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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 5 :

The objective of the ASC's investigation of aviation occurrence is to
prevent recurrence of similar occurrences. It is not the purpose of such
investigation to apportion blame or liability.

ICAO Annex 13, Chapter 3, Section 3.1 :

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 ATR-GIE Avions de Transport Régional
ATR72-212A (ATR72-600) aircraft, registered B-22816, experienced a
loss of control during initial climb and impacted Keelung River, three
nautical miles east from its departing runway 10 of Taipei’s Songshan
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
injuries. The aircraft was destroyed by impact forces. The aircraft’s left
wing tip collided with a taxi on an overpass 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 stall-induced loss of control. During the initial climb after
takeoff, an intermittent discontinuity in engine number 2’s auto feather unit
(AFU) may have caused the automatic take off power control system
(ATPCS) sequence which resulted in the uncommanded autofeather of
engine number 2 propellers. Following the uncommanded autofeather of
engine number 2 propellers, the flight crew did not perform the
documented abnormal and emergency procedures to identify the failure
and implement the required corrective actions. This led the pilot flying (PF)
to retard power of the operative engine number 1 and 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 the engine
number 1 was shut down, the loss of power from both engines was not
detected and corrected by the crew in time to restart engine number 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
successfully restart the engine and recover the aircraft.

Had the crew prioritized their actions to stabilize the aircraft flight
path, correctly identify the propulsion system malfunction which was the
engine number 2 loss of thrust and then take actions in accordance with
procedure of engine number 2 flame out at take off, the occurrence could
have been prevented. The investigation report identified a range of
contributing and other safety factors relating to the engine’s auto feather
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unit, crew of the aircraft, TransAsia’s flight operations and management
processes, and the regulatory oversight of TransAsia by the Civil
Aeronautics Administration (CAA).

This investigation identified important learning opportunities for
pilots, operators, regulatory agencies and aircraft manufacturer 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 manufacturers 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 Republic 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. The 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 Régional), P&WC (Pratt & Whitney
Canada), UTAS (United Technologies Aerospace Systems)/USA, CAA
Taiwan, and TNA.

The ‘Draft Final Report’ of the occurrence investigation was
completed in January 2016. In accordance with the procedures, it was
reviewed at ASC’s 41th Council Meeting on January 26", 2016 and then
sent to relevant organizations and authorities for comments. After
comments were collected and integrated, the English version Final Report
was reviewed and approved by ASC’s 44™ Council Meeting on 26 April
2016. The Chinese version Final Report was reviewed and approved by
ASC’s 45" Council Meeting on 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 related organizations.

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 categories: findings related to probable
causes, findings related to risk, and other findings.
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The findings related to probable causes identify elements that have
been shown to have operated in the occurrence, or almost certainly
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.

The findings 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 risks, that made this 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 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 format accident reports for
informational, safety awareness, education, and improvement purposes.

Findings Related to Probable Causes
Powerplant

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

* Not being armed steadily during takeoff roll;

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

2. The available evidence indicated the intermittent discontinuity
between torque sensor and auto feather unit (AFU) number 2 was
probably caused by the compromised soldering joints inside the AFU
number 2.

Flight Operations

3. The flight crew did not reject the take off when the automatic take off
power control system ARM pushbutton did not light during the initial
stages of the takeoff roll.
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4. TransAsia Airways did not have a clear documented company policy
with associated instructions, procedures, and notices to crew 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 documented failure identification
procedure before executing any actions. That resulted in pilot flying’s
confusion regarding the identification and nature of the actual
propulsion system malfunction and he reduced power on the operative
engine number 1.

6. The flight crew’s non-compliance with TransAsia Airways ATR72-600
standard operating procedures - Abnormal 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. The loss 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 manner.

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
recover from loss of control.

9. Flight crew coordination, communication, and threat and 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 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 the auto feather unit (AFU) by introducing a recommended
inspection service bulletin at 12,000 flight hours to address aging
issues. The two AFU failures at 1,624 flight hours and 1,206 flight
hours show that causes of intermittent continuity failures 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 effective. The engine 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.

Pilot flying’s decision to disconnect the autopilot shortly after the first
master warning increased the pilot flying’s subsequent workload and
reduced his capacity to assess and cope with the emergency situation.

The omission of the required pre-take off briefing meant that the crew
were not as mentally prepared as they could have been for the
propulsion system malfunction they encountered after takeoff.

Airline Safety Management

4.

TransAsia Airways (TNA) did not follow its own procedures when
selecting and training pilot flying for upgrade. The TNA’s quality
assurance processes had not detected that the command selection
upgrade process had been compromised.

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

While the TransAsia Airways (TNA) ATR72-600 differences training
program 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 competent to
operate the ATR72-600 under all normal procedures and a set of
abnormal conditions.

The ATR72-600 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 were stored, adequately maintained and evaluated by
appropriate TransAsia Airways (TNA) flight operations and/or quality
assurance personnel, the TNA would have had yet another opportunity
to review Captain A’s ability to handle engine out emergencies.

Captain A’s performance during the occurrence was consistent with his
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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 presented.

Regulatory Oversight

9.

10.

The Civil Aeronautics Administration’s (CAA) oversight of flight crew
training, including crew resource management (CRM) training, is in
need of improvement.

The systemic TransAsia Airways (TNA) flight crew non-compliances
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 minimize the potential
risk.

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 that the flight crew’s
performance might have been adversely affected by pre-existing
medical conditions, fatigue, medication, other drugs or alcohol during
the occurrence flight.

Visual meteorological conditions (VMC) prevailed at the time of the
aircraft’s departure. No adverse weather conditions were present for

the flight.

The aircraft’s certificate of airworthiness and registration 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 service bulletins. A review
of the aircraft’s maintenance records before the occurrence flight
revealed that there were no defects reported that related to engine
number 2 automatic feathering system.

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 emergency 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 flight and the logics of ATR flight
director bars are consistent with other aircraft 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 no 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 notices to crew members for ATR72-600
operations communicating the requirement to reject a takeoff in the
event that the automatic take off power control system (ATPCS) is not
armed as required. (ASC-ASR-16-06-001)

2. Conduct a thorough review of the airline’s flight crew training
programs, including recurrent training, crew resource management
(CRM) training, upgrade training, differences training, and devise
systematic measures to ensure that

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

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

« 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;

* Command upgrade process and training comply with the airline’s
procedures and that competent candidates are selected,;

« 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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« All flight crew training records during the employment period are
retained in compliance with the aircraft flight operation regulations.

(ASC-ASR-16-06-002)

Improve the airline’s internal quality assurance oversight and audit
processes to ensure that recurring safety, training, and administrative
problems are identified and rectified in a timely manner.
(ASC-ASR-16-06-003)

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)

Evaluate the safety culture of the airline to develop an understanding of
the reasons for the airline’s unacceptable safety performance,
especially the recurring noncompliance with  procedures.
(ASC-ASR-16-06-005)

To Civil Aeronautics Administration

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)

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)

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

Provide inspectors with detailed guidance on how to evaluate the
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 and aircraft 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 uncommanded 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 feather unit (AFU) 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  conditions leading to rejected take  off.
(ASC-ASR-16-06-013)

To European Aviation Safety Agency

1. Require a review at industry level of manufacturer’s functional or
display logic of the flight director so that it disappears or presents
appropriate orders when a 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 enhanced automated
modes for aircraft having the same type rating. (ASC-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 operating. (ASC-ASR-16-06-016)
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Chapter 1 Factual Information

1.1 History of Flight

On 4 February 2015, an ATR-GIE Avions de Transport Regional ATR72-212A
(ATR72-600) aircraft, registered B-22816, TransAsia Airways flight GE 235, with
three pilots, two cabin crew, and 53 passengers was being operated by TransAsia
Airways (TNA) on an instrument flight rules (IFR) regular public transport service
from Songshan to Kinmen. At 1054" Taipei Local Time, three minutes after taking
off from runway 10, the aircraft impacted Keelung River, approximately 3 nautical
miles (nm) east of Taipei’s Songshan Airport. The aircraft was destroyed by impact
forces. Forty-three occupants, including three flight crew, one cabin crew, and 39
passengers were fatally injured. The remaining 13 passengers and one cabin crew
sustained serious injuries. One passenger received minor injuries.

More than half of the main wreckage was submerged in the middle of the river
(see Figure 1.1-1). As the aircraft flew over an overpass before impacting the water,
its left wing collided with a taxi with two occupants. The taxi driver sustained
serious injuries and the passenger sustained minor injuries.

Figure 1.1-1 GE235 main wreckage

On the day of the occurrence, the flight crew was assigned to operate two
return flights from Songshan to Kinmen. The four sectors were allocated two
operating captains and a first officer acting as an observer. The first sector (GE231)
from Songshan to Kinmen departed at 0744 and arrived at 0850 without incident.
The return sector (GE232) departed Kinmen at 0917 and arrived at Songshan at 1012

1 Unless otherwise noted, the 24-hour clock is used in this report to describe the local time of day, Taipei local time,
as particular events occurred. Taipei local time is Universal Coordinated Time (UTC) +8 hours.
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was also uneventful.

The third sector (GE235), which was the occurrence flight, was scheduled to
depart Songshan at 1045. Captain A, who was the pilot-in-command (PIC),
occupied the left seat and was the pilot flying (PF) for the take off, while Captain B
occupied the right seat and was the pilot monitoring (PM). The first officer
occupied the cockpit jump seat as an observer pilot (OBS).

According to the Flight Data Recorder (FDR) and Cockpit Voice Recorder
(CVR) data, GE235 took off from Songshan runway 10 at 1051 in accordance with
the MUCHA 2 Quebec standard instrument departure (SID) procedure bound for
Kinmen. The take off roll commenced at 1051:39. Four seconds later (1051:43), the
PM mentioned that the automatic take off power control system (ATPCS) was not
armed. The PF responded with “really”” and then said “ok continue to take off”.
The PM replied “we will continue”. Seven seconds later, the PM stated “oh there it
iIs ATPCS armed”, and then the 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 SEL 5,000)
and airspeed of 115 knots® on the autopilot. The left coupling autopilot was
engaged with lateral navigation (LNAV) and indicated airspeed (IAS) modes. At
1052:34 the Songshan tower controller instructed the GE235 flight crew to contact
Taipei Approach while the aircraft 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 that engine number 1 (ENG 1) was operating
in an uptrim condition with its bleed valve closed. That corresponded with the
beginning of an ATPCS sequence, which included the auto feathering® of the
engine number 2 (ENG 2) propellers. The master warning (MW) annunciated in the
cockpit and the ENG 2 propeller pitch angles started to advance to the feather
position accompanied by the indication of the “ENG 2 FLAME OUT AT TAKE
OFF” procedure on the engine warning display (EWD).

At 1052:41, the autopilot was disconnected as the aircraft climbed through an
altitude of 1,300 feet. Three seconds later at 1052:44, the ATPCS sequence ended
and the ENG 2 propeller was fully feathered. At 1052:43 the PF stated “i will pull
back engine one throttle”. The PM responded “wait a second cross check”, but the
ENG 1 power lever angle (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 knots, with a

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

The speed described in this report is computed air speed.

Unless otherwise noted, the altitude of the aircraft described in this report is radio altitude.

Feathering of the propeller is where the propeller blades are rotated parallel to the airflow to reduce drag in case
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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heading of 131 degrees. The automatic flight control system (AFCS) indicated that
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 stated “okay engine flame out check”. The PF responded
“check” and the PM stated “check up trim yes, auto feather yes”. At 1053:05 the PF
responded “okay”. At almost the same time, the PM stated “watch the speed”
because the indicated airspeed had reduced to 101 knots. The PF then
announced ’pull back number one”, and the ENG 1 PLA was retarded to 49 degrees.
While the ENG 1 power lever was retarded, the PM said “okay now number two
engine flameout confirmed”, and the PF responded “okay” but the ENG 1 PLA still
remained at 49 degrees.

At 1053:09, the aircraft had climbed to 1,630 feet, which was the highest
altitude recorded for the occurrence flight. The indicated airspeed was 102 knots.
The AFCS IAS mode then reverted into PITCH HOLD mode’ and one second later
the stall warning annunciated in the cockpit for one second. The PF then stated
“terrain ahead” and the PM replied “okay lower...” and the OBS said “you are
low”. At 1053:13 the stall warning sounded for four seconds and the stick shakers®
activated. The PM stated “okay push, push back”, to which the PF stated “shut”.
The PM responded “wait a second...throttle throttle”.

Between 1053:13 and 1053:15, the ENG 2 PLA was advanced to 86 degrees
and the ENG 1 PLA was retarded to around 34.5 degrees (idle position). At 1053:18,
the aircraft was heading 087 degrees but in a continuous left turn with a 10 to 20
degree angle of bank, descending through 1,526 feet at an airspeed of 101 knots. At
1053:19 the PF said “number one” followed by “feather shut off”. The PM called
“number feather”, and then the stick shakers and stick pushers® activated several
times until 1053:27. At 1053:24, the FDR indicated that the ENG 1 condition lever
was in the fuel shut off position, and six seconds later the ENG 1 propeller had
attained the feathered position. The aircraft’s indicated airspeed was 110 knots at an
altitude of 1,165 feet and descending.

At 1053:35, the PM declared an emergency (Mayday) to air traffic control

" According to the ATR, the ATR72 IAS mode has two different sub-modes: take off sub-mode and cruise
sub-mode. The two sub-modes are the guidance system internal logics. The IAS take off sub-mode is engaged
two seconds after lift-off and replaced by IAS cruise sub-mode three minutes after lift-off. The IAS take off
sub-mode guidance primarily maintains the IAS target but also ensures a minimum ascending slope. The
minimum ascending slope is monitored by a “flight path angle (FPA) protection term” which is compared to the
“lAS control term”. The FPA protection term becoming greater than the 1AS control term means that the airplane
has no sufficient 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.

The stick shaker was part of the aircraft’s stall warning system, and indicated to the crew when the aircraft was
approaching an aerodynamic stall by activating electrical motors that caused both pilots’ control columns to
vibrate rapidly.

In the event of an aerodynamic stall, the aircraft was equipped with a stick pusher that automatically decreased
the aircraft’s angle-of-attack.
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(ATC). The aircraft was heading 050 degrees and had commenced to bank to the
right. From 1053:46 to 1054:04, the flight crew tried to engage the autopilot twice,
but they did not succeed. At 1053:53, the OBS said “how come it becomes like this”.
At 1054:05, the PM stated “both sides.../ost” and two seconds later the PM realized
and stated “no engine flameout we lost both sides”. At 1054:09, the PF stated
“restart the engine”, when the altitude was 545 feet with an airspeed of 105 knots.
He subsequently repeated “restart the engine” seven times.

At 1054:20, the ENG 1 condition lever was moved out of the shut off position
and at 1054:25, the ENG 1 high pressure speed (NH1) increased to 30%. The
aircraft’s altitude and indicated airspeed at that time were 400 feet and 106 knots
respectively. The aircraft also started to bank to the left. At 1054:27, the PF said
“wow pulled back the wrong side throttle”. From that time on, the aircraft entered
an aerodynamic stall from which it did not recover.

At 1054:34, the enhanced ground proximity warning system (EGPWS)
“pull-up” warning was annunciated in the cockpit. At 1054:35 the aircraft’s left
bank angle increased from 10 to 80 degrees. The aircraft’s left wing then collided
with a taxi driving on the overpass. The wing then impacted the fence and a light
pole at the edge of the overpass located southwest of the Keelung river occurrence
site (see Figure 1.1-2). The aircraft continued to bank to the left after those
collisions and then entered the river inverted.



Figure 1.1-2 GE235 loss 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 and one passenger
sustained minor injuries.

The aircraft’s left wing collided with a taxi on an overpass before the aircraft
entered the river. The taxi driver sustained serious injuries and the only taxi
passenger sustained minor injuries.



Table 1.2-1 Injury table

Injuries E;Irlg\,r\],t Etlt%?]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 applicable 0
Total 3 2 53 2 60

1.3 Damage to Aircraft
The aircraft was destroyed by impact forces as it entered the river.
1.4 Other Damage

A taxi travelling on the overpass was substantially damaged by the collision
with the aircraft’s left wing. Part of the overpass fence or guardrail and a light pole
were also damaged.

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

Captain A, a Republic of China citizen, had served in the Air Force as a pilot.
After retiring from the Air Force, he joined a local airline in September 2009 where
he undertook Airbus A330 transition training between September 2009 and March
2010. He did not complete the training successfully because he was unable to meet
the airline’s pilot performance standards and requirements. He subsequently left the
airline in March 2010.

Captain A then joined TNA in August 2010 where he successfully completed
initial training on the ATR72-500 in February 2011 and subsequently served as a first
officer on the ATR72-500 fleet. In August 2014, he completed ATR72-500 command
upgrade training and was promoted to captain. In November 2014, he completed
differences training and was transferred to the ATR72-600 fleet as a captain.

As of the date of the occurrence, he had accumulated 4,914 total flight hours,
including 3,151 hours in the ATR72-500, and approximately 250 hours in the
ATR72-600.

Captain A held an air transport pilot license (ATPL) issued by the Civil
Aeronautics Administration (CAA) with multi-engine land, instrument, and type
rating on both ATR72-500/600, endorsed with privileges for operation of
radiotelephone on board an aircraft with no limitations and a current ICAO Level 4
English language proficiency.



1.5.1.2 Captain B

Captain B was a Republic of China citizen. He joined TNA in June 2006. He
successfully completed first officer training in August 2007 and served as a first
officer on the ATR72-500 fleet. He successfully completed command upgrade
training in September 2011 and was promoted to captain. In February 2014, Captain
B completed ATR72-600 differences training and was transferred to the ATR72-600
fleet as a captain.

As of the date of occurrence, he had accumulated 6,922 total flight hours,
including 5,687 hours on the ATR72-500 and 795 hours on the ATR72-600.

Captain B held an air transport pilot license (ATPL) issued by the CAA with
multi-engine land, instrument, type ratings on the ATR72-500/600, endorsed with
privileges for operation of radiotelephone on board an aircraft with no limitations
and a perpetually valid ICAO Level 6 English language proficiency.

1.5.1.3 First Officer

The first officer, a Republic of China citizen, joined TNA in October 2008. He
successfully completed ATR72-500 transition training in November 2009 and
served as a first officer on the ATR72-500 fleet. In January 2015, he commenced
ATR72-600 differences training and was still under training on the date of the
occurrence. The first officer had previously flown McDonnell Douglas MD-82
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 the MD-82, 5,306 hours on the ATR72-500, and 8 hours
on the ATR72-600.

The first officer held an air transport pilot license (ATPL) issued by the CAA
with multi-engine land, instrument, type ratings on the ATR72-500/600 and
MD-80s, endorsed with privileges for operation of radiotelephone on board an
aircraft limited to first officer on the ATR72-500/600, and a current ICAQO Level 4
English language proficiency.

Table 1.5-1 Flight crew basic information

Item Captain A Captain B First Officer
Gender Male Male Male

Age as of the 42 45 63

Occurrence

Commenced

Employment 3 January 2011 5June 2006 | 4 October 2008

with TNA
License issued ATPL — ATPL — ATPL-
Aeroplane Aeroplane Aeroplane

Aircraft Type ATR72-600 ATR72-600 ATR72-600




Item Captain A Captain B First Officer

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

certificate issued
Date of expiry

Total flight time

31 March 2015 | 31 March 2015 |28 February 2015
4,914 hr. and 51 | 6,922 hr. and 58 16,121 hr. and 57

min. min. min.

Total flight time | 250 hr.and 44 | 794 hr. and 55 8 hr. and 6 min

on ATR 72-600 min. min. ' '

Total flight time | 877 hr.and 29 | 788 hr. and 27 888 hr. and 16

last 12 months min. min. min.

Total flight time | 246 hr.and 30 | 202 hr. and 23 165 hr. and 51
last 90 days min. min. min.

Total flight time 82 hr. and 38 min.|68 hr. and 21 min.| 9 hr. and 52 min.
last 30 days

Total flight time 18 hr. and 15 min.|22 hr. and 42 min.| 8 hr. and 6 min.
last 7 days

Total flight time
last 24 hours
Available rest

period before |16 hr. and 35 min.|16 hr. and 35 min.|20 hr. and 30min.

occurrence

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

4 hr. and 42 min. |4 hr. and 42 min. | 0 hr. and O min.

Captain A received A330 initial transition training from September 2009 to
March 2010. During the training process, an additional 14 hours of ground school,
8 hours on the MFTD', 2 oral tests, 1 interview, and 3 TRBs' were conducted to
address the pilot’s skill and knowledge deficiencies identified during training. In
addition, given the pilot’s training performance, four instructors requested that the
pilot undertake remedial training during the simulation phases (FBS** and FFS™).

Captain A could not meet the airline’s pilot performance standards and
requirements 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: maintenance/flight training device.
! TRBs: technique review boards.

> FBS: fixed based simulator.

* FFS: full flight simulator.
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e Multi-Tasks handling/management ability was not able to catch flight
progress, left behind aircraft was observed from time to time;

e Insufficient situational awareness and confidence. Unable to prioritize and
make correct decisions in both normal and abnormal situation; and

e Lack of resistance to stress. Unsteady performance under high workload
situations. Unable to handle multi-task at the same time.

Initial Training in TNA

Captain A received ATR72-500 initial training from 16 August 2010 to 18
February 2011. He successfully completed the initial training and passed the first
officer line check on 4 March 2011.

Upgrade Training

Captain A commenced ATR72-500 command upgrade training on 14 April
2014. He passed the ground school and simulator training but failed the simulator
check on 31 May 2014 with the following unsatisfactory items: “ABNORMAL
ENG START”; “BOTH HYD SYS LOSS”; and “S/E APP GO AROUND”. The
check airman’s comments included:

e Incomplete procedure check and execution;

e Insufficient knowledge of QRH (ENG FLAME OUT AT T/O, BOTHHYD
SYS LOSS);

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

e Did not follow SOP for ENG FIRE operation while on short final and
altitude below 400 feet; and

e Cockpit management and flight planning needs improvement.

A technical review board (TRB) to discuss the pilot’s performance was
convened on 19 June 2014. The TRB decided to provide Captain A an additional
simulator session followed by a simulator re-check between 29 and 30 June 2014.
The additional simulator training session was conducted by the Flight Operations
Department’s (FOD) Assistant Vice-President who was a senior instructor pilot (IP).
As a qualified senior check pilot (CP), the company’s ATR Chief Pilot conducted
Captain A’s re-check. Captain A successfully completed the additional simulator
training session and subsequently passed the simulator check. He was promoted to
captain on 1 July 2014,

Captain A then completed line training from 2 July to 10 August 2014.
Evaluations of the pilot’s performance by the IPs delivering the line training
included:

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

e Insufficient knowledge leading to hesitations in “Both EEC Failure” and
“Engine Failure after V1> situation during the oral test;

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

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

Differences Training

Captain A attended a one-week ATR72-500/600 differences training course at
the ATR Training Center in Singapore from 27 to 31 October 2014. That training
comprised ground training and simulator training. The associated line training was
undertaken at TNA.

The assessment of the pilot’s performance during the virtual hardware
platform (VHP) trainer sessions in the first 4 days were “Progress is Normal” with
instructors’ comments of “Good Job”. However, the assessment of the pilot’s
performance during the full flight simulator (FFS) session on the final day of
training noted that the pilot “MAY NEED extra training'*” with an instructor
commenting “check EFATO™ call out and Task sharing and GA™ Single Engine”.

Captain A passed the ATR72-600 simulator check and was authorized to
captain the ATR72-600 aircraft on 2 November 2014. The areas for improvement
that were previously identified were assessed again during the simulator check and
the pilot’s performance was found to be "Satisfactory" - "all STD". He
subsequently passed the ATR72-600 line check on 11 November 2014 and began
operating as an ATR72-600 captain.

Recurrent Training

Captain A’s most recent annual proficiency training and checks were
consolidated with his command upgrade and differences training conducted in 2014.
The records indicated that the pilot had passed the required checks.

" The ATR stated that the “MAY NEED extra training” is used when an instructor wants to reinforce his opinion

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 at this step). There are 2 possibilities after a “’May need
extra training” assessment: Either the same or another instructor is happy with the performance demonstrated
later and no extra training is required. Or the second demonstration is showing a weakness and then some extra
training time is required.

EFATO: engine flame out at take off. Also known as an engine failure after take off.

GA: go-around. A go-around is an aborted landing of an aircraft that is on final approach.

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

10

15
16
17


https://en.wikipedia.org/wiki/Aircraft
https://en.wikipedia.org/wiki/Airfield_traffic_pattern

1.5.2.2 Captain B
Initial Training

Captain B commenced ATR72-500 first officer initial training on 22 March
2007. That training comprised six phases: phase one “basic ground training”; phase
two “airplane type ground training”; phase three “observation flights”; phase four
“simulator training”; phase five “local training”; and phase six “initial operating
experience (IOE) line training”. He completed the initial training successfully on 14
August 2007 and qualified as an ATR72-500 first officer. No items of concern were
noted in Captain B’s first officer training records.

Upgrade Training

Captain B commenced ATR72-500 command upgrade training on 27 June 2011.
That training comprised ground training, simulator training, and line training. He
completed upgrade training successfully on 3 September 2011 and qualified as an
ATR72-500 captain. There were no areas of concern noted during Captain’s B
command upgrade training.

Differences Training

Captain B commenced ATR72-600 differences training on 16 December 2013
at the ATR Training Center in Singapore. That training comprised ground training
and simulator training. The associated line training was undertaken at TNA. He
successfully completed the differences simulator check on 21 December 2013. The
comment from the JAA'® certified examiner was “Standard Session”. The
subsequent line check was conducted successfully on 25 February 2014. The
comment from the JAA certified examiner was “Good Job, Satisfactory”. There
were no other significant comments regarding these checks.

Recurrent Training

Captain B completed eight hours of annual recurrent ground training on 4
December 2014. The training syllabus comprised 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, communicate”, correct use of all
levels of flight automation, correct crew response to system malfunction/s, and
aircraft type systems and limitations.

Captain B’s most recent proficiency training (PT) was conducted on 6
December 2014. The training syllabus included stall recovery, unusual attitude
recovery, and engine flame out at take off. The JAA certified IP assessed Captain B’s
performance as “Satisfactory, Good Job”.

Captain B’s most recent proficiency check (PC) was conducted on 7 December

8 JAA: European Joint Aviation Authorities.
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2014. The pilot passed the check. Captain B’s evaluation was annotated with
“aircraft maneuvering and procedures are conducted in accordance with standards,
general handling of emergency, general CRM”. The most recent line check was
consolidated with the differences line check, which was successfully completed on
25 February 2014.

1.5.2.3 First Officer
Transition Training

The first officer (FO) had experience as an MD-82 captain with his previous
airline. TNA hired him as a first officer for the ATR72.

The FO commenced ATR72-500 transition training on 16 June 2008. The
training syllabus included ground training, line observation training, simulator
training, local training, and line training. The FO failed his first ATR72-500
simulator check. The examiner commented that he “Could not properly identify
abnormal engine start. Not properly handle standard callouts, engine flame out,
engine fire, and go around.”

After undertaking remedial training, the FO subsequently passed the simulator
check on 19 September 2008. He completed ATR72-500 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 training syllabus comprised 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, communicate"”, correct use of all
levels of flight automation, correct crew response to system malfunction/s, and
aircraft type systems and limitations.

The FO’s most recent proficiency training and check were conducted on 17 and
18 September 2014 respectively. The training syllabus included stall recovery,
unusual attitude recovery, and engine flame out at take off. The FO’s training
performance was assessed as “Satisfactory” and he passed the subsequent check. The
FO also passed his most recent annual line check on 26 November 2014.

Differences Training

The FO commenced ATR72-600 differences training on 12 January 2015 at
the ATR Training Center in Singapore. That training comprised ground training and
simulator training. The associated line training was undertaken at TNA.

While he passed the differences simulator check on 19 January 2015, the
examiner commented that the FO “will need some time to get used to the 600
(ATR72-600), flying with an experienced captain is strongly recommended.”

As at the date of occurrence, the FO was still undergoing ATR72-600
12



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

1.5.3 Flight Crew Medical Information
1.5.3.1 Captain A

Captain A’s first class medical certificate was issued by the CAA on 3
September 2014 with the limitation that the “Holder shall wear corrective lenses”.

1.5.3.2 Captain B

Captain B’s first class medical certificate was issued by the CAA on 12
September 2014 with no limitations.

1.5.3.3 First Officer

The FO’s first class medical certificate was issued by the CAA on 2 October
2014 with the limitation that the “Holder shall wear corrective lenses”.

1.5.4 Flight Crew Activities within 72 Hours before the Occurrence
1.5.4.1 Captain A

e 1 February 2015: Reported to Songshan Airport at 0640 and operated
scheduled flights from Songshan to Kinmen to Songshan to Kinmen to
Songshan. Total flight time was 4 hours 26 minutes. The flight duty ended at
1405.

e 2 February 2015: Day off.

e 3 February 2015: Reported to Songshan Airport at 0640 and operated
scheduled flights from Songshan to Kinmen to Songshan to Kinmen to
Songshan. Total flight time was 4 hours 30 minutes. The flight duty period
ended at 1405.

e 4 February 2015: Reported to Songshan Airport for duty at 0640.
1.5.4.2 Captain B

e 1 February 2015: Reported to Songshan Airport at 1320 and operated
scheduled flights from Songshan to Kinmen to Songshan to Hualien to
Songshan. Total flight time was 3 hours 44 minutes. The flight duty ended at
1935.

e 2 February 2015: Day off.

e 3 February 2015: Reported to Songshan Airport at 0640 and operated
scheduled flights from Songshan to Kinmen to Songshan to Kinmen to
Songshan. Total flight time was 4 hours 30 minutes. The flight duty ended at
1405.

e 4 February 2015: Reported to Songshan Airport for duty at 0640.
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1.5.4.3 First Officer
e 1 February 2015: Day off.

e 2 February 2015: Went to office for self-study from 0830 to 1730, and then
went home.

e 3 February 2015: Day off.

e 4 February 2015: Reported to Songshan Airport at 0640 for duty as an
observer.

1.6 Aircraft Information
1.6.1 Aircraft and Engine Basic Information
Basic information of the occurrence aircraft is shown in Table 1.6-1.

Table 1.6-1 Aircraft basic information

Aircraft basic information (statistics date: 4 February 2015)

Nationality Taiwan, R.O.C.
Aircraft registration number B-22816
ATR-GIE Avions de Transport
Manufacturer L.
Régional
Aircraft model ATR72-212A"
Aircraft serial number 1141
Date manufactured 14 April 2014
Delivery date 14 April 2014

Owner

TransAsia Airways

Operator

TransAsia Airways

Number of certificate of
registration

103-1271

Certificate of airworthiness,
validity date

31 March 2015

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 since
last check

44:50/ 64

Basic information for the two Pratt & Whitney Canada (PWC) engines is
shown in Table 1.6-2.

19 ATR72-212A: model as per type design; ATR72-500: marketing name for legacy ATR72-212A; ATR72-600:
marketing name for ATR72-212A with new avionic suite.
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Table 1.6-2 Engine basic information

Engine basic information (statistics date: 4 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 s.lnc'e installation 829:31 1627-05
(hours: minutes)

Cycle since installation 1240 2356

Last check. date A4 CHECK, 26 A4 CHECK, 26
’ January 2015 January 2015

Time / cycles since last 4450 / 64 44°50 / 64

check

1.6.2 Aircraft Maintenance Records

A review of the aircraft’s maintenance records before the occurrence flight
indicated that there were no defects reported or inoperative items under the
minimum equipment list (MEL®) for the occurrence flight when the aircraft was
dispatched from Songshan Airport. A review of the aircraft’s maintenance
documentation was conducted and included an examination of the following:

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

e Pre-flight checks, daily checks, and transit check records for the last 6
months before the occurrence; and

e The last periodic check (A4 check).

That review indicated that no defects were reported regarding the ENG 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 records for the occurrence aircraft was in compliance with CAA
regulations and no DD items related to the ENG 2 autofeather system were found.
The review also concluded that the aircraft was in compliance with all applicable
ADs and SBs.

% A minimum equipment list (MEL) is a list of aircraft equipment and systems that may be inoperative 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, equipment or systems become inoperative.
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1.6.3 Propeller Systems

The occurrence aircraft was equipped with HAMILTON STANDARD 568F-1
propellers. The propellers are the variable pitch type, hydro mechanically
controlled, and can be placed in the reverse or feathering configurations. According
to the aircraft maintenance manual, description / operation (AMM D/O) (revision
number 38, revision date 1 December 2014), the propeller’s operating modes
include governing speed mode, synchrophasing, governing pitch mode, and
feathering / unfeathering modes.

Feathering can be performed:

Manually, by the condition lever in case of engine failure;
Automatically, in case of torque decrease at takeoff on one engine;
Manually, by the fire handle in case of engine fire; and

Manually, during maintenance operations.

1.6.4 Automatic Take off Power Control System

The automatic take off power control system (ATPCS) is one of the
sub-systems of the propulsion unit. The ATPCS is designed to automatically feather
the propeller during takeoff and approach if the engine torque decreased below 18.5
percent rated torque. The auto-feather logic and control circuits with interlock
features provided arming control and prevented auto-feather of the operating
propeller, once the auto-feather sequence for one of the propellers was initiated.
The system also provided for relaying a 'power uptrim' (engine power increase)
signal to the operating engine.

ATPCS operates with an auto feather unit (AFU) on each engine. The AFU
conditions torque signal and includes autofeather/uptrim logic functions, it delivers
signal to MFC, which then delivers signals to the engine electronic control (EEC)
to enable power increase from take off power to reserved take off power, to the
feather solenoid mounted on the propeller valve module (PVM), and the feathering
electric pump installed on the reduction gear box on each engine.

The associated controls in the cockpit included the ATPCS push button on the
cockpit center panel (see Figure 1.6-1), the power lever (PL) position and a test
selector located on the cockpit pedestal. Arming of the system was performed when
all the following conditions were simultaneously met (Figure 1.6-2):

e Power management (PWR MGT) selector switch placed in TO (take off)
position;

e ATPCS pushbutton switch pressed in;

e Engines 1 and 2 torque higher than 46.2%; and

e Both power lever angles above 49 degrees.
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PWR MGT
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push button
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Figure 1.6-1 PWR MGT selector and ATPCS pushbutton
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Figure 1.6-2 Functions of the ATPCS
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The status of the ATPCS was indicated by the ATPCS ‘ARM’ indicator on the
cockpit center panel. When armed, the ATPCS ‘ARM’ illuminated green. If one
engine’s torque decreased below 18.5 percent, the ATPCS relayed an uptrim
(engine power increase) command to the other engine. The uptrim resulted in
increasing the remaining operating engine power from take off (TO) to reserve take
off (RTO) power. After 2.15 seconds, the propeller of the faulty engine was
automatically feathered by activation of the propeller valve module (PVM) feather
solenoid and in parallel by the PVM electro hydraulic servo valve (EHSV)
controlled by the 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 shown in Figure 1.6-3.

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 1.6-3 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 power levers (PL) below 49°. When the ATPCS is
triggered, the engine and warning display (EWD) will indicate "UP TRIM" on the
operating engine, "TAUTO FTR" on the affected engine and the procedure for ENG
1(2) FLAME OUT AT TAKE OFF. Figure 1.6-4 and Figure 1.6-5 illustrate
simulated EWD displays for ENG 2 autofeathered and "ENG 2 FLAME OUT AT
TAKE OFF" procedure.
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Figure 1.6-4 Simulated EWD indications for ENG 2 autofeather at take off**

21 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 in green sector,
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% (green sector). It will become amber if torque is between 100 — 106% (amber
sector), and red if torque is 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 100% but not 106.3%.
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Figure 1.6-5 Simulated EWD indications for ENG 2 flame out at take off

1.6.5 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 produced by the engine.

