while both power levers are in the notch,iorthe case of intermittent arming /
disarming of the ATPCS, the take off must be rejécitese two OEBs would
have provided a clear directive to TNA that all ATRS@0/600 crews were to reject
the take off if they encountered any ATPCS discrepancies.

With reference to TNA ATR7500 MEL, item 222, the ATPCS may be
inoperative provided operations were conducted in accordance with the airplane
flight manual supplement 7_02.10: "dispatch with ATPCS off". According to that
procedure, the first item was select ATPCS OFF and bleed valves OFF, which
disabled the autofeathering function during take off. Had the pilots rejected the take
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off in response to the ATPCS not arming, and thedispatched the aircraft with
AATPCS OFFO as per subdsemueMBncommanded autbieather, t
would not have occurred

2.3.2 ATR RejectedTake off Policy

During the investigation, the ATR provided a statement of the SOP policy
regarding the checks performed duriiagse off and focus on ATPCS checks (see
Appendix 8). The ATR stated thathe purpose of the Standard Operating
Procedures (SOP) is to ensure the aircraft is in the appropriate configuration for
all phase of flight, including takeff. By definition, any check not completed halts
the procedure anthke of cannot proceed. This is the industry noifthe ATR also
provided an Airbus 3xx SOP tdke offto show how another manufacturer deals
with SOP. It is noted that Airbus does not list all the conditions leading to a rejected
take off but write the genergbolicy as an operating technique. However similar
i nformation was not documented i n ATRG
information or policy announcement in the manufacturer FCOM is required so that
a rejectedake offprocedure may be clarified.

Furthermore, although ATR72 AFM 5.03 has a rejedi@kke off procedure
described as an abnormal procedure, it is associated with one engine inoperative
condition only, and the rejectaedke off procedure was not described in the ATR
FCOM. It is required toaview the manufacturers AFM to ensure that a rejected
takeoff procedure is applicable also to both engine operating and should be
described as an abnormal procedure in the FCOM

2.33 Handling of Emergency Situation
2.33.1 Failure Identification

At 1052:3.3, when the aircraft commenced the right turn and whsbing
throughl,200 feet, the master warning light / sound annunciated in the cockpit and
the "ENG 20UT" red message was displayed on the Engine and Warning Display
( EWD) . Accor di n-®00tAmmormaNahd Emedn& SOPs, section
26.1, flight crews were advised to it al
acting. o W th reference t &00FlghtcCeedur es
Operating Manual ( FCOM)ming @ praceslwe] thetclew t i
must assess the situation as a whole, taking into consideration the failures, when fully
i denti fied, and the constraints i mpose:
flight path and assess the remaining aircrafabdjies.

TNAOSs AJORAbAormal and Emergency SOPs provided a failure
Il denti ficati on process t o assi st C
WARNI NG/ CAUTI ONo Captain B, as the PM,
warning and call out the item flashing the EWD. That meant that the required

r
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I nitial actions by the PM in the occur:H
WARNI NGO and O6ENGI NEB 2f oOUTo weN FMiMsecanc
master warning and then announcing the fault or type of evehe@ystems display

page Captain A, as the PF, was then r1ec
acknowledged the failure and when abl e
analysis checks must be performed for failure confirmation after the PF calls

O SYBM CHECK®G. However, the CVR transcr
foll owing the master warning, the PM s
failure identification process, approximately 4 seconds after the master warning
occurred, the PF retaed theENG 1power lever (PL1) to a power lever angle (PLA)

of 66.4 degrees and then said "I will pull back engine one throttle". This was
consistent with the PF assessing the situation and responding without any input from
the PM as per the documentedidee identification and confirmation process.
Thosehastyactions resulted in the cancellation of the uptrimmed pow&NG 1
which reduced the enginebds torque from

The flight crew failed to perform the appropriate dad identification
procedure before the PF reduced power on the operative engine. This premature
action led to confusion in the cockpit. The PM called for a cross check and an engine
flame out check but the PF did not address those items. The PM subkecpited
an auto feather and confirmed tltG 2 flameoutbut the PF had already retarded
PL1 to 22% torqueThe aircraft stall warning system then activated and then
confusion was prevalent as the PF called the shutdoNGf 1 By the time the
PM annainced engine flameout on both sides and an engine restart was attempted,
the aircraft was at an altitude from which recovery was not possible and a stall and
loss of control followed.

2.33.2 Utilization of Autopilot

TNAGs AOORAbribrmal and Emergegnc SOPs st ated t ha
emergency or abnormal procedure directs the pilot to disconnect the auto flight
system, it is recommended that it be used as much as possible during these
situati ons 6600 FCOM alsATiriicaked that use of autopilst i
recommended in order to reduce crew workload and increase safety.

The FDR indicated that the autopilot was engaged at 1052:16 and it was still
engaged when the master warning occurred. The CVR indicated that one second
after the master warning sounde@ptain A (PF) called out "I have control". Two
seconds later the autopilot was disconnectéeére was no call out or conversation
between the flight crew about autopilot disengagements. Based Bbfhaata and
the ATR72 autopilot disengagement logarmlysis (see Appendixl4), the Safety

92 FWS:flight warningsystem.
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Council concludedhat the PF disconnected the autopilot when he had taken manual
control of the aircraft.

Part 1.04.20 of the ATR7@00 FCOM indicated that when the autopilot was
engaged, the pitch, roll and yaw actuatwere connected to the flight controls, the
pitch auto trim and yaw auto trim function were also activated. This meant that the
ATR72-600 auto trim system automatically compensated for the yaw moment
induced by an engine failure and back drove the nuple@als in the cockpit.

As recorded in the FDRAter the autopilot was disengagdlde PF frequently
applied trim control. In addition, the speed decreased due to the fact there were no
more engine power and that the aircraft was maintained in a ctirhida.\When
the flight crew tried to follow thengine-out standardnstrumenteparture (EOSID)
after the master warning, the aircraft
(PM), but the PF continually turned to the left after passing throhglading of 095
degrees. If the autopilot Hanot been disengaged at this point in the flight, the
autopilot would have maintained heading 092 degrees and subsequently reduced the
crewbs workl oad.

The PFO6s decision to di s ctedmstemadter t he
warning increased the PFO6s subsequent
and cope with the emergency situation

2.34 Non-Compliance with Procedures

TNAOGs &AOOORmMemory items fonanginenumber Zlame out at take
off ("ENG 2 FLAME OUT AT TAKE OFF") required the PF to announce the failure,
maintain aircraft contr ol at all ti mes
I tems. O The PM shall confirm and cal
OAUTOFEATHE R 0 e dctivated &nd displayedson the EWD. Landing gear
OUP6 and OBLEED 1 + 206 were to be confi
then to adjust the aircraftos atgd.tude

However, the CVR transcript arféDR readout showed that the PF did not
command Aengine fl ame out at take off
i tems and called out dAdAengine fl ameout
22 seconds after the first master warning had annuncibitedPM then verified the
activation of the ATPCSrinsyesgauté ea@aé hamnd ye:
1053:02.

|l nstead of adjusting t hegoasperS&SOPRs,fthe 6 s
PF retarded power lever No. 1 (PL1) as indicatgdalpower lever angle (PLA)
reduction from 66.5 to 49.2 degrees between 1053:05 and 1053:07. The aircraft
continued to climb and airspeed subsequently decayed even though the PM alerted
the PF about the airspeed and called out "okay now number two etlagmeniit
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confirmed”. The flight crew did not follow th&NG 2 flameout at take off
procedures. The FDR readout showed BNG 1torque was reduced from 82.2% to
24.4% between 1053:05 and 1053:12. The power reduction on the operative engine
resulted in theairspeed decaying until the stall warning systems, including audio
alert, stick shaker, and stick pusher activated several times.

The engine flame out at take off procedures also required that, on completion of
relevant memo items and afteg¥ was acquieed, the PF could then begin to shut
down the affected engine when the flight path was stabilized. However, the CVR and
FDR indicated that the stall warnings had activated befprgWas acquired but the
PF commanded the shutdownENXIG 1 That indicatedhat the PF skipped several
required memory items and attempted to shut déiN® 1when the flight path was
not yet stabilized.

Part 03.02.03 of the ATR FCTM described the detailed crosscheck procedures
and standard callouts for shutting down the affeetegine. The following actions
and callouts were required for shutting down an engine (example Ush&GI2):

(@) Whentheflightcrewdecidd o r et ard t he affected
point at the affected si debshythd ano
PM, foll owed by a response of Aco
gently to the flight i1dle position

(b) When the flight crew decides to retard the affected side CL, the PM should
point at it a&mdtdhaeael IPFAiCh2Tk.s Afntd c ¢
should then retard CL2 to the feathered position and then to the fuelfEhut
position and cal-6f oat Afeat her, f ue

During the shutdown dENG 1, the flight crew used nestandard processes
and calbuts in a noisy cockpit environment with frequent stall warnings. This
deprived the crew of an opportunity to systematically assess and review the situation
to ensure that both crewmembers understood thagsaof thrusthad occurred on
ENG 2

The CVRand FDR showed that PL1 was further retarded to 34.5 degrees PLA
at 1053:18 and CL1 was retarded to the shut off position at 1053:24. The resultant
torque orENG 1reduced to 0% at 1053:2Theloss of all engingpower combined
with pitch attitude led thaircraft angle of attack to reach the stall warnings threshold.
Ultimately the aircraft entered a stall from which the crew were unable to recover.
The PFO6s unannounc e dENG 4 dsuacrésultcis sonfusion p o \
regarding the identification dmnature of the actual propulsion system malfunction
led to the shut down and featheringe®iG 1propeller. It appeared that the PM had
not detected that the PF had once again manipulated PL1. Tioemphance with
critical abnormal and emergency SOBsuited in confusion in the cockpit and led to
the operative engine being shut down. Had the crew followed the SOPs they would
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have increased the likelihood of jointly and correctly identifying the propulsion
system malfunction and would have been in atpwosto restart that engine if there
were no symptoms of damage. If the crew had nothing more than cam&faNG2

loss of thrustind returned to land using the remaining engine, the occurrence would
not have occurred.

The GE222 investigation reporadh identified that flight crew neocompliance
with SOPs was a systemic problem at TNA. Within 7 months of the GE222 accident,
the GE235 accident occurred, and +wmmpliance with procedures were again
identified not only during the occurrence flight butimerviews with company
pilots.

A summary of norcompliance with SOPs and/or company expectations or
nonconformance with safe practices identified during the occurrence flight
included:

1 Non-compliance with sterile cockpit rule during taxi
1 Did not briefengine out procedure duringkeoffbriefing;

1 Did not comply with theundocumented company expectattonreject the
take off if the ATPCS did not arm during ttekeoffroll (ATR72-600 only);

1 PF unnecessarily disconnected the autopilot after the masaring
sounded,

1 PF did not positively identify propulsion system malfunction before taking
action;

1 Crew did not perform thENG 2 flameout at take off procedwerrectly.

The noncompliance with procedures deprived the flight crew of an opportunity
to manage the emergency correctly and efficiently. Their actions further complicated
the situation, substantially increasing their workload, and a manageable situation
eventuated in a stall and loss of aircraft control. The repetitive and recurring
non-compliarce with SOPs identified again in this occurrence and by previous ASC
investigations of TransAsia Airways ATR accidents (GE222) and serious incidents,
indicated that nomwompliant behaviors were an enduring, systemic problem and
were consistent with a po@af ety cul ture withilThe t he
recommended remedial measures by the airline and CAA were in progress or had
not been implemented, and/or were not effeciral/or followed up by the time the
GE235 accident had occurred.

2.35 Aircraft Recovery

The simulation testing indicated thiée time required to restaBNG 1was
about 25 to 30 seconds after the restart procedure was initiated. However, the stall
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warnings, including the stick pusher activated during the process with an dtigade
of up to 900feet

By the time the PF had realized he had shut down the wrong e\t J)
and the crew attempted a restart, the aircraft was at an altitude of approximately 550
feetor 25 seconds to impact, which wasufficient for a successfuéstart and fly
away. The aircraft stalled during the attempted restart at an altitude from which the
aircraft could not recover

During the simulation test (refer to 1.16.2), the investigation team found that
the flight director bars provided a nesp gudance contrary to the stick pusher
nosedown inputs in stall test. Although the influence of the flight director
indication was not demonstrated in the occurrence flgtu the logics of ATR
flight director bars are consistent with other aircraft typéhiwthe industry the
flight director bars were in contradiction with the inputs to make in this situation
and thus may disturb the crew. The Safety Council believes a review of the
functional or display logic of the flight director is requiradindusty level so that
it disappears or presents appropriate orders when a stall protection is automatically
triggered.

2.36 Human Factors Perspectives ofFlight Crew Performance

2.36.1 Flight Crew Performance

The flight crew could hava&lentified the ENG 2dss of thrusand maintained
control of the aircraft if both crew members had shared a correct understanding and
recognition of the propulsion system malfunction. The aircraft had significant
performance and control margins and would have had no difficlutiying clear of
obstacles and returning to land on one engine. Furthermore, the SOPs permitted a
restart attempt if the crew assessed that the inopeENG 2was not damaged. In
that instance, if power teNG 2had been restored, the crew would hbad both
engines operating and no difficulty returning to land.

The flight crewbdbs performance refl ec
A Ppulsion System Malfunction + Inappropria@¥ew Response (PSM+ICR)
report, US. Army study, and other human faxd issues identified in the literature. In
addition to norcompliance with SOPs, there were:

1 significant diagnostic discrepancies between crew menilieFsdid not
recognize the propulsion system malfunction from the symptoms, cues,
and/or indications wit a resultant misdiagnosis. While the PM identified that
ENG 2 had experiencealloss of thrusthe did not detect the subsequent shut
down ofENG 1 by the PFdthough the CVR indicated that the PM corrected
the PF about retardimgpwer leverduring theinitial stall warning sequence;

1 the PF did not assess the several sources of data that were available or utilize
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the PM effectively in the diagnostic process;

1 failuresto properly control thaircraft after the initiapropulsion system
malfunction that sould have been with their capabilities to handle;

1 areas for improvement in crew training which did not appeadtivess the
malfunction characteristics (auditory and visual cues) most likely to result
in inappropriateerew response;

1 an uncommanded powmss, which was the most common technical event;

1 PF shut down the wrong engine in responsantengire malfunctionand

1 thePF was too hasty in his response to the situation

2.36.2 Diagnostic Erors

The flight crew errors prevalent in the occurrenaght reflected the types of
errors that occurred in other accidents and included errors in integrating and
interpreting the data produced by propulsion system malfunctions were the most
prevalent and varied in substance of all error types across evéeteribr data
clearly indicated that additional training, both event specific and on system
interactions, is required.

The PM initially appeared to comprehend that the propulsion system
malfunction waselated tcENG 2but the PF did not have the same ustinding of
the situation. Rather, the PF became fixatedbit 1and did not respond to the
i ndi cations on the EWD or ENGRehebdérnger v er
did not appear to understand what was happening giverhéhatas still under
ATR-600 differences lingraining for the aircraft even though he was a very
experienced pilot overall. All three crew members became confused by what was
happening, particularly after both engines ceased operating as a result of the PF
shutting down the opetisge ENG 1 The aircraft entered a stall during BBIG 1
restart attempt . The PF finally real:
throttleo at a point where the aircraf

2.36.3 Stress andMental Preparation

In order to minimie the response times and ensure the most appropriate
decisions in the event of an emergency, it was a company requirement and an
industry practice that pilots conduct a {pa&e off briefing. This briefing includes
mentally reviewing the emergency proceskiand deciding on the conditions of
airspeed, height, rate of climb and/or aircraft configuration that must exist in order to
continue the flight in the event of an engine failure. The pilots should endeavor to be
mentally prepared to act, so that if aigme failure occurs at a critical stage of flight,
an accurate assessment and response to the failure is implemented.
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Sudden and unexpected hazardous events are stressful for flight’clewfs
the flight crew is not able to cope witlne stressas, it can lead to negative stress
reactions, such as poor awareness, inaccurate decision making, reduced perception,
illogical reasoning, low self control, and reduced vigilafic€®. Abnormal and
emergency SOPs are, in part, designed to provide a methodiaakrfor handling
stressful events, including an uncommanded autofeather after takeoff.

Captain AOGs ¢ omma n-®00 diffegemcasdraining recbrdsAT R 7
within one year of the occurrence, contained several negative comments by IPs
and/or CPs on hisnglerstanding and performance of single engine flameout at
takeoff procedures. Even though Captain A finally passed the command upgrade and
type differences training, there were indications that his ability to handle an engine
failure at takeoff was margial.

The CVR indicated that Captain A (PF) did not brief or review the engine
failure procedure during the take off briefing or the company expectation that the
take off should be rejected if the ATPCS failed to arm in the AFT6O0®Rduring take
off. The crav were not as mentally prepared as they could have been for the
autofeather condition they had encountered in the absence ofakereff briefing.

In addition, thorough system knowledge of the ATPCS may have indicated to the
crew that its failure to armarlier during the take off roll could be an indication of a
more serious problem.

Captain AGs margi nal ability to hani
stress, andack of mental preparation for the occurrence flight may have had a
bearing on:

1 Captain A misidentifyingENG 1 as the malfunctioning engine even though
Captain B announceING 2flameout;

1 Captain A omitting several required items in the single engine flameout
procedure and diverted his attentiorefdG 1throttle; and

1 Maintaining an apmpriate airspeed not only for single engine operations but
also above the stall with both engines inoperative. Captain A did not detect
that airspeed was approaching the stall.