As shown in Figure 1.6-6, 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 cabinet 1 (CAC1) 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 429% and displayed the torque value in analog form.
The digital indication was produced by an ARINC 429 message from the EEC to
the DU. The torque value in digital form was also transmitted to the multi-purpose
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 as aeronautical radio incorporated, is the technical
standard for the predominant avionics data bus used on most higher-end commercial and transport aircraft. It
defines the physical and electrical interfaces of a two-wire data bus and a data protocol to support an aircraft's
avionics local area network.

20


https://en.wikipedia.org/wiki/Bus_(computing)
https://en.wikipedia.org/wiki/Local_area_network

AIRFRAME

= PLA
CLA AUTOFEATHER
| RELAY
~ AUTOFEATHER |
ENGINE TORGUE 1 NV l:‘:; HER LOW TORQUE
(AFU)

_l_ AUTOFEATHER

ARMED LAMP

ARINC 429
N INPUT FROM ADC

e ARINC 429 OUTPUT
28VDC
_ "\ MANUAL
o ) LAMP
ENGINE
CONTROL
SYSTEM FAULT
= UART / ARINC
EL‘EC"‘O“C MAINTENANCE
cmmm‘af DIAGNOSTICS
E’D_' (EEC) DISCRETES
DISCRETES CONDITION FUEL
10 & FROM SHUT OFF LEVER
OPPOSITE
ENGINE EEC
BLEED
TORQUEMOTOR
STEPPER
MOTOR
M KCHAmN. IIIIIIllIlIIlIIIng Illllll.l_lgllllll
<"=‘ FUEL CONTROL
UNT UFC)

Figure 1.6-6 Engine torque sensing and indication

1.6.6 Weight and Balance Information

The actual take off weight of the aircraft was 44,890 1bs. The aircraft’s center of
gravity (CG) for takeoff was located at 27.6% mean aerodynamic chord (MAC),
which was within the aircraft’s certified CG limitations located between 20.8% and
37% MAC. The ATR72-600 CG envelope is depicted in Figure 1.6-7. Table 1.6-3
details the occurrence aircraft’s weight and balance data. The aircraft’s weight and
balance was within the specified limitations for the duration of the occurrence flight.
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Figure 1.6-7 ATR72-600 CG envelope
Table 1.6-3 Weight and balance data

Max. zero fuel weight 45,856 Ibs.
Actual zero fuel weight 39,989 Ibs.
Max. take off weight 50,265 Ibs.
Actual take off weight 44,890 Ibs.
Take off fuel 4,901 lbs.
Estimated trip fuel 1,720 lbs.
Max. landing weight 49,273 lbs.
Estimated landing weight 43,170 lbs.
Take off Center of Gravity 27.6% MAC

MAC: mean aerodynamic chord
1.7 Weather Information

The aerodrome routine meteorological report (METAR) for Songshan Airport
around the time of the occurrence was:

METAR at 1100 hours, wind from 100 degrees at 10 knots, visibility greater
than 10 kilometers, few* 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 forecast-no significant change, Remarks: altimeter setting 30.25 in-Hg

% Cloud amounts are reported in oktas. An okta is a unit of sky area equal to one-eighth of total sky visible to the
celestial horizon. Few = 1 to 2 oktas, scattered = 3 to 4 oktas, broken = 5 to 7 oktas and overcast = 8 oktas.

% 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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Songshan Airport’s automatic terminal information service (ATIS) current at the
time of the occurrence was information Sierra® which indicated that the cloud
coverage was ‘Few’ at 1,300 feet and ‘Broken’ at 2,800 feet and 4,000 feet. Runway
10 was in use and was reported as ‘wet’?°. Visibility was greater than 10 kilometers
and the wind was from 100 degrees at 8 knots. The QNH was 1024 hPa. The
temperature was 16°C and the dew point was 13°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.
visual meteorological conditions (VMC) prevailed for the take off and maneuvering
phases of the occurrence flight.

1.8 Aids to Navigation

There were no reported difficulties with navigational aids along the occurrence
aircraft’s flight path.

1.9 Communication

Communication with air traffic control (ATC) was primarily through very high
frequency (VHF) radio with both Songshan Ground and Tower using separate VHF
frequencies of 121.9 and 118.1 MHz respectively.

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

1.9.1 Communication within the Passenger Cabin

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 with the aircraft’s interphone System. The senior flight attendant
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 senior flight
attendant advised the passengers to fasten their seatbelts shortly before take off.
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

Taipei Songshan Airport elevation was 18 feet. It had one runway that was
oriented east-west. Runway 10/28 aligned 095/275° magnetic, was 2,605 meters
long and 60 meters wide, and was constructed of asphalt and concrete. Runway 10
had a stopway”® of 51 x 60 meters®® and an engineered materials arresting system

3827

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, also known as Taipei International Airport.

The stopway is an area beyond the runway which can be used for deceleration in the event of an aborted takeoff.
# The AIP Taipei FIR AD 2-RCSS-37 Songshan aerodrome chart dated 9 Jul 15 included an additional area of 60 x
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(EMAS)® of 122 x 69 meters installed 111 meters east of the Runway 28 threshold.
Runway 28 had a runway end safety area (RESA)*! of 51 x 150 meters.

High terrain, high density residential buildings, commercial buildings, military
facilities, and a multitude of other obstacles® surrounded the airport and were
prevalent along the aircraft’s occurrence flight path.

1.11 Flight Recorders

The flight data recorder (FDR) and the cockpit voice recorder (CVR) were
recovered by the ASC investigators at 1605 on the occurrence day. Both recorders
were immersed in water but exhibited no external damage. The recovered CVR and
FDR are shown in Figure 1.11-1.

Both recorders were transported to the ASC Investigation Laboratory for
disassembling and readout on 4 February. The crash survival memory units (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
.

Figure 1.11-1 External view of the FDR and CVR

60 m between the end of the Runway 10 Stopway and the beginning of the EMAS.

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 the equivalent soft ground distance. As such it may be an alternative to a runway end 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 adjacent to the end of the strip primarily
intended to reduce the risk of damage to an airplane undershooting or overrunning the runway

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

CVR Description

The aircraft was equipped with an L-3 Communications solid-state CVR
(SSCVR or CVR), model FA2100. The CVR was capable of recording 2 hours of
4-channel high quality cockpit audio. The 4 channels of cockpit audio comprised
two channels for each flight crew, one cockpit area microphone (CAM) channel,
and a fourth channel for the public address (PA) system. The CVR’s identifying
information included:

Manufacturer: L-3 Communications
Model: FA2100

Part number: 2100-1020-02

Serial number: 000706983
Hardware modification number: 13

CVR Download and Readout

The CVR data download was conducted in accordance with the applicable CVR
manufacturer’s accident investigator’s kit (AIK) (Figure 1.11-2). The CVR
contained 124 minutes and 14.4 seconds of 4 channel audio data. The audio quality
of each channel was either good or excellent. The recording 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 1041:15.4 hrs. and 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 1.11-2 CVR CSMU connection to chassis
1.11.2 Flight Data Recorder

FDR Description

The aircraft was equipped with an L-3 Communications solid-state flight data
recorder (SSFDR or FDR). The FDR’s identifying information included:
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Manufacturer: L-3 Communications
Model : FA2100

Part Number: 2100-4045-00

Serial Number: 00925587
Hardware Modification Number: 12

FDR Download and Readout

The FDR data download was conducted in accordance with the applicable FDR
manufacturer’s AIK (Figure 1.11-3).

Figure 1.11-3 FDR CSMU connection to 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. According to ATR’s FDR readout document™®, the total number of
recorded parameters was 750 and the raw data was converted into engineering units.
Data plots for the occurrence flight are available in Appendix 3.

GE235’s FDR began recording at 1041:18 and continued recording until the end
of the flight at 1054:35.9.

1.11.3 Other Flight Data and Radar Track Data
1.11.3.1 Quick Access Recorder Data

The aircraft’s quick access recorder (QAR) and its personal computer memory
card international association (PCMCIA) card were recovered on 5 February. After
drying the PCMCIA 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.

¥ ATR service letter no. ATR72-31-6010, Rev 10 referring to dataframe V4.
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1.11.3.2 Secondary Surveillance Radar Data

Figure 1.11-4 shows the GE235 ATC 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 original radar data indicated that the aircraft’s last
valid radar data position was recorded at 1054:35.26.

Figure 1.11-4 GE235 ATC 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 baro-corrected altitude. Aircraft position
information was available until 1054:35. The aircraft’s last recorded position was
N25°03°46.576”, E121°37°1.291”. Figure 1.11-5 illustrates the aircraft’s GPS flight
path, ATC radar track, and key warnings in the cockpit superimposed on a satellite
photo of the area. The GE235 flight path, satellite image and key events between
1053:07.7 and 1053:59.7 and the last 23 seconds of the flight are presented in
Figures 1.11-6 and 1.11-7 respectively.

Table 1.11-1 presents the sequence of technical events for the occurrence based
on the CVR and FDR information.

FDR flight path
O master warning
A stall warning

Figure 1.11-5 Superimposed GE235 GPS flight path, ATC radar track and key cockpit
warnings
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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 1.11-6 GE235 flight path and key events rendered on a fused satellite image and
digital surface model between 1053:07.7 and 1053:59.7
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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 1.11-7 GE235 flight path and key events rendered on a fused satellite image and
digital surface model for the final 23 seconds of flight

=)
SRONCRCRACHS)

28



Table 1.11-1GE235 CVR/FDR Sequence of Events

Local Autopilot/Yaw | Radio Computed | Indicated | Fact EWD Comment
Time Damper Status | Altitude | Airspeed | Airspeed Procedure
(AP/YD) (RALT) |(CAS) (1AS1) Message
LNAV Armed — 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 armed — Selected
altitude 5,000 feet
10:52:03 6.4 123 127 highest CAS 134 knots | 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 Status | Altitude | Airspeed | Airspeed Procedure
(AP/YD) (RALT) |(CAS) (1AS1) Message
10:52:37 |~ 1,165 116 117 ENG 1 uptrimed ATPCS sequence
began
ENG bleed VLV LH
closed (52:35 ~ 52:37)
10:52:38 |~ 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 sec after
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 angle 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 Status | Altitude | Airspeed | Airspeed Procedure
(AP/YD) (RALT) |(CAS) (1AS1) Message
10:53:07 | YD 1,582 102 99 ALT not armed:
Vertical Speed
HDG SEL below 80ft/min
PITCH HOLD
10:53:.08 |~ 1,627 102 100 Two sec later, highest
alt 1,661 feet (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: 98knots
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 deg)
10:53:17 |~ 1,535 101 97 1*' stick pusher
10:53:21 | HDG SEL 1,470 102 101
PITCH HOLD
10:53:24 |~ 1,344 107 106 CLA 1 fuel SO ENG 1 propeller

was feathered and
ENG 1 was shut
off
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Local Autopilot/Yaw | Radio Computed | Indicated | Fact EWD Comment
Time Damper Status | Altitude | Airspeed | Airspeed Procedure
(AP/YD) (RALT) |(CAS) (1AS1) Message
10:53:49 | YD-AP 875 109 109
HDG SEL
PITCH HOLD
10:53:57 | YD 791 101 98 AP disconnection Automatic
disconnection
HDG SEL
PITCH HOLD
10:54:08 | HDG SEL 533 112 108
PITCH HOLD
10:54:14 |~ 544 105 98 DC essential BUS 1 ENG 1 restart
voltage dropped from request
28V down to 18V
10:54:20 |~ 575 96 91 CLAL no more fuel ENG 1 restart
SO cont’d
10:54:25 |~ 401 106 96 NH1 reached 30% ENG 1 restart
increasing cont’d
10:54:30 |~ 107 110 97 PLAZ2 decreased down | After Take ATPCS disarming
to 48 deg Off - 1EO condition
10:54:31 |~ 101 108 97 ENG 2 left feather +
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Local Autopilot/Yaw | Radio Computed | Indicated | Fact EWD Comment
Time Damper Status | Altitude | Airspeed | Airspeed Procedure
(AP/YD) (RALT) |(CAS) (1AS1) 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 Impact Information

During the final stages of the occurrence flight, the aircraft’s left wing collided
with a motor vehicle on the Huan-Dong 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 overpass 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 salvage operation was made possible by the assistance of Central
Disaster Emergency Operation, New Taipei City and Taipei City Emergency
Response Centers.

1.12.1 Recovery of Aircraft Wreckage

The primary aircraft wreckage consisted of two major separated sections of
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. Figure 1.12-1 depicts the initial
salvage of the 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 1.12-1 Wreckage recovery operations

Figures 1.12-2 and 1.12-3 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 aircraft was primarily in the area aft of the cargo area and forward of the
ice shield area.
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Figure 1.12-2 Recovered aircraft wreckages (1)
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Figure 1.12-3 Recovered aircraft wreckages (2)
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1.12.2 Wreckage Transfer and Storage

With the support of the Ministry of National Defense (MND), the recovered
wreckage was transported to the Songshan Air Force Base (SAFB) for storage and
subsequent examination on the evening of 5 February.

Figure 1.12-4 shows the aircraft cockpit portion being lifted and moved to the
wreckage storage site. The aircraft wreckage was arranged to represent as much as
possible a reconstruction of the aircraft.

Nk

‘l |“llll\ i 1

Figure 1.12-4 Wreckage storage site

1.12.3 Video Footage and Impact Information

Video footage and aircraft impact marks indicated that the aircraft had collided
with a taxi, light pole and guard railing or barrier on the Huan-Dong overpass before
impacting the Keelung River. Figure 1.12-5 presents an aerial photograph of the
accident site. Keelung River is to the north side of the overpass. The depth of the
river in this location is between one to two meters.

38



reference
flight path

alw,

Nangang Digtrict' / Xizhi District
Y/

o

Figure 1.12-5 Aerial Photo of the GE235 crash site

The height above ground level of the Huan-Dong overpass was about 21 meters.
The width of the overpass was 10 meters. An impact 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 light pole, which was very close to the
damaged barrier (see upper right corner of Figure 1.12-5). The distance from the
impacted taxi to the damaged overpass barrier was about 9 meters and the distance
from that barrier to the main wreckage in the river was about 90 meters.

The main wreckage was near inverted in the middle of the Keelung River on a

heading of about 025 degrees magnetic. The primary wreckage site’s reference
position was N25°3°48.54”, E 121°37°3.13.

Figure 1.12-6 illustrates the aircraft’s final trajectory and impact location. The
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 City Government’s Department of Urban Development. Figure
1.12-7 presents an aerial photo of the accident site taken from a rescue helicopter.
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Figure 1.12-7 Aerial photo of occurrence site taken from a rescue helicopter

1.12.3.1 Video Footage of the Occurrence

The aircraft’s flight path was filmed by various sources including motor vehicle
dashboard video and building security cameras. A motor vehicle traveling
westbound on Huan-Dong overpass captured clear footage of the 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 vehicle’s dashboard camera at 1054:34.8. Relevant video snapshots of
the aircraft from the car’s dashboard camera have been annotated with CVR times
and are shown in Figure 1.12-8*.

The video frame rate of the vehicles dashboard camera was 25 frames per
second, which meant that a frame was equal to 0.04 seconds. Figures 1.12-9 to
Figure 1.12-11 present the dashboard camera video images of the aircraft’s the final
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. The estimated distance
between the taxi and the overpass barrier was about 9 meters. Figure 1.12-11
indicated that the aircraft impacted the northern barrier of the Huan-Dong overpass at
1107:07 on the video, which corresponded to a CVR time of 1054:34.76.
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(] 4-11:07:10 PAPAGOIPO 2015/02104-11:07:11PAPAGOIPO > 4 2015102104-11:07:12 PARAGOIPQ

Figure 1.12-8 Snapshots extracted from the motor vehicle’s dashboard camera

% Use of the video was authorized by the 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 1.12-10 17" frame of dashboard camera video

42



L

¥ '-ﬁ“* J W,

10:54:34.76 (f19)
2015/02/04-11:07:07 PAPAGO!PO

Figure 1.12-11 19" frame of dashboard camera video
1.13 Medical and Pathological Information
1.13.1 Medical Treatment of Surviving Passengers

Thirteen of 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, bruising, abrasions and lacerations. One passenger sustained
minor injuries. The surviving passengers were initially transported to six local
hospitals around Taipei City and New Taipei City for treatment.

1.13.2 Flight Crew Toxicology Information

The Institute of 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 one thousand items).

Captain A’s toxicology report of indicated no evidence of drugs or toxins.

Captain B’s toxicology report indicated doxycycline® in the blood and urine.
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/a682063.html)
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The First Officer’s toxicology report indicated amlodipine® in the blood and
urine. No other drugs or toxins were found.

1.13.3 Flight 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 the
three flight crew was the same. They had suffered multiple fatal head injuries.

1.13.4 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 applicable.

1.15 Survival Aspects

TransAsia's ATR72-600 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 1.15-1 illustrates the 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 surviving passengers.

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 1.15-1 Injury and fatality distribution

% Amlodipine: A calcium channel blocker heart medication used in the treatment of hypertension. (U.S. Federal
Aeronautical Administration http://jag.cami.jccbi.gov/toxicology/DrugDetail.asp?did=128)
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1.15.1 Emergency Escape

All of the 15 survivors were seated after row 10. The surviving passengers and
crew reported that after the aircraft impacted the water, the middle-aft section of the
fuselage separated from the aircraft and rotated counterclockwise in an 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 unconscious
passengers then regained consciousness as they began to choke on the water that was
engulfing the cabin. Most survivors were still in their seats and unbuckled their seat
belts by themselves or were assisted by other passengers.

There was a break or breach in the right side of the aircraft’s fuselage around
rows 14 to 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 survivors’ escape path including seats, luggage, and
other debris. One survivor who had escaped through that opening reported that her
watch showed 1105 at that time. She tried to bang on the service door but failed
during her escaped process. A total of 10 survivors escaped from this break in the
fuselage and then stood on the aircraft wing awaiting rescue.

There were five survivors seated closest to aft-cabin escaped from the service
door. One of the five survivors tried to comfort and took care of other 4 survivors
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 and the official rescue report, the first
nine rescue vehicles, with about 15 fire fighters from Taipei City and New Taipei
City, rushed to the crash site from about 1105 to 1115 after receiving notification
from the firefighting command centers. Three of the fire fighters tried to swim to the
aircraft main wreckage in the river. Two of them failed to reach the aircraft because
of the strong current. Two powered rubber boats finally reached the aircraft main
wreckage area at 1130 and began to rescue the group of 10 survivors who were
standing on a wing section. The other rescuers then opened the service door near the
aircraft’s tail section and rescued the five survivors trapped in that area.

The cabin was dark and inundated with fuel odor when the rescuers entered the
cabin. They used explosion-proof lights and hydraulic cutters to help rescue the
survivors. TransAsia maintenance staff and the fire fighters from Taipei’s Songshan
Airport provided information regarding the location of the aircraft’s exits, door
operation, 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.

1.16 Tests and Research
1.16.1 TNA Simulator Training Observation

The investigation team conducted an observation of TNA’s ATR72-600 annual
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 not performed
during the sessions (including the PC sessions); the take off briefing covered single
engine procedures and the acceleration altitude; and the flight crew conducted the
ATPCS callout “ARM” during the aircraft’s take off roll. The PF was responsible for
the power levers (PL) and the PM was 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 during takeoff and an emergency descent
sequence.

1.16.2 Simulation Testing

To further understand the technical and pilot performance issues in the
occurrence, two ATR72-600 simulator sessions were conducted at the ATR full
flight simulator®’” (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 manufacturer’s current and experienced ATR72-600 type-rated pilots,
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 included representatives from the ASC,
BEA and ATR.

The findings from the simulated test flights included:

e The occurrence profile was successfully reproduced.

¥ The FFS are designed and certified for training purposes based on mandatory items defined by the respective
certification authorities.
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e While flying the occurrence profile, the pilot workload was considered
light®® before the stall warning (audio stall warning and stick shaker). The
workload was medium to high after the stall warning.

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

e The execution of the single engine flameout after take off with the ATPCS
armed demonstrated that the AP did not automatically disengage. The
simulated aircraft maintained wings level flight as expected and continued
the climb at around 600 feet per minute (fom) at an indicated airspeed of
115 knots™.

e The execution of the single engine flameout after take off with the ATPCS
selected ‘OFF’ demonstrated a reduction in aircraft performance because
there was no uptrim (engine power increase) on the operative engine or
autofeather of the failed engine. The simulated aircraft maintained wings
level flight and continued the climb between 100 to 300 FPM at an
indicated airspeed of 115 knots. This exercise was performed without
applying the full ATPCS OFF dispatch conditions according to MMEL.

e 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 30 daN*® which was the force
required to disconnect the yaw 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 same actions as the occurrence flight crew. The evaluation of the
workload was conducted by the simulation test flight crew (composed by one ATR training captain and one ATR
test pilot) who have respectively 20 and 19 years of experience in evaluating flight performance in simulated
flights.

V2 or the take off safety speed in normal conditions at MTOW is 115 knots. 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 V2 ensures
that the minimum climb gradient required is achieved, and that the aircraft is controllable (V2 > 1.13 VSR and V2
> 1.1VMCA). Note. V1 is the decision speed, the maximum speed at which a rejected take off can be initiated by
the pilot, and the minimum speed 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 or is inoperative, 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) is a unit of force equal to 10 newtons. One newton is the force needed to accelerate one
kilogram of mass at the rate of one metre 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 aircraft’s behavior without pilot inputs. The aircraft’s behavior was
consistent with a 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 seconds. 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
degrees. The yaw auto trim function 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 warning activated
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 and 400 feet of altitude to
recover the simulated aircraft from stick pusher activation at 93 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 than 100 feet of altitude to
recover the aircraft and increase the airspeed to 118 knots. There is another
phenomenon has been observed in the stall test; as the FMA vertical mode
had previously reverted to “PITCH HOLD” mode, the flight director (FD)
bars provided guidance to maintain a pitch target of 8°. When the stick
shaker and subsequently the stick pusher activated the aircraft pitch was
consequently decreased to approximately 10° nose-down while the FD
bars were still showing a nose-up guidance on the primary flight display
(PFD) according to the “PITCH HOLD” mode.(Ref Fig. 1.16-1)

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 1,400 feet above ground level. The 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 lost between 400 to 900 feet 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.

48



Figure 1.16-1 PFD display while the stick pusher activated

1.16.3 Aircraft 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 major aircraft structural components were
examined. The fracture surfaces of the structural components were consistent with
overload and post impact damage.

1.16.4 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.
1.16.4.1 Engine Number 1

The ENG 1 was examined in the airframe nacelle as recovered. The external
case inspection revealed that all 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 with the blade outer spans separated.

The engine turbo machine was borescope inspected in accordance with the
PW127 engine maintenance 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 normal running wear. All
components showed immersion damage.

Some control and accessory components of ENG 1 were removed and shipped
to TSB Canada 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 components included 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 and propeller speed (Np)
Sensor.

1.16.4.2 Engine Number 2

The ENG 2 was examined in the airframe nacelle as recovered. The external
case inspection revealed that all 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 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 maintenance 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 normal running 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. According to the PW127 engine maintenance
manual, all the results were within limits (see Table 1.16-1 and Figure 1.16-2).
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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 retaining collar. The
connector pin seats appeared to be dry.

Table 1.16-1 Continuity check of AFU No. 2 electrical circuit

Point-A Point-B Expected Result

J6 pin A J6 pin B 553-589 ohms | 575 ohms
P16 pin H P6 pin A 0-0.5 ohms 0 ohm

P16 pinJ P6 pin B 0-0.5 ohms 0 ohm
Insulation resistance (with reference to ground) of torque sensor No.
1> 2 Mohms
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P16 pin H to P6 pin A J6 pin A to J6 pin B

Figure 1.16-2 Continuity check of AFU No. 2 electrical circuit

Some ENG 2 control and accessory components were removed and shipped to
TSB Canada for dispatch to 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 Sensors, NI sensor and Np sensor.

1.16.5 Components Test and Examination®*

1.16.5.1 Auto Feather Units Testing

The occurrence aircraft’s two auto feather units (AFUs) were removed and
sent to the manufacturer (UTAS) in the USA for examination and testing. In
addition, another AFU from another ATR72 aircraft that had experienced an
uncommanded autofeather event* after the GE235 occurrence was also sent to the

1 All the tests were conducted on components post-impact.
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
investigation boards (NTSB, BEA and ASC), state of engine manufacturer’s civil
aviation regulatory authority (Transport Canada), aircraft and engine technical
advisors (UTAS, PWC and 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 decisions during the shop test with a field
notes. The BEA also prepared a Meeting Report of the AFUs testing (Document no.
BEA2015-0039 tec10). The Meeting Report detailed the shop test process and
results but did not include the laboratory examination. After the completion of the
AFUs examination and test, the 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 three AFUs.

Basic information: Basic information for the three AFUs is shown in Table 1.16-2.

Table 1.16-2 AFUs basic information

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

Manufacturer UTAS UTAS UTAS
Part Number 30048-0000-28 30048-0000-28 30048-0000-28
February 2015.
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Serial Number

RT3077

RT2362

RT2354

Reference *

J2 Connector

1301

1315

1315

Position Engine number 1 Engine number 2 Engine number 1
Aircraft 1D B-22816 B-22816 B-22806
Flight 1D GE 235 GE 235 GE 507
TSN* 826 1,624 1,206
CSN* 1,236 2,352 1,723

* Format is year week (YYWW)

Terms of reference for AFU testing

The following testing protocol for each AFU was agreed to all the units before
the meeting:

- Visual inspection;

- Perform a continuity check;*

- Perform the functional tests manually;

- Perform the functional tests automatically;*
- 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

Time since new.

Cycle since new.

%% 73-20-03 Rev11, Component Maintenance Manual, Part Number 30048-0000-* Part Testing and Fault Isolation.
More details on the continuity, functional, thermal cycle and vibration testing process can be found in the
Component Maintenance Manual pp.101-129.

D06409502 Rev C, acceptance test procedure.
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AFU No. 1 passed the 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 the component
maintenance manual (CMM).

AFU No. 2

AFU No. 2 failed to pass the continuity test. The measured resistance values
for connector pins J and H*' fluctuated from 1 to 20 ohms when the ribbon was
moved by hand. The resistance was higher than the CMM™* values threshold of
0.35 ohms for pins J and H. These two pins connected to the 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 new test procedure 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:

e X1 -The insulation was removed at the end of the flex circuit to create a
testing point.

e X2 —The flange on the pin that was soldered between the flex circuit and
the circuit card.

e X3 - Atesting point on the circuit card, instead of the strip contact point
defined in the CMM.

With reference to Figure 1.16-3, the test results found that:

e The resistance (Rx;) 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.

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

e The resistance (Rxs) measured between pin J and point X3 provided a
value greater than Ry;, which was unstable and changed while the ribbon
was moved.

" The J2 connector pins J and H are part of the AFU connector that connects the AFU to the torque sensor through
the ribbon wire. Continuity of the signal is required to ensure the functionality of ATPCS. A disrupted signal may
result in an uncommanded autofeather).

8 Component maintenance manual with llustrated Parts List, 73-20-03, Rev. 11, 1 Oct 2014.
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Figure 1.16-3 Continuity check of pin J and A2 board

It was noted that the first time R;, and Ry, were measured, both were unstable.
Repeated resistance testing of pins J and H resulted in only one stable result for R;,
and/or Ry,. The continuity failures detected on pins H and J were located inside the
header strip connector (end of the ribbon, opposite the J2 socket). The discontinuity
was observed to be intermittent. The test results with the new test procedure are
summarized in Table 1.16-3.

Table 1.16-3 AFU No. 2 J2 connector pins J and H resistance test results

AFU No. 2 Resistance

J2 Connector Pin X1 X2 X3

Pin J Stable Unstable Unstable
PinH Stable Unstable Unstable

The AFU No. 2 functional test was not completed because of a short circuit
during the gain test. 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 tomography) 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 was cut out of the circuit card assembly

(CCA) and housing. J2 flex circuit pins 33-42 were examined using an optical
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microscope and a scanning electron microscope (SEM). Figure 1.16-4 shows the
microscope (40X magnification) and SEM images for Pins 33 and 34. The J2 flex
circuit connector pins 33-42 were cross sectioned to the component centerline and
examined. Figures 1.16-5 and 1.16-6 show the cross sectioned pin to flex solder
joints of pins 33 and 34. In the optical cross-section images the lead-rich area was
indicated by the grey particles dispersed within the white tin-rich area. In the SEM
Images the lead area is represented by white and tin by grey. The pin-flex 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 microstructure was consistent with enlargement, coarsening and
cracking in a stress zone adjacent to the pin/solder interface. Away from this “stress
zone” the solder microstructure was very fine.

Pin 33 Magnification 40x

Pin 34 Magnification 40x

Figure 1.16-4 Microscope (40X magnification) and SEM images for Pins 33 and 34.
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Figure 1.16-6 Cross sectioned pin to flex solder joints of pins 34
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Summary of Findings for AFU No. 2

e 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,

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

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

e The solder microstructure was consistent with enlargement, coarsening
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 test. The measured
resistance value for connector pin J fluctuated between 1 and 10 ohms when the
ribbon was moved by hand. The resistance was higher than the CMM value
threshold of 0.35 ohms for pin J. An X-ray examination of AFU No. 3 identified no
defects. In order to identify the source of the continuity failure between J2 connector
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 tested resistance values (Rx:, Rx2, Rxs) for AFU No. 3 were similar to those
of AFU No. 2 except that the resistance values Ry, were all repeatedly unstable
during the testing. The continuity failure detected on pin J was located inside the
header strip connector (end of the ribbon, opposite the J2 socket). The test results
with the new test procedure are summarized in Table 1.16-4.

Table 1.16-4 AFU No. 3 J2 connector pin J resistance test results

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

A CT-Scan of the J2 solder joints was subsequently performed and potential
solder cracking was identified. A destructive test was to find the possible root cause
of continuity failures inside the J2 flex circuit 90 connector. The J2 flex circuit was
cut out of the CCA and housing. J2 flex circuit pins 33-42 were examined using an
optical microscope and a SEM. The J2 flex circuit connector pins 33-42 were Cross
sectioned to a shallow depth (20%) and examined. The process was repeated to the
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component centerline. The pin-flex 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 microstructure was
consistent with enlargement, coarsening and cracking in a stress zone adjacent to the
pin/solder interface. Away from this ““stress zone” the solder microstructure was very
fine.

Summary of Findings for AFU No. 3

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

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

e The solder microstructure was consistent with enlargement, coarsening
and cracking in a stress zone adjacent the solder joint interface between the
flex circuit and the header pin;

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

e  Thermal cycles’ tests were passed despite the continuity failure (resistance
values above the CMM threshold).

Further simulation of AFU performance with increased inline resistance

In an effort to understand the potential impact of increased resistance between
the torque sensor and the AFU the system was modeled and simulated. UTAS
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
simulation are:

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

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

1.16.5.2 MFCs NVM Data Download

Twenty two circuit boards from the occurrence aircraft’s two multi function
computers (MFC 1, 2) were removed and dispatched to the BEA for non-volatile
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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. The results were the same. Information stored in the memory
chips was divided into three groups: Basic BITE*®; Advanced BITE; and Super
advanced BITE.

The results of the readout indicated a code 02 failure (flight controls) was
recorded in the Basic BITE. No other failure had been detected since the last MFC
maintenance action®®.

Advanced BITE provided technical information on the aircraft’s last 8 flights
before the occurrence, with the exception of the two flights immediately preceding
the occurrence flight. Six of the most recent flights contained the code 02 failure.
The definition of a code 02 failure and the associated corrective actions were:

e TORQUE 2 FAULT (confirmation delay: 30 s)
e This code appears with the following conditions:
Right power lever in TO position 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

e Maintenance Actions:
Check AFU, Torque indicator, microswitch on right power lever and
associated wiring.

When a code 02 failure occurs, the origin of the failure may be in any of the
signal from: TQ sensor #1>* of ENG 2, the harness or AFU No. 2 (S/N: RT2362).

* BITE: built-in test equipment. BITE provides an integrated ground maintenance/in-flight maintenance monitoring
system that is available to maintenance personnel whenever power is applied to the aircraft. The system design
objectives are to minimize on-aircraft maintenance time, reduce unconfirmed line replaceable unit (LRU)
removal rates, and facilitate identification of failed LRUs and associated interfaces.

% TNA information: TNA checks MFC memory every Wednesday night during the aircraft’s weekly check. If the
only failure code presented was WOW (weight on wheels), the memory was erased. If there were failure codes
other than WOW, the associated corrective actions were documented in the technical log book (TLB). The
airline’s maintenance records indicated that the occurrence aircraft’s most recent weekly check was performed on
28 January 2015 with no faults found.

1 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 have had an influence on the information displayed
to the crew; The TQ sensor #2 supplies the digital torque indication displayed on the EWD. The 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 crew may see the ENG
2 torgque 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 the occurrence flight, MFC #2 recorded an autofeather request inside
the super advanced BITE, with a signal coming from AFU No. 2. Both module 2A
and 2B recorded the same context:

e Asingle record
e Code E1: Activation signal for feathering pump 2 status
e 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 the take off position by the FDR, the
torque indication value was then detected to be below 25%.

Summary of NVM findings

e No error other than the invalid TQ needle indication was detected by the
MFC since the last deletion of the MFC memory (maintenance action);

e AFU #2 reported TQ values of ENG 2 lower than 25% to the MFC for
more than 30 seconds; and

e The autofeather system was triggered during the occurrence flight.

1.16.5.3 PECs and EECs Data Download

Two engine electronic controls (EECs) and two propeller electronic 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 representatives 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 1.16-5 contains the EEC and PEC identifying information.

Table 1.16-5 Basic EEC and PEC information

P/N S/N Position
EEC 1012974-4-002 | 14040035 No.1/ left
EEC 1012974-4-002 | 13100020 No.2 / right
PEC 816332-5-401 13070018 No.1/ left
PEC 816332-5-401 13080013 No.2 / right
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The data download and technical report indicated that both PECs had no
induced failures and 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
power-up sequence of the EEC, DCU, AFU, and air data computer (ADC).

1.16.5.4 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 macroscopic inspection and X-ray examination
were conducted. The connection between the torque sensor and the AFU was
achieved through (see Figure 1.16-7):

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

Figure 1.16-7 Connectors of AFU (left) and torque sensor (right)

The X-ray examination of both harnesses showed no anomaly. The X-ray
pictures of the connectors which connect AFU and the torque sensor of ENG 2 are
shown in Figure 1.16-8.
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Figure 7: AFU female connector with the Figure 8: AFU connector: location of the
connections wire/female pins connected pins
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Figure 12: view of the AFU connector
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Figure 11: AFU connector

Figure 1.16-8 X-ray examination of AFU and torque sensor connectors

The macroscopic examination identified a difference between pin H on ENG 2
AFU connector and the other pins on that connector. Figure 1.16-9 shows AFU
No.2 connector pins H and J.
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Figure 1.16-9 Connector pins H (left) and J (right) of 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 Engine Sensors

Twelve engine sensors including right torque, left torque, Np speed, lower Nh
speed, upper Nh speed and NI speed sensors of ENG 1 and ENG 2 which removed
from the occurrence aircraft were sent to P&WC via TSB for testing. After all
necessary tests finished, P&WC provided ASC a report on June 22, 2015,
document number RFA No 15ECNO00082 Sl File No: 15-006. According to the
report, observations recorded from testing of the speed and torque sensors were
indicative of immersion in water and impact. Test results are summarized in
Appendix 4. The detailed examination and test of torque sensors of ENG 2 as
follows,

ENG 2 torque sensor left SIN CH1468

This sensor was on the engine at initial engine delivery. The shop examination
results of this sensor as follows,

Dark residue was present on the torque sensor probe-tip. The magnet was
recessed into the probe tip. The interior of the electrical connector was clean and
dry. The body of the probe was bent (see Figure 1.16-10). The packing was present
on the tip and appeared to be damaged. Following removal of the wiring harness a
small amount of white residue was observed in the sensor electrical connector. Qil
and crystal residue was present in the packing groove. Chemical analysis of the
residue identified fiber-like material composed of silicon with oxygen and sodium
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(possibly glass-fiber). Silicon and iron with oxygen, aluminum and potassium was
also present. This was suggestive of environmental debris and magnesium-oxide.