9 Civil Aviation Authority. (2014, October)CAP 731i Flight Crew Human Factorsdandbook London, UK:

CAA.

Strauch B. (2002). Investigating human error: Incidents accidents, andcomplex systems Aldershot, UK:

Ashgate

AStress and Stress Mana@pareatt®dr dasr tGucil dee itnoc | @A%Radn i Fa ct
Flight Safety Foundation.

P.A. Hancock and J.L. Szalma. Chapter 1 Stress and Perfornexdermance Under Stregsublished by

Ashgate Publishing Limited, 2007.
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2.36.4 Flight Crew Training and Competency Issues

After retiring from the miltary, Captain A had joined another local airline in
September 2009 as a trainee first officer on the A330. His A330 initial transition
training records indicated that he had difficulon multi-tasking, prioritizing,
making correct decisions, and perfongiiunder stress. After remedial training, his
performance remained unsatisfactory and his training was discontinued in March
2010.

Captain A subsequently joined TNA in August 2010. He successfully
completed initial ATR72500 first officer training, and theubsequent recurrent
proficiency training and checks. In April 2014, he met the criteria to be considered
for command upgrade selection. His performance during the selection process was
marginal. Captain A successfully completed his ground school andasimu
sessions during the upgrade training but failed the final simulator check in May 2014.
The unsatisfactory items were abnormal engine start, both hydraulic systems loss,
and single engine approach-ga ound . The check airmandt
incomplete procedure check and execution; and insufficient knowledge of
emergency procedures.

After further training, Captain A passed the recheck in June 2014, and was
promoted to Captain in July 2014. During his subsequent line training, certain
instructorsnoted that because of his insufficient knowledge and confidence, he was
hesitant in responding to Aboth EEC f a
emergencies during the oral test, and was prone to be nervous when conducting
certain procedures @answering questions.

In October 2014, Captain A attended ATRY0 to-600 differences training in
Singapor e. hhay need extragrainatg eadf ther t he si mul a
an i1 nstruct ochéck engidlameeutdt-take bff cdllout ad task
sharing and gearound single engirieon 31 October 2014This indicated that
Captain A had completed thiaining but may need extrarainingin next training
sectionor checkto validatehis handling an engine flame out at take off and single
enghne gearound. Captain A demonstrated above mentioned items again and passed
the next section check on 2 Novieen 2014.

Captain AOGs ¢ omma n-®00 diffegemcesdiraining recbrdsAT R 7
within one year of the occurrence, contained several negative eatsirby IPs
and/or CPs on his understanding and performance of single engine flameout at take
off procedures. Even though Captain A finally passed the command upgrade and
type differences training, there were indications that his ability to handle areengin
failure at take off was marginal.

Captain AOGs performance during the oc
difficulties he had experienced during training, particularly when performing in
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stressful emergency situations and included the followegative stress reactions:
poor judgment; reduced perception; tendency to cut corners and skip items; and
narrowed or restricted the focus of attentiblowever, TNA did not effectively
address the evident and imminent flight safety risk that Captain Argezbs

At the time of the occurrencéNA pilots who performed unsatisfactorily
during training or checking activities were offered remedial training for the specific
failure items. However, no further review or follawp occurr ed i f
performare was satisfactory on the subsequent check. As a result, TNA did not have
a mechanism to identify thoseilots who had a recurring pattern of critical
performance deficiencie$f TNA had implemented an effective pilot performance
review program, they mayave been able to provide additional oversight of and/or
remedial training for pilots whose performance was marghualitional references
for air carriers to evaluate a flight
be obtained from the CAAI@I Aviation Medical Centet’ that provides relevant
ability indexes (e.g., simultaneous capatitgtress tolerand® using an established
assessment systéth In cases where pilots were still unable to consistently meet
the required standards and, in adamce with common airline industry practice,
the pilots flying duties should have been discontinued.

2.36.5 Command Upgrade Pocess

Captain A was promoted to captain in 2014 together with three other first
officers. A review of their upgrade processldraining identified that:

T 1 n accordance with the flight oper
panel should have comprised at least eight IPs&IRe timeto assess the
candidates initial oral test performanddowever, when the Captain A
attempte the upgrade selectiothe selection panel assessing@a pt ai n o
oral test performanceomprisedonly six ATR72 IPs/CPs.

1 Three of the upgrade candidates, including Captain A, attended and passed
the upgrade ground test on 12 May 2014 before they tiagbleted all the
required ground courses. That was not in compliance with the training rules
in theTNA FTMM.

" The Civil Aviation Medical Center (CAMC) is a neprofit service organization faaviaion personnel, which is
supervised by the CAAThe responsibilities of th€AMC include: aviation medicaéxamination health and
hygiene education; health care, disease prevention, general and special diagnoses; trainings for emergency rescue,
CPR and awtion physiology; psychological assessment and consultation, etc.

% Simultaneous capacity is defined as the performance achieved when simultaneously dealing with routine tasks
and tasks demanding cognitive performance such as problem solving.

% Stress terance is defined as the extent to which performance differs when dealing with corresponding routine
tasks under normal and stress conditions.

190 The CAMC psychological assessment system is partially developed on a basigiBkpket System Aviation
(ESA)0 of the SCHUHFRIEDCompany which contains tests for criteria relevant in the field of aviation
psychology, following the requirement of the JARC3.
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The airline did not follow its own procedures when selecting and training
Captain A for upgrade. TNAOSs oqedthdttha v a
command selection upgrade process had been compromised.

2.36.6 Crew Resource Management and Crew Coordination

During the occurrence flight, several CRM and crew coordination problems
were observed throughout the occurrence flight.

Sterile cockpit environment

According to the CVR from 1041 to 1051, with the exception of performing
pre-departure procedures, Captain A (PF) had few additional interactions with
Captain B (PM) or the observer pilot. However, Captain B and the observer pilot had
a sgnificant number of technical discussions and demonstrations of aircraft systems
during the aircraftods push b atakk&off Thsr op e
was not in accordance with the sterile cockpit rule for that phase of flight. Even
though the intention of those discussions was to educate the observer pilot about the
aircraftodés systems as part of hi s f ami
were a source of distraction and may have impeded communication and team
building with Captain A. Those discussions may have resulted in the omission of an
appropriate pre¢ake off briefing.

Crew communication

Both crew members failetd obtain relevant data from each other regarding the
status of both engines at different points in theuorence sequencéhe failure by
the PF to integrate input from the PM highlighted the fact that inputs to the process of
developing a complete picture of relevant cues for understanding what was
happening and where can and often must come from othemoeenbers as well as
from an i n-deekingattiviyl] 6s cue

The quality of the crewbs perfor man
recognze theENG 2 loss of thrusand to respond to the situation by functioning
effectively as a team. The traigithe crew had completed, while meeting regulatory
requirements, was not best practice for a complex,-éngine turboprop aircraft
such as the ATR#800.

During the occurrence flight, several ineffective communication practices were
identified:

1 After the uncommande®&NG 2 autofeathang and between 1052:43 and
1053:07, it appeared that Captain B (PM) asked Captain A (PF) to wait or
delay his movement of the power leww. 1(PL1) until the cross check was
completed. While the PF momentarily delayed mmther retardation of PL1,
he later continued to reduce power BNNG 1 which was probably not
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detected by the PM until the stall warnings and stick shaker activated just
before the PF shut down the wrong engine without the required crosschecks.
The CVR irdicated that the PM attempted to instruct the PF to push the
throttle back up but the PF continued to shut d&NG 1. The PM did not
appear to challenge the PF about his actions;

1 At 1053:05, the PM observed the decreasing airspeed and reminded the PF to
Awatch the speedo. However, t he PF
The PM did not challenge the PF again in response to his inaction regarding
the reducing airspeed,;

T At 1053: 07, the PM announced fAnumbe
Even thoughte PF responded fiokayo, he di
because it was apparent that he still believed the affected engifd\ k.

The PF did not announce or confirm his belief that number one engine had
flamed out. If the PF had used clear feedlmsker SOPs, and announced his
belief thatENG 1 was the inoperative engine, it would have provided the PM
an opportunity to address the PFOs

1 ENG lwas shut down by the flight crew from 1053:15 to 1053:25. However,
flight c r e wed sonstamaldrd and tinglearwdeiring the engine
shutdown crosscheck processes.