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

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

Test point 6.2 Dynamic test: with the gap between the senor tip and the
phonic wheel set at 0.035in, and the phonic-wheel 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.

Test point 6.3 Dynamic test: with the gap between the senor tip and the
phonic wheel set at 0.035in, and the phonic-wheel 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.

Test point 6.6 Dynamic test: with the gap between the senor tip and the
phonic wheel set at 0.035in, and the phonic-wheel 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.

Test point 6.2 to 6.6 Dynamic test: The peak-to 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 manual test procedures. The component maintenance manual or overhaul
manual ranges of values are those used to re-certify an accessory and are provided
here for reference purposes only.

3D X-ray analysis (see Figure 1.16-11) of the sensor indicated that the coil
wires had broken at the outside of the bend due to the impact.
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Figure 1.16-10 External view of ENG 2 torque sensor left S/N CH1468

Figure 1.16-11 3D X-ray view of ENG 2 torque sensor left S/N CH1468

ENG 2 Torque sensor right S/IN CH1457

This sensor 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 junction-box. There was a small
amount of dark residue and contact marks on the probe tip. The end of the wiring
harness was attached to the electrical connector and secured with a heat-shrink
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
the sensor electrical connector. Iron-oxide 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:

o Test point 6.2 Dynamic test: with the sensor installed with an air gap of
0.035in from the phonic-wheel, and the wheel speed set at 639RPM the
voltage between pin 1 and 2 was 1.49 volts peak-to peak. This was
slightly below the test point minimum limit of 1.5 volts peak-to peak.

o Test point 6.3 Dynamic test: with the sensor installed with an air gap of
0.035in from the phonic-wheel, and the wheel speed set at 4263RPM
the voltage between pin 1 and 2 was 8.5 volts peak-to peak. This was
slightly below the test point minimum limit of 8.9 volts peak-to 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 maintenance manual or overhaul
manual ranges of values are those used to re-certify an accessory and are provided
here for reference purposes only.
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Figure 1.16-12 External view of ENG 2 torque sensor right S/N CH1457

1.17 Organizational and Management Information

1.17.1 Flight Operations Division

The head of TNA’s Flight Operations Division (FOD) was designated an
assistant vice president (AVP). The FOD comprised an Administration and
Scheduling Department, Fleet Management Department and Standard, Training and
Development Department. The FOD organization chart is shown in Figure 1.17-1.
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Figure 1.17-1 TNA Flight Operations Division Organization chart

The Standard, Training & Development Department (STDD) included two

section

s: standards and training; and planning and development. The department

was responsible for the training and checking of all TNA pilots. The STDD
provided the following flight crew training and checks for all aircraft, including the
ATR fleet:

(@)
(b)
(©)
(d)
(€)
(f)
@)
(h)
(i)
()

In

Aircraft type training;

Ground school;

Initial training;

Recurrent training;

Transition training;

Upgrade training;

Instructor and examiner training;
Ab-initio training;
Re-qualification training; and
Cross crew qualifications (for Airbus fleet) or differences training (for ATR
fleet).

addition, the STDD also provided dangerous goods training and special

operations training, such as reduced vertical separation minimum (RVSM),
performance based navigation (PBN), extended range two engine operations
(ETOPS), low visibility operations (LVO), cold weather operations, high elevation

airport

operations, and fatigue management.
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The CAA had authorized STDD to nominate suitably qualified and experienced
training captains as designated examiners (DE) to conduct aircraft type rating
training and checks. Between 2011 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 TNA’s ATR72 pilots be required to undertake
supplementary proficiency tests with higher standard for risk control. A total of 55
pilots took the supplementary proficiency tests.

The evaluations were conducted by the CAA and designated examiners. Ten
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 time. Twenty nine pilots were suspended
for a month pending a re-test. One captain was subsequently demoted and several
pilots left the airline. The remaining suspended pilots subsequently passed the
re-test.

1.17.1.1 Initial ATR72 Training
TNA ATR72 initial pilot training comprised the following:

(@) Ground school: was conducted by either e-learning or in the class room for
teaching aircraft systems, aircraft performance, related regulations, and
safety and 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 before commencing initial operating experience (I0E);

(c) Simulator training: total of 18 sessions covering normal, abnormal and
emergency procedures, including wind shear, controlled flight into terrain
(CFIT), traffic alert and collision avoidance system (TCAS), and unusual
attitude recovery (UAR). Seven sessions were conducted in a fixed-based
simulator and 11 sessions were conducted in a full flight simulator;

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

(e) Initial operating experience (IOE): comprised three different phases. Phase 1
focused on PM duties; phase 2 focused on PF duties; and the last phase
emphasized total crew performance; and

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

The Standard, Training & Development Department also provided a recurrent
training program for pilots every 6 months. Two recurrent training sessions and their
associated checks were 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 and simulator sessions. The ground school component was
a minimum of 20 hours per year.

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

The airline’s command upgrade (promotion from first officer to captain)
procedures were documented in section 5-3 of the flight operations department
operations manual (FODOM). The first stage of the command upgrade selection
process involved FOD compiling a list of FOs who met the qualifications and
experience requirements for upgrade specified in Chapter 10 of the FOM. Potential
upgrade candidates were then recommended by instructor pilots (IPs). Those
potential candidates who were not recommended by IPs for upgrade were to
undertake additional remedial training to rectify the 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 undertake technical and 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 then conducted 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 one-third of the panel was not recommended for
upgrade training.

Three ATR72 First Officers, including GE235’s Captain A, attempted the above
oral test on 7 April 2014. The selection panel assessing the candidates oral test
performance comprised six ATR72 IPs/CPs. The airline’s ATR72 fleet had a total of
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.

1.17.2.2 Upgrade Ground Training

Section 2.4 of TNA’s flight training management manual (FTMM) outlined the
components of upgrade training: ground training; flight simulator training; and line
training. FTMM section 2.4.2 “Ground Training” stated that the ground test was to
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be conducted after the completion of all ground courses.

Four ATR72 first officers attended the upgrade training in 2014. Three of the
candidates, including Captain A, did not complete all the ground courses until after
the ground test on 12 May 2014. That was not in accordance with the airline’s
documented upgrade training procedures. According to the interview note, the
justification for not following the documented process was that they were assigned
flying duties during the ground training periods.

1.17.3 ATR72-500 to ATR72-600 Differences Training

1.17.3.1 EASA Operational Evaluation Board Report

TNA’s ATR72-500 to ATR72-600 differences (hereinafter “ATR72-600
differences™) training program was developed in accordance with the European
Aviation Safety Agency (EASA) ATR42/72 Flight Crew Qualifications Operations
Evaluation Board (OEB) report®. There were various types of ATR72-600
differences training programs depending on the pilot’s total flight time, type
experience, and the configuration and onboard equipment of previous ATR72
aircraft flown. The two standard ATR72-600 differences training programs
recommended by the OEB report included 5-day and 10-day programs. The
pre-requisites for the 5-day program required pilots to be current and qualified on the
ATR72-500 and have a minimum experience on ATR aircraft of 500 hours in total or
100 hours in the last twelve months. Pilots not meeting those pre-requisites should
undertake the 10-day program.

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

e Engine malfunctions during take off;

e Use of avionics in normal and abnormal / emergency operations, including
flight mode annunciation (FMA) annunciations, caution and warning
messages on the engine & warning display (EWD), and associated human
factors issues;

e Use of flight management system (FMS);
e Use of electronic checklist (ECL); and

e Crew resource management (CRM) with regard to the new functionalities.

%2 European Aviation Safety Agency operational evaluation board report, ATR 42/72 Flight Crew Qualifications
Revision 3, 23 August 2013.
% TASE: training areas of special emphasis.
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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 pre-requisites for the 5-day differences training program should
undertake 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 pre-requisites and required the 10-day differences training
program should were recommended to undertake familiarization flights ranging
from 25 to 30 sectors as PF or PM.

1.17.3.2 TNA ATR72-600 Differences Training Program

Before operating the ATR-600, current TNA ATR72-500 pilots completed
ATR72-600 differences training. TNA’s ATR72-600 differences training was
conducted by ATR in accordance with section 2.18 of the flight training management
manual (FTMM). The differences training syllabus is presented in Appendix 5. An
additional simulator check was to be conducted by the designated examiner (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.

1.17.4 Crew Resources Management Training

The ASC’s GE222°* investigation report detailed the non-technical skills
(NOTECHS)® recurrent training conducted at TNA. Any applicable updated TNA
NOTECHS information since that occurrence is presented in this section. Section
1.18.2.1 of this report presents extracts from TNA’s flight operations manual

pertaining to NOTECHS.
1.17.4.1 Training Policy

The flight training management manual (FTMM) documented TNA’s crew
resource management (CRM) training policy for flight crew. The publication of the
most recent edition®®, of the FTMM was within one month of the GE235 occurrence.

> 0On July 23, 2014, TransAsia Airways passenger flight GE 222, an ATR-72 airplane, registration number B-22810,
took off from Kaohsiung International Airport for Penghu Magong Airport. There were 58 people on board,
including 2 flight crewmembers, 2 cabin crewmembers and 54 passengers. The aircraft crashed in Xixi Village
near Magong Airport at 19:06L when conducting the RWY 20 VOR approach, caused 48 fatalities and 10 serious
injuries. Five residents on ground suffered minor injuries.

The distinction between technical and non-technical skills (NOTECHS) has been widely used in the aviation
domain to differentiate between a pilot’s psychomotor and technical abilities and the interpersonal skills and other
behaviors required to function effectively as a pilot, particularly in a multi-crew environment. It has been
epitomized by crew resource management (CRM) and threat and error management (TEM) skills. NOTECHS
includes skills pertaining to leadership, communication, decision-making, and situation awareness.

% 33" edition of the FTMM dated 8 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

A four hour LOFT®" course conducted in a FFS for each of the following
phases of training: initial; command upgrade; 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 management (TEM),
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 requirements 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

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 course 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, CRM training 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 be integral to recurrent simulator training (4 hours)
once a year. Such training was to be administered real-time in a line
environment setting and involved an uninterrupted planned scenario with

" Line-oriented flight training.

73



specific CRM objectives where such skills were observed and debriefed upon
completion.

The TNA flight crew training supervisor and assistant manager advised that
prior to the GE235 occurrence, the CRM instructional methods used in the
simulator varied in accordance with the IP’s experience. That is, it was not
standardized. 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 of detailed LOFT scenarios with
specific CRM objectives. In addition, IPs rarely used videos of simulator training to
discuss CRM performance with the crews during training debriefing.

1.17.4.2 CRM and Human Factors Ground Course Material

The TNA flight crew CRM courses focused on CRM development history. Each
CRM instructor had their own training materials. Therefore, 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.

1.17.5 Training Records Management

The CAA required an operator to establish a system to retain all training records
for inspection in accordance with Article 21 of the Aircraft Flight Operation
Regulations.

The management of TNA flight operations records and data was prescribed in
the FODOM section 11-9. The following flight operations records and data were to
be preserved for a specified time interval: flight and duty time 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 period). After the 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 authorized personnel only.

Before the GE 235 occurrence, crew ATR72-600 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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1.17.6 ATPCS Check Associated Policy and Procedures

The ATPCS is a subsystem of the powerplant unit. The ATPCS provides, in case
of an engine failure during takeoff, uptrimming of take off power for the remaining
engine combined with the automatic feathering of the failed engine.

TNAATPCS Check Policies

The TNA Flight Operations Division had issued two technical circulars to ATR
pilots®, in order to reduce the aborted takeoff rates due to the ATPCS not indicating
‘armed’ during the take off roll in 2011 and 2012.

On 30 November 2011, TNA issued the first technical circular:
e Technical circular No.1001130p in 2011,

The circular required flight crew to add an extra item in the take off briefing as
follows: flight crew shall check the regulated take off weight (RTOW) limitation
during the take off briefing. If the actual take off weight was below the RTOW
limitation, flight crew can continue to take off even if the ATPCS was not indicating
‘armed’ during the take off roll. Otherwise, the flight crew shall abort take off.

In February 2012, TNA consulted ATR that whether the pilots could continue
take off when the take off power set and the pilots found the ATPCS "ARM" light
not illuminated during take off 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 abort take off and see what's going on with the aircraft.

On 26 April 2012, TNA had an IP/CP meeting to discuss the ATPCS issue. The
meeting minutes indicated that the TNA ATR-500 pilot could continue take off
when ATPCS ARM indicator did not lit during take off roll while the weight was
within limit.

On 4 June 2012, TNA issued the second technical circular:

e Technical circular No. m1010604x in 2012

The circular included detailed procedures and attachments (airplane flight
manual (AFM) Supplement 7_02.10) regarding the ATPCS not arming as
follows:

1. Before engines start, flight crew shall check the RTOW chart according to
weather conditions to acquire take off weight limitation and performance
data;

% The TNA only had ATR72-500 aircraft at that time.
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2. If the ATPCS is not armed, pilot flying shall apply reserve take off (RTO)
power by pushing both power levers to the RAMP position, and order pilot
monitoring to select ATPCS “OFF” and bleed valves “OFF”; and

3. After take off, set both power levers into Notches position, and then select
both bleed valves to “ON” while conducting an after take off checklist.

The TNA flight crew training supervisor stated at interview: the above technical
circulars only applied to ATR72-500 operations. ATR72-600 pilots were trained to
abort the take off if the ATPCS was not armed during the take off roll.

The related TNA ATPCS operational procedures were as follows:
e Dispatch with ATPCS OFF procedure

This procedure (Appendix 6) was described in the airplane flight manual
(AFM) Supplement 7_02.10. While the ATPCS may be inoperative, flight crew
can follow this procedure to dispatch the aircraft.

e ATPCS Static Test procedure

This procedure was described in the ATR72-600 SOPs ‘Preliminary
Cockpit Preparation’ section (page 5-17). The flight crew shall conduct this test
procedure to check the function of the ATPCS during preliminary cockpit
preparation.

e ATR72-600 Normal checklist

The flight crew shall check “ATPCS Off (inoperative) Take Off Weight”
while conducting take off briefing. See Appendix 7.

e Take off procedure

This procedure was described in the ATR72-600 SOPs ‘Take off’ section
(page 12-1) CM1 shall check if the ATPCS is armed or not and then announce
the result (see section 1.18.2.2).

e ATPCS Dynamic Test procedure

This procedure was described in the ATR72-600 SOPs ‘Daily Checks’
section (page 23-1). The flight crew shall conduct this procedure to check the
function of the ATPCS at the end of final flight sector of a day.

The TNA flight crew training supervisor at interview stated: it was emphasized
during flight crew training that ATR72-600 pilots should abort the take off if the
ATPCS is not armed during the take off roll. Several procedures shall be conducted
while the ATPCS was not armed, but it was inappropriate to perform those
procedures during the take off roll. This was why crews were required to abort the
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take off. However, the above policy was not clearly documented in any of the
company manuals or communicated in notices to flight crew.

ATR ATPCS Check Policies

After the occurrence, the ATR provided a statement of the SOP policy
regarding the checks performed during takeoff and focus on ATPCS checks (see
Appendix 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 take-off.
By definition, any check not completed halts the procedure and take off cannot
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 the take off roll 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 for take off, transfer of controls)

The objective of the action line, “ATPCS ARM.... CHECK then ANNOUNCE”,
Is to confirm the availability of the ATPCS for the take off in the actual conditions.

At take off power 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 OEB No. 27°° which states: “The
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 ATPCS, the take off has to be interrupted, as for any other
anomaly intervening during the take off run.”

% The OEB was issued in March 2015.
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1.17.7 Civil Aeronautics Administration Regulatory Safety Surveillance /
Inspection Program

Civil aviation regulatory surveillance programs are undertaken in a systematic
manner to provide an assessment of the aviation industry’s safety level and to
Implement appropriate responses. The quality assurance approach strongly supports
an appropriately developed regulatory surveillance program that should
continuously strive to achieve the quality characteristics of:

e Effectiveness;
e Consistency; and
e 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 its regulatory framework and subordinate legislative documentation.

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

CAA’s surveillance and inspection programs enable compliance activities to
be conducted to determine the level of industry compliance with the regulatory
requirements and to record observations on safety risk indicators. 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 is to:

¢ identify the current practices;

o establish that the practices were appropriate;

e establish that the documentation matched the practices;

e review the system for regulatory compliance;

e determine if the operators’ staff were appropriately qualified and trained,
and

¢ identify any immediate safety-significant problems.

CAA’s operator surveillance and inspection program included in-depth and
cockpit enroute inspections at specified intervals, special inspections, and industry
meetings. The inspection procedures were outlined in the CAA Operations
Inspector’s Handbook. The airline’s designated principal operations inspector (POI)
was the primary interface between the operator and CAA. The GE222 investigation
had identified specific areas for enhancement in CAA’s regulatory surveillance
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activities and they will not be discussed further in this report.

However, of note is that the CAA conducted an in-depth inspection of TNA’s
Flight Operations Division (FOD), System Operations Control (SOC) and the Safety
and Security Office (SSO) after the GE222 accident in August 2014 and identified
multiple safety deficiencies which included but were not limited to:

e Lack of standardization in flight crew training and checking activities;
e Crew resource management problems;
¢ Flight crew non-compliance with procedures.

In addition, the GE222 and previous ASC safety investigations had identified
systemic flight crew non-compliance with procedures on the line and during
training at TNA. These safety issues were still being addressed by the airline at the
time of the GE235 occurrence.

1.18 Additional Information

1.18.1 Factors Affecting Flight with One Engine Inoperative

Safe flight with one-engine inoperative required an understanding of the basic
aerodynamics involved and proficiency in one-engine inoperative procedures. Loss
of power from one engine affected both climb performance and controllability of
multi-engine aircraft.  An important consideration for multi-engine aircraft
performance is to minimize aerodynamic drag in the event of an engine failure in
flight. Drag can be caused by a windmilling propeller, extended landing gear and
wing flaps, control surface deflection or aircraft attitude. In wings level one-engine
inoperative flight, an aircraft will sideslip while maintaining heading, 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 towards the failed
or failing engine.

Many multi-engine 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 torque value
reduces below the pre-defined threshold. Feathering results in the propeller blades
being streamlined to the direction of aircraft travel and the propeller blade ceasing
to rotate, which minimizes drag and therefore the yawing tendency in the event of
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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1.18.1.1 Critical Speeds for a Powerplant Malfunction or Shutdown after Take
off

Air Minimum Control Speed (Vmca)

A multi-engine aircraft equipped with wing-mounted 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 rudder’s effectiveness will depend on the velocity of airflow across it.
If the aircraft 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.

Vwmea 1S the minimum speed at which it is possible to maintain directional
control of the aircraft with the critical engine inoperative. When flown at Vca, and
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
certification process includes demonstration of Vyca. JAR 25.107 require that the
take off safety speed (V2) must not be less than 1.1 Vyca. Therefore, if an aircraft
Is flown at Vyca rather than the V2 speed following an engine failure, climb
performance will 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 rudder. The resulting moment around 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 Flight Speed (Vmcr)

The manufacturer defined a minimum flight speed (VmcL) at which the aircraft
can be controlled with five degrees of bank in case of failure of the critical engine,
the other set at go-around power (landing flaps setting, gear extended) and which
provides rolling capability specified by regulations.

VwucL for the occurrence aircraft was approximately 98 KIAS.

Reference Stall speed (Vsr)

An aircraft’s stall®® speed is the minimum steady flight speed at which the

8 Jane'’s Aerospace Dictionary, 1988, describes a stall as a ‘Gross change in fluid flow around [an] aerofoil ... [at
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aircraft is controllable in a given configuration. The manufacturer defined Vsg as
the 1 g stalling speed for a specified configuration. It is a function of the aircraft’s
weight.

Vg for the aircraft at the time of the occurrence was 97 KIAS.

Take off safety speed (V>)

The take off safety speed (V,) 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 after take off. \V,is never less than 1.1
Vuea, OF 1.2 Vsg. The manufacturer defined V, as take off safety speed reached
before 35 feet height with one engine failed and providing second segment climb
gradient not less than the minimum (2.4%). V, for the occurrence flight was 110
KIAS.

Final take off speed (Vfro)

The final take off speed (Vrro) for the occurrence aircraft was 134 KIAS. Vo
Is the speed of the aircraft that exists at the end of the take off path in the en-route
configuration with one engine inoperative.

1.18.2 Manual Information

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

1.18.2.1 Flight Operations Manual

The current TNA flight operations manual (FOM) revision 42, published on 1
February 2015, establishes general procedures and provides instructions and
guidance for use by flight operations personnel in the performance of their duties.

PFE/PM Task Sharing

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

3.8 PF/PM Task Sharing

1. Whenever irregularities occur during flight that have effects on aircraft
operation or result in serious failure, the Captain shall immediately take
over the control from FOs and serve as PF. If the PF/CM2 is a Captain,

an angle of attack] just beyond [the] limit for attached flow, ... characterised by [a] complete separation of [the]
boundary layer from[the] upper surface and [a] large reduction in lift.”
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the other Captain (CM1) shall exercise CRM principle and take over the

control if necessary for safety concerns.

2. For tasks sharing between PF/PM for normal operations, see relevant
SOPs.

3. The general task sharing shown below applies to both emergency and

abnormal procedures.

a. The pilot flying remains pilot flying throughout the procedure.

b. For Airbus 320/321/330:

c. ForATR72:

PF is responsible for:

power lever

flight path and airspeed control
aircraft configuration
navigation

communications

PM is responsible for:

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 to

the PF side (Couple selection).

CRM Policy

The Chapter 5 "crew 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 best
achieved when crewmembers work together as a coordinated team, fully
utilizing all resources available to them —human resources, hardware and
information.

82



To achieve this optimal level of performance, TNA further believes that all flight
crewmembers must embrace CRM principles and techniques and apply them
consistently in all aspects of flight operations.

Accordingly, the company has established the following CRM policy:

1.

CRM ability and a facility for teamwork will be criteria for flight
crewmember selection.

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

operations training.

All crewmembers will share the responsibility for establishing an
environment of trust and mutual commitment prior to each flight,
encouraging his fellow crewmember(s) to speak out and to accept mutual
responsibility for the safety and well-being of the passengers and equipment
entrusted to them. “What’s right, not who'’s right” will be the motto of TNA
Crews.

Each flight crewmember will be responsible for notifying the pilot in
command if any condition or circumstance exists that could endanger the
aircraft or impair the performance of any crewmember.

5.7 Error Avoidance

[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
5.

Maintaining your health.

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

Proper use of checklists.

Minimizing distractions.

Planning ahead.

Open two-way communication.
Maintaining situational awareness.

9 Error Management

Reasons for making errors: lack of experience; rushed; distractions; stress.
Crews make mistakes several times during each flight, most of which are
unimportant. However it can be beneficial to recognize and learn from
errors, since it will help crewmembers manage resources better during the
next flight.
Types of Error:
® |ntentional Noncompliance - Violations. Ex) Checklist from memory.
® Procedural - followed procedures with incorrect execution Ex) Wrong
altitude setting dialed.
® Communication - Missing information or misinterpretation. Ex)
Miscommunication with ATC.
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® Proficiency - Lack of knowledge or skill. Ex) Lack of knowledge with
automation.

® Decision - Crew decision unbounded by procedures that unnecessarily
increased risk. Ex) Unnecessary navigation through adverse weather.

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

(trap) his/her own error. Other people are more likely to catch his/her
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; specific; use questions.

5.10 Decision Making Processes
5.10.1 General

The company has chosen a standard mnemonic — S A F E — to help remember
the steps for effective decision-making. SAFE means:

S State the problem

A Analyze the options

F Fix the problem

E Evaluate the result

5.10.2 Priorities of Flight

Always take into account the following priorities when invoking the
decision-making 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 flight crewmembers shall be
based on verbal standard callouts, rather than using looks.
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3. Except for the flight controls, power levers and deceleration systems, all
switches and push buttons have to be changed or executed by PM under PF
command (except as otherwise noted in specific aircraft type’s SOP), who is
responsibility to cross check these positions are in the right position while
the aircraft is in manual flight.

4. All switches and push buttons are set by PF and cross - checked by PM when
it is in auto pilot operation.

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

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

a. “YOU HAVE CONTROL”. As soon as positive control has been taken,
PM must call: “I HAVE CONTROL”.

b. The PIC shall make a go-around immediately and call out “I have
control” if the aircraft not stabilized during approach.

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

7. Use of Checklist:

a. The PIC shall ensure that the flight crew utilizes checklists to comply with
standard operating procedures and provisions of the certificate of
airworthiness, which may include safety check, originating/receiving,
before start, after start, before taxi, before take off, after take off, climb,
enroute, before landing, landing, after landing, parking, emergency,
non-normal, abnormal procedures checklists.

b. Normal Operation Checklist (placed in the cockpit)

Checklist Job Description:

Commander Checklist Holder

Give command to checklist holder to Apply the check procedure as per one’s
execute the check, regularly, check the | habit flow pattern.

regulation and main procedure first,
after completing the check, and inform
checklist holder to read checklist.

Visually check the item being called Check the prescribed checklist item with
and report its current position or the response and execute the next checklist
function. item. (Visually check the item, its position

or its function if workload permits.)

85




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 any
item is standby unless the item is
accomplished.

Example: Checklist will be completed by

When has been done, then call
"CHECKLIST COMPLETED".

Example: During approach, if the seat belt
light is not on, the Approach Checklist will
be completed by Seat Belt on, when the
seat belt light is on the Approach
Checklist is complete.
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c. Abnormal/Emergency Checklist (also QRHSs, placed in the cockpit)

(i) During an abnormal or emergency condition, PF gives command to
check and checklist is executed by PM with “Read and Do ™. PF is
responsible for confirmation on the operations of switches and push
buttons while maintaining aircraft in safe attitude.

(ii) 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 safe
operation of the aircraft during critical phases of flight. These prohibited
activities include non-safety related company calls, PA’s, logbook entries,
and non-essential conversations. Critical phases of flight include all ground
operations involving taxi, take off, and landing, and all other flight
operations conducted below 10,000 ft (for Airbus) or 5,000 ft (for ATR),
except cruise flight.

7.5.10 Crew Monitoring And Cross-Checking

1. The PF will monitor/control the aircraft, regardless of the level of
automation employed.
2. The PM will monitor the aircraft and actions of the PF.

8. Pilots shall make a cross-check by dual response before actuation of critical
controls, including: i)thrust lever reduction of failed engine; ii) fuel
Master/Control switch; iii) fire handle and extinguisher switch; iv) IDG
Disconnect Switch.

1.18.2.2 TNA Standard Operating Procedure

The current TNA standard operating procedure (SOP) is revision 1, published
on 20 January 2015 which established ATR72-600 operating 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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» The company prohibits all activities in the cockpit not required for the safe
operation of the aircraft during critical phases of flight. These prohibited
activities include non-safety related company calls, PA’s, logbook entries, and
non-essential conversations. Critical phases of flight include all ground
operations involving taxi, take off, and landing, and all other flight operations
conducted below 5,000 ft, except cruise flight.

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

a. After take off: Until the turning off of seat belt sign.

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

Crew Monitoring and Cross Checking

The Chapter 1 "general information” contains the following information
regarding crew monitoring and cross-checking:

» If an indication is not in compliance with a performed action, crew members must
check that involved system is correctly set and/or take any necessary action to
correct the applicable discrepancy. PM can be temporarily busy (ATC message,
listening to weather, reading operating manuals, performing related procedure
action, etc). Any significant status change (AFCS, FMA, systems...) must be
reported to PM when his attention is restored.

» When making auto flight systems inputs, comply with following items in the
acronym CAMI:

-Confirm FMS inputs or performance calculations with the other pilot when
airborne.

-Activate the input.

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

-Intervene if necessary.

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

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

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

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

- Standard calls

- For significant failure before V1, CAPTAIN will call “STOP” and will
take any necessary stop actions.

- Above V1 take off will be continued and no action will be taken except on

CAPTAIN command;

- Single Engine procedure is.............

- Acceleration Altitude is...................

- Departure clearance is...................
CM1 -CABINREPORT........cccovvvrvrnnn OBTAIN FROM CABIN ATTENDANT
ALL TAXECIL it COMPLETED

Take off Checks during Take Off

The Chapter 12 "take off" SOP contains the following procedure before
airborne during take off phase:

CM1 - “TAKE OFF AT XX: XX, VIXXX?” ..coveerrerrrerserersesssasssanesse snns ANNOUNCE
CML -BRAKES ...ttt RELEASED
CML - PL 1 H 2 e SET IN THE NOTCH
CML - FIMA et ANNOUNCE
HDG SEL LO IAS ‘ I FD | =T ‘
LAY
|

(O R 1Y CHECK
CM2 - “ATPCS ARM ......uuueeueeereeerrvecreresasessanessnenvennnes CHECK then ANNOUNCE
CM2 - ENGINE PARAMETERS. ...t CHECK

Note: Parameters should be obtained at around 60 Kt

ACTUAL TQ et MATCH T.0 BUG



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

RTO BUG.....oecice e CHECK

NP s ~ 100 %

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

LT T s CHECK
CM2 -TO INHIB ..o CHECK
CM2 - “POWER SET? ..cuucuuuevuevsuenruessenssensaesseneceiiiiieiiinniniinenenneneen.. ANNOUNCE

When reaching 70 Kt

CM2 - “SEVENTY KNOTS” ...ucuuuevuinivinsensnensnenssisssssssssssesssss sennnne ANNOUNCE

CMI - SPEED.......oi e CROSS CHECK on PFD
And cross check speeds with IESI

ALL - “I HAVE CONTROL”/ “YOU HAVE CONTROL” ............... ANNOUNCE
- If CM1 becomes PF, CM1 announce only “I HAVE CONTROL”
- If CM2 becomes PF, CM1 announce “YOU HAVE CONTROL” & CM?2

answer “I HAVE CONTROL”
PIM = H T iiiintinnencstissnnssssssissssssssssssssssssssssssssesssssssssssssse s enneesnnnns ANNOUNCE

When reaching VR:
PM = “ROTATE? ...c.uuuneeueeursrsserssssssssssssassassassssssssssssssssssssssssassass sasenis 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 communications and terms:

COMMUNICATIONS AND STANDARD TERMS

Standard phraseology is essential to ensure effective crew communication. The
phraseology should be concise and exact. The following Chapter lists the callouts
that should be used as standard. They supplement the callouts identified in the SOP.
These standard ATR callouts are also designed to promote situational awareness,
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 "memory 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 ettt st ns CHECK
AUTOFEATHER ..ot CHECK
® |fno UPTRIM
PLLH 2 e ADVANCE TO THE RAMP
® \When airborne
LDG GEAR ...ttt et UP
BLEED 1+ 2 .o OFF, IF NOT FAULT
® At Acceleration Altitude
A USSR SET
® AtVFTO
PL L F 2 e IN THE NOTCH
PWR MGT ..ottt ettt nra e MCT
LA S e e ns SET
® If normal condition
R3] d I ) SRS CHECK VFTO
FLAPS ot e 0°
® Ificing condition
SPD TGT .coveiieveeeeee e CHECK VFTO ICING FLAPS 15°
FLAPS L.t MAINTAIN 15°
PL affeCted SIUE......cc.eceiiieee e Fl
CL affected SIde.......ccocovvieireiiiieceecece e FTR THEN FUEL SO
BLEED engine aliVe.........cccccooviiiieiinenenc e, OFF if necessary

Crew Coordination

The Chapter 26 "abnormal & emergency 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 the

following principle:

o Prioritization: Aviate-Navigate-Communicate

) Task Sharing

o Division of PF/PM Duties

) Crew Coordination

IMPORTANT: Never rush up, take all necessary time to analyze situation before
acting. No actions (except memo items), no checklists to be
performed before acceleration altitude is reached.

Continuing to fly the airplane is the single most important consideration in almost

every situation.

CREW COORDINATION

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

PF is responsible for:

o power lever
o flight path and airspeed control
o aircrafi configuration
® navigation
o communications
PM is responsible for:
[ Monitoring and check list reading
o execution of required actions
o actions on overhead panel
® condition lever
Rules of Fly

The Chapter 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 a non-normal
situation occurs, the pilot flying (PF) will continue to fly the airplane until properly
relieved of that responsibility. It is the captain’s (PIC) responsibility to determine who
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will be the PF for the purposes of situation stabilization and clean-up, and will ensure
that both pilots understand who is flying the airplane at all times. The PF will also
handle ATC communications as aircraft control permits. Unless the 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 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
EWD

3 - ISOLATION

LOCAL ALERT SYSTEM PAGE

PF PM

Checks involved flasher and label flashing on EWD
“MASTER WARNING/CAUTION”

“XXX ON FWS”

Cancels flashing warning/caution, then checks
relevant SD page and lit local alert

“XXX FAULT( OR TYPE OF EVENT)”

“CHECK”
Acknowledges failure or event

identification and when able
“SYSTEM CHECK”
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Rejected Take off

The Chapter 28 "rejected take off" SOP states the following information
regarding general and decision management:

General
The decision to reject the take off and the stop action is made by the Captain. It is
therefore recommended that the Captain keeps his hand on the power levers until the
aircraft reaches V1, whether he/she is Pilot Flying (PF) or Pilot Monitoring (PM). As
soon as he/she decides to abort, he/she calls “stop”, takes over control of the aircraft
and performs the stop actions. It is not possible to list all the factors that could lead to
the decision to reject the take off. However, in order to help the Captain to make a
decision, the EWD (CCAS) inhibits the warnings that are not essential from 70kt to 1
500 ft (or 2 min after lift-off, whichever occurs first). Experience has shown that
rejected take offs can be hazardous even if the performance is correctly calculated,
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 brakes
temperature

- The brakes not being fully applied

- A runway friction coefficient lower than assumed in computations

- An error in gross weight calculation

- Runway line up not considered
When the aircraft speed is at or above 70kt, it may become hazardous to reject a take
off. Therefore, when the aircraft speed approaches V1, the Captain should be
“Go-minded” if none of the main failures quoted below (“Above 70kt and below V1)
have occurred.

Decision management

Below 70kt:

The decision to reject the take off may be taken at the Captain’s discretion, depending
on the circumstances. Although we cannot list all of the causes, the Captain should
seriously consider discontinuing the take off, if any EWD (CCAS) warning/caution is
activated.

Note: The speed of 70kt is not critical, and was chosen in order to help the Captain
make his/her decision and avoid unnecessary stops from high speed.

Above 70kt, and below V1:
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Rejecting the take off at these speeds is a more serious matter, particularly on slippery
runways. It could lead to a hazardous situation, if the speed is approaching V1. At
these speeds, the Captain should be “go-minded” and very few situations should lead
to the decision to reject the take off:

1. Fire warning, or severe damage

2. Sudden loss of engine thrust

3. Malfunctions or conditions that give unambiguous indications that the aircraft will
not fly safely

4. Any red warning

Exceeding the nose gear vibration should not result in the decision to reject take off
above 70kt.

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

Unless debris from the tires has caused serious engine anomalies, it is far better to get
airborne, reduce the fuel load, and land with a full runway length available.

The V1 call has precedence over any other call.

Above V1:

Take off must be continued, because it may not be possible to stop the aircraft on the
remaining runway.

1.18.2.3 ATR72-600 Flight Crew Operations Manual

The current ATR72-600 flight crew operations manual (FCOM) is revision 3,

published on 19 January 2015 and accepted by CAA, the contents of FCOM are
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 coordination and 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, wing level or bank angle (AP in basic modes).

- flying automatically any upper or basic mode or any mode except GO AROUND
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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 connected to the

flight controls, the pitch autotrim and yaw auto trim function are activated.

- Engagement with no vertical upper mode selected: The AP flies current pitch
attitude. This is the basic vertical mode ("PITCH HOLD”, displayed in green).
Pitch wheel and TCS can be used to modify the pitch attitude.

- Engagement with no lateral upper mode selected: Depending of the conditions at

engagement, the AP will level wings and then maintain wing level ("WING
LVL”, displayed in green) or will maintain the current heading ("HDG HOLD”,
displayed in green) or will maintain the current bank angle ("ROLL HOLD” ,
displayed in green). These are the basic lateral modes. TCS pb may be used (see
1.04.10).

- Engagement with a lateral or vertical armed upper mode selected : the AP flies
basic mode until the armed mode becomes active.

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

- If AP is engaged while the vertical FD orders are not followed, the reversion 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 equipped with a Thales AutoPilot/Flight Director.

Systematic use of AP/FD is recommended in order to :

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

- Provide increased passenger comfort 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 any
noticeable change in flight characteristics: control effectiveness and stability remains
good and there is no significant buffet down to CL max®™ ; this is the reason why both
the stall alert (audio “cricket” and shaker) and stall identification (stick pusher) are
“artificial” devices based on angle of attack measurement.®?.

Recovery of stall approaches should normally be started as soon as stall alert is
perceived: a gentle pilot push (together with power increase if applicable) will then
allow instantaneous recovery. If the stall penetration attempt is maintained after stall
alert has been activated, the STICK PUSHER may be activated: this is clearly
unmistakable as the control column is suddenly and abruptly pushed forward, which in
itself initiates recovery.

Note : The “pushing action” is equivalent to 40daN/88 [bs applied in 0.1 second and it
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 procedures initiation:

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

e Under 400 feet above runway (except for propeller feathering after engine
failure during approach at reduced power if go around is considered).

- Before performing a procedure, the crew must assess the situation as a whole taking
into consideration the failures, when fully identified and the constraints imposed.

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

81 ¢, max: maximum value of the coefficient of lift. The angle at which maximum lift coefficient occurs is the stall
angle of the airfoil.

82 The angle of attack specifies the angle between the chord line of the wing of a fixed-wing aircraft and the vector
representing the relative motion between the aircraft and the atmosphere.
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The part 2, limitations and procedures, "emergency procedures™ contains
the following procedure regarding engine 1(2) flame out at take off:

ENG 1(2) FELAME OUT AT TAKE OFF
ALERT

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

-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 on
sequence EWD + AUTO FTR and UPTRIM labels on
EWD
PROCEDURE
ENG 1(2) FLAME OUT AT TAKE OFF
UPTRIM Lottt st ne e CHECK
AUTOFEATHER ..ot CHECK
® Ifno UPTRIM
PLLH 2 e ADVANCE TO THE RAMP
® When airborne
LDG GEAR ...ttt UP
BLEED 1+ 2 oo OFF, IF NOT FAULT
® At Acceleration Altitude
AL e e e e nre s SET
® AtVFTO
PL L F 2 e IN THE NOTCH
PWR MGT ..ottt ettt MCT
LA S et ns SET
® |f normal condition
SPD TGT .ottt CHECK VFTO
FLAPS e 0°
® Ificing condition
SPD TGT .coveiieeeceece e, CHECK VFTO ICING FLAPS 15°
FLAPS Lo MAINTAIN 15°
PL affeCted SIAE........ieiii e FI
CL affected Side.........ccovvevveiiiieiic e FTR THEN FUEL SO
BLEED engine @aliVe..........cccoovviiinienene e, OFF if necessary
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Procedures of Recovery after stall

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

RECOVERY AFTER STALL OR ABNORMAL ROLL CONTROL
CONTROL WHEEL.........ooiiiiiiiiciseeeeee e PUSH FIRMLY
® If flaps 0° configuration

FLAP e 15°

PWR MGT ..ottt MCT

CL L F 2 it 100% OVRD

PL L F 2 e NOTCH

ATC e NOTIFY

® If flaps are extended
PWR MGT ..ottt MCT
CL L F 2 e 100% OVRD
PL L 4 2 e NOTCH
AT C e NOTIFY

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

1.18.2.4 ATR Flight Crew Training Manual

The flight crew training manual (FCTM) provided by ATR is an essential tool
to learn the ATR standard operating procedures. 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 at the

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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1.18.2.5 ATR72-600 Minimum Equipment List and Configuration Difference
List
The current ATR72-600 minimum equipment list and configuration difference
list (MEL/CDL) is revision 1 and was published on 10 February 2014. It is
developed from the ATR Master MEL revision 05 and ATR72-212A 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 Appendix 9.

1.18.2.6 Songshan Airport Departure Aeronautical Chart

The aeronautical information publication (AIP) Taipei FIR is published by the
CAA. The Songshan Airport RCSS MUCHA TWO departure chart is shown in
Figure 1.18-1.
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Figure 1.18-1 RCSS MUCHA TWO departure chart
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1.18.3 Interview Summaries

1.18.3.1 TNA Flight Crew Interviews

The investigation’s flight operations group interviewed 12 TNA ATR flight
crew after the GE235 occurrence. The interviewees included:

e Four ATR72-500 IPs/CPs;

e Two ATR72-600 IPs/CPs;

e Two ATR72-600 Captains;

e Four ATR72-600 First Officers.

The interview notes were divided into 9 topics and summarized as follows:
Abort take off policy while ATPCS not armed during take off roll

Most of the interviewees stated that ATR72-600 flight crew should abort the
take off if the ATPCS was not armed during the take off roll. In the same situation,
ATR72-500 flight crew can continue the take off if the calculated ATPCS take off
weight was below the RTOW limitation. However, some ATR72-500 interviewees
preferred to disregard the above company policy and abort the take off regardless of
the take off weight.

ATPCS dynamic test

Only a few interviewees were able to correctly recall that the ATPCS dynamic
test should be conducted at the end of the last flight of each day. Some ATR72-500
interviewees stated that the ATPCS dynamic test was unnecessary for an ATR72-500
aircraft. Most interviewees agreed that the dynamic test was rarely conducted by
flight crew. One interviewee stated that he learned about the ATPCS dynamic test
from the ATR72-600 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 ATR72-600 operations, most interviewees stated that they
followed the instructions provided at the ATR72-600 differences training. The PF
was responsible for the power levers and the PM was responsible for the condition
levers in abnormal or emergency situations. One ATR72-600 interviewee stated that
both the power and condition levers should be controlled by pilot flying in line
operations.

With regard to ATR72-500 operations, there are several different statements for
this issue.
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Crew resource management (CRM)

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

Some senior captains did not consider that the use of standard call-outs were
important and preferred to use gestures instead of call-outs. Some first officers would
attempt to challenge a captain’s SOP non-compliance behavior but would not insist
in correcting it. In addition, several interviewees did not want to report SOP
non-compliance behavior via the company’s safety reporting system because they do
not trust the system.

ATR72-600 differences training

A few ATR72-600 interviewees who had flown other glass cockpit aircraft
stated that the 5-days difference training was adequate. Others stated that it was not
adequate, especially for FMS and electronic displays 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 ATR72-600
observation flights, more full-time self-study courses (at least one week), and a
mentoring program by experienced and current ATR72-600 pilots. Interviewees also
indicated that TNA had arranged about 7 days for self-study prior to the differences
training. However, most of the self-study time was shortened to 2-3 days because of
support flight duties.

One engine flameout at take off

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

Autopilot engagement issue

Most of the ATR72-500 interviewees stated that the autopilot will disengage
automatically in the event of an engine flameout because of the abrupt yawing
moments. However, the ATR72-600 interviewees stated that the autopilot will not
disengage automatically in the event of an engine flameout. Furthermore, they also
indicated that the ATR72-600 aircraft had a more powerful rudder auto-trim function
so an excessive application of rudder was not necessary to correct directional
deviations. Excessive rudder inputs could result in the yaw damper disengaging. One
ATR72-600 interviewee stated that he may manually 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.

Comments 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.

One IP who conducted part of Captain A’s upgrade training had commented “a
little nervous during line operations and had a tendency of rushing to perform the
procedures without coordination with the PM.”

ATR fleet manpower problem

A few interviewees stated that TNA should 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. This limited TNA’s recruiting options and tended
to result in less experienced first officers being upgraded to captain.

1.18.3.2 Maintenance Division Assistant Manager

The interviewee introduced TNA’s maintenance difficulty reporting
procedures and how difficulties were reported. TNA’s maintenance control center
(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. A daily report was generated and used for reference
during TNA’s directors meetings. MCC assisted each division’s directors to review
the daily report as necessary. If there were service difficulty items, MCC would
report the items to the quality control center (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,
TNA’s reliability control board (RCB) would discuss the solution with CAA
personnel.

Regarding aircraft diversions resulting from engine problems during the
occurrence aircraft’s ferry flight from Bangkok to Taiwan, the interviewee
expressed how those engine problems were reported to Taiwan CAA. While the
aircraft was in cruise from Toulouse to Taipei, a low oil pressure warning on the
ENG 1 occurred. The flight crew shut down the ENG 1 and diverted to Macau
Airport. TNA replaced the ENG 1 so the aircraft could continue the delivery flight.
During the flight from Macau to Taipei, the ENG 1 low oil pressure warning
appeared again and the flight crew shut down the ENG 1 and diverted to Kaohsiung
Airport. The investigation confirmed that the missing drive shaft/spur gear
woodruff key of the ENG 1 reduction gearbox oil scavenge pump was the cause of
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the engine low oil pressure warning. Due to repeated ENG 1 low oil pressure
warnings and the commanded in flight shut down events, CAA sent a principal
maintenance inspector (PMI) to Kaohsiung Airport to assist TNA.

When asked about TNA’s response to in flight shut down events in the last 5
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 on 2 May 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. TNA revised the ATR continuous
airworthiness maintenance program (CAMP) task number
771362-RAI-10000-TNA 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 after takeoff. To address the loss of engine torque signal or torque
fluctuations, TNA issued Engineering Circular EC-1106-04 requesting compliance
with documents and procedures related to electrical connector care.

1.18.3.3 Maintenance Personnel Stationed at Kinmen Airport

The interviewee has worked for TNA since 1995. He holds CAA A/E/AV®
maintenance engineer licenses and is stationed at Kinmen Airport as a senior
mechanic. The interviewee received ATR72-500 type training and configuration
differences course training for the ATR72-500 and -600 aircraft. The interviewee
also received aviation maintenance-related recurrent training each year. The
interviewee then described the procedures for authorizing and dispatching aircraft
after the completion of required checks 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 Kinmen Airport. 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 faults were found. 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 Log Book and the aircraft was released for
service. After the refueling was completed, the interviewee walked to the cockpit
and gave the fuel form to the captain. The flight crew did not mention any problem
about the engines.

% Airframes, engines, avionics.
107



When a fault was identified before aircraft departure, he did not feel any
pressure to release an aircraft if it were to delay an aircraft’s scheduled departure.
The interviewee said that aircraft airworthiness was the first priority.

1.18.3.4 Maintenance Personnel Stationed at Songshan Airport

The interviewee has worked for TNA since 2005. Before that he had worked
for Dragonair for 2.5 years. He holds CAA’s A/E/AV licenses, and is stationed at
Songshan Airport as a mechanic. The interviewee had received ATR72-500 type
training and configuration differences course training for the ATR72-500 and -600
aircraft. The interviewee also received aviation maintenance-related recurrent
training each year. The interviewee then described the maintenance procedures for
dispatching an aircraft after the 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 transit check would usually be
done in about 20 minutes. The interviewee also checked the occurrence aircraft’s
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 a pre-flight check while the captain performed a 360
degree (walk around) check. The pre-flight check result was normal. Before flight
GE235, the interviewee conducted the transit check himself. The flight crew did not
mention anything about the engine. If there 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
delay an aircraft’s scheduled departure. The interviewee said that aircraft
airworthiness was the first priority.

1.18.3.5 Songshan Tower Local Controller

The interviewee commenced the local controller’s shift at 1030 hours and
described the workload as light to moderate. Around the time of the occurrence,
visibility was greater than 10 km but there were some patches of low-level cloud to
the east of the airport. Because of an aircraft approaching to land on Runway 10,
the crew of GE235 was instructed to hold short of the runway. GE235’s entry to the
runway to take off was 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

108



Instructions and everything continued as normal. Afterwards, Taipei Approach
called “tower transfer TransAsia two tree five again” via loud speaker and GE235
called her simultaneously. The sound from the loud speaker was louder so the
interviewee didn’t hear what the pilot said through her headphones. The
interviewee instructed GE235 to contact Taipei Approach again because she
thought there was a communication problem but no answer was received. 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 radar display did not coincide with the normal flight path
of the Mucha departure and there was no indication of the aircraft’s altitude. Taipei
Approach couldn’t contact GE235 either so the interviewee began to call the
aircraft several times but got no response. Because the occurrence flight situation
was unknown at that point, she informed Taipei Approach and the supervisor of the
situation. Her supervisor instructed her to suspend takeoff and landing operations
and to proceed with accident notification procedures.

1.18.3.6 Songshan Tower Supervisor

The interviewee 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 loudspeaker (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 for the 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 display (but it was
not stable), and he was not very sure about this. 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 the emergency 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 next aircraft entering the
runway for take 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 Tower Supervisor
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
Operations 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 operations for takeoff and landing, departing aircraft disappeared from sight
(in clouds) within one minute from the take off roll.

1.18.4 Abnormal Engine Torque Related Events/Information

1.18.4.1 Chronology of TNA ATR72 Abnormal Engine Torque Related
Events/Information

A review of Taiwan CAA’s aviation incident reports revealed that two TNA
ATR72 abnormal engine torque-related events were investigated between October
2010 and the day of the GE235 occurrence. One was related to the connection
between the torque 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
chronology of these events and applicable information is shown in Table 1.18-1.

Table 1.18-1 TNA ATR72 abnormal engine torque related events

Date Type of aircraft | Description of event/information
or Info issued by

Nov. 17, |P&WC P&WC issued Service Information Letter

2008 SIL No. PW100-125 to operators on
proper electrical connector protection and
wrapping.

Oct. 06, |ATR72-500 After take off, ENG 2 torque vibrated

2010 between 20% and 100%, the aircraft turned

back and landed safely. The connection
between No. 2 torque sensor and EEC was

suspected.
Jun. 28, | TNA TNA  issued Engineering  Circular
2011 EC-1106-04 to Line/Base Maintenance

and Training Section to re-iterate the
importance of practicing appropriate
connector care during any engine
connector installation.

The Flight Operations Division added
Abnormal Engine Parameters in Flight
procedure into the ATR FLEET Training

Program.
Aug. 16, | ATR72-500 During cruise, ENG 1 torque dropped to
2011 zero causing the pilot to shut down ENG 1.

The ENG 1 was then restarted and aircraft
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landed safely.

P&WC report confirmed that a defect
found in the AFU caused the
uncommanded autofeathering of ENG 1.
Mar. 15, | TNA TNA  issued Engineering  Circular
2012 EC-1203-03 to inform related departments
of the information in the P&WC report,
including the associated symptoms.

Feb. 21, | ATR72-500 After take off, ENG 1 torque dropped
2015% causing ENG 1 propeller to autofeather.
The aircraft turned back and landed safely.

1.18.4.2 Related Service Information Issued by P&WC

On 15 August 2007, P&WC issued Service Bulletin SB21742 which advised
operators to perform a one-time inspection of AFUs. SB21742 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 SB21742R1 (see Appendix 10) which recommended
that operators send their AFUs to an authorized accessory shop to conduct the
one-time inspection per the latest CMM instructions. In December 2009, P&WC
moved the content of SB21742R1 in Table 4 of section 05-20-00 of the engine
maintenance manual (P/N 3037332, 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 information letter (SIL) No.
PW100-138 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, testing requirements for the AFU were improved via testing at
low, high and ambient temperatures.

On 26 September 2011, P&WC issued Service Information Letter No.
PW100-147% for AFU-related autofeather events. The document indicated that

& Incident date of this event was after the date of GE235 occurrence (4 Feb. 2015).
% The PW100-147 was expired on 26 September 2012.
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several of the reported autofeather events were associated with 28 Wolts 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 included:

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

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

e Functionality testing of the AFU at different temperatures (low, high and
ambient).

On 29 October 2012, P&WC issued service bulletin 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.

1.18.4.3 Emergency Airworthiness Directive

After the occurrence, the Taiwan Civil Aeronautics Administration issued an
emergency airworthiness directive (AD number CAA-2015-02-013E) on 25
February 2015. On the following day, the revised version was issued (see Appendix
11). The AD was applicable ATR72-500 and ATR72-600 fleets. The AD was issued
to address the uncommanded autofeather events. The AD quoted two operations
engineering bulletins (OEB) issued by ATR (Appendix 12). These two OEBs were
"Uncommanded auto-feather - 500" and "Uncommanded auto-feather - 600" and
contained similar content. The emergency AD required operators to amend the
affected sections of their quick reference handbooks (QRH) in accordance with the
instructions contained in the ATR OEBs. The recommended changes to operational
procedures in the OEB included:

a. Take off normal 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 the case of
intermittent arming / disarming of the ATPCS, the take off must 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 AT TAKE OFF procedure is applicable.
Ii. During any other phase of flight
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Apply the following procedure:

PL affected SIAe ...cooeeeeeeee e, Fl
CL affected Side ......covvvveveeerrrernnnnn. FTR THEN FUEL SO
LAND ASAP

SINGLE ENG OPERATION procedure (2.05).....APPLY

1.18.5 Propulsion System Malfunction and Inappropriate Crew Response
1.18.5.1 Overview of PSM+ICR Study

Following an accident in the U.S. in December 1994%, the U.S. Federal
Aviation Administration (FAA) requested the Aviation Industries Association (AlA)
to conduct a review of serious incidents and accidents that involved an engine
failure or perceived engine failure and an ‘inappropriate’ crew response. The AIA
conducted the review in association with the European Association of Aerospace
Industries (AECMA) and produced their report in November 1998.%7

The review examined all accidents and serious incidents worldwide which
involved ‘Propulsion System Malfunction + Inappropriate Crew Response
(PSM+ICR)’. Those events were defined as ‘where the pilot(s) did not
appropriately handle a single benign engine or propulsion system malfunction’.
Inappropriate responses included incorrect response, lack of response, or
unexpected and unanticipated response. The review focused on events involving
western-built commercial turbofan and turboprop aircraft in the transport category.
The review conclusions included the following:

e 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 despite 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 approach. Accident Prevention, 53 (4), 1-12.

%7 Sallee, G. P. & Gibbons, D. M. (1999). Propulsion system malfunction plus inappropriate crew response (PSM +
ICR). Flight Safety Digest, 18, (11-12), 1-193.
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e As of 1998, the number of accidents involving PSM+ICR was about three
per year in revenue service flights, with an additional two per year
associated with flight crew training of simulated engine-out conditions.

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

e 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.

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

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

e While current training programs concentrated appropriately on pilot
handling of engine failure (single engine loss of thrust and resulting thrust
asymmetry) 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.

1.18.5.2 Turboprop Aircraft

Of the 75 turboprop occurrences with sufficient data for 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 the take off phase of flight. About 63% of
the accidents involved a loss of control, with most of those occurring following the
propulsion system malfunction during take off. Seventy percent of the ‘powerplant
malfunction during take off’ events led to a loss of control, either immediately or
on the subsequent approach to land.

Propulsion system failures resulting in an uncommanded total power loss were
the most common technical events. ‘Shut down by crew’ events included those
where either a malfunction of the engine occurred and the crew shut down the
engine, or where one engine malfunctioned and the other (wrong) engine was shut
down. Fifty percent of the ‘shut down by crew’ events involved the crew shutting
down the wrong engine, half of which occurred on training flights.

1.18.5.3 Failure Cues

The report’s occurrence data indicated that flight crews did not recognize the
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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 pilot’s operational and training experience base.

The report stated that to recognize powerplant malfunctions, the entry condition
symptoms and cues need to be presented during flight crew training as realistically as
possible. When these symptoms and cues cannot be presented accurately, training via
some other means should be considered. The need to accomplish failure recognition
emerges from analysis of 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 on 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 failed to use in identifying the propulsion system
malfunctions. In addition, the report was 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.

1.18.5.4 Effect of Autofeather Systems

The influence of autofeather systems on the outcome of the events was also
examined. The “loss of control during take off” events were specifically addressed
since this was the type of problem and flight phase for which autofeather systems
were designed to 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 at least 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.

1.18.5.5 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 of CFR Part 63 -
Certification: Flight Crew Members Other than Pilots, Volume 2, Appendix 13. To
become a pilot, an individual progressed from flight engineer through co-pilot to
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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 engine fire, in-flight shutdown and re-light, 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 propulsion system malfunctions that can occur. No
evidence was found of specific pilot training material on the subject of propulsion
system malfunction recognition on modern engines.

There’s a broad range of propulsion system malfunctions that can occur, and the
symptoms 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 propulsion system malfunction; e.g., the loudest, most rapid, most subtle,
etc. This, at least, should ensure that the malfunction was not outside the pilot’s
experience, as was often the case.

The report also emphasized that “Although it is important to quickly identify
and diagnose certain emergencies, the industry needs to effect cockpit/aircrew
changes to decrease the likelihood of a too-eager crew member in shutting down the
wrong engine”. In addition, the report also noted that negative transfer has also been
seen to occur since initial or ab-initio 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
turboprop commercial transport airplanes, which are fitted with autofeather systems,
this training can lead to over-concentration on the propeller condition at the expense
of the more important task of flying the airplane.

Furthermore, both negative training and transfer 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 inappropriate 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 practice 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 failure event.

1.18.5.6 Training Recommendations

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

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

e Industry standardized training for asymmetric flight.

e Review stall recovery training for pilots during take off and go-around with
a focus on preventing confusion during low speed flight with an engine
failure.

1.18.5.7 Error types

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 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 that determines
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 same failure to integrate relevant data resulted in instances 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 second category of errors related to interpretation involved erroneous
assumptions about the relationship between or among aircraft systems and/or the
misidentification of specific cues during the integration/interpretation process.
Errors related to erroneous assumptions 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 “interpret” was that of misinterpretation of the pattern of data (cues) available
to the crew for understanding what was happening and where in order to take
appropriate 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 in 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 the failure to obtain relevant data from crew
members. The 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 picture of relevant cues for understanding what is happening and where can
and often must come from other crew members as well as from an individual’s
cue-seeking activity. This error type was different to “not attending to inputs from
crew members”, which would be classified as a detection error.

System knowledge

Knowledge of system operation under non-normal conditions was inadequate
or incomplete and produced erroneous or incomplete mental models of system
performance under non-normal conditions. The inappropriate 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
the events 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 of the action to be taken.

1.18.6 U.S. Army ‘Wrong Engine’ Shutdown Study
The United States (U.S.) Army conducted a study (‘The Wrong Engine
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Study’)® to see if pilots’ reactions to single-engine emergencies in dual-engine
helicopters were a systemic problem and whether 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 emergencies.

The research involved the use of surveys and simulator testing. Over 70 % of
survey respondents believed there was the potential for shutting down the wrong
engine and 40 % confirmed that they had, during actual or simulated emergency
situations, confused the power control levers (PCLs). In addition, 50% of those who
recounted confusion confirmed they had shut down the "good engine"” or moved the
good engine’s PCL. When asked what they felt had caused them to move the wrong
PCL, 50% indicated that their action was based on an incorrect diagnosis of the
problem. Other reasons included the design of the PCL, 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% recommended training solutions and 25%
engineering solutions.

The simulator testing (n=47) found that 15% of the participants reacted
incorrectly to the selected engine emergency and 25% of the erroneous reactions
resulted in dual engine power loss and simulated fatalities. 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 reasonable goal based 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 helicopter. Although
malfunctions that require single-engine 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 cognitive errors 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 the PSM+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 actions on the 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.

% Wildzunas, R.M., Levine, R.R., Garner, W., and Braman, G.D. (1999). Error analysis of UH-60 single-engine
emergency procedures (USAARL Report No. 99-05). Fort Rucker, AL: U.S. Army Aeromedical Research
Laboratory.
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1.18.7 Additional Human Factors considerations

1.18.7.1 Diagnostic skills

Diagnostic skills are recognized as having important implications for operators
of complex socio-technical systems, such as aviation®. The development of
advanced technologies and their associated interfaces and displays have highlighted
the importance of cue acquisition and utilization to accurately and efficiently
determine the status of a system state before responding appropriately to that
situation. Moreover, cue-based processing research has significant implications for
designing diagnostic support systems, interfaces, and training ”°. In addition,
miscuing’* and/or poorly differentiated cues have been implicated in several major
aircraft accidents, including Helios Airways Flight 522 and Air France Flight 447"
It has also been argued that cue-based associations comprise the initial phase of
situational awareness’. 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 non-normal system states’.

The ‘PSM+ICR’ study identified recurring problems with a crew’s diagnosis of
propulsion system malfunctions, in part, because the cues, indications, and/or
symptoms associated with the malfunctions were outside of the pilot’s previous
training and experience. Consistent with the U.S. Army study, that often led to
confusion and inappropriate responses, including shutting down the operative
engine.

1.18.7.2 Situational Awareness

Situational awareness (SA) is a state of knowledge which is achieved through
various situation assessment processes’®. This internal model is believed to be the
basis of decision-making, planning, and problem solving. Information in the world

% Wiggins, M. W. (2015). Cues in diagnostic reasoning. In M. W. Wiggins and T. Loveday (Eds.), Diagnostic

expertise in organizational environments (pp. 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 control. Theoretical Issues in Ergonomics Science, 15, 1-10.

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 cues. In M.W. Wiggins and T. Loveday (Eds.), Diagnostic expertise
in organizational environments (pp. 49-60). Aldershot, UK: Ashgate.

Perry, N. (2015). Diagnostic support systems. In M.W. Wiggins and T. Loveday (Eds.), Diagnostic expertise in
organizational environments (pp. 113-122). Aldershot, UK: Ashgate.

O’Hare, D. (2015). Situational awareness and diagnosis. In M. W. Wiggins and T. Loveday (Eds.), Diagnostic
expertise in organizational environments (pp. 13-26). Aldershot, UK: Ashgate.

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

Endsley, M.R. (2004). Situation awareness: Progress and directions. In S. Banbury & S. Tremblay (Eds.), A
cognitive approach to situation awareness: Theory and application (pp. 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 predictive understanding of a system’s state. SA is
having an accurate understanding of what is happening around you and what is likely
to happen in the near future. Team SA is the degree to which every team member
possesses the SA required for their responsibilities’”.

The three stages in SA formation have traditionally included:

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

The comprehension of their meaning; and

The projection of their status following a change in a variable (with sufficient
comprehension 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:

Extracting information from the environment;

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

Using this picture to direct further perceptual exploration in a continual
perceptual cycle; and

Anticipating future events.

Many factors can induce a loss of situational awareness. Errors can occur at
each level of the process. Table 1.18-2 lists a series of factors related to loss of
situational awareness, and conditions contributing to those errors™.

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

7

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

design, training and measurement. In M. McNeese, E. Salas & M. Endsley (Eds.), New trends in cooperative
activities: Understanding system dynamics in complex environments. Santa Monica, CA: Human Factors and
Ergonomics Society.

® Dominguez, C. (1994). Can SA be defined? In M. Vidulich, C. Dominguez, E. Vogel, & G. McMillan, Situation
awareness: Papers and annotated bibliography (pp. 5-16). Wright-Patterson AFB, OH: Armstrong Laboratory.

79

Flight Safety Foundation. (2009). Crew resource management. Operator s guide to human factors in aviation.

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 of the situation.

Table 1.18-2 Factors involved in loss of situational awareness

e Data are not observed, either because they are difficult to observe or because the
observer’s scanning is deficient due to:

- Attention narrowing

- Passive, complacent behavior
- High workload

- Distractions and interruptions
- Visual Illusions

e Confirmation bias:

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

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

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

Human operators 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 course of 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 skewed to perceptual issues
likely reflected that errors at Levels 2 and 3 will lead to behaviors (e.g., misdirection
of attentional resources) that produce Level 1 errors®.

St. John and Smallman (2008)%' noted that SA is negatively affected by

8 Endsley, M. R. (1999). Situation awareness in aviation systems. In J. A. Wise, V. D. Hopkin, V. D., & D. J.
Garland, (Eds.), Handbook of aviation human factors (pp. 257-275). Mahwah, NJ: Lawrence Erlbaum.

8 gtJohn, M. S., & Smallman, H. S. (2008). Staying up to speed: Four design principles for maintaining and
recovering situation awareness. Journal of Cognitive Engineering and Decision Making, 2, 118-139.
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interruptions and multi-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 and multi-tasking
introduce conditions for change blindness® 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 include CFIT, loss of control,
airspace infringement, loss of separation, or an encounter with wake 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 to minimize distraction, however if a
distraction has occurred during a particular task, to ’back up ‘a few steps, and check
whether the intended sequence has been followed.

1.18.7.3 Stress

Stress can be defined as a process by which certain environmental demands
evoke an appraisal process in which perceived demand 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 reactions. Stress can have many effects on a pilot’s
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 procedures® 8 8> 8 87,

8 Change blindness is the striking failure to see large changes that normally would be noticed easily. See Simons, D.

J., & Rensink, R. A. (2005). Change blindness: Past, present, and future. Trends in Cognitive Sciences, 9, 16-20.
Salas, E., Driskell, J. E., & Hughes, S. (1996). Introduction: The study of stress and human performance. In J. E.
Driskell & E. Salas (Eds.), Stress and Human Performance (pp. 1-46). Mahwah, N.J.: Lawrence Erlbaum.

Salas, E., Driskell, J. E., and Hughes, S. (1996). Introduction: The study of stress and human performance. In J. E.
Driskell and E. Salas (Eds.) Stress and human performance. Mahwah, New Jersey: Lawrence Erlbaum
Associates.

% Hancock, P. A., & Szalma, J. L. (2007). Stress and performance. In P. A. Hancock, & J. L. Szalma (Eds.),
Performance under stress (pp. 1-18). Aldershot, UK: Ashgate.

Hancock, P. A., and Warm, J.S. (1989). A dynamic model of stress and sustained attention. Human Factors, 31,
519-538.

8 Boag-Hodgson, C. (2010). Topic 12: Stress. ATSB human factors course (pp.1-12). Canberra, ACT: ATSB.

123

83

84

86


http://www.skybrary.aero/index.php/CFIT
http://www.skybrary.aero/index.php/Loss_of_Control
http://www.skybrary.aero/index.php/Airspace_Infringement
http://www.skybrary.aero/index.php/Loss_of_Separation
http://www.skybrary.aero/index.php/Wake_Vortex_Turbulence
http://www.skybrary.aero/index.php/Wake_Vortex_Turbulence

Stress management techniques include simulator training to develop
proficiency in handling non-normal flight situations that are not encountered often
and the anticipation and briefing of possible scenarios and threats that could arise
during the flight 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
indicate that the flight crew’s performance might have been adversely affected by
pre-existing medical conditions, fatigue, medication, other drugs or alcohol during
the occurrence flight. Visual meteorological conditions (VMC) prevailed at the time
of the aircraft’s departure. No adverse weather conditions were present for the flight.

The analysis addresses safety issues associated with aircraft airworthiness, flight
operations, including crew training, and human factors issues, such as crew resources
management. The GE222 investigation had identified specific areas for
improvement in the TNA’s safety management processes and effectiveness of
CAA’s regulatory surveillance activities so they will not be discussed further in this
analysis. Those safety issues were still being addressed at the time of the GE235
occurrence.

2.2 Airworthiness

2.2.1 Aircraft Systems and Powerplant

The aircraft’s certificate of airworthiness and registration 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 Service Bulletins. A review of the aircraft’s maintenance records
before the occurrence flight revealed that there were no defects reported that related
to ENG 2 automatic feathering system.

The wreckage examination indicated that the aircraft damage was the result of
Impact forces. Post-impact examination of the engines indicated no pre-existing
anomalies affecting 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 take off roll. During the initial climb an
uncommanded autofeather of the ENG 2 occurred.

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

% Each engine contained two torque sensors, the No. 1 (left) and No. 2 (right) sensor. The left torque sensor is
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connected to AFU No.2 was found a coil winding open circuit. The X-ray analysis
(see Figure 1.16-10) of the sensor indicated that the coil wires had broken at the
outside of the bend due to the impact.

The AFU examination results indicated that the compromised soldering joints
inside ENG 2 AFU which formed part of the connection between ENG 2 torque
sensor and the AFU No.2 had increased an unstable signal path resistance, therefore,
may have produced an intermittent discontinuity of the torque signal. Continuity of
the signal was required to ensure that the ATPCS system functioned as expected. The
disrupted signal probably resulted in the uncommanded autofeather.

2.2.2 ATPCS and Uncommanded Autofeather

The purpose of the ATPCS was to automatically feather the propeller during
take off in the case of engine failure, and then increase engine power (uptrim) to the
opposite operating engine. The ATPCS monitors both engine torque signals, when
one engine decreased below 18.5 percent rated torque it indicates the engine failure.
Arming of the ATPCS also required that torque signal on both engines was greater
than 46%. The operation of the ATPCS would be rendered unreliable if the torque
signals transmitted to the system were disrupted intermittently or otherwise.

Post-impact testing of AFU No.2 revealed that the resistance exceeded the
CMM threshold. The measured resistance values 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 torque signal to 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" at take off power initiation. However, the FDR data (See
Table 2.1-1) indicated that all the conditions required for arming the ATPCS had
been met. The abnormal status can be explained by the discontinuity between the
AFU No.2 and the torque sensor. The discontinuity interrupted 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 temporary discontinuity that
persisted for about eight seconds. During the climb through 1,200 feet, as 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, leading to the uptrim of ENG 1 followed by the feathering of the ENG 2
propeller. However, all of ENG 2’s parameters (see Table 2.1-1) were normal before

connected to the AFU and the right torque sensor is connected to the EEC.
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the ATPCS sequence was triggered. This symptom was also consistent with a
temporary discontinuity between the AFU No.2 and the torque sensor. The technical
events that contributed to the occurrence were all consistent with intermittent
discontinuity in the AFU No.2.

Table 2.1-1 FDR data related to ATPCS

Time AIR/GND |PWR PLA_ |TQ _No. [PLA No. |TQ_No.2

(hh:mm:ss) | mode MGT No.l |1 (%) 2(deq) (%)
Switch | (deg)

10:51:43 GND TO 74.9 83.8 74.2 84.7

10:51:52 GND TO 74.9 89.9 74.2 90.3

10:52:37 AIR TO 74.9 100.9 74.2 89.6

The intermittent discontinuity of AFU No.2 produced the unstable behavior of
the ATPCS which resulted in the uncommanded autofeather of the ENG 2 propeller.

2.2.3 Autofeather Unit Quality

A few days after the GE235 occurrence, another TNA ATR72 crew
experienced an uncommanded autofeather in-flight. That aircraft’s AFU (referred to
as AFU No. 3) was removed and sent to the manufacturer for test and examination.
The results revealed a similar discontinuity problem as found in AFU No.2.

The serial numbers of AFU No.2 and AFU No.3 were RT2362 and RT2354
respectively. The date of manufacturing of these two AFUs was in the same week,
the fifteenth week of 2013. The AFUs had been in service since March 2014 and
April 2014 respectively and the service periods® were less than one year. The
similar compromised soldering joints were found in these two units.

The engine manufacturer (P&WC) had been aware of AFU-related technical
issues causing uncommanded autofeather events since 2005 and proposed SBs
starting from 2007. Investigation of the AFUs from those events revealed that some
of the units exhibited cracks in the soldering of the J1 and J2 connectors. Those
cracks were believed to have caused momentary electrical disruptions leading to an
uncommanded autofeather. In response, the manufacturer issued various service
bulletins and service information letters to operators recommending unit
modification and/or information to address the AFU-related 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 torque signal™.
The manufacturer recommended implementing the service bulletin actions before

8 According to the TNA, the service period of AFU SN RT2362 was from 28 March 2014 to 4 February 2015, SN
RT2354 was from 8 April 2014 to 21 February 2015.
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the AFU had accumulated 12,000 flight hours, or before 31 July 2010, whichever
occurred last. SIL No. PW100-138 and PW100-147 provided further information
regarding the converter 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 revised instructions 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 to Table 1.16-2, the total flight times of both AFU No.2 and
AFU No.3, were 1,624 flight hours and 1,206 flight 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 suggested 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 continuity problems were not 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 auto-feather control and is currently
implemented into all new production engines. Also, for the existing engines in
service, a Service Bulletin, SB21880 (see Appendix 13), was issued in October 2015
to replace the auto-feather control with the improved one.