Failure to utilize available resources

Unless the emergency procedures directed the crew to disconnect the autopilot,
it was recommended that it be used as much as possible doesg types of
situations. However, the PF disconnected the autopilot after the uncommanded
autofeather, which increased his workload. In addition, the AT&0tRaircraft was
equipped with anengine andwarning display (EWD) system, which clearly
indicatedthat the propulsion system malfunction was an inoper&fiNeé2 ( 6 ENG 2
OuUTOo) . However, the PF did not appear

Ineffective leadership

When the availability, competency, quality or timeliness of leadership does not
med task demands an unsafe situation can &fisgaptain A (PF), as the designated
pilot-in-command (PIC), was responsible for supervising the overall management of
the flight. However, after the uncommandedG 2autofeather, the PF was unable
to stabilizeand configure the aircraft correctly for single engine operations. He also
did not share his understanding of the situation and respond in accordance with SOPs,
which provided clear task management roles for each pilot. The absence of

101 wiegmann, D. A., & Shappell, S. A. (2003#.human error approach to aviation accident analysis:HTimean
factors analysis and classification syst&uarlington, VT: Ashgate Publishing, Ltd.
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leadership, in partgontributed to the confusion in the cockpit and the failure to
follow SOPs. However, Captain B (PM) as an experienced pilot did not intervene or
take-over to mitigate the abace of leadership from the PF.

2.36.7 TNA Crew Resource Management Training

Effective crew resourcemanagement (CRM) begins in initial training and is
reinforced by recurrent practice, assessment and feedback, and should be embedded

in every stage®of a pilotés training

The Taiwan CAA issued an Advisory Circular 3@05B on CRM or23 June
2004. The AC comprised guidance material to help airlines develop, implement,
reinforce, and assess CRM training programs. In addition, there were several sets of
widely available aviation CRM guidelin®& With reference to that material, and as
previously identified in the GE222 investigation, there were several deficiencies in
TNA6s CRM training:

1 TNA had not established a systematic CRM assessment process to determine
if their training was effective and achieving its goals. This may have
resulta in critical areas requiring reinforcement during recurrent training not
being identified and/or continuous improvements not being made;

1 Proficiency, competency and confidence in CRM instruction, observation,
and measurement requires specialist trainimg TRM facilitators,
supervisors, IPs, and CPs. However, TNA did not provide adequate CRM
i nstructor training so the instruct
practical CRM skills;

1 The practical application and demonstration of CRM skills dusinmulator
training depended | argely on the ex
views. TNA had not implemented a formal process for developing detailed
and standarded line orientedflight training (LOFT) training with specific
CRM objectives;

1 Audiovisual feedback during LOFT and simulator debriefings was generally
not utilized by TNA IPs. Such a tool can be very effective in assisting crews
to evaluate and improve their own CRM performance; Unlike some other
airlines, TNAOGs g adidmat indudeigohgmaa fhaorst r a

192 Federal Aviation Administratian(2004, January)FAA Advisory Circular (AC) 1261E - Crew Resource
Management Training/Vashington, DC: FAA.

103 1CAO Circular 217AN/132 (1989)1 Flight Crew Training: Cockpit Resource Management (CRM) and
Line-Oriented Flight Training (LOFT)Flight Safety Foundatiof009)Op er at or 6s Gui de t o Hu
Aviation; UK Civil Aviation Authority CAP 731 (October 2014jlight Crew Human Factors Handbqdkederal
Aviation Administratioris (FAA) Advisory Circular (AC) 1285D (13 March 2015) Flight Member Line
Operational Simulations: Lin®riented Flight Training, Special Purpose Operational Training, Line Operational
Evaluation, etc.
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(HF) course, with elements addressing some of the HF challenges associated
with command;

1 The CRM ground course training materials were very limited and did not
reflect current CRM research and industry best practice gards to
communication/ interpersonal skills, problawlving/decisioamaking,
leadership/followership, and critique, and so on. In addition, there was no
documented recurrent CRM course syllabus, learning objectives, or
length/training hour requirement.

TNA did not use widely available CRM guidelines to develop, implement,
reinforce, and assess their flight crew CRM training program. The occurrence flight
crewobs performance was <consi stent wi t
identified in the GE222 nvesti gati on, the CAAO6s ove
including CRM training, was in need of significant improvement.

2.36.8 Negative Transfer

An understanding of why the PF shut down HdG 1( t he Owr ong e
which was fully operative wasxplored. Hypotheses regarding the potential
I nfluence of t h e -emyind wainidg andp expevience W\&re mu
considered. Interviews with TNA ATR72 flight crew indicated thatENG 1was
not constantly used as the reference engine for simwatgide failure training and
checking scenarios.However Captain A had experiencesne previous
uncomnanded autofeatheeventsinvolving the ENG 1 duringa normal revenue
flight when he was a TNA first officer acting in the role of PM. The likelihood that
negative transfer adversely affENGRed t
autofeather was unable to be established.

2.3.7 ATR72 Differences Training Program andTNA Records Management

2.37.1 Training Program

TNAOGs A00Ro/AZR72600 differencesraining program was developed
in accordance with the European Aviation Safety Agency (EASA) ATR42/72 Flight
Crew QualificationsOperational Evaluation Board (OEB) report. There were
various types of ATR2-600 differences training programs depending@thpi | ot 0
total flight time, type experience, and the configuration and onboard equipment of
previous ATR72 aircraft flown. The two standard ATRG@ differences training
programs recommended by the OEB report includeidyband 10-day program.
The TNA ATR72-600 differences training program approved by the CAA followed
the 5day program defined in the OEB report. The differences training records also
showed that, at the commencement of training, the ATR instructors checked every
TNA pil|l ot 0s toegnsud thaf theg mdt theomesguisites for the Blay
training program. In addition to the ATR training, the CAA required that an extra
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simulator check be conducted bydasignatedexaminer (DE) or CAA inspector
following the ATR ground and simulataatning.

The TNA ATR72600 differences training program was compliant from a CAA
regulatory perspective. However, interviews with TNA ATRSMD pilots indicated
that pilots without advanced automation experience found the differences training to
be inadegate, especially in regard to FMS and electronic displays familiarization.
With reference to the GE235 occurrence, the CVR and FDR showed that Captain A
(PF) failed to utilize the autopilot and flight warning system to identify and manage
the emergency sitat i on. This may have been a
knowl edge, understanding and confidenc
systems, which may, in part, have been a function of insufficient differences training.
Captain Ab6s a themorclastoraf differanees kaining indicated that
he may need further training particularly for engine out operations. The CAA and
TNA need to reconsider if the currentddy ATR72 differences course and
subsequent line training is sufficient tosene that TNA flight crews are competent
to operate the ATRZ800 under all normal and nerormal conditions.

Furthermorethe flight instrumentdifferences of ATR72500 and ATR7z2600
Is from a conventional flight instruments including analog displaysa more
advanced avionic suite with PFD and electronic checkTisé vsual pattern and
information picked up by the crew in an emergency situation may not be retrieved
at the same location with the same display, althoughenGE235occurrenche
CVR evidenced that the PM callesut the proper engine flame out procedure
associated witlENG 2and that the PF was still mentioning BG 1 The Safety
Council believes it is required to study the content and the duration of the minimum
requirement regardgha difference course between a conventional avionics cockpit
and an advanced suite including enhanced automated modes for aircraft having the
same type rating.

2.3.7.2 Records Management

According to the aircraft flight operationre gul at i on s flightn d T
operationsmanual, TNA was required to establish a system to retain all flight crew
training records during the empl oyment

However, TNA flight crew training records showed that the AR®?Q
differences training records foall ATR72-600 pilots were not completely
maintained by TNA. The TNA training department assistant manager advised that
the differences training records were kept at ATR training center in Singapore.

TNA failed to maintain the differences training recoimlsiccordance with the
Aircraft Flight Operation Regulations and the TIKyht operationamanual.

The ATR72600 differences training records for the GE235 flight crew showed
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that Captain A may need more training on the single engine flameout at take off
procedure. That meant if the differences training records were stored, adequately
maintained and evaluated by appropriate TNA flight operations and/or quality
assurance personnel, TNA would have had yet another opportunity to review Captain
A0 s a bhardle éngine bub emergencies.

2.4 CAA Oversight

After the GE222 occurrence, the CAA conducted ardapth inspection of
TNA flight operations, system operations control, and safety and security from 14 to
30 August 2014. In response to that CAA indjoe; TNA initiated several programs
to improve flight safety. Those programs included addressing the deficiencies in the
airlinebs safety management system (SM
(FOQA) system, the standardization of flight crewirtireg and checking, the
establishment of procedures for continuous descent final approach (CDFA), and the
iImprovement of crew resource managem@mRM) training and flight crew fatigue
management.

These safety issues were still being addressed by theeaatlithe time of the
GE235 occurrence, which was seven months after the GE222 occuriédmce.
systemic TNA flight crew notompliance withproceduresemained unaddressed.