2.3 Flight Operations
2.3.1 ATPCS Policy and Procedures

After the brakes were released and both power levers were ‘SET IN THE
NOTCH’ and ‘FMA®" was announced and checked, the TNA ATR72-600 take off
standard operating procedures required CM2” to check then announce ‘ATPCS
ARM’. As the throttle was advanced for take off in the occurrence flight, Captain B
(PM) noticed that the ATPCS was not armed and he responded correctly by
announcing that. The PM then announced ‘take off inhibit” which was confirmed by
Captain A (PF) who then decided to continue the take off with the assent of the PM.
The CVR indicated that the PM announced that the ATPCS had armed about seven
seconds before the aircraft reached V1 speed.

TNA’s ATR72-500 fleet policy permitted flight crews to continue the take off if
the ATPCS pushbutton ‘ARM’ light did not lit as long as RTOW had been checked

% EMA: flight mode annunciator.
%1 CM2: crew member 2. The initial section of the take off SOPs 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 company technical circular No. m1010604x issued in
2012.The TNA flight crew training supervisor informed the investigation that those
technical circulars only applied to the -500 aircraft not the -600 aircraft. The
company’s ATR72-600 policy required crews to reject the take off if the ATPCS did
not ‘ARM’ and crews 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 occurrence flight crew’s decision was not consistent with these
expectations. However, there were no documented company policies, instructions,
procedures, or notices to crew for ATR72-600 operations communicating the
requirement to reject the take off if the ATPCS did not arm. On the contrary, TNA’s
ATR72-600 normal check list still required flight crew to check if the aircraft’s
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 not arming.
That may have indicated to -600 flight crew that the -500 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 of the occurrence, Captain A and B had accrued 250 and 795 fly
hours on the ATR72-600 respectively. They had previously accrued 3,151 and 5,687
fly hours on the ATR72-500 respectively. They were comparatively new to the -600.
It was possible that their practices on the -500 fleet had transferred across to
operating the -600. However, there was no evidence the occurrence flight crew
reverted substituted other -500 procedures before or after the ATPCS not arming.
Therefore, it seemed more likely that the absence of a formal, documented company
policy that was enforced and consistent with the reported ATPCS training on the -600
created an opportunity for misunderstanding.

The aircraft manufacturer issued two OEBs, "Uncommanded auto-feather
-500" and "Uncommanded auto-feather -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, or in the case of intermittent arming /
disarming of the ATPCS, the take off must be rejected." These two OEBs would
have provided a clear directive to TNA that all ATR72-500/600 crews were to reject
the take off if they encountered any ATPCS discrepancies.

With reference to TNA ATR72-600 MEL, item 22-2, 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 to select ATPCS OFF and bleed valves OFF, which
disabled the autofeathering function during take off. Had the pilots rejected the take

129



off in response to the ATPCS not arming, and then re-dispatched the aircraft with
“ATPCS OFF” as per the MEL procedure, the subsequent uncommanded autofeather
would not have occurred.

2.3.2 ATR Rejected Take off Policy

During the investigation, the ATR provided a statement of the SOP policy
regarding the checks performed during take off and focus on ATPCS checks (see
Appendix 8). The ATR stated that the purpose of the Standard Operating
Procedures (SOP) is to ensure the aircraft is in the appropriate configuration for
all phase of flight, including take-off. By definition, any check not completed halts
the procedure and take off cannot proceed. This is the industry norm. The ATR also
provided an Airbus 3xx SOP at take off to 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 general policy as an operating technique. However similar
information was not documented in ATR’s manuals. The implementation of such
information or policy announcement in the manufacturer FCOM is required so that
a rejected take off procedure may be clarified.

Furthermore, although ATR72 AFM 5.03 has a rejected take off procedure
described as an abnormal procedure, it is associated with one engine inoperative
condition only, and the rejected take off procedure was not described in the ATR
FCOM. It is required to review 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.

2.3.3 Handling of Emergency Situation
2.3.3.1 Failure Identification

At 1052:38.3, when the aircraft commenced the right turn and was climbing
through 1,200 feet, the master warning light / sound annunciated in the cockpit and
the "ENG 2 OUT" red message was displayed on the Engine and Warning Display
(EWD). According to TNA’s ATR72-600 Abnormal and Emergency SOPs, section
26.1, flight crews were advised to “take all necessary time to analyze situation before
acting.” With reference to procedures initiation, the ATR72-600 Flight Crew
Operating Manual (FCOM) advised that “Before performing a procedure, the crew
must assess the situation as a whole, taking into consideration the failures, when fully
identified, and the constraints imposed.” The priorities were to stabilize the aircraft’s
flight path and assess the remaining aircraft capabilities.

TNA’s ATR72-600 Abnormal and Emergency SOPs provided a failure
identification process to assist crews. In response to a “MASTER

WARNING/CAUTION” Captain B, as the PM, was to announce the flashing master
warning and call out the item flashing on the EWD. That meant that the required
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initial actions by the PM in the occurrence should have comprised calling ‘MASTER
WARNING” and ‘ENGINE 2 OUT ON FWS®” followed by cancellation of the
master warning and then announcing the fault or type of event on the systems display
page. Captain A, as the PF, was then required to call “Check™ after he had
acknowledged the failure and when able to call out “SYSTEM CHECK”. Six failure
analysis checks must be performed for failure confirmation after the PF calls
‘SYSTEM CHECK’. However, the CVR transcript and FDR readout indicated that
following the master warning, the PM said “take a look”. Just as the PM began the
failure identification process, approximately 4 seconds after the master warning
occurred, the PF retarded the ENG 1 power 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 documented failure identification and confirmation process.
Those hasty actions resulted in the cancellation of the uptrimmed power on ENG 1
which reduced the engine’s torque from its highest value of 104% to 82%.

The flight crew failed to perform the appropriate failure 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 subsequently called
an auto feather and confirmed that ENG 2 flameout but the PF had already retarded
PL1 to 22% torque. The aircraft stall warning system then activated and then
confusion was prevalent as the PF called the shutdown of ENG 1. By the time the
PM announced 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.

2.3.3.2 Utilization of Autopilot

TNA’s ATR72-600 Abnormal and Emergency SOPs stated that “unless the
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
situations”. The ATR72-600 FCOM also indicated that use of autopilot is
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 sounded, Captain A (PF) called out "I have control”. Two
seconds later the autopilot was disconnected. There was no call out or conversation
between the flight crew about autopilot disengagements. Based on the FDR data and
the ATR72 autopilot disengagement logics analysis (see Appendix 14), the Safety

% FWS: flight warning system.
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Council concluded that the PF disconnected the autopilot when he had taken manual
control of the aircraft.

Part 1.04.20 of the ATR72-600 FCOM indicated that when the autopilot was
engaged, the pitch, roll and yaw actuators were 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 rudder pedals in the cockpit.

As recorded in the FDR, after the autopilot was disengaged, the 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 climb attitude. When
the flight crew tried to follow the engine-out standard instrument departure (EOSID)
after the master warning, the aircraft’s heading was set to 092 degrees by Captain B
(PM), but the PF continually turned to the left after passing through a heading of 095
degrees. If the autopilot had not been disengaged at this point in the flight, the
autopilot would have maintained heading 092 degrees and subsequently reduced the
crew’s workload.

The PF’s decision to disconnect the autopilot shortly after the first master
warning increased the PF’s subsequent workload and reduced his capacity to assess
and cope with the emergency situation.

2.3.4 Non-Compliance with Procedures

TNA’s ATR72-600 SOP memory items for an engine number 2 flame out at take
off ("ENG 2 FLAME OUT AT TAKE OFF") required the PF to announce the failure,
maintain aircraft control at all times and call for “engine flame out at take off memo
items.” The PM shall confirm and callout that the ‘ATPCS UPTRIM’ and
‘AUTOFEATHER’ functions are activated and displayed on the EWD. Landing gear
‘UP’ and ‘BLEED 1 + 2’ were to be confirmed if no fault was present. The PF was
then to adjust the aircraft’s attitude to accelerate to the aircraft’s target speed (Vero).

However, the CVR transcript and FDR readout showed that the PF did not
command ‘“engine flame out at take off memo items”. The PM initiated the memory
items and called out “engine flameout check™ at 1053:00, which was approximately
22 seconds after the first master warning had annunciated. The PM then verified the
activation of the ATPCS sequence and called “check up trim yes, auto feather yes” at
1053:02.

Instead of adjusting the aircraft’s attitude to accelerate to Vero as per SOPs, the
PF retarded power lever No. 1 (PL1) as indicated by a power 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 engine flameout
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confirmed". The flight crew did not follow the ENG 2 flameout at take off
procedures. The FDR readout showed that ENG 1 torque was reduced from 82.2% to
24.4% between 1053:05 and 1053:12. The power reduction on the operative engine
resulted in the airspeed 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 after V1o was acquired, 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 before V1o was acquired but the
PF commanded the shutdown of ENG 1. That indicated that the PF skipped several
required memory items and attempted to shut down ENG 1 when 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 affected engine. The following actions
and callouts were required for shutting down an engine (example used is ENG 2):

(@) When the flight crew decides to retard the affected side’s PL, the PF should
point at the affected side’s PL and call “PL2?”. After being checked by the
PM, followed by a response of “confirm”, the PF should then retard PL2
gently to the flight idle position and call “flight idle”’; and then

(b) When the flight crew decides to retard the affected side CL, the PM should
point at it and call “CL2?”. After the PF checks and calls “confirm”, the PM
should then retard CL2 to the feathered position and then to the fuel shut-off
position and call out “feather, fuel shut-off”.

During the shutdown of ENG 1, the flight crew used non-standard processes
and callouts 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 that a loss of thrust had occurred on
ENG 2.

The CVR and 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 on ENG 1 reduced to 0% at 1053:27. The loss of all engine power combined
with pitch attitude led the aircraft angle of attack to reach the stall warnings threshold.
Ultimately the aircraft entered a stall from which the crew were unable to recover.
The PF’s unannounced reductions in power on ENG 1 as a result his confusion
regarding the identification and nature of the actual propulsion system malfunction
led to the shut down and feathering of ENG 1 propeller. It appeared that the PM had
not detected that the PF had once again manipulated PL1. The non-compliance with
critical abnormal and emergency SOPs resulted 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 a position to restart that engine if there
were no symptoms of damage. If the crew had nothing more than confirm the ENG 2
loss of thrust and returned to land using the remaining engine, the occurrence would
not have occurred.

The GE222 investigation report had identified that flight crew non-compliance
with SOPs was a systemic problem at TNA. Within 7 months of the GE222 accident,
the GE235 accident occurred, and non-compliance with procedures were again
identified not only during the occurrence flight but in interviews with company
pilots.

A summary of non-compliance with SOPs and/or company expectations or
non-conformance with safe practices identified during the occurrence flight
included:

e Non-compliance with sterile cockpit rule during taxi;
e Did not brief engine out procedure during takeoff briefing;

e Did not comply with the undocumented company expectation to reject the
take off if the ATPCS did not arm during the takeoff roll (ATR72-600 only);

e PF unnecessarily disconnected the autopilot after the master warning
sounded;

e PF did not positively identify propulsion system malfunction before taking
action;

e Crew did not perform the ENG 2 flameout at take off procedure correctly.

The non-compliance 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-compliance with SOPs identified again in this occurrence and by previous ASC
investigations of TransAsia Airways ATR accidents (GE222) and serious incidents,
indicated that non-compliant behaviors were an enduring, systemic problem and
were consistent with a poor safety culture within the airline’s ATR fleet. The
recommended remedial measures by the airline and CAA were in progress or had
not been implemented, and/or were not effective, and/or followed up by the time the
GE235 accident had occurred.

2.3.5 Aircraft Recovery

The simulation testing indicated that the time required to restart ENG 1 was
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 altitude loss
of up to 900 feet.

By the time the PF had realized he had shut down the wrong engine (ENG 1)
and the crew attempted a restart, the aircraft was at an altitude of approximately 550
feet or 25 seconds to impact, which was insufficient for a successful restart 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 nose-up guidance contrary to the stick pusher
nose-down inputs in stall test. Although the influence of the flight director
indication was not demonstrated in the occurrence flight and the logics of ATR
flight director bars are consistent with other aircraft types within the 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 required at industry level so that
it disappears or presents appropriate orders when a stall protection is automatically
triggered.

2.3.6 Human Factors Perspectives of Flight Crew Performance

2.3.6.1 Flight Crew Performance

The flight crew could have identified the ENG 2 loss of thrust and 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 difficulty climbing clear of
obstacles and returning to land on one engine. Furthermore, the SOPs permitted a
restart attempt if the crew assessed that the inoperative ENG 2 was not damaged. In
that instance, if power to ENG 2 had been restored, the crew would have had both
engines operating and no difficulty returning to land.

The flight crew’s performance reflected many of the known findings in the
“Propulsion System Malfunction + Inappropriate Crew Response (PSM+ICR)”
report, U.S. Army study, and other human factors issues identified in the literature. In
addition to non-compliance with SOPs, there were:

¢ significant diagnostic discrepancies between crew members — PF did not
recognize the propulsion system malfunction from the symptoms, cues,
and/or indications with a resultant misdiagnosis. While the PM identified that
ENG 2 had experienced a loss of thrust , he did not detect the subsequent shut
down of ENG 1 by the PF, although the CVR indicated that the PM corrected
the PF about retarding power lever during the initial stall warning sequence;

e 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;

e failures to properly control the aircraft after the initial propulsion system
malfunction that should have been within their capabilities to handle;

e areas for improvement in crew training which did not appear to address the
malfunction characteristics (auditory and visual cues) most likely to result
In inappropriate crew response;

e an uncommanded power loss, which was the most common technical event;

e PF shut down the wrong engine in response to an engine malfunction; and

e the PF was too hasty in his response to the situation.

2.3.6.2 Diagnostic Errors

The flight crew errors prevalent in the occurrence flight 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 events. The error 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 was related to ENG 2 but the PF did not have the same understanding of
the situation. Rather, the PF became fixated on ENG 1 and did not respond to the
indications on the EWD or the PM’s verbalizations regarding ENG 2. The observer
did not appear to understand what was happening given that he was still under
ATR-600 differences line training 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 operative ENG 1. The aircraft entered a stall during the ENG 1
restart attempt. The PF finally realized that he had “pulled back the wrong side
throttle” at a point where the aircraft was unrecoverable.

2.3.6.3 Stress and Mental Preparation

In order to minimize 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 pre-take off briefing. This briefing includes
mentally reviewing the emergency procedures and 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 an engine 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 crews® %, If

the flight crew is not able to cope with the stressors, it can lead to negative stress
reactions, such as poor awareness, inaccurate decision making, reduced perception,
illogical reasoning, low self control, and reduced vigilance * *. Abnormal and
emergency SOPs are, in part, designed to provide a methodical means for handling
stressful events, including an uncommanded autofeather after takeoff.

Captain A’s command upgrade and ATR72-600 differences training records
within one year of the occurrence, contained several negative comments by IPs
and/or CPs on his understanding 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 take off was marginal.

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 ATR72-600 during take
off. The crew were not as mentally prepared as they could have been for the
autofeather condition they had encountered in the absence of a pre-take off briefing.
In addition, thorough system knowledge of the ATPCS may have indicated to the
crew that its failure to arm earlier during the take off roll could be an indication of a
more serious problem.

Captain A’s marginal ability to handle an engine failure at take off, under
stress, and lack of mental preparation for the occurrence flight may have had a
bearing on:

e Captain A misidentifying ENG 1 as the malfunctioning engine even though
Captain B announced ENG 2 flameout;

e Captain A omitting several required items in the single engine flameout
procedure and diverted his attention to ENG 1 throttle; and

e Maintaining an appropriate 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.

% Civil Aviation Authority. (2014, October). CAP 731 — Flight Crew Human Factors Handbook. London, UK:
CAA.

Strauch, B. (2002). Investigating human error: Incidents, accidents, and complex systems. Aldershot, UK:
Ashgate.

“Stress and Stress Management” article included in the Operator’s Guide to Human Factors in Aviation (2009),
Flight Safety Foundation.

P.A. Hancock and J.L. Szalma. Chapter 1 Stress and Performance. Performance Under Stress published by
Ashgate Publishing Limited, 2007.
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2.3.6.4 Flight Crew Training and Competency Issues

After retiring from the military, 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 difficulty on multi-tasking, prioritizing,
making correct decisions, and performing under 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 ATR72-500 first officer training, and the subsequent 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 and simulator
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 go-around. The check airman’s comments indicated:
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
instructors noted that because of his insufficient knowledge and confidence, he was
hesitant in responding to “both EEC failure”, “engine failure after V1”and “smoke”
emergencies during the oral test, and was prone to be nervous when conducting

certain procedures or answering questions.

In October 2014, Captain A attended ATR72-500 to -600 differences training in
Singapore. He was graded “may need extra training” after the simulator session with
an instructor’s comment of “check engine-flame-out-at-take off callout and task
sharing and go-around single engine” on 31 October 2014. This indicated that
Captain A had completed the training but may need extra training in next training
section or check to validate his handling an engine flame out at take off and single
engine go-around. Captain A demonstrated above mentioned items again and passed
the next section check on 2 November 2014.

Captain A’s command upgrade and ATR72-600 differences training records
within one year of the occurrence, contained several negative comments by 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 an engine
failure at take off was marginal.

Captain A’s performance during the occurrence was consistent with the reported
difficulties he had experienced during training, particularly when performing in
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stressful emergency situations and included the following negative stress reactions:
poor judgment; reduced perception; tendency to cut corners and skip items; and
narrowed or restricted the focus of attention. However, TNA did not effectively
address the evident and imminent flight safety risk that Captain A presented.

At the time of the occurrence, TNA pilots who performed unsatisfactorily
during training or checking activities were offered remedial training for the specific
failure items. However, no further review or follow-up occurred if the pilot’s
performance was satisfactory on the subsequent check. As a result, TNA did not have
a mechanism to identify those pilots who had a recurring pattern of critical
performance deficiencies. If TNA had implemented an effective pilot performance
review program, they may have been able to provide additional oversight of and/or
remedial training for pilots whose performance was marginal. Additional references
for air carriers to evaluate a flight crew’s ability under stressful situations may also
be obtained from the CAA Civil Aviation Medical Center®” that provides relevant
ability indexes (e.g., simultaneous capacity®, stress tolerance®) using an established
assessment system'®. In cases where pilots were still unable to consistently meet
the required standards and, in accordance with common airline industry practice,
the pilots flying duties should have been discontinued.

2.3.6.5 Command Upgrade Process

Captain A was promoted to captain in 2014 together with three other first
officers. A review of their upgrade process and training identified that:

e In accordance with the flight operations manual, TNA’s upgrade selection
panel should have comprised at least eight IPs/CPs at the time to assess the
candidates initial oral test performance. However, when the Captain A
attempted the upgrade selection, the selection panel assessing the Captain’s
oral test performance comprised only six ATR72 IPs/CPs.

e Three of the upgrade candidates, including Captain A, attended and passed
the upgrade ground test on 12 May 2014 before they had completed all the
required ground courses. That was not in compliance with the training rules
in the TNA FTMM.

" The Civil Aviation Medical Center (CAMC) is a non-profit service organization for aviation personnel, which is

supervised by the CAA. The responsibilities of the CAMC include: aviation medical examination; health and
hygiene education; health care, disease prevention, general and special diagnoses; trainings for emergency rescue,
CPR and aviation 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 tolerance is defined as the extent to which performance differs when dealing with corresponding routine
tasks under normal and stress conditions.

The CAMC psychological assessment system is partially developed on a basis of the “Expert System Aviation
(ESA)” of the SCHUHFRIED Company, which contains tests for criteria relevant in the field of aviation
psychology, following the requirement of the JAR-FLC3.
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The airline did not follow its own procedures when selecting and training
Captain A for upgrade. TNA’s quality assurance processes had not detected that the
command selection upgrade process had been compromised.

2.3.6.6 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 significant number of technical discussions and demonstrations of aircraft systems
during the aircraft’s push back, propeller rotation, taxi, and holding for takeoff. This
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
aircraft’s systems as part of his familiarization training, those lengthy discussions
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-take off briefing.

Crew communication

Both crew members failed to obtain relevant data from each other regarding the
status of both engines at different points in the occurrence sequence. The 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 other crew members as well as
from an individual’s cue-seeking activity.

The quality of the crew’s performance depended largely on their ability to
recognize the ENG 2 loss of thrust and to respond to the situation by functioning
effectively as a team. The training the crew had completed, while meeting regulatory
requirements, was not best practice for a complex, twin-engine turboprop aircraft
such as the ATR72-600.

During the occurrence flight, several ineffective communication practices were
identified:

e After the uncommanded ENG 2 autofeathering 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 lever No. 1 (PL1) until the cross check was
completed. While the PF momentarily delayed any further retardation of PL1,
he later continued to reduce power on ENG 1 which was probably not

140



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 indicated that the PM attempted to instruct the PF to push the
throttle back up but the PF continued to shut down ENG 1. The PM did not
appear to challenge the PF about his actions;

e At 1053:05, the PM observed the decreasing airspeed and reminded the PF to
“watch the speed”. However, the PF did not increase airspeed in response.
The PM did not challenge the PF again in response to his inaction regarding
the reducing airspeed,;

e At 1053:07, the PM announced “number two engine flameout confirmed”.
Even though the PF responded “okay”, he did not process the information
because it was apparent that he still believed the affected engine was ENG 1.
The PF did not announce or confirm his belief that number one engine had
flamed out. If the PF had used clear feedback as per SOPs, and announced his
belief that ENG 1 was the inoperative engine, it would have provided the PM
an opportunity to address the PF’s misdiagnosis;

e ENG 1 was shut down by the flight crew from 1053:15 to 1053:25. However,
flight crew’s callouts were nonstandard and unclear during 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 during these types of
situations. However, the PF disconnected the autopilot after the uncommanded
autofeather, which increased his workload. In addition, the ATR72-600 aircraft was
equipped with an engine and warning display (EWD) system, which clearly
indicated that the propulsion system malfunction was an inoperative ENG 2 (‘ENG 2
OUT’). However, the PF did not appear to process the information on the EWD.

Ineffective leadership

When the availability, competency, quality or timeliness of leadership does not
meet task demands an unsafe situation can arise'®*. Captain A (PF), as the designated
pilot-in-command (PI1C), was responsible for supervising the overall management of
the flight. However, after the uncommanded ENG 2 autofeather, the PF was unable
to stabilize and 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). A human error approach to aviation accident analysis: The human
factors analysis and classification system. Burlington, VT: Ashgate Publishing, Ltd.
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leadership, in part, contributed 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 absence of leadership from the PF.

2.3.6.7 TNA Crew Resource Management Training

Effective crew resource management (CRM) begins in initial training and is
reinforced by recurrent practice, assessment and feedback, and should be embedded
in every stage of a pilot’s training'%.

The Taiwan CAA issued an Advisory Circular 120-005B on CRM on 23 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 guidelines'®. With reference to that material, and as
previously identified in the GE222 investigation, there were several deficiencies in

TNA’s CRM training:

e TNA had not established a systematic CRM assessment process to determine
if their training was effective and achieving its goals. This may have
resulted in critical areas requiring reinforcement during recurrent training not
being identified and/or continuous improvements not being made;

e Proficiency, competency and confidence in CRM instruction, observation,
and measurement requires specialist training for CRM facilitators,
supervisors, IPs, and CPs. However, TNA did not provide adequate CRM
instructor training so the instructors could teach and evaluate a candidate’s
practical CRM skills;

e The practical application and demonstration of CRM skills during simulator
training depended largely on the experience of individual IP’s had differing
views. TNA had not implemented a formal process for developing detailed
and standardized line oriented flight training (LOFT) training with specific
CRM objectives;

e 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, TNA’s command upgrade training did not include a human factors

192 Federal Aviation Administration. (2004, January). FAA Advisory Circular (AC) 120-51E - Crew Resource
Management Training. Washington, DC: FAA.

183 1CAO Circular 217-AN/132 (1989) — Flight Crew Training: Cockpit Resource Management (CRM) and
Line-Oriented Flight Training (LOFT); Flight Safety Foundation (2009) Operator’s Guide to Human Factors in
Aviation; UK Civil Aviation Authority CAP 731 (October 2014) Flight Crew Human Factors Handbook; Federal
Aviation Administration’s (FAA) Advisory Circular (AC) 120-35D (13 March 2015) — Flight Member Line
Operational Simulations: Line-Oriented 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;

e The CRM ground course training materials were very limited and did not
reflect current CRM research and industry best practice in regards to
communication/ interpersonal skills, problem-solving/decision-making,
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
crew’s performance was consistent with ineffective CRM training. Finally, as
identified in the GE222 investigation, the CAA’s oversight of flight crew training,
including CRM training, was in need of significant improvement.

2.3.6.8 Negative Transfer

An understanding of why the PF shut down the ENG 1 (the ‘wrong engine’),
which was fully operative was explored. Hypotheses regarding the potential
influence of the pilot’s previous multi-engine training and experience were
considered. Interviews with TNA ATR72 flight crew indicated that the ENG 1 was
not constantly used as the reference engine for simulated engine failure training and
checking scenarios. However, Captain A had experienced one previous
uncommanded autofeather events involving the ENG 1 during a normal revenue
flight when he was a TNA first officer acting in the role of PM. The likelihood that
negative transfer adversely affected the PF’s response to the uncommanded ENG 2
autofeather was unable to be established.

2.3.7 ATR72 Differences Training Program and TNA Records Management
2.3.7.1 Training Program

TNA’s ATR72-500 to ATR72-600 differences training program was developed
in accordance with the European Aviation Safety Agency (EASA) ATR42/72 Flight
Crew Qualifications Operational Evaluation Board (OEB) report. There were
various types of ATR72-600 differences training programs depending on the pilot’s
total flight time, type experience, and the configuration and onboard equipment of
previous ATR72 aircraft flown. The two standard ATR72-600 differences training
programs recommended by the OEB report included 5-day and 10-day programs.
The TNA ATR72-600 differences training program approved by the CAA followed
the 5-day program defined in the OEB report. The differences training records also
showed that, at the commencement of training, the ATR instructors checked every
TNA pilot’s qualifications to ensure that they met the pre-requisites for the 5-day
training program. In addition to the ATR training, the CAA required that an extra
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simulator check be conducted by a designated examiner (DE) or CAA inspector
following the ATR ground and simulator training.

The TNA ATR72-600 differences training program was compliant from a CAA
regulatory perspective. However, interviews with TNA ATR72-600 pilots indicated
that pilots without advanced automation experience found the differences training to
be inadequate, 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 situation. This may have been a result of Captain A’s lack of
knowledge, understanding and confidence in using the aircraft’s automated support
systems, which may, in part, have been a function of insufficient differences training.
Captain A’s simulator check at the conclusion of differences training indicated that
he may need further training particularly for engine out operations. The CAA and
TNA need to reconsider if the current 5-day ATR72 differences course and
subsequent line training is sufficient to ensure that TNA flight crews are competent
to operate the ATR72-600 under all normal and non-normal conditions.

Furthermore, the flight instrument differences of ATR72-500 and ATR72-600
is from a conventional flight instruments including analog displays to a more
advanced avionic suite with PFD and electronic check list. 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 display, although in the GE235occurrence the
CVR evidenced that the PM called-out the proper engine flame out procedure
associated with ENG 2 and that the PF was still mentioning the ENG 1. The Safety
Council believes it is required to study the content and the duration of the minimum
requirement regarding a 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 operation regulations and TNA’s flight
operations manual, TNA was required to establish a system to retain all flight crew
training records during the employment period for CAA’s inspection.

However, TNA flight crew training records showed that the ART72-600
differences training records for all 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 records in accordance with the
Aircraft Flight Operation Regulations and the TNA flight operations manual.

The ATR72-600 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
A’s ability to handle engine out emergencies.

2.4 CAA Oversight

After the GE222 occurrence, the CAA conducted an in-depth inspection of
TNA flight operations, system operations control, and safety and security from 14 to
30 August 2014. In response to that CAA inspection, TNA initiated several programs
to improve flight safety. Those programs included addressing the deficiencies in the
airline’s safety management system (SMS) and flight operations quality assurance
(FOQA) system, the standardization of flight crew training and checking, the
establishment of procedures for continuous descent final approach (CDFA), and the
iImprovement of crew resource management (CRM) training and flight crew fatigue
management.

These safety issues were still being addressed by the airline at the time of the
GE235 occurrence, which was seven months after the GE222 occurrence. The
systemic TNA flight crew non-compliance with procedures remained unaddressed.
The CAA urgently needs to enhance the surveillance of TNA’s operations and ensure
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 regulatory oversight issues. The GE222 and GE235 investigation
revealed that there were similar problems with CAA oversight of TNA. The GE222
investigation report has already documented the specific areas for improvement in
CAA’s regulatory surveillance activities so they were not discussed further in this
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. The findings are presented in three categories: findings related to the
probable causes, findings related to risk, and other findings.

The findings related to the probable causes identify elements that have been
shown to have operated in the occurrence, or almost certainly 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.

The findings 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
risks, that made this 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 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 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 the auto feather unit (AFU)
number 2 and the torque sensor may have caused the automatic take off power
control system (ATPCS):

e Not being armed steadily during takeoff roll;

e Being activated during initial climb which resulted in a complete ATPCS
sequence including the engine number 2 autofeathering. (1.6, 1.11, 1.16.5,
2.2)

2. The available evidence indicated the intermittent discontinuity between torque
sensor and auto feather unit (AFU) number 2 was probably caused by the
compromised soldering joints inside the AFU number 2. (1.6, 1.11, 1.16.5, 2.2)
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Flight Operations

3.

The flight crew did not reject the take off when the automatic take off power
control system ARM pushbutton did not light during the initial stages of the take
off roll. (1.11, 1.17.6, 1.18.2, 2.3.1)

TransAsia did not have a clear documented company policy with associated
instructions, procedures, and notices to crew for ATR72-600 operations
communicating the requirement to reject the take off if the automatic take off
power control system did notarm. (1.17.6, 1.18.2, 2.3.1)

Following the uncommanded autofeather of engine number 2, the flight crew
failed to perform the documented failure identification procedure before
executing any actions. That resulted in pilot flying’s confusion regarding the
identification and nature of the actual propulsion system malfunction and he
reduced power on the operative engine number 1. (1.11, 1.18, 2.3.3)

The flight crew’s non-compliance with TransAsia Airways ATR72-600 standard
operating procedures - Abnormal 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. (1.11, 1.18, 2.3.4)

The loss 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 manner. (1.11, 1.18, 2.3.3)

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 recover from loss of control. (1.11,
1.18, 2.3.5)

Flight crew coordination, communication, and threat and 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 sequence. The
pilot flying did not appropriately respond to or integrate input from the pilot
monitoring. (1.11, 1.17, 1.18, 2.3.6)

3.2 Findings Related to Risk

Powerplant

1.

The engine manufacturer attempted to control intermittent continuity failures of
the auto feather 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 were not 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 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. (1.6, 1.11, 1.16.5, 1.18.4, 2.2.3)

Flight Operations

2.

Pilot flying’s decision to disconnect the autopilot shortly after the first master
warning increased the pilot flying’s subsequent workload and reduced his
capacity to assess and cope with the emergency situation. (1.11, 1.18, 2.3.3)

The omission of the required pre-take off briefing meant that the crew were not
as mentally prepared as they could have been for the propulsion system
malfunction they encountered after takeoff. (1.11, 1.18, 2.3.6)

Airline Safety Management

4.

TransAsia Airways (TNA) did not follow its own procedures when selecting and
training pilot flying for upgrade. The TNA’s quality assurance processes had not
detected that the command selection upgrade process had been compromised.
(1.17, 2.3.6)

TransAsia Airways (TNA) did not use widely available crew resource
management (CRM) guidelines to develop, implement, reinforce, and assess the
effectiveness of their flight crew CRM training program. (1.17, 1.18, 2.3.6)

While the TransAsia Airways (TNA) ATR72-600 differences training program
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 competent to operate the ATR72-600 under all normal procedures
and a set of abnormal conditions. (1.17, 1.18, 2.3.7)

The ATR72-600 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 were stored,
adequately maintained and evaluated by appropriate TransAsia Airways (TNA)
flight operations and/or quality assurance personnel, the TNA would have had
yet another opportunity to review Captain A’s ability to handle engine out
emergencies. (1.5, 1.17, 2.3.7)

Captain A’s performance during the occurrence was consistent with his
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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 presented. (1.5, 1.17, 1.18, 2.3.7)

Regulatory Oversight

9.

10.

The Civil Aeronautics Administration’s (CAA) oversight of flight crew training,
including crew resource management (CRM) training, is in need of
improvement. (1.17.7, 2.3.6, 2.4)

The systemic TransAsia Airways (TNA) flight crew non-compliances 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 minimize the potential
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 that the flight crew’s performance might have
been adversely affected by pre-existing medical conditions, fatigue, medication,
other drugs or alcohol during the occurrence flight. (1.5, 1.13, 2.1)

Visual meteorological conditions (VMC) prevailed at the time of the aircraft’s
departure. No adverse weather conditions were present for the flight. (1.7, 2.1)

The aircraft’s certificate of airworthiness and registration 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 service bulletins. A review of the aircraft’s
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 crew transferred 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 display. (1.17.3, 2.3.7.1)

Although the influence of the flight director indication was not demonstrated in
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the occurrence flight and the logics of ATR flight director bars are consistent
with other aircraft 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. (1.16.2, 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 operative. (1.17,
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 section 4.1. Safety actions taken, safety actions that 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 areas for enhancement and
issued 24 recommendations to TransAsia Airways and Civil Aeronautics
Administration. Those safety issues were still being addressed by the airline and the
regulator at the time when the Aviation Safety Council published the GE235
occurrence investigation report. Therefore, the similar safety recommendations will
not be issued again in this report.

4.1 Recommendations
TransAsia Airways

1. Document a clear company policy with associated instructions, procedures,
training, and notices to crew members for ATR72-600 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. Conduct a thorough review of the airline’s flight crew training programs,
including recurrent training, crew resource management (CRM) training,
upgrade training, differences training, and devise systematic measures to ensure
that

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

e All flight crews are proficient in handling abnormal and emergency
procedures, including engine flame out at take off;

e 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;

e Command upgrade process and training comply with the airline’s
procedures and that competent candidates are selected,;

e 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

e All flight crew training records during the employment period are retained
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in compliance with the aircraft flight operation regulations;
(ASC-ASR-16-06-002)

Improve the airline’s internal quality assurance oversight and audit processes to
ensure that recurring safety, training, and administrative problems are identified
and rectified in a timely manner. (ASC-ASR-16-06-003)

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)

Evaluate the safety culture of the airline to develop an understanding of the
reasons for the airline’s unacceptable safety performance, especially the
recurring noncompliance with procedures. (ASC-ASR-16-06-005)

Civil Aeronautics Administration

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)

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)

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

Provide inspectors with detailed guidance on how to evaluate the 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)

UTC Aerospace System Company

1.

Work with the manufacturers of engine and aircraft 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
uncommanded autofeather. (ASC-ASR-16-06-010)

Pratt & Whitney Canada

1.

Work with manufacturers of the autofeather unit and airframe 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 autofeather. (ASC-ASR-16-06-011)

Avions de Transport Régional
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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 feather unit (AFU) to minimize or prevent occurrences that could result in
uncommanded autofeather. (ASC-ASR-16-06-012)

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 off. (ASC-ASR-16-06-013)

European Aviation Safety Agency

1.

Require a review at industry level of manufacturer’s functional or display logic
of the flight director so that it disappears or presents appropriate orders when a
stall protection is automatically triggered. (ASC-ASR-16-06-014)

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 enhanced automated modes for aircraft having the
same type rating. (ASC-ASR-16-06-015)

Require 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 Airways 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 management system

have been implemented since the GE-235 event. The improvements are illustrated
as following:

1. Regarding to Just Culture, Just Culture has been immerged as the
fundamental policy for TNA, and each event will be treated under Just
Culture.

2. The TNA SMS fulfills the safety commitment from the management, and
safety action group (SAG) closed supports safety review board (SRB) to
continuously monitor SPI/SPT to enhance safety promotions, and
consolidate risk management.

3. Under integrated structure of SMS and QMS development, the safety and
quality assurance program (SQAP) has been introduced into the TNA
system to regulate quality associated planning, activities, and internal
audits. The SQAP implemented the plan-do-check-action cycles to activity
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 perfect safety assurance and quality assurance. The key points
of SQAP as following:

(1) Team up TNA audit SME.

(2) Implemented qualification and training (initial / recurrent) programs
for TNA internal auditors.

(3) Implemented audit finding tracking system.
(4) Increased quality analysis capability.

4. The following improvements were made to reinforce the FOQA
operations:

(1) Streamlining the flight data download process to accelerate the data
process and ensure the download rate.

(2) Settling the multiplex network which allows parallel and timely 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 OJT under Airbus to level up the competency of every
practitioner.

5. Structure in Flight Operations had enhanced, including:

(1) Training and check were separated as independent functions under
FOP. Three newly appointed check pilots, titled as check supervisors
from ATR, A320 and A330 respectively, formed the Check Section
in 20 MAY 2015.

(2) Three pilots from ATR, A320 and A330 fleet respectively were
appointed as technical pilots in Fleet Management Department in 01
NOV, 2015, to assist chief pilots in handling flight operations
quality assurance, crew reports and performance appraisal.

(3) A new vice president of flight operations, reporting to the president
of TransAsia Airways, took the office in 05 NOV, 2015, to supervise
FOP in compliance with international 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 operating
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procedures (SOP),

(1)

(2)

©)

ATR, A320 and A330 SOPs and standard callouts 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 revised and accepted
by the CAA in JUN 2015.

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 APR 2015.and
completed a second refresh SOP training, as the SOPs been revised,
in JUL 2015.

A330: All pilots completed SOP training in MAR 2015.

Audits on TNA pilots SOP compliance have been conducted via:
Standard operational audits;

Observations flights on all pilots;

TransAsia line operations audit.

The actions above ensure SOPs are fully implemented by flight crew.

7. The crew resources management (CRM) and joint CRM (JCRM) have
been enhanced via the following actions:

1)

(2)
(3)

(4)

From 29 MAR to 10 APR, 2015, ATR pilots were all trained on
CRM and threat and error management (TEM) by six TNA trainers
trained by ATR TRE during their support period in TransAsia
Airways.

From 13 MAR to 30 APR, 2015, all ATR/A320/A330 pilots attended
additional 6 hours of CRM, trained by an external CRM facilitator.

From 11 JUN to 30 JUN, 2015, 8 pilot trainers and 4 cabin trainers
were trained as TNA CRM/joint CRM (JCRM) facilitators by China
Airlines, an outsourced JCRM education provider recognized in
Taiwan. After a 5-day intensive CRM/JCRM train the trainer (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.

In NOV 2015, TNA JCRM facilitators had developed training
materials for 8-hour initial training and 3-hour 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 2015 (cabin training manual REV 013T4).

8. Pilot’s aviation knowledge refreshment is achieved via a 5-day (40 hours)
program, undertaken since APR 2015.

9. Instructor (IP) and check pilot (CP) standardization has been enhanced by
the following actions:

1)

(2)

3)

(4)

()

In APR 2015, TNA selected two ATR CPs to attend the TRI Course
in ATR. They converted the training concepts into current TNA
training system.

In SEP 2015, TNA selected two A330 IP/CPs to attend the APIC
(Airbus pilot instructor course) in Airbus. They converted the APIC
materials and training concepts into current TNA training system.

In OCT 2015, the manager of training department (rated on the
A330) conducted CP/IP standardization observations on A320 and
ATR simulator sessions.

In 2015, 4 ATR, 5 A320 and 8 A330 IPs and CPs had been evaluated
by other IPs or CPs in simulator sessions and ground school, as the
over-the-shoulders (OTS), for their proficiency and performance.
The same evaluation program continues in 2016.

From JUN 2016 to AUG 2016, all IPs and CPs from ATR, A320 and
A330 will start a 2-day workshop to promote instructing skills to
achieve standardization cross the fleet.

4.2.2 Civil Aeronautics Administration

On 24 May 2016, CAA 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:

I. Implement Immediate actions, Short-Term, Mid-Term and Long-Term 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 ATR-72 fleet’s engine system special
inspection and results are normal; and Completed ATR-72 fleet pilot’s oral
test and proficiency check.

(2) Short-term initiatives (2015.12.31):

I. Implemented additional A320/321 pilot’s oral test and proficiency
check.
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1. Oversaw the TransAsia Airways’ incorporation of international aviation
expert teams to assist it enhancing safety management capability.

2.  Forall national air operators
(1) Short-term initiatives (2015.12.31):

I. Increased inspection frequencies to foreign flight simulator tests:
increased inspection frequencies to foreign flight simulator 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 in-depth oversight and inspections to
aircraft repeat defects and deferred items management and aging aircraft
inspection programs.

Ii. 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 Program to require 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 ‘Aircraft Flight Operation Regulations.’

I1. Deepening aviation Safety actions

1. Starting from 2016, the CAA takes predictive actions through flight operation
quality assurance (FOQA) System to require the national air operators to
submit quarterly FOQA primary control parameter data report for the CAA to
conduct risk analysis and take proactive actions in advance according to the
safety data.

2. Digitalize safety management. 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 external safety information
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
the corrective actions to found deficiencies be put in effect.
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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, ATR 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:

e Any loss of engine propeller rotation speed (NP) and/or torque (TQ)
should be dealt with as an engine failure.

e At takeoff, the ATPCS must be checked armed and announced. If it is not
armed while both power levers are in the notch, or in the 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 four years 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 differences course has been
overhauled with joint goals:

e to ensure optimal trainee progress using a competency-based training
approach and

e to maximize crewmembers’ operational readiness following training
The highlights of the new program are as follows:

e 7 hours of Full-Flight Simulator training to fully master the navigation,
handling and avionics improvements on the ATR600 in a realistic
operational environment

e Ample practice as flying pilot and monitoring pilot for safety-critical
manoeuvers such as non-normal and emergency operations, severe icing
encounters, non-precision approaches, go-arounds and engine
malfunctions treatment

e 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 variant 72-600.
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Appendix 1 The ATC Radio and Hotline Communication Transcript

GC: Ground Controller of Songshan Tower

LC: Local Controller of Songshan Tower

GE235: GE235 pilots

SP: Supervisor of Songshan Tower

WR: West Songshan Radar Position Controller of Taipei Approach
WM: Songshan Monitoring Position Controller of Taipei Approach
NM: North Taoyuan Monitoring Position Controller of Taipei Approach

Note: shaded columns indicate the hotline communications between Songshan Tower and
Taipei Approach

TIME COM. CONTENTS

songshan ground good morning transasia two tree...uh five at
1034:28 GE235 |bay one two request start ... uh flight level one four zero to
kinmen with sierra

transasia two tree five songshan ground copy clearance cleared to
1034:38 GC sandy d m e fix via mucha two quebec departure whiskey six
maintain five thousand squawk four six zero two

cleared to sandy via mucha two quebec departure ...uh join
1034:51 GE235 |whiskey six maintain five thousand squawk four six zero two
transasia two tree five

1034:59 GC transasia two tree five clearance read back correct

songshan ground transasia two tree five bay one two request start

1040:51 GE235 up and push back

transasia two tree five start up and push back approved runway
one zero

1040:55 GC

start up and push back approved runway one zero transasia two

1040:59 GE235 :
tree five

1044:59 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 taxi via whiskey to runway one zero transasia two tree five

transasia two tree five contact tower one one eight decimal one

1045:52 GC good day
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1045:55 GE235 [ontact tower one one eight one transasia two tree five good day
1046:06 GE235 ;(:)rlljgshan tower good morning transasia two tree five taxi with
_ transasia two tree five songshan tower due to initial separation
1046:10 LC . i
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 [line up and wait runway one zero transasia two tree five
RS =7 4LfT 3
1050:14 LC _ _ _
[transasia two tree five take off at five two]
4
1050:17 WR
[okay]
1051-13 LC transasia two tree five runway one zero wind one zero zero
degrees niner knots cleared for take off
1051:19 GE235 [leared for take off runway one zero transasia two tree five
1052:34 LC transasia two tree five contact taipei approach one one niner
decimal seven good day
1052:38 GE235 pne one niner seven transasia two tree five good day
1053:35 GE235 tower transasia two tree five mayday mayday engine flame out
B RS =T L
1053:37 WR O & _ _ )
[tower transfer transasia two tree five again]
1053:39 LC transasia two tree five please try again contact taipei approach
one one niner decimal seven
AR - B
105344 | L | TETTF _
[i transfer it to you again]
Vel e
1053:47 WR ey
[okay thanks]
B v GRS = T8
jse08 | wm [FEETRAR

[tower do you see transasia two tree five]

160




NI

1054:14 LC | _
[i cannot see the aircraft]
¥r 3 R A R A T4pEF = 7
1054:33 WM N > ) ) _
[tower please help me to call transasia two tree five again]
el el e #R i$ R
1054:35 LC )
[call call him and than]
ot FEi- TR HITHE B FR- L ATH
1054:38 WM [confirm with him and instruct to contact approach he is losing
altitude]
1054:41 LC transasia two tree five songshan tower
1054:47 LC transasia two tree five songshan tower
‘AR UL B
5453 | L |F S _ _
[sir i cannot contact transasia two tree five]
1055:03 LC transasia two tree five songshan tower
¥ 4 approach 4 25 = 7 K|k F /& 7558
1055:12 NM [tower approach did transasia two tree five have rolling take off a
moment ago]
+ A
108515 | Lc |7
[yes yes yes]
R is v
1055:16 NM
[and than]
FRIBAR AF 33 AR
108517 | e || " P
[climbed to one thousand and was handed off]
(SR S e
108520 | NM | TS
[did he speak with you]
vl 2 F] 18 BR
1055:22 NM ) _
[i cannot contact him]
NI AL R P
1055:23 LC

[i also cannot contact him now]
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1055:24 NM OK
inis - T 4R ERet
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
= ;\; 'ﬁ{\fq s 7:,] TJ‘;
s620 | e [P DA
[sir i still cannot contact him]
STIL KGRI - F 5
1056:23 NM o
[so he did climbed to more than one thousand a moment ago]
¥
1056:25 LC
[yes]
% >F*F| = 2 coast {1
1056:26 | NM pAEl s x coast & _
[connot see him entirely has been coasted entirely]
#5 & guard J i v 5 R B
105633 | NMm [0 Querd e PN
[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 songshan tower
$5 & approach
1057:09 WR #4 app
[tower approach]
il
1057:11 LC
[go ahead]
B~ p # (T
1057:11 WR
[cancel auto release]
F
1057:12 LC
[okay]
4
1057:13 WR
[okay]
1057:14 SP ApEFgantele B O RIRES - T
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[we continue to call him oh you call him too]

1057:38

NM

¥ 4 approach %T% B R Ay Aie fiaciT

[tower approach please don’t release takeoft suspend release oh]

105743

SP

o p BT APAE - T 5o THERE RinE

[cancel auto release we wait a while look at the situation and then
tell you oh]

1059:09

SP

BT A

[hey hello]

1059:12

WR

T L

[go ahead]

1059:13

SP

FFRB A e 7 Tle B

[hey we cannot contact him oh]

1059:15

WR

SCE T e S e R iE W R RS

[sir did he read back when you instructed him to change
frequency]

1059:17

LC

—+ —+

oy
[yes yes]

1059:17

SP

fEg

[he did read back]

1059:18

WR

3w A3 A
[he did read back yes or no]

1059:19

SP

FHA e s
[has been transferred transferred to one one]

1059:20

WR

Flailp RA PR

[because he didn’t contact us]

1059:21

SP

i

[what]

1059:22

WR

U s Py PRAPER NP 7 3

[we they didn’t contact us we cannot contact him]
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T 4F

1059:24 SP
[okay okay]
Exl
1059:24 WR _
[right]
1059:25 SP OK 4
4
1059:24 WR
[okay]
PE % approach R Eaig 3 7 Ml i RE sk ) R iEs
EeE
1104:38 NM
[tower approach could the runway be entered normally does the
flight operations go checking the runway]
TF AR - T4F
1104:46 LC ?I E_ _
[sir i ask for it]
U B
1104:47 NM i)
[okay thanks]
approach & %
1105:11 LC PP ok
[approach tower]
B
1105:12 WR
[go ahead]
KE N Psured ki FPR 2T 48
1105:13 LC [sir we ask the flight operations to go checking the runway
expected to wait five minutes]
L ET A4 W
1105:18 WR o _
[wait five minutes okay]
Approach #5 &
1107:13 SP PP ok
[approach tower]
B
1107:16 NM
[go ahead]
1107-17 sp 7R IE ,;\ rr: ;ﬁ;i’—'—i}f’_l\:&ii_ﬁl B fsFEsn 7Ry B ALRS g e B O
i s U B3N
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[we ask the flight operations office to do the final surface
confirmation if there are no problems the runway will be open
will tell you soon]

TP 7 B R

1107:23 WR )
[not to enter temporarily oh]
Pe ¥ AR H 24FE L
1107:24 SP _
[alas yes temporarily sorry]
4
1107:28 WR
[okay]
Approach 35 4 §5:¢ I BB 3%
10049 | Lc [ PProachiEd R R "
[approach tower the runway is open now]
4
1109:53 WR
[okay]
Approach ¥4+ H % &4 p H2c (7
10059 | Lc [V S el
[approach tower could auto release be resumed]
4
1110:03 WR
[okay]
#2 % approach
1110:31 WR &4 app
[tower approach]
i
1110:32 LC
[go ahead]
PR xR E AR ERr e A
1110:33 WR _
[suspend release wait for the exact message]
E TREE S A
1110:40 LC _
[sir how long]
E¥ 4 L LR
111042 | WR "%i Y
[wait for the chief]
4T
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

: Unintelligible
@) : Remarks
[ : Translation
* : Communication not related to operation / expletive words
hh | mm SS Source Context
LR a=I= AN
10 | 41 | 146 (GE235 CVR & hill)

[GE235 recording begins]

1041:15.4 ~ 1054:36.6

(FRE L 2R RE)

10 | 41 | 154 PA" I[cabin safety announcement]

10 | 41 | 156 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 7N & ZE= & watch down

10 | 41 | 214 CAM-1 | :
[i-t-t six seven zerothree go watch down]

N o E—

10 | 41 | 223 CAM-2 .
[six  seven zeroone]

(GEhiRaEh e

10 | 41 | 242 CAM .
[sound of engine start]

& Al 14
10 ) 411 298 | CAM-L | chback granted]
10 | 41| 306 | camz 1

[granted]
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hh | mm SS Source Context
ground HNEFFER SKEUL S off FFA[{RHE 2
JAREE

1041 3l2 INT-1 [ground external power off brake release nose wheel
steering  off pushback granted runway one zero]

10 | 41 | 357 cc [N
[external power off]

10 | a1 371 CAM-1 %t before propeller rotation f:hecklist _

[okay before propeller rotation checklist]

10 | 41 | 385 CAM-2 |okay c-d-I-s

10 | 41 | 405 CAM-1 |on

10 | 41 41.3 CAM-2 |f-m-s take off data

10 | 41 42.5 CAM-1 |confirmed

10 | 41 | 432 | cam-p [confirmed
[confirmed]

10 | 41| 241 | camp [@ tims —REZ
[tail trims one point zero]

—EhE

10 | 41 | 45.2 CAM-1 .

[one point zero]

10 | 41 | 46.2 CAM-2 |check
fttL trim FPZEE]DAERE 22209 trim pRIZERY trim 1F
E ... AIEEWE &

10 | 41 46.9 CAM-2 [[if it is trimmed to there they can be simultaneously
watch trim here and here ... you know to watch both side
right]

WHIRAET MIMIFLEE(E FimmibAE show Hi2k

10 | 41 51.0 CAM-3 |[[i did i did see it i just saw it a moment ago it was
shown]

10 | 41 53.7 CAM-2 i
[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 | 574 CAM-1 |on

10 | 41 58.0 CAM-2 |beacon on

10| 41| s81 | onp |CHLATREGD) .

[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 |2
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hh | mm Ss Source Context
[yes]
10 | 42 | or7 | Nt (9round FIMARIE T
[ground we can pushback now]
H Sy F4l& BT Yt
10| 42| 034 | orn |UMEMBRSVLEERED)
[communication between other aircraft and ground]
10 | 42 | 038 oc [EME N SSaiTiR
[sir wait a second  wait until cars left]
=
10 | 42| 039 | cam. [EIEELE
[this and that]
10 | 42 05.1 CAM-2 IR .
[what are you looking at]
b-t-c  HRERHIK
107} 42| 054 CAM-3 [b-t-c both are shown]
VEE
10 ) 42 | 07.6 INT-1 [ohcars thank you]
g
10 | 42| 082 | cam |RFHE X
[you can push it again]
R ERE R T WERRRE 2JEE
10 | 42 | 09.6 GC [thank you sir i am going to push you back please
release the brake runway one zero]
G S AR5
10\ 42| 120 INT-1 [okay thank you number two good to go]
ESESEA)
10| 42 | 120 1 CAM3 o ont right right]
BRI E  RTEA g
10 | 42 | 131 CAM-2 |[but i have not finished engine start up yet it is not
turning]
10 | 42 | 140 oc |[FEEM_K
[okay sir number two good to go]
B 5 —5kbAE  d-c P —
10 | 42 15.5 CAM-2 |[let me start number two number one reconnects d-c once
again]
20 okay ##A d-cHY d-ciy
10 ) 42| 156 CAM-3 [oh oh okay thereisd-c d-c]
e
10 | 42 | 195 | camz [FEE
[itis here]
10 | 42 | 202 | cam- |roation B
[rotation start number one]
09 d-c Fy]
10 | 42 | 204 CAM-3 [ah it is d-c]
10 | 42 | 241 oc [AE-K
[sir ... ]
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hh | mm Ss Source Context
10 | 42 | 27.0 CAM-1 |start lights on
10 | 42 | 27.8 CAM-2 |starter on
10 | 42 | 28.8 CAM-1 |n-hrising
10 | 42 29.9 CAM  ((single chime)
10 | 42 | 30.2 CAM-1 [time
10 | 42 | 30.8 CAM-2 [timing
10 | 42 | 31.2 CAM-2 |fuel open
10 | 42 | 31.9 CAM-1 |check
10 | 42 | 324 CAM-2 |ignition
10 | 42 | 335 CAM-1 |check
10 | 42 | 411 | camp [0 Pressure B
[oil pressure rising]
10 | 42 | 420 CAM-1 |check
10 | 42 | 427 CAM-2 (forty five
10 | 42 | 433 CAM-1 |start lights off
10 | 42 | 444 CAM-2 |cut off
=+
10| a2 | a76 | cam.p |[PPIE AHIEFEHL(E com hatch Z55]
[that sometimes com hatch is closed too early]
=
10 | 42 | 506 | CAM-1 [=
[yes]
EE —HE ERRAYEH g FE TR RR
10 | 42 | 50.9 CAM-2 |[it will when it goes up that will jump really really
high]
10 | 42 | 54.6 CAM-1 |yah
10 | 42 | 549 CAM  |(single chime)
THY WRERFR] # condition HEF auto 12
[BRiE kR
10 ) 42 | 556 CAM-2 [waituntil it stable thenclose it close it after you push
condition to auto]
10| 42| 504 | cama |[FER AIfE
[after stable  two]
=
10 | 43 | 026 | CAM-1 =
[yes]
= A \
10 | 43 | 087 | cAm-g |EHELERTcom UKL
[it is already at com...]
10 | 43 | 10.0 CAM-2 i
[okay]
yErE s EL A _C W
1043 118 | camo [FHUE.. 1EEE SEHLR d-c BR a-C e
[okay now ... here  here is d-C power and a-c power]
10 | 43 | 16.0 CAM-1 &
[yes]
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hh | mm Ss Source Context
autofft #E 75 47 {RIEEETE hydraulic system page
10 | 43 | 16.9 CAM-2 |[pushtoauto pushitup okay now you help me check
hydraulic page]
HIMEEES ...
1043 2l2 CAM-2 [and then another ...]
ARME com hatch FISEHAIEHN 2 7] LA
1043 441 CAM-3 [and that that com hatch where is it shown]
S22 3L /7 e B =}
10143 | 479 | came [BEOWEETEENE
[it is not shown here you have to check there]
HEENEEE A ERTR
1043 | 49.7 CAM-3 [it only can check from there that cannot be shown]
MR 34 NS SO
10143 504 | camo [BH /27%%% A
[hmmm yes it cannot no]
Bl—& ETEE 8 eAR RfMEAR (%
10 | 43 | 52.6 CAM-3 |[i take the bait and get possessed if that is not closed
then we will not see it (laughing)]
Eau|
10 | 43 | 56.3 CAM-2 [right]
L ey FAHEET B EAL
10 | 43 | 567 oc [HSEE MRTTA s
[sir aircraftis ready please brake]
9 K ey NEREE TR
10 | 43 | 58.1 INT-1 |[okay brake on safety pin off staff off see you in the
afternoon]
- JHEESEER WOEE P25 Bl0HE
10 | 44 | 018 GC
[... staff off complete  please watch our gesture see you]
10 | 44 | 034 | cam | singlechannel —5¢
[okay  single channel number two]
10 | 44 | 04.9 CAM-1 |check
10 | 44| 097 | camz | T
[number one]
10 | 44 | 10.3 CAM-1 [check
10 | 44 | 143 CAM-2 |low pitch
10 | 44 14.8 CAM-1 |check
10 | a4 | 174 | camg |OWPIh =5t 5
[low pitch number two number one]
10 | 44 | 179 CAM-1 [check
S M L A
[sound of engine spool up]
10 | 44| 223 | camp [T DUCEEE
[okay connect b-t-c]
10 | 44 | 240 CAM-1 |check before taxi procedure
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hh | mm Ss Source Context
10 | 44 | 253 CAM-2 |before taxi procedure
10 | 44 | 29.0 CAM  [(single chime)
10 | 44 | 30.8 CAM-2 |before taxi procedure complete
10 | 44 30.9 CAM  ((single chime)
10 | 44 | 324 CAM-1 |before taxi checklist
10 | 44 | 337 | camp [Freal m =
[okay it is recalled right]
10 | 44 | 369 | camz [T Tws
[okay f-w-s]
10 | 44 | 37.8 CAM-1 |[recall
10 | 44 | 38.3 CAM-2 |propeller brake
10 | 44 | 39.0 CAM-1 [off
10 | 44 | 395 CAM-2 |cockpit com hatch
10 | 44 | 40.3 CAM-1 [closed
10 | 44 | 408 | camp |conditionlever ——
[condition lever one and two]
10 | 44 | 416 CAM-1 |auto
10 | 44 | 422 CAM-2 |anti icing
(52 GND 7#5Hh)
10 ) 44 ) 424 OTH [communication between other aircraft and ground]
10 | 44 | 429 CAM-1 |not required
10 | 44 | 437 CAM-2 |anti skid
10 | 44 | 441 CAM-1 |[test
10 | 44 | 447 CAM-2 (flaps
10 | 44 | 450 CAM-1 (fifteen
10 | 44 | 457 CAM-2 |nose wheel steering
10 | 44 46.6 CAM-1 |on
10 | 44 | 47.0 CAM-2 |procedure complete
10 | 44 | 476 GND (@ﬁ{{t_ﬁ#ﬂ%ﬁ%@ .
[communication with other aircraft]
EE)
10 | 44 | 479 CAM-1 [thank you]
10 | 44 | 537 OTH (%% GND.ﬁ%_ﬁ) .
[communication between other aircraft and ground]
10 | 44 | 56.7 CAM  |(sound of cabin call)
!
10 | 44 | 57.9 INT-1 thello]
10 | 44 | 582 | INT-4 |XF cabinready
[sir cabin ready]
10 | 44 | 58.9 RDO-2 |songshan ground transasia two tree five request taxi
10 | 44 59.0 INT-1  |fFF13E T S
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hh | mm Ss Source Context
[okay roger thank you]

10 | 45 | 01.8 GND |transasia two tree five runway one zero taxi via whisky

10 | 45 | 05.1 RDO-2 |taxi via whisky to runway one zero transasia two tree five
%F whisky Z| 2 572 clear

1 4 7.7 AM-2 . . .

0 5| 0 ¢ [okay whisky to one zero right side is clear]

/3% clear

10 | 45 | 09.8 CAM-1 L
[left side is clear]

10 | 45 | 17.0 CAM-1 |taxi procedure please

10 | 45 | 18.1 CAM-2 |taxi procedure

10 | a5 | 197 CAM-2 4T _[okay] f-m-s f-m-s heading select I-nav i-a-s autospeed
taxi procedure complete

10 | 45 | 26.1 | CAM-1 |%F [okay] taxi checklist

10 | 45 | 27.1 CAM-2 |taxi checklist taxi take off lights

10 | 45 | 291 CAM-1 |on

10 | 45 | 29.9 CAM-2 |brakes

10 | 45 | 304 CAM-1 |check

10 | 45 | 31.0 CAM-2 (f-g-c-p f-m-a

10 | 45 | 320 CAM-1 heading selected i-a-s f-d left side I-nav blue one five
magenta
%F check

10 | 45 | 36.3 CAM-2 [okay check]

10 | 45 | 37.1 CAM-2 |take off configuration test  okay

10 | 45 | 428 CAM-2 |take off briefing
% muzha two quebec &5 initial AT EE—TF—
complete

1 4 43. AM-1 T

0 > 38 ¢ [okay muzha two quebec departure initial five thousand
acceleration altitude one thousand one hundred complete]
=

10 | 25 | 466 CAM-2 roger 5= thank you procedure complete
[roger yes thank you procedure complete]
g2zl procedure... #%...

10 | 45 | 51.6 CAM-3
[is it still called procedure... push...]

10 | 15 524 GND transasia two tree five contact tower one one eight decimal
one good day

10 | 45 | 555 RDO-2 contact tower one one eight one transasia two tree five
good day
songshan tower good morning transasia two tree five taxi

10 | 46 | 055 RDO-2 .
with you

10 | 46 | 104 TWR transas!a two tree five songshan tower du_e to |n|_t|al
separation hold short runway one zero for landing traffic

10 | 46 15.7 RDO-2 |hold short runway one zero transasia two tree five

10 | 46 17.9 CAM-2 |4 hold short runway
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hh | mm Ss Source Context
[okay hold short runway]
(B2 TWR #f55)
10} 46| 183 OTH [communication between other aircraft and tower]
10 | 46 | 19.3 CAM-1 & BB
' [yes hold short runway]
i
10 | 46 | 20.3 CAM-2 g
[oh]
0| a6 | 235 | Twr |CEEAMATHE)
' [communication with other aircraft]
FEYNE
10\ 46 | 248 CAM-2 [hold short runway]
=
10 | 46 | 267 | CAM-1 [=
[yes]
(B2 TWR $f5E)
10\ 46 | 337 OTH [communication between other aircraft and tower]
10| 46 | 300 | cam.g |[“XEEEM TEMEET SE f-m-s BLAE f-m-s
' [sir after landing put f-m-s at f-m-s]
10 | 46 | 443 | camz |[ECEE FEEImM-SE
' [ohityes it adjust f-m-s]
ESESEA)
10 ) 46| 47.0 CAM-3 [right right right]
=
10 | 46 | 476 | CAM-2 |©=
[yes]
iEfRAE f-m-s
10 ) 46| 47.9 CAM-3 [at f-m-s like this]
=
10 | 46 | 490 | CAM-2 |©=
[yes]
10| a6 | 403 | cama [EEEEEIEHIEE
' [in coordination with its pace]
e
10 | 46 | 51.2 CAM-2 ke
[yes]
TRE fBiRai T —PHEFER AERIER
AR K2 FitBA BEPRTSF v-o-r SEFEE TR A DL .
10 | 46 54.1 CAM-2 |[[it just reacts in advance the next step but if not too
familiar while it is new so remain at v-o-r then do it later
is fine too...]
0 a7 | oe | cams [EEEBEERECH
' [right actually i see it]
PR Ryt 328 T & AR E AL
10\ 47| 048 CAM-2 [because he is so used to it he know what to do]
0 a7 | oso | cama [HWT—SEREmE

[yes and what to do next]
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Context

10

47

09.1

CAM-2

I AP 220 B
[hmm if not familiar with it then do it step by step first ]

10

47

10.8

CAM-3

PRIt ABEENE LG AR HiRiE EE(E #N e
N

[because he turned it as if
to turn it]

and even you do not know

10

47

14.6

CAM-2

Iz
[oh]

10

47

15.0

CAM-3

(%)

[(laughing)]

10

47

16.7

CAM-2

WAMTEME AR T WAR MBS SRR
[we do this too quickly because you just begins
more precise to use this]

it is

10

47

20.3

CAM-3

i ——BW 3 BUEER
EAP Edmﬁé/\ﬁ“ﬁwlaaﬁ

[oh yes step by step i i mean we are slower and
actually for foreigners give you a lot of time]

HffEtteele HER

10

47

25.2

CAM-2

SaRHF R

[give you time]

10

47

26.1

CAM-3

RS
[they give you]

10

47

26.6

CAM-2

N R BRI EHME BV ERA E A
[because he does not want to see that  he does not put too
much focus on that]

10

47

27.8

CAM-3

10

47

28.9

TWR

(BLEA T EES)

[communication with other aircraft]

10

47

32.2

CAM-2

AR HEMMIEEESES LR EEE nd Hilb
ERMEE(ERE P bleed valve HYEN T © &AL
EEHESIRE

[because sir you just mentioned when to switch to n-d
page when you are doing this procedure at bleed valve
it will switch to this page for you]

10

47

40.9

CAM

(G )

[sound similar to clicking pushbutton]

10

47

41.8

CAM-2

HEEEEE EREEEEEE 2 RYE Ratiad st
.. IRELH CHEEHE] n-d page 4T T

[turn to this page when you are up to this page you are

done with the check... you switch to n-d page on your

own]

10

47

48.3

CAM-3

T e R % g 1 A {1 L T R
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[again when will it switch to this page]
———— = P s
10 | 47 | 498 | cAmp |PUMFLE bleed valve iRl A TR
[i just said bleed valve i i will show you]
... bleed valve EA &0
10\ 47| SL7 CAM-3 [...is it bleed valve]
e N
10 | 47 | 535 | cam-z |PHEIRLHESITE
[ah i now will show you]
IR i s g e LK L]
10| 47 | 546 | cam.z |/FHEEIT bleed valve ER & L2 A 2 _
[when you proceed to bleed valve it will switch over right]
5 0g a little W air flow FHPiEM EEE T E5ET @
B YA —1E
10471 955 CAM-2 [ah uh alittle as for air flow if i turn this then here it
would  will it not]
N
10 | 48 | 024 | cAm.z [[IEFILSYStem S
[you did not display system page]
g g % gk =Y
10 | 48 | 039 | cam-p | 'R FUES MIEFAE system FII/SHE
[uh oh yes ohyes itis right at the system page]
S v QT Py > PP | e S
10| 28 | 086 | came [T NE BIeBEIEEEE HMliEs Rk
[wait a second let me jJump back this page where i was ]
|
10 | 48 10.7 CAM-3 [hey uh]
LiEfR HOM
1048 ) 154 CAM-2 [... like this will do on its own]
PN
[sorry sorry]
SR Y f
0| a8 | 203 | cams [RAEHEEIEE (5 W
[you only have to press here you uh]
HHILE air flow air flow A E4r Gt & Skt 1
10 | 48 | 23.1 CAM-2 |[i was at the air flow air flow page and it would switch
like this]
)
10 | 48 | 235 CAM-3 [ uh]
0|48 | 287 | cam2 |7 T
[wait a second]
JEJEE 72 ([ HF H
10| a8 | 289 | cam.z PHESEHE EEEHER AEEES
[what to do now right now it just switched]
Y 4 — TR R SSAM—(E H system
10 | 48 | 315 CAM-2 |[okay okay wait a second let me switch to another page
system]
10 | 48 | 35.0 CAM-2 i
[okay]
10 | 48 | 365 | CAM-2 [RiFEE *3E
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[sorry sir]
hey "Ef%
10 | 48 | 376 CAM-1 [hey what's up]
S Al 7 I s
10 | 48 | 378 | camz [ FAEETHAGUSHE
[oh yah iwant to give it a check]
N H
10 | 48 | 406 | cAm-1 [
[no problem]
%
10 | 48 | 41.0 CAM-2
[okay]
E—T EEbkE ar flow FYRHERL € B CiEii
10 | 48 | 42.0 CAM-2 |[wait a second it it will automatically switch when
jumping to air flow page]
= g air flow 1&
10\ 48 | 445 CAM-3 [uh uh air flow hmmm]
THLLE EHE AT ELEN HfTFE A high R low B
10 | 48 | 46.1 CAM-2 |[it will show it will show normally it would be high or
low]
E high - E£/9EHE T
10°) 48 | 496 CAM-3 [hmm so what does is look like when at high]
high T8 pKEE B air flow 12712
10 ) 48 | 516 CAM-2 [for high it will turn blue blue here air flow]
" —{i high  high &(HE T BE
10°) 48 | 535 CAM-3 [ah there is a high what does it look like  check it out]
PRpESR e —
10 | 48 | 588 | cam.s |PVWE Sl WER
[because it this switch it over]
vHoHaE T BEE—EZEE IREEE(ERE
Fe REEYE
10\ 49| 008 CAM-2 [it switched over automatically after switching over here
you proceed to this procedure you uh]
sR1%IE 12 (R 0
10 | 49 | 049 | came.z |[ARIS(E bleed valve iafiEi{EIE
[then the bleed valve and now]
Rl
10 | 49 | 074 CAM-2 |~
[hmmm]
g =—a=I =
10 |49 | 077 | cames |EEEIRE
[it will remain]
;—‘—»\IE!E = ol g \
10 | 49 | 083 | camp |ZEEEIRE EELREEL
[it will remain it will not switch]
10 | 49 | 09.2 CAM-3 |~ S N
' [ ... will switch over right]
NRTTEr———" : N
0|20 | 107 | camp [EERERACAFEHIIART
[here you have to do it manually]
10 | 49 | 110 CAM-3 |uA gl n
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[hmmm hmmm hmmm]
AR
10 | 49 | 143 CAM-3 [this is if]
W
10 | 49 | 15.0 CAM-2 A
[yes]
BERGEE g
10 | 49 | 189 | camp [TAERFEEBLS
[all right sir excuse me for disturbing you]
BRERFELFELE RAERE RATERN R
10 | 49 | 20.9 CAM-3 |[nononono notatall ishall sayexcuse meinstead it
is me who asked help]
M
10 | 49 | 239 CAM-2 |~
[hmmm]
10 | 49 | 247 CAM-3 |...
BEEIL T *HEFTEMR T8
10 | 49 | 249 CAM-2 |[oh i meant to apologize to captain for interrupting his uh
sorry for that]
% 7e A 7e
10 | 49 | 280 | cam [[CHEFCEIRTRESEE e .
[i was in numb you guys can continue  in numbness]
e \ ) AR WA
10 | 49 | 392 | cameq |GEMREEEES) .
[sound similar to yawning while stretching]
10 | 50 | 08.2 TWR [transasia two tree five line up and wait runway one zero
10 | 50 | 11.2 RDO-2 |line up and wait runway one zero transasia two tree five
10 | 50 | 136 | camr [ERVESH .
[line up runway and wait]
10 | 50 | 138 | cam |[eTTHERIS
[it grants to line up runway]
10 | 50 | 16.0 PA-1  |cabin crew prepare for take off
[[:I:
10 | 50 | 184 CAM-1 | before take off procedure
[wow before take off procedure]
10 | 50 | 208 | cam-2 [T roger
[okay]
S e AR T [
10 | 50 | 231 | cam-p [Qustlock FBLEPRHREIFINITG radar
[gust lock i will release it and open radar]
e
10 | 50| 263 | cameg [BE MEURE
[these are actions in a row]
— B BB EFL IS EERLEF T 4 before take off left side
10 | 50 | 273 | camp [Polerue
[a series of actions like these and we are done now okay
before take off left side spoiler up]
B BB A BN RIS e B B R 22 7 T o
10 | 50 | 30.4 PA-4  [(G&R) &ML B Z R EIEHERGE CMEIR M2 2
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[ladies and gentlemen we will be taking off shortly please
fasten your seatbelt thank you (repeat in Taiwanese)]