The CAAurgently needsenhancethe ur vei | | ance of TNAOGS ¢
that TNA's safety improvement programs implemented in a timely and effective
manner. The GE222 investigation was still in progress when the Council initiated the
GE235 investigation During the GE222 investigation, the Council identified
specific CAA reguldory oversight issuesThe GE222 and GE235 investigation
revealed that there were similar problems with CAA oversight of TN GE222
investigation report has already documentedsitecificareas for improvemenh
CAAOGs regul at or yes s uheywere hot disoussed fuatleet im this t i
report.
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Chapter 3 Conclusion

In this Chapter, the Aviation Safety Council presents the findings derived from
the factual information gathered during the investigation and the analysis of the
occurrence. Theridings are presented in three categofieslings related to the
probable causes, findings related to risk, and other findings

Thefindings related to the probable cause&lentify elements that have been
shown to have operated in the occurrence, or siincertainly operated in the
occurrence. These findings are associated with unsafe acts, unsafe conditions, or
safety deficiencies associated with safety significant events that played a major role
in the circumstances leading to the occurrence.

Thefindings related to riskidentify elements of risk that have the potential to
degrade aviation safety. Some of the findings in this category identify unsafe acts,
unsafe conditions, and safety deficiencies including organizational and systemic
risks, that madehis occurrence more likely; however, they cannot be clearly shown
to have operated in the occurrence alone. Furthermore, some of the findings in this
category identify risks that are unlikely to be related to the occurrence but,
nonetheless, were safetgfttiencies that may warrant future safety actions

Other findings identify elements that have the potential to enhance aviation
safety, resolve a controversial issue, or clarify an ambiguity point which remains to
be resolved. Some of these findings efgeneral interests that are often included
in the ICAO format accident reports for informational, safety awareness, education,
and improvement purposes.

3.1 Findings Related to Probable Causes
Powerplant

1. An intermittent signal discontinuity between theuta feather unit (AFU)
number 2and the torque sensoray havecausedhe automatic takeoff power
control system (ATPCS)

1 Not being armedteadilyduringtakeoffroll;

1 Being activated during initiatlimb which resulted in a complete ATPCS
sequenceancluding the enginenumber 2 autofeathering(1.6, 1.11,1.165,
2.2)

2. Theavailable evidence indicated the intermittent discontinuity between torque
sensor and auto feather unit (AFU) numbewa&s probablycaused by the
compromisedoldering joints insidene AFU number 2(1.6, 1.11, 1.16.5.2)
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Flight Operations

3. Theflight crew did not reject the take off when the automatic take off power
control system ARM pushbutton did naihit during the initial stages of the take
off roll. (1.11,1.17.6, 1.18.22.31)

4. TransAsiadid not have a clear documented company policy with associated
instructions, procedures, and notices to crew for AFRJR operations
communicating the requirement to reject the take off if the automatic take off
power control system did natm (1.17.6, 1.18.22.3.])

5. Following the uncommanded autofeather of engine number 2, the flight crew
failed to perform the documented failure identification procedure before
executing any actions. That resul ted
identification and nature of the actual propulsion system malfunction and he
reduced power on the operative engine numbgt.11,1.18,2.3.3)

6. Thef I i ght -complianéeswitmToansAsia Airways ATR-&0D0 standard
operating procedures Abnormal andEmergency Procedures for an engine
flame out at take off resulted in the pilot flying reducing power on and then
shutting down the wrong engin@d..11,1.18,2.34)

7. Theloss of engine power during the initial climb and inappropriate flight control
inputs by the pilot flying generated a series of stall warnings, including
activation of the stick pusher. The crew did not respond to the stall warnings in a
timely and effective mannefl.11,1.18,2.33)

8. Theloss of power from both engines was not detectedcarrected by the crew
in time to restart an engine. The aircraft stalled during the attempted restart at an
altitude from which the aircraft could not recoviesm loss of control(1.11,
1.18,2.35)

9. Flight crew coordination, communication, and threatd error management
(TEM) were less than effective, and compromised the safety of the flight. Both
operating crew members failed to obtain relevant data from each other regarding
the status of both engines at different points in the occurrence sequieece. T
pilot flying did not appropriately respond to or integrate input from the pilot
monitoring (1.11,1.17, 1.182.36)

3.2 Findings Related to Risk
Powerplant

1. The engine manufacturer attempted to control intermittent continuity failures of
the auto feaher unit (AFU) by introducing a recommended inspection service
bulletin at 12,000 flight hours to address aging issues. The two AFU failures at
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1,624 flight hours and 1,206 flight hours show that causes of intermittent
continuity failures of the AFU wereot only related to aging but also to other
previously undiscovered issues and that the inspection service bulletin
implemented by the engine manufacturer to address this issue before the
occurrence was not sufficiently effective. The engine manufactasiskued a
modification addressing the specific finding of this investigation. This new
modification is currently implemented in all new production engines, and
another service bulletin is available for retrofit.6, 1.11, 1.16.51.18.4,2.2.3

Flight Operations

2.

Pilot flyingd decision to disconnect the autopilot shortly after the first master
warning increased the ©pilot flyingo:s
capacity to assess and cope with the emergency situgtitbh,1.18,2.33)

The omissia of the required preake off briefing meant that the crew were not
as mentally prepared as they could have been for the propulsion system
malfunction they encountered aftakeoftf (1.11,1.18,2.36)

Airline Safety Management

4.

TransAsiaAirways (TNA) did not follow its own procedures when selecting and
training pilot flying far upgradeTheT NA6s qual ity assuranc
detected that the command selection upgrade process had been compromised
(1.17, 2.36)

TransAsia Airways (TNA) did not ug widely available crew resource
management (CRM) guidelines to develop, implement, reinforce, and assess the
effectiveness of their flight crew CRM training prograh17, 1.182.36)

While the TransAsia Airways (TNA) ATR7800 differences training proam

was consistent with the European Aviation Safety Agency ATR72 operational
evaluation board report and compliant from a Civil Aeronautics Administration

regulatory perspective, it may not have been sufficient to ensure that TNA flight
crews were compete to operate the ATR7@00 under all normgbrocedures

and a set ohbnormalkonditions. 1.17, 1.182.37)

The ATR72600 differences training records for the GE 235 flight crew showed

that Captain A probably needed more training on the single engme tat at

take off procedure. That meant if the differences training records were stored,
adequately maintained and evaluated by appropriate TransAsia Airways (TNA)
flight operations and/or quality assurance persorthelTNA would have had

yet anotheropor t uni ty to review Captain AC
emergencies1(5, 1.172.37)

Captain Ab s performance during t he
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performance weaknesses noted during his training, including his continued
difficulties in handling emergency and/or abnormal situations, including engine
flame out at take off and single engine operations. However, TransAsia Airways
did not effectively address the evident and imminent flight safety risk that
Captain A presentedl.5, 1.17, 1.18.3.7)

Regulatory Oversight

9.

10.

The Civil Aeronautics Administrationo
including crew resource managemelCRM) training, is in need of
improvement (1.17.7,2.36, 2.4

The systemic TransAsia Airways (TNA) flight ew nonrcompliances with
standard operating procedures identified in previous investigations, including
GE 222, remained unaddressed at the time of the GE235 occurrence. Although
the Civil Aeronautics Administration (CAA) had conducted a special audit after
the GE 222 accident which identified the standard operating procedures
compliance issue, the CAA did not ensured that TNA responded to previously
identified systemic safety issues in a timely manner to minimizeakential

risk. (1.17,2.4)

3.3 Other Findings

1.

The flight crew were certificated and qualified in accordance with Civil
Aeronautics Administration (CAA) regulations and company requirements.
There was no evidence to indicate the
been adversely affected pre-existing medical conditions, fatigue, medication,

other drugs or alcohol during the occurrence flights, 1.132.1)

Visualmet eor ol ogi cal conditions (VMC) pi
departure. No adverse weather conditions werggpitefor the flight(1.7, 2.1)

Theai rcraftdos certificate of airworth
time of the occurrence. The occurrence aircraft was dispatched at Songshan
Airport with no known defects and was in compliance with all apblea

ai rworthiness directives and servi ci
maintenance records before the occurrence flight revealed that there were no
defects reported that related to engine number 2 automatic feathering.system
(1.6, 2.2

Flight crewtransferred from conventional flight instruments to a more advanced
avionic suite with primary flight display, the visual pattern and information
picked up by the crew in an emergency situation may not be retrieved at the same
location with the same dispf (1.17.3, 2.3.71)

Although the influence of the flight director indication was not demonstrated in
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the occurrence flighand the logics of ATR flight director bars are consistent
with other aircraft types within the industmpe simulator flight illugated the
flight director bars indication during stall warning were in contradiction with the
automatic stall protection inputs and thus may disturb the. ¢le®%6.2, 2.3.5)

The ATR72 formal document has no general statement of rejecting take off
policy and procedure of rejecting take off with both engines operativé?,
2.3.2)
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Chapter 4 Recommendations

In this chapter, safety recommendations derived as the result of this
investigation are listed in seéah 4.1. Safety actions takesgfety actionshat have
been accomplished, or are currently being accomplished are listed in section 4.2. It
should be noted that the safety actions listed in section 4.2 have not been verified
by the Safety Council

The GE222 investigation had identified specific arBasenhancement and
issued 24 recommendations to TransAsia Airways and Civil Aeronautics
Administration. Those safety issues were still being addrdss#dte airline and the
regulator at the timevhen the Aviation Safety Council publishethe GE235
occurence investigation reportherefore, the similar safety recommendations will
not be issuedgainin this report.