10 | 50 | 322 CAM-1 |leftup

10 | 50 | 33.1 CAM-2 |right side spoiler up

10 | 50 | 344 CAM-1 [lightson

10 | 50 | 34.6 CAM-2 |lights on
R R 4 A BRI T s A i % before BA before
take off procedure complete

10 | 50 | 374 CAM-2 |[because it is right at that  doing this way makes it more
smoothly okay before uh before take off procedure
complete]

10 | 50 | 40.2 TWR (gji/ﬁ\ﬁtm%% ﬁﬁ). .
[communication with other aircraft]

10 | 50 | 429 CAM-1 |before take off checklist

10 | 50 | 442 | cam [FZEUEZM verified
[runway one zero verified]
(B TWR $5E)

107150 1 455 OTH [communication between other aircraft and tower]

10 | 50 | 460 | cam.r |2 verified
[one zero verified]

10 | 50 | 46.8 CAM-2 |gust lock

10 | 50 | 475 CAM-1 |released

10 | 50 | 48.1 CAM-2 |flight control

10 | 50 | 49.0 CAM-1 |check

10 | 50 | 494 CAM-2 |transponder tcas

10 | 50 50.7 CAM-1 |check

10 | 50 51.6 CAM-2 |air flow

10 | 50 52.3 CAM-1 |normal
BAEEANME normal UE A 2 ABEEIZK 47 bleed valves

10 | 50 | 52.9 CAM-2 |[now watch that normal uh did it switch back good
bleed valves]

10 | 50 | 56.0 CAM-1 |on

10 | 50 57.2 CAM-2 |external lights

10 | 50 | 58.3 CAM-1 |on
when line up standby f-d bar F¢itiE B o sk sk

10 | 50 | 59.0 CAM-2 |[when line up standby f-d bar i will switch it back like
this]
Bk TUEH#2[E]ZE  line up standby

10} 51 ) 024 CAM-3 [switch it back like this  line up standby]

10 | 51| o075 CAM-3 i E. line up #Z when line up standby 220

[and line up this when line up standby isn’tit]
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101511 007 | cam-2 WS standby 00 FR 22 & %25 %] when line up
' [ohyes standby yes thathas to wait until when line up]
10 | 511 125 CAM-3 V2R .. GEAIREETERERY  line up AT
' [no... what does that mean line up and wait]
10 | 51 127 TWR transasia two tree five runway one zero wind one zero zero
' degree niner knots cleared for take off
10 |51 152 | cam2 |- . F
[wait a second]
10 | 51 18.1 CAM-1 |...
10 | 51 18.9 RDO-2 |cleared for take off runway one zero transasia two tree five
i PO T
1 1 234 AM-2
015 3 ¢ [ok cleared for take off]
2F A RETR
10} 51 238 CAM-1 [cleared for take off]
% f-d bar
10 | 51 28.9 CAM-2
[okay f-d bar]
10 | 51 29.7 CAM-1 |center
10 | 51 30.2 CAM-2 |center
10 | 51 31.6 CAM-2 |rudder cam
10 | 51 324 CAM-1 |center
10 | 51 | 339 CAM-2 |center procedure complete
10 | 51 | 354 CAM-1 |yessir
10 | 51 35.8 CAM-2 i
[okay]
10 | 51| 359 | CAM.1 [LA7T vone 2R
' [time five one v one one zero six]
10 | 51| 366 | camz |& Fizgyroger check
' [hmmm time five one roger check]
' [sound of engine spool up]
¢
10 | 51 42 .4 CAM-2
[hey]
Py
10 | 51 | 428 | cAm-1 |
[hey]
10 | 51| 433 | cam.p [ZH atp-c-sarmed
' [no a-t-p-c-s armed]
B
10 | 51| 445 | cam1 |[EE
[really]
%F take off inhibit
1 1 46.2 AM-2 .
015 6 ¢ [okay take off inhibit]
10 | 51 47.7 CAM-1 |take off inhibit
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10 | 51 | 484 CAM-2 i
[okay]
ST
1 1 48.7 AM-1 -
015 8 ¢ [ok continue to take off]
AP 4 4 TN
10 | 51| 492 | camp |[CTHESEE seventy
[we will continue  seventy]
10 | 51 | 50.6 CAM-1 [seventy i have control
i fr R
10 | 51| s06 | orn UML) .
[communication between tower and other aircraft]
A1 a-t-p-c-s armed &
1 1 1. AM-2 .
015 °1.> ¢ [oh there itis a-t-p-c-s armed]
B E A F =
10 |51 | 537 | Twr |CUHEAUEEED .
[communication with other aircraft]
10 | 51 | 57.9 CAM-2 |engine instrument check normal
10 | 51 58.8 CAM-1 |vone vr
10 | 51 59.4 CAM-2 |vonevr
10 | 52 | 00.2 CAM-1 |rotate
(pitch trim 2 ZE)
1 2 1.7 AM . .
015 0 ¢ [sound of pitch trim]
10 | 52 | 037 | cam-p [T Positive rate
[okay positive rate]
10 | 52 | 05.0 CAM-1 |gear up
10 | 52 054 CAM-2 |gear up
- ——
10 | 52 | 074 | cam |(Plchtim )
[sound of pitch trim]
10 | 52 | 07.8 CAM-1 |l nav green
10 | 52 | 09.0 CAM-2 |check
10 | 52 | 139 CAM-1 |au autopilot on
10 | 52 15.5 CAM-2 |autopilot on
- m——
10 | 52| 160 | cam |PrehtimiEE)
[sound of pitch trim]
10 | 52 17.1 CAM-1 |a-p green
10 | 52 | 17.7 CAM-2 (check
10 | 52 20.8 CAM-2 |gear up set
10 | 52 21.1 CAM-1 |... check
e P— ;
10 |52 | 321 | cam-p [MLAIRE throttle fii—RiA 1 EAHE
[it came back after we advanced the throttle uh maybe]
10 | 52 | 336 CAM-1 |yes
10 | 52 | 338 TWR tr'ansasm 'two three five contact taipei approach one one
niner decimal seven good day
10 | 52 | 34.3 CAM-2 |yah...
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10 | 52| 367 | cam |Pleed valve BEIEE)
[sound of bleed valve closure]
10 | 52 | 37.7 RDO-2 |one one niner seven transasia two tree five good day
(master warning £ 1052:40.0)
1 2 : AM . .
015 383 ¢ [sound of master warming until 1052:40.0]
BE—N KK
1 2 A4 AM-2
015 39 ¢ [hey take a look hey]
10 | 52 394 CAM-1 * 4% i i have control
' [* okay i i have control]
EERRREE
10 | 52 | 414 | cam |(HFESUHEIREE)
[sound of autopilot disengagement]
10 | 52 | 41.6 CAM-2 |you have control
Bt —Ras@Ehtk dilmizk
101521 430 CAM-1 [i will pull back engine one throttle]
- ——
10 | 52 | 430 | cam |PlchtimEE)
[sound of pitch trim]
10 | 52 | 436 | camp |7 I crosscheck
[wait a second cross check]
10 | 52 | 4438 CAM  |(sound of single cavalry charge)
10 | 52 | 46.1 CAM-1 |heading mode
10 | 52 | 46.6 CAM-2 |heading mode
10 | 52 | 473 | cama | AR
[okay let us continue]
3 —
10 | 52 | 484 | cam-p |Meading mode G
[heading mode or]
10 | 52 | 485 CAM  ((single chime)
10 | 52 | 50.0 CAM-1 i
[okay]
HefM... W ARFAWA T F&{FT heading #5125 Wi A[5([E
10 | 52 50.1 CAM-2 |[/we are... uh lower than twenty five hundreds we turn the
heading to  that]
e i
10 | 52 | 541 | CAM-1 |EAL
[continue]
N E N E ‘%
10 | 52 | 543 | came [TAVLEEE
[zero zero niner five]
10 | 52 | 55.6 CAM-1 i
[okay]
10 | 52 56.3 CAM-2 |... heading select
10 | 52 | 574 CAM-1 [check
10 | 52 | 585 CAM-1 HIECRTE
[and speed]
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#f check
10 | 52 | 58.9 CAM-2 [okay check]
(pitch trim Az ZE)
10} 52| 589 CAM [sound of pitch trim]
10 | 52 | 59.4 CAM  |(sound similar to single chime)
10 | 53 | 004 CAM-2 4T englne'flameout check
[okay engine flameout  check]
10 | 53 | 01.6 CAM-1 [check
- ——
10 | 53 | o1s | cam |PrehtimiEE)
[sound of pitch trim]
10 | 53| 022 | cam [Checkuptrim 7
[check up trim  yes]
10 | 53 | o041 CAM-2 auto feather 75
[auto feather yes]
10 | 53 | 05.2 CAM-1 i
[okay]
HEHTE—T
10 | 53 | 055 CAM-2 [atch the speed]
10 | 53 | 064 | cam-1 |rumPperone el
[pull back number one]
= —5 i
10 | 53| 07.7 | cam-p [T PUEEHEE 5 engine flameout
[okay now number two engine flameout confirmed]
10 | 53 | 08.6 CAM  |(sound of triple clicks)
10 | 53 | 09.3 CAM-1 i
[okay]
(Je R R B 22 1053:10.8)
107153 | 099 CAM [sound of stall warning until 1053:10.8]
10|53 | 107 | cam |7
[wait a second it]
0|53 | 121 | cama | PR
[* terrain ahead]
% K.
10 | 53 | 121 CAM-2 Jokay lower...]
10 | 53 | 129 CAM-3 & T
[you are low]
(S BREE R i 28 1053:18.8)
10753 | 126 CAM [sound of stall warning until 1053:18.8]
(stick shaker B2 2 1053:18.8)
1 12. AM . .
053 8 ¢ [sound of stick shaker until 1053:18.8]
10 | 53 | 137 CAM-2 A7 4 SfED]

[okay push push back]
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10 | 53 | 15.0 CAM-1 [shut
T L mPY
10753 ) 156 CAM-2 [wait a second ... throttle]
I
1 17. AM-2 |
053 o ¢ [throttle]
10 | 53 19.6 CAM-1 |number one
10 | 53 20.2 CAM-2  |number feather
10 | 53 | 211 CAM-1 [feather shut off
(S REL R R 7 1053:23.3)
10 | 53 | 214 CAM . :
[sound of stall warning until 1053:23.3]
(stick shaker B2 2= 1053:23.3)
1 21.4 AM . .
053 ¢ [sound of stick shaker until 1053:23.3]
10 | 53 | 21.7 CAM-2 |okay
il
10 | 53 | 226 | CAM-L | "umberone
[uh number one]
G AE TR
10 | 53 | 253 | cam | ECAREREN
[okay i have control]
10 | 53 | 25.3 CAM  |(single chime)
(A 1053:27.3)
1 25.7 AM . .
053 > ¢ [sound of stall warning until 1053:27.3]
(stick shaker B2 2 1053:27.3)
10 | 53 | 25.7 CAM : .
[sound of stick shaker until 1053:27.3]
I VE T
10 | 53 | 26.2 CAM-2 A IR
[okay you have control]
10 | 53 | 274 CAM  |(sound of one click)
10 | 53 27.6 CAM  ((single chime)
i PR heading bug
1 28.1 AM-2 .
053 8 ¢ [okay follow the heading bug]
PR heading bug 12
10753 1 297 | CAM-L [follow the heading bug oh]
% heading autofeather [ZIF
1 A4 AM-2 .
053] 30 ¢ [okay heading  autofeather ouch]
10 | 53 | 32.1 CAM-1 |check
10 | 53 | 349 RDO-2 tower transasia two tree five mayday mayday engine
flameout
transasia two tree five please try again contact taipei
10 | 53 | 394 TWR . .
approach one one niner decimal seven
R [ i — ][
10 53 43.1 CAM-2 4 BAAEA . (ENEpN® . .
[okay now heading turn to zero niner five]
10 | 53 | 454 CAM-1 |check
10 | 53 | 46.4 CAM-1 |autopilot %
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[engage autopilot]
10 | 53 | 470 | cam-p [T adtopilot &
[okay autopilot okay]
10 | 53 48.7 CAM-1 |apgreen
10 | 53 49.7 CAM-2 |apgreen
- ——
10 | 53| 507 | cam |(PrehtimieE)
[sound of pitch trim]
trim F74F...
1 1. AM-2 .
0|53 510 c [put the trim right]
ETEER T8
10°)53 | 535 CAM-3 [how come it becomes like this]
10 | 53 | 545 | cAM-1 [T AFHFEI o
[okay you are in charge of communication]
> AR S
10 | 53 | 55.6 CAM-2 i ﬁj&ﬂ@
[okay will do]
(&SR E % 1053:59.7)
10 | 53 | 55.9 CAM . :
[sound of stall warning until 1053:59.7]
(stick shaker 2% 42 1053:59.7)
1 : AM . .
0153 559 ¢ [sound of stick shaker until 1053:59.7]
ZHE = =
10 | 53 | 567 | cAam-z || EmARE AEKE ,
[don’t pull too high not too high]
> = H 1 _
10 | 53 55 7 CAM-1 jﬁzfﬁﬁm autopllt_)tautopllotﬁj% R _
[i now have autopilot reconnect the autopilot]
R ——
10 | 54 | 000 | cam |GUOPHIOUREEREEED)
[sound of autopilot disengagement]
_
10 | 54 | 003 | camz [T FHEEK .
[okay reconnect it one more time]
EY X4
10 | 54 | 034 | cam [FEEH
[eh no]
R ——
10 | 54 | 041 | cam |@UOPHOUARREEE)
[sound of autopilot disengagement]
> A i
10 | 54 | 042 | CAM-1 @Eﬁ*
[iwill turn...]
WEEL LA ...
10 | 54 | 05.0 CAM-2
[both sides ... lost]
(SR R 28 1054:10.1)
10 | 54 | 06.1 CAM . .
[sound of stall warning until 1054:10.1]
(stick shaker B2 2 1054:10.1)
1 4 A AM . .
015 06 ¢ [sound of stick shaker until 1054:10.1]
10 | 54 | 06.5 CAM  |(sound of two clicks)
10 | 54 | 07.0 CAM-2 [}47 engine flameout both sides ;474
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[no engine flameout we lost both sides]
10 | 54 | 08.9 CAM-1 ol
[okay]
10 | 54 09.2 CAM-1 SR .
[restart the engine]
10 | 54 | 09.9 CAM-2 i
[okay]
10 | 54 | 10.2 CAM  [five hundred
E———
10 | 54 | 104 | cam |(@QuiOPHOUREEREEE)
[sound of autopilot disengagement]
10 | 54 11.4 CAM-1 BT .
[restart the engine]
10 | 54 11.9 CAM-2 |okay
(B EEE £ 1054:21.6)
1 4 12.4 AM . .
015 ¢ [sound of stall warning until 1054:21.6]
(stick shaker B2 2= 1054:21.6)
10 | 54 | 124 CAM : )
[sound of stick shaker until 1054:21.6]
10 | 54 14.1 CAM-1 BT .
[restart the engine]
10 | 54 145 CAM-2 |roger
10 | 54 | 16.2 CAM-2 |button on
10 | 54 17.7 CAM-1 T .
[restart the engine]
10 | 54 | 183 | CAM-2 |okay
B E A e d@s
10 |54 | 187 | Twr |CUHHATRGEED) .
[communication with other aircraft]
10 | 54 | 204 CAM-2 |okay
10 | 54 | 21.3 CAM-1 SRl .
[restart the engine]
10 | 54 21.8 CAM-2 |roger
(autopilot fEfRAE 2
1 4 21. AM . .
015 o ¢ [sound of autopilot disengagement]
g ZAE/EE
1 4 22. AM-2 .
015 6 ¢ [uh to the left hand side]
(SR R B 28 1054:33.9)
10 | 54 | 23.2 CAM . .
[sound of stall warning until 1054:33.9]
(stick shaker 2#%4£ 2= 1054:33.9)
1 4 23. AM . .
015 35 ¢ [sound of stick shaker until 1054:33.9]
10 | 54 24.0 CAM-1 il .
[restart the engine]
10 | 54 | 255 CAM-2 (FEA7E
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[cannot restart it]

10 | 54 | 26.3 CAM-1 AT .
[restart the engine]
I P 1
1 : - .
0] 54| 2l CAM-1 [wow pulled back the wrong side throttle]
10 | 54 | 305 CAM-1 AT .
[restart the engine]
e
10 | 54 | 30.9 CAM-2
[ah]
10 | 54 | 31.8 CAM-3 |impact impact brace for impact
[[ *
10 | 54 | 340 CAM-1 P
[ah]

10 | 54 | 34.1 CAM |pull up

10 | 54 | 342 CAM  |(sound of cavalry charge)

10 | 54 | 34.6 CAM  |(master warning)

(ROIEE)

. . k o
0| 54 34.8 CAM [unidentified sound]

10 | 54 | 354 CAM-2

10 [ 54 | 359 | CAM |pullup

CVR g1k

10 | 54 | 36.6 :
[CVR recording ends]

Note: The languages used in original CVR transcript include Chinese and English. To make it
better understanding for investigation parties, the Chinese is translated into English in this
translation version. Although efforts are made to translate it as accurate as possible,
discrepancies may occur. In this case the Chinese version will be the official version.
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Figure A3-1 GE235 FDR selected parameters plot (1)
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Figure A3-3 GE235 FDR selected parameters plot (3)
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GE235 QAR selected parameters plot (entire flight)
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Appendix 4 Engine Sensors Test Summary

Engine Number 1

Accessary P/N S/N Result

Torque 3073471-01 | CH1282 Satisfactory with CMM
sensor left

Torque 3073471-02 | cH1734 | 1- Insulation check satisfactory
sensor right (ngte 1)

2. With 639RPM, the test
point voltage was 1.39 volts
slightly below minimum
limit of 1.5 volts

Np speed | 3077761-01 | CH2615 1. Insulation check satisfactory
sensor (note 1)

2. Resistance at each coil and
between the coils and the
housing was within limits
but fluctuating (note 2).

3. 3D X-ray of sensor indicated
that one of the wires was
detached from the pin.

Nh  speed | 3077761-01 | CH2595 1. Insulation check satisfactory
sensor (note 1)
(lower)
Nh speed |3077761-01 | cH2e10 |1+ Insulation check was 45
sensor mega-ohms which is below
minimum limit of 100
(upper) mega-ohms
Nl  speed | 3033509H CH21092 Satisfactory
sensor
Engine Number 2
Access P/N S/N Result
ary
Torque 3073471-02 | CH1468 1. Open circuit exited in a coil

winding resistance check.
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sensor left

2. Three test point voltages at

different RPM settings were

below minimum limit of
1.5/8.9/8.9 volts.
. Voltage was erratic

throughout this series of
tests.

. Two test point voltages at

Torque 3073471-02 | CH1457 . .

sensor right dl.fferent RPM settlngs.were
slightly below minimum
limit of 1.5/8.9 volts.

Np speed |3077761-01 | CH2128 Satisfactory

sensor

Nh speed | 3077761-01 | CH2106 Satisfactory

sensor

(lower)

Nh speed | 3077761-01 | CH2108 Satisfactory

sensor

(upper)

NI  speed | 3033509M | CH20768 Satisfactory

sensor

Note

1. This test point was repeated after heating the sensor at 100° C then
allowing it to cool to room temperature resulting in acceptable

resistance.

2. Following heating of the sensor to 100° C and allowing it to cool to
room temperature there were no open circuit existed.
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Appendix 5 TNA ATR72-600 Difference Training Syllabus

Publication date: 08/11/13

DAY1

NAS presentation
Planning
Interactive tools
(2H00)

VHP1
Briefing (OH30)

VHP (3HO00)

NAS presentation

FMS initialization
Lateral/Vertical
revision pages
presentation

Debriefing (OH30)

- GLASS COCKPIT
FAMILIARISATION
-VCP

ATR 600 Difference Course
One week
DAY2 DAY3 DAY4
-FLIGHT NSTRUMENTS -FWS
-INTEGRATED SYSTEMS -AFCS
VHP2 VHP3 VHP4
Briefing (OH30) Briefing (OH30) Briefing (OH30)
VHP (3H00) VHP (3H00) VHP (3H00)
full cockpit preparation Failures treatment NAVIGATION
(sor)
Complete System Flaps Unlock (LFBO =>LFMT)
pages description OC Gen fault
— IOM failures FMS practice
FMS practice FMS failures Non Precision
(speed configurations) DU faiiures Approach
Engine Flame Out
Debriefing (OH30) FWS failure Debriefing (OH30)
FMS msg (INTEG,
Unabie RNP, D-R) | ]
CRWM](2h00) Emergency Evacuation
-NAVIGATION SYSTEM
Debriefing (OH30) -COMMUNICATION

DAYS

FFS
Briefing (1H0O)

FFS (4HOO)

Severe Icing
Stall
EFATO
Go-Around twin ENG
Go-Around Single ENG

Debriefing (1HOO0)

| All - modules are flexible therefore, they must be studied by the end of the week under trainee responsibility.

AFCS= Automatic Flight Control System

FWS= Flight Warning System
Synthetic Training Device NAS=New Avionic Suite

Hardware Platform VCP= Virtual Control Panel

EFATQO=engine flameout at take-off
LMS=Learning Management Software MFSTD= Maintenance & Flight
NPA=Non Precision Approach
CRM= Crew Resource Management

FFs=full flight simulator

VHP=Virtual
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Appendix 6 AFM Supplement 7_02.10

70210
DA 724 SUPPLEMENTS
PAGE: 1| 001
AFM SUPPLEMENT Ne 10 TR
APPROVED

DISPATCH WITH ATPCS OFF

R AFU is considered operative. If not, refer to the connected procedure.

- Select ATPCS OFF and BLEED VALVES OFF

- Increase V1 limited by VMCG by 5 kt

- Increase VR by 2 kt

- Increase VMCA by 3 kt. Check VR and V2

- Increase WMCL by 3 kt

- Check ATPCS inoperative effect on TOR, TOD and 2nd segment

- Apply RTO power ly pushing both PLs up to the ramp

- After take off set both PLs into the notches, then apply CLIME SEQUENCE
-BLEED MALVES . . ON

MOTE :In case of engine failure after V1 do not reduce PL below 452 of PLA
hefore feathering

Model - 212 A
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Appendix 7 TNA ATR72-600 Normal Checklist

ARNME .
& TrsnéAsia

ATR72-600 NORMAL CHECKLIST

REV 04

17 NOV 2014

TAKE OFF BRIEFING

APPROACH BRIEFING

¢ Aircraft Technical Status
¢ Conditions at departure airport
(NOTAM, weather, runway condition,
ground movement, obstacle info.)
¢ Rwy excursion risk assessment
¢ Normal departure procedure
¢ Check “ATPCS OFF(INOP)" Take Off Weight
¢ Emergency procedure
— Red warning before V1.
* On ground emergency EVAC
PROC.
- Red warning after V1
* Acceleration altitude
* Single engine operation proc.
¢ Checklist sequence if emergency exit
Emergency Normal

TAILWIND LIMITATION:
(Based on AFM 2.03.02 REV16)

1588

Abnormal

o Alrcraft Technical Status and NAV status

¢ Conditions at destination airport
(NOTAM, weather, runway data
(length, surface condition, braking
action, landing taxi route, lighting))

¢ Landing performance (landing
distance, Go-around climb gradient))

Note:

add 15% to the In-flight LDG Dist.
except in emergency.
¢ Rwy excursion risk assessment
e Sudden occurrence handling proc.
e Approach chart (date, no. , App. Type)
¢ Transition Level, MSA
¢ Primary App. NAV freq. and course
¢ Approach route course
¢ FAF (or FAP) altitude
¢ DH or MDA and missed approach point
- Missed approach procedure
*  Alternate
*  Exfra & Divert fuel
— Go around procedure

CARGO DOOR LIMITATION:
(Based on AFM 2.05.07 REV16)

Do not operate cargo door with a crosswind
component 2 kts

Note: When entering icing conditions (TAT £ 7°C with visible moisture), apply the
adequate icing procedures and speeds must be complied and carefully monitored.
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Appendix 8 SOP Policy Regarding the Checks Performed During
Take Off and Focus on ATPCS Check

The purpose of the Standard Operating Procedures (SOP) is to ensure the aircraft is in the appropriate
configuration for all phase of flight, including take-off. By definition, any check not completed halts the procedure and
take off cannot proceed.

This is the industry norm.

As per ATR SOP, Refer to FCOM 2.03.14, the » ORBAL PROCEOURES T
above policy applies to all the below actions P |,00 |
related to checks during the take off roll before V1: Ig:oﬁ TAKE OFF l I Decaa
- Check of the FMA TAKE OFF
- Check of the ATPCS i g@';o‘;“ ST T e Wy A, N dppiatiy
- Check of the Engine Parameters If operati i ty conducted with High Altitude Runways (up to 11000 f),

i mooaledpmoedue(s) in 7.01. 07 (refer loAFM) have also to be taken into account.
- Check of the Power Setting

N Ol AN OIP. . voonnnssossuisnunasesieaisneess ANNOUNCE

- Check of the 70kt speed indication and L RELEASED
associated checks (availability of both flight TR T e O s rat SET INTHE NOTCH
crew members for take off, transfer of CMI = FMA oottt et e a e e aaenaaas ANNOUNCE

COntrOlS) A [ OG SR mI IAS | ﬁ':’

g ' ]

The Objective of the action |ine’ “ATPCS cM2 S Ny A SN PRy SR CHECK
ARM....CHECK then ANNOUNCE”, is to confirm the ‘ci:: E:‘;:::::;.mns ---------------- e R AOLE
availability of the ATPCS for the take off in the == Note P ‘should be obtained at around 60Kt
actual conditions. VYo U TR | S —— MATCH T.O BUG

Note : If necessary, adust PLs 1o ottan TO TQ fbugs )
RTOBUG ©.vvoeeeeesensneeeenrnenennnns CHECK
NP ottt ettt aa s ~100%

At take off power initiation, PL1+2 set in the Note : NP =100 % - 0.6%1.08%
notch, if the check of ATPCS armed condition is L R CXRLTIRTTETRRPRSTIRPLES CHECK
negative, ARM light not lit, means that the ATPCS CM2 = TOINHIB ...oovnnsneneeesasieseneinnnannen CHECK

CM2 - - "POWERSET . ivivusisiisnessisaasiivsovonss ANNOUNCE

is not available.
When reaching 70 Kt

CM2 - “SEVENTYKNOTS®....cuivvisarssoimnnsssnoiss ANNOUNCE
To emphasize this point, ATR issued the OEB R ol ;:Zf::&&%ﬁ;isi ““““““““ g i

n°27 which states: “The ATPCS must be checked ALL - “IHAVE CONTROL" | “YOU HAVE CONTROL" ........ ANNOUNCE

armed and announced (FCOM 2.03.14). If it is not A o e o

armed while both power levers are in the notch, or HAVE CONTROL”

in the case of intermittent arming / disarming of R“g:i.w:vr ......................................... ANNOUNCE

the ATPCS, the take off has to be interrupted, as for
any other anomaly intervening during the take off

”

run.
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Additional information and extracts of ATR Flight Operations Manuals relative to the ATPCS:

As per ATR SOPs, the ATPCS availability is also monitored and checked by the means of:

- Astatic test prior to each take off, Refer to FCOM SOP 2.03.06 or 2.03.07
- Acheck of the “ARM” condition of the ATPCS prior to each take off, Refer to FCOM 2.03.14
- Adynamic test after the last flight of the day, Refer to FCOM SOP 2.03.21 & 2.03.24

If the ATPCS is not available when the flight crew takes the aircraft or during the static test, dispatch is in
accordance with ATPCS MMEL dispatch conditions as well as associated maintenance and operational procedures that
must be applied. Refer to MEL item 61-22-2 and AFM procedure 7-02-10.

As a general rule, the industry norm is:

If any of the items checked during take off, according to SOPs, is detected as not standard, the airplane condition
is not satisfactory. The take off cannot be continued in the actual conditions and must be rejected.

The flight crew must return to the gate and perform the necessary maintenance checks and procedure. If any of the
systems involved is confirmed not available, the associated MMEL dispatch conditions and procedures must be applied
prior to any new take off attempt.

For comparison the Airbus 3xx SOP at take off are provided to show how another manufacturer deals with SOP. It
has to be noted that Airbus does not list all the conditions leading to a rejected take off but write the general policy as an
operating technique.

The implementation in the manufacturer FCOM of such a rejected take off procedure may clarify ATR policy.
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@ AIREUS PROCEDURES

.
e NORMAL PROCEDURES

AITEAITHAIZAIZT
FLIGHT CREW STANDARD OPERATIMNG PROCEDURES - TAKEOFF
OPERATING MAMUAL

TAKEOFF

Epplic aiie 1oc ALL

Ralling txkeoff iz permitied.
TAKEDFF oo eeeeneeeeeeee s eseeereesreerseeseeseserees ANNOUNGE
= SO - = =< =

THRUST SETTING

B [ the crosswind is ot or below 20 kt and there is no tailwind:
B [ L T o o S o [ o | g [0 c 1.}

= To counfer the nose-up effect of scliing engine takeofi ffiust, apply half forward afick wnld
he airspeed reaches 80 k. RAelease the siick gradually ko reach neufral af 100 ki

« PF progressively aduste engine frust in fwo sleps:
* from idie do abowt 53 % NT (1.05 EPAL
* from bodh engines af zimiar N1 fo lakeoff thrust

m Once the thrust levere ane et fo FLYX or TOGA dedeni, the caplain keepe his hand on
the thrust kevers unll he aircraff reaches V1.

W In case of tailwind or if crosswind is greater than 20 kt:

THRUST LEVERS .o meeesmeeeesmeeeeee F LA OF TG,

= PF apples full forsard siick.

= PFazelz 50 % N1 {1.03 EPR) on bolh engines then rapidly ncreases thrusf ho about 7 %
N1 {1.15 EPR] then progressively o reach iakeoff threst af 40 kit ground speed, whils
maintzining afick full forward up fo 80 ki. Relzase sbok gradually o reach neutral af 100 kit

= Onece the thrust kevers are zet fo FLY or TOGA defenf, e caplain keeps hiz hand on the
st levers uniil the aireraff reaches V1.

MNofe: ENG 80 page replaces WHEEL S0 page an the ECAM ower dizpiay.

DIRECTIOMNAL COMTROL. . et smseereseeeeseeseeeeneee IFGE. RUDDER
Af 120 ki jwhee! speed), the connecfion befween nosewheel skeening and fhe rudder pedals

iz removed. Therefore, in afrong crogswingds, maore rudder input will be required at thiz point fo
preveni the aireraf from fumning infio the wind

1. Check the FMA an the PFD. The following modes are displayed: MAN TOGA jor MAN FLX xx)
SSREMAWY jor blank) f ATHR (in blus).

22 ANTARIAIAAIZ MEN I PRO-NOR-S0P-12 P 1%
FCOM A= 08FED12
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@ A“?EUS PROCEDURES

R T ket NORMAL PROCEDURES

AITEAITSAINA I

FLIGHT CHEW STANDARD OPERATING PROCEDURES - TAKEOFF
OPERATIME MAHUAL

Nobz:  Fan ILS that comesponds fo the depariure runway iz funed, AWY mode sppears. If
nof, no lxferal mode appears unfil the aircrail iz of.

2. Check the FME position on fhe ND jaicrafl on runway cenderdine].

Nole: I GPS FRIMARY iz not avaiable, check the FMS position updais.

EEFORE REACHING 80 KT
TAKECOFF N1 USRS - » | = - 4

Check that the schus! N1 of the individuwal engines haz resched the NT rafing bmil, before the
aircraff resches 80 k. Check EGT.
Scan sirspeed, N1, and EGT throughout the takeoff

REACHING 100 KT
OHE HUMDRED BMOTS . em s enmseereemmeneeeee PN OUMGE

= The PF crosschecks and confirms the speed indcaled an the PFD
= Below 100 kt the Capdain may decide to abont the fakeofi, depending on the circumafances
= Above 100 ki, rejecting the fakeoff iz 2 more senows malfer.

ATV

AT VR

- At VR, inifisie the rotsbion fo achiewe a confinuous rotafion wilh a rake of about 3 s, fowards a
pilch atfitude 15 * {12.5 °, one engine is failed)

= Mimmize the [steral inputs on grownd 2nd duning the redalion, o aveid spoler exiension

= In sirang crosswing conadibans, amail lafersd afick inpufs may be used, i neceasary, o aim gt
maintaining wings kevel

= After Iff-off, follow fhe SRS pifch command bar.

T2 ARNBATTHAIANAZZY MSN 97T PRO-NOR-30P-12 P 2%
FoOM i B (8 FEE 12
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@ A“?EUE PROCEDURES

L s NORMAL PROCEDURES

AITEAITVAIZWAIZT

FLIGKT CREW STANDARD OPERATIMNG PROCEDURES - TAKEOFF
OPERATING MANUAL

CAUTION | a tailstrike ocours, avwoid fiying at an altinede requining a pressurized calbin, and
redum bo the ariginating airpart for damage assesament

WHEN POSITIVE CLIMB

Above 100 £ AGL, AP 1 or 2 may be engaged.

AT THRUST REDUCTION ALTITUDE

THRUST LEVERS... —.GL
Move the I'I'1|'-'.|‘EJ'|'|:I."|..'JE |'|:| #h: GL nfnh:.rr? uﬁ:n]ﬁ:ﬂnshmgll-’ﬂﬁmp;mlﬂw m]ﬁ-:FI'rIn'—'l
ATHR iz now achive.

in manual fight, e pilel must andicipate the change in pilch aififude in order ko prevent the speed
from decaying when fhuust is reduced.

PF.I.".-K 1 anl:l 2 |:rf appllmhlv:J SO SNOOSS | |
Select PACK 1 on affer CLB #w.sf.r:duu'h:rn

Select PACK 2 on after fizp refracfion.

Nole: 1. Setecling pack on before reducing fakeoff Fuusi wouwld result in an EGT incresse.
2 PAGK 2 may be seleched earker, buf not 2poner than 10 2 afler PACK 1 iz selecied on,

for pasaenger comiont.
3 If packs are noi awiched on afler the lakeoff phase, an ECAM caution will be

inggered.

AT ACCELERATION ALTITUDE

FRMA . .. ANMOUNCE

Check the En@%apﬁcﬂ'nﬁmrrg: from V2 + 10 fo the firzi GLB m:m'rcﬂﬂ:r,m:.s:.bmdﬂr

managed).

Nofe: 1. When THR RED and AGC ALT are equal, the FMA will change from MAN
FLESRSMNAV fo THR CLEAGLEMAN.

2 FFCUseleched afffude 2 equal fo or clase fo the accelerafion aiifude, hen the FMA
wll switch from SRS do ALT™.

JT2 ANAAITATMATA MEN BT PRC-MOR-Z0P-12 P36
FCOM - 08 FEB 12
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@ AlREUS PROCEDURES

FOR TRAINNG ONLY ABMORMAL AND EMERGEMCY PROCEDURES
AZTEAITWAIIWAIZT
FLIGKT CREW OPERATING TECHNICLES
OFERATING MAMUAL
REJECTED TAKEDFF
A mpilicaibie So: ALL
GEMERAL

The decizion to reject the tnkecff and the stop acton iz made by the Coptain.