4.1 Recommendations
TransAsia Airways

1. Documenta clear company policy with associated instructions, procedures,
training, and notices to crewmembers for ATR73500 operations
communicating the requirement to reject a take off in the event that the
automatic take off power control system (ATPCS) is not armed as required
(ASC-ASR-16-06-001)

2. Conducta t horough revi ew ofranng erogamsyr | i n
including recurrent training, crew resource management (CRM) training,
upgrade training, differences training, and devise systematic measures to ensure
that

1 Standardized flight crew check and training are conducted;

1 Allflight crews compy with standard operating procedures;

1 All flight crews are proficient in handling abnormal and emergency
procedures, including engine flame out at take off

1 The airlines use widely available guidelines to develop, implement,
reinforce, and assess the effeeness of their flight crew resource
management (CRM) training program, particularly the practical application
of those skills in handling emergencies

T Commandupgr ade process and training
procedures and that competent candglate selected

1 ATR72-600differences training and subsequent line training are sufficient
to ensure that flight crews are competent to operate the A6BG2nder all
normal and abnormal conditigrend

91 All flight crew training records during the empiognt period are retained

151



in compliance with the aircraft flight operation regulations
(ASC-ASR-16-06-002)

3. Improvet he airlinebs iIinternal guality as
ensure that recurring safety, training, and administrative proldessientified
and rectified in a timely manngASCGASR-16-06-003)

4. Implementand document an effective and formal pilot performance review
program to identify and manage pilots whose performance is marginal
(ASC-ASR-16-06-004)

5. Evaluatethe safety cultre of the airline to develop an understanding of the
reasons for t he airlineodos unaccepta
recurring noncompliance with procedur@sSC-ASR-16-06-005)

Civil Aeronautics Administration

1. Reviewairline safety oversight meares to ensure that safety deficiencies are
identified and addressed in an effective and timely manner
(ASC-ASR-16-06-006)

2. Implementa highly robust regulatory oversight process to ensure that airline
safety improvements, in response to investigationdit® or inspections, are
implemented in a timely and effective manf&SC-ASR-16-06-007)

3. Conducta detailed review of the regulatory oversight of TransAsia Airways to
identify and ensure that the known operational safety deficiencies, including
crew nacompliance with procedures, nonstandard training practices, and
unsatisfactory  safety n management, were addressed effectively
(ASC-ASR-16-06-008)

4. Provideinspectors with detailed guidance on how to evaluate the effectiveness
of operator nontechnical trang programs such as crew resource management
(CRM) and threat and error management (TEM) training programs
(ASC-ASR-16-06-009)

UTC Aerospace System Company

1. Work with the manufacturers of engine and aircraft to assess the current
operating parameters andcraft risks associated with the PW127 series engine
auto feather unit (AFU) to minimize or prevent occurrences that could result in
uncommanded autofeathéASC-ASR-16-06-010)

Pratt & Whitney Canada

1. Work with manufacturers othe autofeather unit andirrame to assess the
current operating parameters and aircraft risks associated with the PW127 series
engine autofeather unit (AFU) to minimize or prevent occurrences that could
result in uncommanded autofeat{&SC-ASR-16-06-011)

Avions de Transport Régional
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1. Workwith manufacturers of the auto feather unit and engine to assess the current
operating parameters and aircraft risks associated with the PW127 series engine
auto feather unit (AFU) to minimize or prevent occurrences that could result in
uncommaded autofeathe(ASC-ASR-16-06-012)

2. Publish in the flight crew operating manual (FCOM) an operational procedure
related to rejected take off and expanded information regarding conditions
leading to rejected take offASC-ASR-16-06-013)

European Aviation Safety Agency

1. Requirea reviewat industrylevebf manuf acturer 6s funct
of the flight director so that it disappears or presents appropriate orders when a
stall protection is automatically triggerddSC-ASR-16-06-014)

2. Study the catent and the duration of the minimum requirement regarding a
differences training program between a conventional avionics cockpit and an
advanced suite including enhanced automated modes for aircraft having the
same type ratingASC-ASR-16-06-015)

3. Requie a review of manufacturer's airplane flight manual (AFM) to ensure that
a rejected take off procedure is also applicable to both engines operating
(ASC-ASR-16-06-016)

4.2 Safety Actions Accomplished

4.2.1 TransAsia Airways

On 24 May 2016, TransAsia Airwgs provided the safety actions
accomplished or being accomplished after the GE235 occurrence. Those actions
were not verified by the Aviation Safety Council, and are presented as follows:

The TNA overall improvements in safety, training and managemenersyst
have been implemented since the @B5 event. The improvements are illustrated
as following:

1. Regarding to Just Culture, Just Culture has been immerged as the
fundamenté& policy for TNA, and each event will be treated under Just
Culture.

2. The TNA SMES fulfills the safety commitment from the management, and
safety action group (SAG) closed supportafety review board (SRB) to
contiruously monitor SPI/SPT to enhance safety promotions, and
consolidate risk management.

3. Under integrated structure of Svand QMS development, tisafety and
guality assuranceprogram (SQAP) has been introduced into the TNA
system to regulate quality associated planning, activities, and internal
audits. The SQAP implemented tplan-do-checlkaction cycles to actigy
figure out weakness of TNA operational flows, procedures, and
documentation. At the same time, regarding to quality analysis and
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statistics, a standardize procedure is comply with information relay back to
SPI1 /SPT, to perfecafetyassurance anquality assurace. The key points
of SQAP as following:

(1) Team up TNA audit SME.

(2) Implementedqualification andtraining (initial / recurrentprograms
for TNA internalauditors.

(3) Implemented audit finding tracking system.
(4) Increased quality analysis cdydy.

4. The following improvements were made to reinforce the FOQA
operations:

(1) Streamlining thdlight data download process to accelerate the data
process and ensure the download rate.

(2) Settling the multiplex network which allows parallel amdely data
process and analyze.

(3) Compiling the FOQA operation manual to rule up the operations
procedures, working flow and the training of each practitioner.

(4) Recruiting safety pilots to resolve the data into usable information.

(5) Conducting OJTunder Airbus to level up the competency of every
practitioner

5. Structure in Flight Operations had enhanced, including:

(1) Training andcheck were separated as independent functions under
FOP. Three newly appointetieckpilots, titled aschecksupervisors
from ATR, A320 and A330 respectively, formed Gheck Section
in 20 MAY 2015.

(2) Three pilots from ATR, A320 and A330 fleet respectively were
appointed asechnicalpilots in Fleet Management Department in 01
NOV, 2015, to assisthief pilots in harmling flight operations
guality assurance, crew reports and performance appraisal.

(3) A newvice president offlight operations, reporting to thaesident
of TransAsia Airways, took the office in 05 NOV, 2015, to supervise
FOP in compliance with internahal and local regulatory
requirements, safety management performance and company
development.

(4) Management pilots in FOP, excluded the VP Flight Operations,
increased from 9 to 15 (+66%)

6. In order to ensure flight crews comply with TNA standard dpsga
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procedures (SOP),

(1) ATR, A320 and A330 SOPs argthndardcallouts were thoroughly
reviewed, revised and accepted by the CAA in FEB 2015.
Subsequent revision on ATR SOP was accepted by the CAA in APR
2015. Subsequent revision on A320 SOP were redasddaccepted
by the CAA in JUN 2015.

(2) Enhanced SOP training:

ATR: All pilots completed SOP training in MAR 2015 and
completed a second refresh SOP training, as the SOPs been revised,
in MAY 2015.

A320: All pilots completed SOP training in MAR and AP&15.and
completed a second refresh SOP training, as the SOPs been revised,
in JUL 2015.

A330: All pilots completed SOP training in MAR 2015.
(3) Audits on TNA pilots SOP compliance have been conducted via:
Standardperationakudits;
Observations fihts on all pilots;
TransAsidine operationsaudit.

The actions above ensure SOPs ailg faiplemented by flight crew.

7. The crew resourcesmanagement (CRM) anpint CRM (JCRM) have
been enhanced via the following actions:

(1) From 29 MAR to 10 APR2015, ATR pilots were all trained on
CRM andthreat anderror management (TEM) by six TNA trainers
trained by ATR TRE during their support period in TransAsia
Airways.

(2) From 13 MAR to 30 APR, 2015, all ATR/A320/A330 pilots attended
additional 6 hoursfaCRM, trained by an external CRM facilitator.

(3) From 11 JUN to 30 JUN, 2015, 8 pilot trainers and 4 cabin trainers
were trained as TNA CRMint CRM (JCRM) facilitators by China
Airlines, an outsourced JCRM education provider recognized in
Taiwan. Aftera 5day intensive CRM/JCRNtain thetrainer (TTT)
course, they formed up a core CRM/JCRM task force (TNA JCRM
facilitators) to conduct CRM/JCRM training for flight and cabin
crewmembers afterwards.

(4) In NOV 2015, TNA JCRM facilitators had developed irinag
materials for 8hour initial training and dour joint CRM materials,
as the JCRM foundation for the future CRM training, starting with
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the recurrent training from 2016.The JCRM program was accepted
by the CAA in 18 NOV 2015cabintrainingmanual RE/ 013T4).

8. Pil otdéds aviation knowl ed-day (40 hodrs) e s hr
program, undertaken since APR 2015.

9. Instructor (IP) anatheckpilot (CP) standardization has been enhanced by
the following actions:

(1) In APR 2015, TNA selected twATR CPs to attend the TRI Course
in ATR. They converted the training concepts into current TNA
training system.

(2) In SEP 2015, TNA selected two A330 IP/CPs to attend the APIC

(Airbus pilot instructorcourse) in Airbus. They converted the APIC
materialsand training concepts into current TNA training system.

(3) In OCT 2015, the manager of training department (rated on the
A330) conducted CP/IRtandardizatiorobservations on A320 and
ATR simulator sessions.

(4) In 2015, 4 ATR, 5 A320 and 8 A330 IPs abBs had been evaluated
by other IPs or CPs in simulator sessions and ground school, as the
overthe-shoulders (OTS), for their proficiency and performance.
The same evaluation program continues in 2016.

(5) From JUN 2016 to AUG 2016, all IPs and CPs froniRAA320 and
A330 will start a 2day workshop to promote instructing skills to
achieve standardization cross the fleet

4.2.2Civil Aeronautics Administration

On 24 May 2016, CAA provided the safety actions accomplished or being
accomplished after the GB2 occurrence. Those actions were not verified by the
Aviation Safety Council, and are presented as follows

[. Implement Immediate actions, Shdgrm, MidTerm and Longlerm safety
improvement initiatives (Supervised by MOTC)

1. For TransAsia Airways

(1) Immediate actions (2015.06.30)Conducted Flight Crew Fatigue
management inspection and found compliance with the flight operations
regulation requirements; Completed ATR2Z f | eet 6s engi ne
inspection and results are normal; and Completedd-AT2 f | eet pi |
test and proficiency check.

(2) Shortterm initiatives (2015.12.31)

. | mpl ement ed addi tional A320/ 321 [
check.
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i. Oversaw the TransAsia Airwayso inc
expert team#o assist it enhancing safety management capability.

2.  For all national air operators
(1) Shortterm initiatives (2015.12.31)

I. Increased inspection frequencies to foreign flight simulator tests:
increased inspection frequencies to foreign flight sataul pilot tests
for those air operators that do not own flight simulation training devices.

ii. Enhance aircraft defect control management and aging aircraft
inspection programs: conducted-depth oversight and inspections to
aircraft repeat defects ad@ferred items management and aging aircraft
inspection programs.

lii. Safety Management System implementation: required and oversaw the
national air operators to implement a Safety Management System and
meet the phase 3 requirement by the end of 2015.

(2) Mid-term initiatives (2016.12.31) and top priorities of this year

I. Required all 6 major national air operators to fully implement the SMS
before the end of 2016. The CAA also used the acceptable level of
safety defined in the State Safety Programetguire the national air
operators to submit their safety performance indicators (SPI), safety
performance target (SPT) and the safety action plans to enhance
aviation safety.

ii. Used standards of CFR Part 117 to incorporate physiological state to
pilot flight time and duty limitation and rest requirement consideration
so as to amend the CAA O0Aircraft F

II. Deepening aviation Safety actions

1. Starting from 2016, the CAA takes predictive actions thrdlight operation
quality assurance (FOQA) System to require the national air operators to
submit quarterly FOQA primary control parameter data report for the CAAto
conduct risk analysis and take proactive actions in advance according to the
safety data.

2. Digitalize safety manggement. Starting from 2016, the CAA requires the
national air operators to annually submit safety performance indicators to
ensure their SMS operating in accordance with the complicities of their
organizations and support by the internal and externatysaféormation
data.

3. Starting from 2016, the CAA main base inspections to the national air
operators are conducted the special project team so as to find the deficiencies
of the air operators in time through more strict standards and to ensure that
thecorrective actions to found deficiencies be put in effect.

157



4. Increase flight safety information data sharing with flight incident and
accident investigation organization and other aviation authorities.

4.2 3 Avions de Transport Régional

On 1 April 2016, AR provided the safety actions accomplished or being
accomplished after the GE235 occurrence. Those actions were not verified by the
Aviation Safety Council, and are presented as follows:

ATR issued in March 2015 an OEB on uncommanded autofeather events to
re-emphasis that:

1 Any loss of engine propeller rotation speed (NP) and/or torque (TQ)
should be dealt with as an engine failure.

1 At takeoff, the ATPCS must be checked armed and announced. If it is not
armed while both power levers are in the notch, orth@e case of
intermittent arming / disarming of the ATPCS, the aircraft is not in the
appropriate configuration for takeoff. By definition, any check not
completed halts the procedure and takeoff should be aborted.

ATR also reviewed in March 2015, after foyears of experience in service
worldwide, based on our feedback and from our global network of operators, and
following guidance from the French Authority, as well as EASA and other national
aviation authorities, the 1 week ATR 500 to ATR 600 differeramagse has been
overhauled with joint goals:

1 to ensure optimal trainee progress using a compeifeseyd training
approach and

T to maximize crewmembersd operation
The highlights of the new program are as follows:

1 7 hours of Ell-Flight Simulator training to fully master the navigation,
handling and avionics improvements on the ATR600 in a realistic
operational environment

1 Ample practice as flying pilot and monitoring pilot for safetytical
manoeuvers such as raormal andemergency operations, severe icing
encounters, neprecision approaches, -@ounds and engine
malfunctions treatment

1 Special emphasis on CRM aspects of the powerful new avionics
capabilities such as the Flight Management and Flight Guidance
Systems.

Furthermore, precise performances based on pilot skill and systems
understanding have been implemented in order to guide instructors to validate the
pilot competences on the new variant6do.
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Appendix 1 The ATC Radio andHotline Communication Transcript

GC: Ground Controller of Songah Tower

LC: Local Controller of Songsin Tower

GE235: GE235 pilots

SP: Supervisor of Songat Tower

WR: WestSongsharRadar Position Controller of Taipei Approach

WM: SongshamMonitoring Position Controller of Taipei Approach

NM: North Taoyuan Monitoring Position Controller of Taipei Approach

Note: shaded columns indicate the hotline communications bet@@egshanTower and
Taipei Approach

TIME COM. CONTENTS

songshan ground good mo rfiveiat
1034:28 | GE235 bay one two request start
kinmen with sierra

transasia two tree five songshan ground copy clearance cle
1034:38 GC sandy d m e fix via mucha two quebec departure whiske
maintain fivethousandsquawk bur six zero two

cleared to sandy via muchg
1034:51 | GE235 |whiskey six maintain fivehousandsquawk four six zero tw
transasia two tree five

1034:59 GC transasia two tree five clearance read back correct

songhan ground transasia two tree five bay one two requeg

1040:51 | GE235 up and push back

transasia two tree five start up and push back approved r
one zero

1040:55 GC

start up and push back approved runway one zero transasg

1040:59 | GE235 )
tree five

104459 GE235 songshan ground transasia two tree five request taxi

1045:01 GC transasia two tree five runway one zero taxi via whiskey

1045:05 | GE235 faxi via whiskey to runway one zero transasia two tree five

transasia two tree five contact towane one eight decimal o

1045:52 GC good day
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1045:55 | GE235 [contact tower one one eight one transasia two tree five goog
1046:06 | GE235 igrlljgshan tower good morning transasia two tree five taxi
. transasia two tree five songshan tower duenttal separatio
1046:10 LC ) :
hold short runway one zero for landing traffic
1046:16 | GE235 hold short runway one zero transasia two tree five
1050:09 LC transasia two tree five line up and wait runway one zero
1050:12 | GE235 [ine up and wait runway one zero trasisatwo tree five
ZT X NXZ
1050:14 LC _ _ _
[transasia two tree five take off at five two]
1050:17 WR
[okay]
1051:13 LC transasia two tree five runway one zero wind one zero
degrees niner knots cleared fake off
1051:19 | GE235 [leared fottake offrunway one zero transasia two tree five
1052:34 LC transasia two tree five contact taipei approach one one
decimal seven good day
1052:38 | GE235 one one niner seven transasia two tree five good day
1053:35 | GE235 tower transasia two tree five maydmayday engine flame out
ZtT Xq
1053:37 WR _ _ _
[tower transfer transasia two tree five again]
1053:39 LC transasia two tree five please try again contact taipei apy
one one niner decimal seven
ng Cuooa
1053:44 LC _ _ _
[i transfer it to you again]
1053:47 WR
[okay thanks]
axXxdfM ZT X
1054:08 WM

[tower do you see transasia two tree five]
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A IINE

1054:14 LC | _
[i cannot see the aircraft]
a nNCCT ZT X
1054:33 WM a ¢ ' _ ' '
[tower please help me to call transasia two tree five again]
B Lé
1054:35 LC - ¢ _
[call call him and than]
e” CtC” Q - -C 7 At
1054:38 WM [confirm with him and instruct to contact approach he is Id
altitude]
1054:41 LC transasia two tree five songshan tower
1054:47 LC transasia two tree five songshan tower
Ur cnn Zt X
1054:53 LC o . .
[sir i cannot contact transasia twoerive]
1055:03 LC transasia two tree five songshan tower
approach Z*t XAAX P
1055:12 NM [tower approach did transasia two tree five have rolling take
moment ago]
N X X
1055:15 LC
[yes yes yes]
L&
1055:16 NM
[and than]
N@PB <3C XX pw
1055:17 LC _
[climbed to one thousand and was handed off]
SR
1055:20 | NM | T
[did he speak with you]
CNnp” o
1055:22 NM _ _
[i cannot contact him]
T PCNBT
1055:23 LC

[i also cannot contact him now]
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1055:24 NM OK
aVPCCTt |
1055:58 WR _
[please call the transasia too]
1056:05 LC transasia two tree five songshan tower
1056:09 LC transasia two tree five songshan tower
U ne-
105620 1c | o TE _
[sir i still cannot contact him]
HI” AAXOBCC.
1056:23 NM o
[so he did climbed to more than one thousand a moment ag
N
1056:25 LC
[yed
pIVINE coast
1056:26 NM Bt Ll /] _ E _
[connot see him entirely has been coasted entirely]
uard’A p)
1056:33 NM J » ¢ C
[tower try to call him by guard channel thanks]
1056:47 LC transasia two tree five songshan tower
1056:53 LC transasia two tree five songshamwer
approach
1057:09 WR
[tower approach]
1057:11 LC
[go ahead]
a = Op
1057:11 WR
[cancel auto release]
1057:12 LC
[okay]
1057:13 WR
[okay]
1057:14 SP p A= AécCc 4 aT pCCHt
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[we continue to call him oh you call him too]

approactO/1” g O M A ‘Orp
1057:38 NM PP ' a 31
[ t ower approach please dond
a = Op ~NJ] Cf D¢t g @
105743 SP [cancel auto release we wait a while look at the situation an
tell you oh]
1059:09 | SP ’
[hey hello]
1059:12 |  WR i
[go aheatl
TYrACNp 4
1059:13 SP _
[hey we cannot contact him oh]
Ua AC” A1 d4X  an
1059:15 WR [sir did he read back when you instructed him to ch
frequency]
N X
1059:17 LC
[yes yes]
XN~ X
1059:17 SP .
[he did read back]
X A
1059:18 | WR L
[he did read back yes 00]
N T 33
1059:19 SP
[has been transferred transferred to one onej
thxwnr A
1059:20 WR _
[ because he didndét contact
1059:21 SP
[what]
AT AYhY AN ANNPCNRBT
1059:22 WR

[ we they didndét contact wus
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1059:24 SP ;
[okay okay]
1059:24 WR _
[right]
1059:25 SP OK,
1059:24 WR
[okay]
approach X KW A Kk XpWwWs
1104:38 NM
[tower approach could the runway be entered normally dog
flight operations go checking the runway]
Uusrs ¢t 7
1104:46 LC o _
[sir i ask for it]
1104:47 NM
[okay thanks]
approach
1105:11 LC
[approach tower]
1105:12 WR
[go ahead]
ua A pwg . T Xwu
1105:13 LC [sir we ask the flight operations to go checking the rur
expected to wait five minutes]
© Xwn .
1105:18 WR o _
[walit five minutesokay]
Approach
1107:13 SP PP
[approach tower]
1107:16 NM
[go ahead]
L . B
1107:17 SP Tﬁﬂ«ta 1oL Thx ©
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[we ask the flight operations office to do the final sur
confirmation if there are no problems the runway will be ¢
will tell you soon]

L B ¢

1107:23 WR .

[not to enter temporarily oh]

M ] n. =
1107:24 SP _

[alas yes temporarily sorry]
1107:28 WR

[okay]

Approach 0
1109:49 LC .

[approach tower the runway is open now]
1109:53 WR

[okay]

Approach X = Op
110959 | Lc [ TF T |

[approach tower could auto release be resumed]
1110:03 WR

[okay]

approach

1110:31 WR

[tower approach]
1110:32 LC

[go ahead]

TV Op nmA a
1110:33 | WR i . ‘

[suspend release wait for the exact message]

UT~ €

1110:40 LC _

[sir how long]

e AN\

1110:42 WR _ _

[wait for the chief]
1110:44 LC ;

[okay okay]
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Appendix 2 GE 235 CVR Transcript

CVR Transcript

RDO : Radio transmission from occurrence aircraft

CAM : Cockpit area microphone voice or sound source

INT : Interphone

PA  : Cabin announcement
(RDO, CAM, INT, PA}1 : Voice identified as captain
(RDO, CAM, INT, PA}2 : Voice identified as first officer
(RDO, CAM, INT, PA}3 : Voice identified as observer
(RDO, CAM, INT, PA}4 : Voice identified as cabin crew

TWR : Songshan Tower

GND : Songshan Ground

OTH : Communication from other flights

GC :Ground crew

é : Unintelligible

() : Remarks

[] : Translation

* : Communication not related to operation / expletive words
hh | mm SS Source Context

(GE235 CVR )

10| 41 14.6 [GE235 recording begins]

1041:15.4 ~ 1054:36.6

( )
10 | 41| 15.4 PA " |[cabin safety announcemgnt

10 | 41 | 15.6 CAM-2 |oil pressure

10 | 41 | 164 CAM-1 |check

10 | 41 | 194 CAM-2 (forty five starter off

10 | 41 | 20.3 CAM-1 |start lights off

i-t-t watch down

10 | 41 | 214 CAM-1 | .
[i-t-t six seven zerothree go watch down]

10 | 41 | 223 | CAM-2 _
[six seven zero one]

( )

10 | 41 | 24.2 CAM .
[sound of engine start]

10 | 41 29.8 CAM-1 [pushback granted]

10 | 41 | 30.6 CAM-2

[granted]
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hh | mm SS Source Context
ground off
1041 312 INT-1 [ground external power off brake release nose W
steering off pushback granted runway one zero]
10| 41} 357 GC [external power off]
10 | 41| 371 CAM-1 before propeller rotation.checklist |
[okay before propeller rotation checklist]
10 | 41 | 38.5 CAM-2 |okay cd-I-s
10 | 41 | 405 CAM-1 |on
10 | 41 | 413 CAM-2 |f-m-stake offdata
10 | 41 | 425 CAM-1 |confirmed
10 | 41| 432 | cam-p [confirmed
[confirmed]
10 | 41| 441 | camp [ tims |
[tail trims one poin zero]
10 | 41 | 45.2 CAM-1 .
[one point zero]
10 | 41 | 46.2 CAM-2 |check
trim trim trim
é
10 | 41 | 46.9 CAM-2 [[if it is trimmed to there they can be simultaneo
watch trim here and here
right]
show
10 | 41 | 51.0 CAM-3 |[i did i did see it i just saw it a moment ago it
shown]
10 | 41 53.7 CAM-2
[yes okay]
10 | 41 | 54.6 CAM-2 [tail prop
10 | 41 55.2 CAM-1 |in sight
10 | 41 | 55.8 CAM-2 |doors
10 | 41 | 56.3 CAM-1 |(closed
10 | 41 | 56.9 CAM-2 |seatbelt
10 | 41 | 57.4 CAM-1 |on
10 | 41 | 58.0 CAM-2 |beacon on
10 | 41 | 58.1 GND ( — ) : .
[communication with other aircraft]
10 | 41 58.6 CAM-1 |on
10 | 41 | 58.9 CAM-2 |procedure complete
10 | 42 | 00.0 CAM-1
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