It & therefore recommended that the Captain keeps hiz hand on the thrust kevers uniil the aircraft
reaches V1, whether he iz Pilot Fliying (PF) or Pilot Not Fiying (PNF). Az soon az he decides to
abot, he calks “stop”, takes aver condral of the aircraft and performs the siop actions.

It &= mat possible to list ol e fociors that could kead to the decison bo reject the tokeofi.
Hawever, in order to heldp the Captain to make a decision, the ECAM nhibits the wamings that
are not ezsential from 80 kt to 1 500 f (or 2 min after Ht-off, whichever occurs first).

Expenence haz shown that rejected tokeoffz can be hazandous even if the perdormance i
correctly calculoted, based on fiight tests.

Thiz may be due to the following factors:
- Delay in Performing the siopping proceduns.
- Damaged tirss.
- [Brokes wom, brakes not working carrectly, or higher than normial initial brakes temperatne.
- The brakss mot being fully applied.
- A rumveay friction coefficient lower than azcumed in computations.
- An ermor in gross weight calculation.
- Rurway lins up not considered.
When the aircradt speed iz at or above 100 kt, it may become hazardous to reject a takeoff.
Therefore, when the aircraft speed approaches V1, the Coptain should be “Go-mindsd” i none of
the main failures quoted below ("Above 100 kt and below V17) have occurmed.

DECISION MANAGEMENT
B Below 100 kt:

The decizion to reject the tokeoff may be taken at the Captoin’s discretion, depending on the
cincumatonces.
Althowgh we cannot ki all the cawses, the Capioin showld sercusly consider discontinuing
the tokeafi, § any ECAM wamingicaution & activaied.
Mafe:  The speed of 100 kf & nof crifical: i was chosen in arder do help e Capiain make
hiz decizion, and fo avoid unnecessary siops from high speed.
Confinued an the following page
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@AlREUE PROCEDURES

FOR TRAINING ONLY ABNORMAL AND EMERGENCY PROCEDURES
AZTEAITHAINAIZT
FLIGHT CHEW OPERATING TECHHIQUES
OFERATIMG MANUAL

REJECTED TAKEOQOFF [Cont'd}

W Abowe 100 kt and below V1:

Rejecting the takeoff ot theze spesds iz a more senous matber, pariculady on sippery
rumnvearys. | could lead fo a hazardows situation, if the speed i approaching V1. At theas
specds the Captoin should be “go-minded” and very fow sivabons should lead o the
decizion to reject the takendt:
1. Fire woming or severe domapge.
2. Sudden lozz of engine thruat
3. Malhunctions or conditions that give unambiguous indications that the aircraft will not fiy
safely.
4. Any red ECAM waming.
5. Any amber ECAM caution listed below:
- FICTL SIDESTICK FALULT
- ENG FAIL
- EMNG REVERSER FALULT
ENG REVERSE UNLOCKED

Exceeding the EGT red ine or nose gear vibration should not result in the decision to reject
takeoff abowe 100 kt.
In case of tire folure between Y1 mines 20 kt and V1:

Unlezs debriz from the tres hos cassed senous engine anomalies., it & far bester to get
girbome, reduce the fuel lead, and land with a full rumeay lengih ceolable.

The W call hos precedence over any ather call.
W Above Vi:

Takeoff must be continwed, becouse & may not be possible to stop the aircraft on the
MESTEQINENL MUY

CAFT Fa

5] L OO ANNICUINGE

Simuansousiy:

THAUET LEMER e IDLE

REVERBE THAUGT.. . MAX AVAIL |REVERSERS......oe CGHECFIANMOUNGE
DECEERATION. . ... CGHECFANMOUNGE
AR AT e CANCEL)

Alrral o]

Conpidier poaitioning the aincrat o keep any pocaible fne away from the fussiage.

RN R R e L | L HOTIFY

PARKING BRAKE ... OM| BEMER EVAC Procedune (OFAH)......... ... LOCATE

Cordinuad on e inliowing page
IT2 ANTASTHAIANAII MEN 5771 PRO-ABN-10 P 2114
FCOM = A (8 FEE 12
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@ AlREUE PROCEDURES

FOR TRAINMO OHLY ABMORMAL AND EMERGENCY PROCEDURES
AZTEAITVAIDNAIZT

FLIGKT CREW OPERATING TECHNIGUES

OPERATING MANUAL
REJECTED TAKEDFF [Cont'd)
CAFT RO

CABIN CAEW .. e e ALERAT
EOAM ATTIONS......eeeeen ORDER | ECAK ACTIONS . s PERFDAM
The alcrat shouid nemaln stabonary whils the: oes evaluaie: the shiation.
EVACUSTION FHASE:
«f required:
ENVER EVAG PIoceawre.. e L o I HOTFY

For more Information on the EMER EVAC procagure, Refer | Infam AT of e infanfion ang Me raquined asaiianes.
o FR-ASN-00 EMERGENGY EVACUATION

Except ¥ the emergency evacuation proceduure ks within ihe
ECAY procedure of M taiure, me fignt crew shouid apply
e NoM-aensen SMERTENCY SKICUTIoN procsdiie on ihe
ECAM or the OFH procedture, 32 appropriafe.

REVERSERS :  Full reverze may be veed unil coming fo o comgplete stop. But, if there iz
enowgh rumaay available at the end of the decsleration, it iz preferable 1o
reduce reverse thrust when pazsesing 70 kt

Note: 1. If the brake responze does not ssem appropriale for the mway condition, FULL
manual braking showd be spplied and maintzined. FIN DOUBT, TAKE OVER
MANUALLY. Do nof atfempf fo clear he munway, unhl § iz abeolufely dear that an
evacuzhon i not neceszary and fhat it & safe fo do so.

2. [f the aufobrake i wnsendceable, the Capdain simuftznecusly reduces thruef and
applies maximum pressure on both pedals.
The aircraf will slop in dhe minimwm distance, only i he brake pedalz ane maintzined
fully pressed wndl fhe sircrefl comes fo 2 slop.

3. If mormal braking iz inoperaive, mmedialely apply the Loss of Braking procedure
(Refer fo FRO-ABN-32 LOSE OF BRAKING)

4. After a rejecied fakeod, if the aircrail comes fo a compisle siop weing avfobrake
MAX, relzase brakez prior fo taad by dizarming spoilers.

2T2 ANBAIIAIANAI MSN 771 PRO-ABN-10 P 314
FCOM -4 08 FEB 12
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Appendix 9 MEL Paragraph Related to Propellers

PAGE: 1-61-2

& TisnsAsial ATR72-600 MEL/CDL

SEQ: 001

61 PROPELLERS

1. 2. RECTIHCATION INTERVAL

3. NUMBER INSTALLED

ITEM 4. NUMBER REQUIRED FOR DISPATCH

5. REMARKS OR EXCEPTIONS

21-4  PIU And Associated Propeller| C | 2 | 0| (o) May be inoperative provided both CL are set fo

Speed Selection 100% QVRD.
Note: If affected side cannof be idenfified, both
PiU should be considered as inoperative.

OPERATING PROCEDURES

a) Engine nof running — PL on Gl - CL on FUEL $O

- RH Maintenance Panel, set WOW on FLT position

- Advance CL to AUTO

— Check PEC FAULT illuminates affer 30 seconds

- Refard CL fo FUEL SO

— Check PEC FAULT extinguishes affer 30 seconds

- Reset PEC to make sure that SGL CH extinguishes

- RH Maintenance Panel, set WOW on NORM position

b] Confirm SGL CH light illumination and exfinction during unfeathering.

| 22-1  Autofeather System (and @ C|l2]|0]|* (o) May be inoperative provided operations are
Associated Test) conducted in compliance with AFM

OPERATING PROCEDURES
—Refer to AFM Supplement 7_02.06: Dispatch with Autofeather system inoperafive.

—For MTOW and fakeoff speeds, refer to the RTOW chartf fifled “AUTOFEATHER INQF”,
Note:In case of engine failure after VI, do not reduce PL below 45 of PLA before feathering.

22-2  ATPCS (and Associated m C|l1|0]*(0) May be inoperative provided operations are
Test) conducted in compliance with the AFM

OPERATING PROCEDURES
- Refer to AFM Supplement 7_02.10: Dispaich with ATPCS OFF.
- For MTOW and fakeoff speeds, refer fo the RTOW chart fifled “ATPCS OFF",

223 ATPCS ARM Light cl1|0]* May be inoperative provided ATPCS is considered
inoperative.

All
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D ar2a SUPPLEMENTS
AFM SUPPLEMENT Ne 06

7-02.06

PAGE :

1

001

DGAC
APPROVED

FEB 01

DISPATCH WITH AUTOFEATHER SYSTEM INOPERATIVE

Uptrim and AFU are considered operative. If not, refer to the connected

procedure.

— Increase V1 limited by VMCG by 5 kt
—Increase VR by 2 kt

— Increase VMCA by 3 kt, check VR, V2
— Increase VMCL by 3 kt

— Check effect on TOR, TOD, 2nd segment climb

NOTE :In case of engine failure after V1, do not reduce PL below 45° of PLA

before feathering.

205




D ar72a SUPPLEMENTS 7-02.10

PAGE: 1 | 001
AFM SUPPLEMENT N° 10 e | remon
APPROVED

DISPATCH WITH ATPCS OFF

AFU is considered operative. If not, refer to the connected procedure.

- Select ATPCS OFF and BLEED VALVES OFF

- Increase V1 limited by VMCG by 5 kt

- Increase VR by 2 ki

- Increase VMCA by 3 ki. Check VR and V2

- Increase VMCL by 3 kt

- Check ATPCS inoperative effect on TOR, TOD and 2nd segment

- Apply RTO power by pushing both PLs up to the ramp

- After take off set both PLs into the notches, then apply CLIMB SEQUENCE
-BLEED VALVES . ... s ON

NOTE :In case of engine failure after V1 do not reduce PL below 45° of PLA
before feathering
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Appendix 10 P&WC Service Bulletin N0.21742R1

PRATT & WHITNEY CANADA

SERVICE BULLETIN

P&WC S.B. No. 21742R1

BULLETIN INDEX LOCATOR
72-01-10

TURBOPROP ENGINE
AUTOFEATHER UNIT - INSPECTION OF

MODEL APPLICATION

PW121A, PW124B, PW125B, PW126, PW126A, PW127, PW127B, PW127D, PW127E, PW127F,
PW127G, PW127H, PW127J

Compliance: CATEGORY 3

Summary: Aging of the Autofeather Unit (AFU) electrical connectors and interconnect ribbon
solder joints can lead to loss of torque signal.

Aug 15/2007 PW100-72-21742
Revision No. 1: Aug 17/2007 Cover Sheet
24+our Global Senice USA& CANADA.................. 1-800-268-8000 Ofher. oo e, 1-450-647-8000
HELP DESK infemational ... (IAC*}+8000-268-8000 FaX. . 1-450-B47-2888
Tal free where availabie (SIL GEN-027) * Iniemational Access Code WED e WWWPWEC.CA
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WARNING - PROPRIETARY RIGHTS & EXPORT CONTROLS NOTICE

This bulletin contains proprietary information of Pratt & Whitney Canada Corp. ("P&WC"), which
P&WC provides in confidence and solely for the purposes of supporting engine certification and
providing applicable information regarding the proper use, maintenance, inspection, repair, servicing
and parts application of P&WC products and services, as directed therein. Neither this bulletin nor
any information in it may be disclosed to others, or used for any other purpose, including, without
limitation, to design, create, develop, reproduce, manufacture or derive any design, part, product,
material, process, modification, configuration change or repair, or obtain FAA or other government
approval to do so. Possassion and use of this bulletin is also subject to the restrictions set out in
P&WC's Technical Data Agreement (a copy of which may be obtained by contacting P&WC Technical
Publications). The contents of this bulletin may be subject to export control laws. Unauthorized export
or re-export of the bulletin, or parts thereof, is prohibited. By accepting and possessing this bulletin,
you agree to be bound by the foregoing terms.

If a Government agency or department intends to disclose any information, written notice should be
given to:

VP - Legal Services, Pratt & Whitney Canada Corp., 1000 Marie-Victorin (01BES5), Longueuil,
Quebec J4G 1A1.
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Pratt & Whitney Canada Corp.

05, o Sockoen Pratt & Whitney Canada
#:?5?—:7?::’191(:' Em A United Technologies Company
17 August 2007

P&WC S.B. No. 21742R1

REVISION TRANSMITTAL SHEET
TURBOPROP ENGINE MODEL PW100

SUBJECT: Pratt & Whitney Canada Service Bulletin No. PW100-72-21742, Rev. No. 1, dated Aug
17/2007 (P&WC S.B. No. 21742R1) AUTOFEATHER UNIT - INSPECTION OF

Replace your existing copy of this service bulletin with the attached revised bulletin. Destroy the
superseded copy.

Please retain this Revision Transmittal Sheet with the revised bulletin.

SUMMARY: This revision is issued to:

+ add the AFU in the reason;
* to give the date of issue of the CMM latest instructions;

« clarify the Accomplishment Instructions to identify AFUs that are eligible for the
inspections, and to give instruction for those that already complied with the intent of
this service bulletin.

« move the CMM P/N 73-20-03 from the Publication Affected, Para. 1.K, to the
References, Para. 1.J.

EFFECT OF REVISION ON PRIOR ACCOMPLISHMENT:
None.

NOTE: A black bar in the left margin indicates a change in that line of text or figure.

REVISION HISTORY:

Original Issue: Aug 15/2007
Revision No. 1: Aug 17/2007
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PRATT & WHITNEY CANADA

SERVICE BULLETIN

P&WC S.B. No. 21742R1
TURBOPROP ENGINE
AUTOFEATHER UNIT - INSPECTION OF

1. Planning Information

A. Effectivity

PW121A Engines with AFU P/N 30048-0000-04.

PW124B Engines with AFU P/N 30048-0000-04, 30048-0000-05, 30048-0000-06,
30048-0000-08, 30048-0000-10, 30048-0000-12.

PW125B Engines with AFU P/N 30048-0000-01A, 30048-0000-02, 30048-0000-04,
30048-0000-07, 30048-0000-09, 30048-0000-11.

PW126 / PW126A Engines with AFU P/N 30048-0000-01A, 30048-0000-02,
30048-0000-04, 30048-0000-07, 30048-0000-13, 30048-0000-14, 30048-0000-19.

PW127 Engines with AFU P/N 30048-0000-12, 30048-0000-16, 30048-0000-18.

PW127B Engines with AFU P/N 30048-0000-15, 30048-0000-17.

PW127D Engines with AFU P/N30048-0000-19.

PW127E Engines with AFU P/N 30048-0000-18.

PW127F Engines with AFU P/N 30048-0000-18.

PW127G Engines with AFU P/N30048-0000-21.

PW127H Engines with AFU P/N 30048-0000-18.

PW127J Engines with AFU P/N 30048-0000-16, 30048-0000-18

NOTE: The above effectivity list does not identify engines that have been converted
from one engine model to another engine model via an engine conversion
service bulletin. To clarify the effectivity of converted engines, refer to the PW100
Workscope Planning Guide, P/N 3040879, Converted Engines section.

B. Concurrent Requirements

None.
C. Reason

Aging of the Autofeather Unit (AFU) electrical connectors and interconnect ribbon solder
joints can lead to loss of torque signal.

D. Description

The AFU is returned to an authorized accessory shop that can do a one time inspection
of the AFU per the latest CMM instructions.

NOTE: For AFUs that were inspected/certified per the Goodrich CMM P/N 30048-0000
Rev. H, latest instructions issued after Feb 23/2007 (Ref. Goodrich TR73-01),
the intent of this service bulletin is already incorporated. No further action is
required.

P&WC No. 004211 _ oo
P&WC Proprietary Information. Subject to the restrictions on the back of the locator.

Aug 15/2007 PW100-72-21742

Revision No. 1: Aug 17/2007 © 2007 Pratt & Whitnay Canads Corp. Page 1 0of 4
PRINTED IN CANADA
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PRATT & WHITNEY CANADA

SERVICE BULLETIN

P&WC S.B. No. 21742R1

TURBOPROP ENGINE

AUTOFEATHER UNIT - INSPECTION OF

1. Planning Information (Cont'd)

E.

Compliance

For AFU with more than TTSN 12,000 flight hours, or that TTSN of the AFU is

unknown:

CATEGORY 3 - P&WC recommends to do this service bulletin before July 31, 2010.

For AFU with less than TTSN 12,000 flight hours:

CATEGORY 3 - P&WC recommends to do this service bulletin before the AFU has
accumulated TTSN 12,000 flight hours, or before July 31, 2010,

whichever occurs last.

Approval
D.A.A. approved

Weight and Balance

None.

Electrical Load Data

Not changed.

Software Accomplishment Summary

Not changed.

References

Applicable PW100 Technical Manuals

P&WC Service Information Letter (SIL) PW100-113
Goodrich Service Letter 30048-SL-001

Goodrich CMM P/N 30048-0000 (73-20-03)

Publications Affected

Applicable PW100 Technical Manuals
Deleted

Interchangeability and Intermixability of Parts

Not applicable.

P&WC Proprietary Information. Subject to the rastrictions on the back of the locator.
Aug 15/2007
Revision No. 1: Aug 17/2007

PW100-72-21742
Page 2 of 4
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PRATT & WHITNEY CANADA

SERVICE BULLETIN

P&WC S.B. No. 21742R1
TURBOPROP ENGINE
AUTOFEATHER UNIT - INSPECTION OF

2. Material Information

A. Industry Support Information

Not applicable.
B. Material - Cost and Availability

Not applicable.
C. Manpower
No more man-hours are necessary to include this service bulletin at overhaul.

D. Material Necessary for Each Engine

Not applicable.
E. Reidentified Parts

None.

F. Tooling - Price and Availability

Not applicable.

3. Accomplishment Instructions

A. Make sure the AFU is applicable for the inspection per this service bulletin. For AFUs
that were inspected/certified per the Goodrich CMM P/N 30048-0000 Rev. H, latest
instructions issued after Feb 23/2007 (Ref. Goodrich TR73-01), the intent of this service
bulletin is already incorporated. Go to Paragraph 3.E.

B. Remove the AFU. Refer to the instructions in the applicable maintenance or overhaul
manual.

C. Return the AFU to an authorized accessory shop, or the address listed below, that can
do the inspection of the AFU per the latest Goodrich CMM P/N 30048-0000 Rev. H,
latest instructions issued after Feb 23/2007 (Ref. Goodrich TR73-01).

P&WC Proprietary Information. Subject to the restrictions on the back of the locator.
Aug 15/2007 PW100-72-21742
Revision No. 1: Aug 17/2007 Page 3 of 4
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PRATT & WHITNEY CANADA

SERVICE BULLETIN

P&WC S.B. No. 21742R1

TURBOPROP ENGINE
AUTOFEATHER UNIT - INSPECTION OF

3. Accomplishment Instructions (Cont'd)

Goodrich Sensors and Integrated Systems
1256 Trapp Rd.

Eagan Mn 55121

USA

Attention: Tami Banks

TEL: 651-681-8800

FAX: 651-681-8991

REF: Goodrich Service Letter 30048-SL-001

Install the serviceable AFU. Refer to the instructions in the applicable maintenance or
overhaul manual.

Write accomplishment of PRWC S.B. No. 21742 in the applicable engine module log
book.

4. Appendix
Not applicable.

P&WC Proprietary Information. Subject to the restrictions on the back of the locator.

Aug 15/2007
Revision No. 1: Aug 17/2007
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Appendix 11 CAA AD No.CAA-2015-02-013E Revised

RR@AIES
R B AD # 3% CAA-2015-02-013E %37

1L BAZMEAE &
AT 2B S 0 @A R ATRT2212A 2 fi 2 B4 5] -
| 3E D A#4T ATR R ¥ 36 it MODS5948 2 2 # A A

ATR72-500 » 3k 47 MOD5948 i & 1% #4! A ATR72-600 -

2. gd

IR ATR72:21IA R A B B EFr B L FEA LA &
1E %% (Uncommanded Auto-Feather) % % » 4 1% 7 % 3% Bt
ATR ¥ B E » B4 4 HE SR ERA » § HRE
X ALK N IEH] & L(ATPCS) P4 B X, B BLR B PATR S -
ATR BB O 4t¥sbth 84 OEBi 4 » 5 h 454 MHE &
MERBER > TRA—BEHRABZRE ERXRAAMES
RIEFF  BWNAFHERDABHEEEL P - BAEN RN
THEREHRA KIS wRMAHIFFEREREZ GE KA
& 54 % % AD CAA-2015-02-013E - 32 {2 i BAiH AR A
A AaM RS RERES  UBEERMLD -

LR E AD 4 #% - ATR B By %]4t# ATR72-500 &
ATR72-600 # 7% » %4 5 37hk OEB i 4% - it # & ¥ 35 $)4&
R AR EAZ A Al M 2 QRH T & Bk R 5 4841 KA R & AD|
37T » A ATR B3 3748 OEB il %

3. BUE 7% MPATHR

(1) Lz EmA AEBPiFiE A 2 ATR “OEB Subject:
Uncommanded auto-feather - 500" % “OEB Subject:
Uncommanded auto-feather - 600”4y A QRH -

() MEBSmAARHAAEE KLtk OEBAME SR
IR RIEKAER  AEHRABBZZRERESH
BRI ERS -

CAA Form ACS-P08-03 F—H/®X =R
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o FaRMmiELS(KE)

B ALA AD #%; CAA-2015-02-013E %371

4. £ 8 #
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Emergency Airworthiness Directive
AD Number CAA-2015-02-013E Correction

Date: February 25, 2015
Correction: February 26, 2015

1. APPLICABILITY
ATR72-212A (Note: For those airplanes which the ATR MOD 5948 are not
embodied, the airplane type can be referred to as ATR72-500. For those
airplanes which the MOD 5948 are embodied, the airplane type can be referred
to as ATR72-600.)

2. REASON
Uncommanded auto-feather events were reported on in-service ATR72-212A.
The propeller goes in feather while the power plant is still running. According to|
the preliminary investigation, the intermittent ATPCS arming/disarming sequence
during takeoff roll has been observed prior to some uncommanded auto-feather
events.

This condition, if not corrected, could result in engine failure and consequent
increased flightcrew workload.

To address this potential unsafe condition, ATR has issued Operations
Engineering Bulletin (OEB) to provide the emergency procedure to deal with the
uncommanded auto-feather situation. In the OEB, ATR also viewed the
uncommanded auto-feather situation as an engine failure due to the associated
symptoms of TQ (torque), NP (propeller rotation speed) and NH (high pressure
spool rotation speed).

An emergency AD CAA-2015-02-013E requiring amendment of the applicable
QRH according the ATR OEB has been issued.

Since Emergency AD CAA-2015-02-013E was issued, ATR re-issues the
separate OEBs related to ATR72-500 and ATR72-600 accordingly and corrects
applicable reference QRH pages.

For reasons described above, this emergency AD correction retains the
requirements of emergency AD CAA-2015-02-013E, which is superseded, to
require to reference ATR re-issued separate OEBs and amend applicable QRHs.

CAA Form ACS-P08-03 Page 1 of 2
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Emergency Airworthiness Directive (continued)
AD Number CAA-2015-02-013E Correction

3. ACTIONS AND COMPLIANCE TIME

Required as indicated, unless accomplished previously:

(1) Before next flight after the effective date of this emergency AD, amend the
applicable QRH by inserting a copy of ATR “OEB Subject: Uncommanded
auto-feather - 500" and “OEB Subject: Uncommanded auto-feather - 600", as|
applicable to airplane type and model.

(2) Concurrent with the QRH amendment as required by paragraph (1) of this
AD, inform and train all flightcrews and, thereafter, operate the airplane
accordingly. Besides, operators shall enhance flightcrew’s situation
awareness and training regarding the disposition of engine failure and single
engine operation.

4. EFFECTIVE DATES
February 26, 2015

5. NOTE:

(1) This emergency AD is still considered to be an interim action and further AD
action may follow.

(2) Reference Publications:
ATR “OEB Subject: Uncommanded auto-feather - 500"
ATR “OEB Subject: Uncommanded auto-feather - 600"

(3) Enquinies regarding this emergency AD should be referred to the Initial
Airworthiness Section, Flight Standards Division, CAA Taiwan. E-mail:

adcaa@mail caa.gov.tw

CAA Form ACS-P08-03 Page 2 of 2
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Appendix 12 ATR OEB on Uncommanded Auto-feather

OEB Subject: Uncommanded auto-feather - 500

1. Reason forissue.

This OEB is issued to provide operators with operational recommendations about in-service events of
uncommanded auto-feather: a situation where a propeller goes in feather while the engine is still running.
The associated symptoms are:

- TQand NP decrease to or close to 0, and
- NH drops to around 73% and remains steady.

This OEB aims also at providing additional information about ATPCS arming during takeoff roll. An
intermittent ATPCS arming/disarming sequence during takeoff roll has been observed prior to some
uncommanded auto-feather events.

Any loss of engine propeller rotation speed (NP) and/or torque (TQ) should be dealt with as an engine failure.

- Attakeoff, the ENG FLAME OUT AT TAKEOFF procedure is applicable.
Depending on the root cause of the uncommanded auto-feather, the affected engine propeller may
unfeather upon PWR MGT selection to MCT. In any case, ATR recommends proceeding with the ENG
FLAME OUT AT TAKEOFF procedure until engine is shutdown.

- During any other phase of flight, the analysis of in-service events have shown that the ENG FLAME QUT
IN FLIGHT procedure does not apply to uncommanded auto-feather symptoms, because NH never drops
below 30%.

2. ATR action.

Investigations are in progress to identify the root cause of the reported events and to define appropriate
corrective actions.

3. Procedures.

a. Take off normal procedure
At takeoff, the ATPCS must be checked armed and announced. If it is not armed while both power levers are
in the notch, or in the case of intermittent arming / disarming of the ATPCS, the takeoff must be rejected.

b. Any loss of NP and/or TQ should be dealt with as an engine failure
i. During Takeoff
ENG FLAME OUT AT TAKEOFF procedure is applicable.

ii. During any other phase of flight
Apply the following procedure:

PL affected SIde ......cveeceeireieianrreese s cerase s sssssssssses serasnanesnnes Fl

CL affected side ....ccoveviiiininniirnnn s, FTR THEN FUEL SO
LAND ASAP

SINGLE ENG OPERATION procedure (2.04)......cuimmmmimssis sasssens APPLY
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OEB Subject: Uncommanded auto-feather — 600

1

Reason for issue.

This OEB is issued to provide operators with operational recommendations about in-service events of
uncommanded auto-feather: a situation where a propeller goes in feather while the engine is still running.
The associated symptoms are:

- TQand NP decrease to or close to 0, and
- NH drops to around 73% and remains steady.

This OEB aims also at providing additional information about ATPCS arming during takeoff roll. An
intermittent ATPCS arming/disarming sequence during takeoff roll has been observed prior to some
uncommanded auto-feather events.

Any loss of engine propeller rotation speed (NP) and/or torque (TQ) should be dealt with as an engine failure.

- At takeoff, the ENG FLAME OUT AT TAKEOFF procedure is applicable.
Depending on the root cause of the uncommanded auto-feather, the affected engine propeller may
unfeather upon PWR MGT selection to MCT. In any case, ATR recommends proceeding with the ENG
FLAME OUT AT TAKEOFF procedure until engine is shutdown.

- During any other phase of flight, the analysis of in-service events have shown that the ENG FLAME OUT
IN FLIGHT procedure does not apply to uncommanded auto-feather symptoms, because NH never drops
below 30%.

ATR action.

Investigations are in progress to identify the root cause of the reported events and to define appropriate
corrective actions.

Procedures.

a. Take off normal procedure
At takeoff, the ATPCS must be checked armed and announced. If it is not armed while both power levers are
in the notch, or in the case of intermittent arming / disarming of the ATPCS, the takeoff must be rejected.

b. Any loss of NP and/or TQ should be dealt with as an engine failure
i. During Takeoff
ENG FLAME OUT AT TAKEOFF procedure is applicable.

ii. During any other phase of flight
Apply the following procedure:

Plallfected Sl o v nin i)

Cl pllected (e oonansmsninim s FTR THEN FUEL SO
LAND ASAP

SINGLE ENG OPERATION procedure (2.05)....cccuemersererssnssnranans APPLY
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Appendix 13 P&WC Service Bulletin No. 21880R1

PRATT & WHITNEY CANADA

SERVICE BULLETIN

PEWC S.B. No. 21880R1
BULLETIN INDEX LOCATOR
72-01-10

TURBOPROP ENGINE
AUTOFEATHER CONTROL UNIT - REPLACEMENT/MODIFICATION OF

MODEL APPLICATION
PW127, PW127E. PWA27F, PW127G, PW12/7H, PW127J, PWI27M, PW127N

Commercial Support Program No: 1008330

Compliance: CATEGORY 3,5

Summary: There have been reporis from the field of torque fluctuations or loss of tarque
indications. The autofeather control J2 connector is a flex-tape design that is
connected to the circuit card by solder. Replace the autofeather control with one that
has a rigid-flex type J2 connector.

Cct 19/2015 PW100-72-21880
Aevision No. 1: Oct 30/2015 Cover Shest
24-Hour Global Service USA & CANADA .. 1-800-268-8000 OFBS i sveenneene: 450-847-8000
CFIRST CENTRE fritemationai ... ... (|G HB000-268-8000 Fax... s 1450:547-2888
Tel free where avallable (i GEN-027) " Infermalional Access Cods Welh SifE oo WWWLPWE.CR
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WARNING - PROPRIETARY RIGHTS & EXPORT CONTROLS NOTICE

This bulietin contains propristary information of Fraft & Whitney Canada Com. ("P&WC”), which
PEWC provides in confidence and solely for the pinposes of supporiing engine certification and
providing appiicatle information regarding the proper use, maintenance, inspedticn, repair. servicing
and parts application of PAWC products and services, as diracted therein. Neither this bulletin nar
any information in it rmay be disclosed to others, or used for any other pupoese. including, without
Hrnitation, 1o design, create. devslop, reproduce. manufacture or derve any design. part, product.
raienial, process, madification. configuration change or repair, oF obtain FAA or other government
approval to do so. Posssssion and use of this bullatin is alse subject 1o the restrictions set out in
PEWC's Technical Data Agraament (6 copy of which may be obtained by contacting PAWC Technical
Publications). The contents of this bulietin may be subject to export control laws. Unauthonzed export
ar re-export of the pulletin. or padds ersof. is prohibited. By accepting and possessing this bulletin,
you agree to be bound by the foregeing terms.

If a Government agency or deparment intends fo disciose any information, written notice should be
diven to

VP - legai Services, Pratt & Whithey Canada Corp, 1000 Mane-Victorin {01BES), Longueuil,
Queabec J4G 1At

Export Control Classification

*Dala is subject to the jurisdiction of the Expait and Import | Regulation Classification
Cantrols Bureau of the Depatment of Fareign Affairs and Number
international Trade of Canada, Department of Commerce -, : A
of the United States andfor Department of State of the Canadian ECL(s)
United States. FCCN{s}*

P-ECCN{s)* oEga

** Data is not subject 1o the jurisdiction of the Depaniment
af Commerce of the United States or Depanment of Stats
of the United States but would become subject If exposed
to any US wolvemsnt.

USML (ITAR)*
PUSML*
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Pratt & Whitey Canada Caomp.

=
1099, Mane-Victonn P!‘att & wmt!ley ca“ada
tongeeud, Québec, Canada J44G 1A1 - -

Tai A50-677-04 11 A United Technolagies Company

30 Oclober 2015

P&WC 5.B. No. 21880R1

BEVISION TRANSMITTAL SHEET
TURBOPRCP ENGINE MODEL PW100

SUBJECT. Pralt & Whitney Canada Service Bulletin No. PW100-72-21880, Rev. No. 1, dated Oct
30/2015 (PAWC S.B. No. 21880R1) AUTOFEATHER CONTROL UNIT -
REPLACEMENTMODIFICATION OF

Replace your existing copy of this service bulletin with the attached revised bulletin. Destroy the
superseded copy.

Please retain this Revision Transmittai Sheet with the revised bulletin.

SUMMARY:  This revision is issued to:

+ Added PW127G engine model fo service hulletin.

+ Added additional CC 03 for Table 2 Appendix.

+ Added CSPN No. in Para. 2. A. Industry Support Information.

+ Added PW127YG parts progression in Appendix

+ Added Table 2 in Appendix for Auto Feather units F/N 30048-0000-21.

EFFECT OF REVISION O PRIOR ACCOMPLISHMENT.
None.

NOTE: A black bar in the left margin indicates a change in that line of lext or figure,

REVISION HISTORY:

Original lssue.  Oct 19/2015
Revision No. 1. Oct 30/2015
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PRATT & WHITNEY CANADA

SERVICE BULLETIN

P&WC S B. No. 21880RH
TURBOPROP ENGINE
AUTOFEATHER CONTROL UNIT - REPLAGEMENT/MODIFICATION OF

1. Planning Information

A, Effectivity

PW127 Engines which are before and include Serial No. PCE-127217 and which are
before and inciude Serial No. PCE-AKG013

PW127E Engines which are before and include Seriat No. PCE-127211 and which are
before and include Serial No. PCE-AMO117

PW127F Engines which are before and include Serial No. PCE-AVO120

PWI127E / PW127F Engines which are before and include Serial No, PCE-EB0368

i PW127G Engines which are before and include Serial No, PCE-AX(372

PW127H Engines which are before and include Serial No. PCE-AY0019

PW127J Engines which are before and include Serial No. PCE-EAG264

PW127M Engines which are befors and include Serial No. PCE-ED1226

PWI127N Engines

NOTE: The above sffectivity list does not identify engines that have been converted
from one engine model to another engine model via an engine conversion
service bulletin. To clarify the effectivity of converted engines, refer to the PW100
Workscope Planning Guide, P/N 3040878, Converted Engines section.

B. Concurrent Hequirements

PEWC recommeands to incorporate SB No. 21822 prior to, or in conjunction with this
service bulletin,

C. Reason
(1} Problem

There have baen reports from the field of torque fluctuations or loss of torque
indications.

{2y Cause

The autofeather control J2 connector is a flex-tape design that is connected to the
circuit card by solder.

{3} Solution
Replace the avtofeather control with ane that has a rigudflex type J2 connactor.
. Description
Replace the aulofeather control with a new or modified onie.
E. Compliance

Eor Autofeather Control Part Numbers and Serial Numbers {isted in Table 1
Appendix

CATEGORY 3 - Replace autofeather controls before Decemnber 31st 2015

§ P&WC No. £94855, E9485PQ

Oct 192015 T g s 1
Revision No. 1: Oct 30/2015

PW100-72-21880
Page 1 of @

224




PRATT & WHITNEY CANADA

SERVICE BULLETIN

P&WC S.B. No. 21380R1
TURBOPROP ENGINE
AUTOFEATHER CONTROL UNIT - REPLAGEMENT/MODIFICATION OF

1. Planning fnformation {(Cont'd)

For PW127G Autofeather Control Part Numbers and Serial Numbers listed in Table
2 Appendix

CATEGORY 3 - Replace autofeather controls betore December 31st 2015

For all other Autofeather Controls

CATEGORY & - P&WC recommends o do this service bulletin when the aulofeather
control is removed from the engine or whan engine is ramoved from
the aircraft.
Do all spare subassemblies.

-  Approval
B.OT.M AA approved.

G, Manpower

Cnee you have access o the part, an estimate of 1.00 man-hours is required to include
this service bulletin at maintenance.

H. Weight and Balance

None.

I, Electrical Load Dala

Mot changed.

J. Software Accomplishment Summary

Not changed.

K. Heferences

liustrated Parts Catalog P/N 3037334 (PWI124BA 271271 27F127MA 27N}
llusirated Parts Catalog P/N 3044824 (PW127G)

llustrated Pasts Catalog P/N 3045544 ( PW127H)

llustrated Parts Catalog P/N 3043394 (PW1274)

Maintenance Manual P/N 3037332 (PW124BA127/127EN27FN127M)
Maintenance Manual P/N 3044822 (PW127G)

Maintenance Manual P/N 3045542 { PW127H)

Maintenance Manual P/N 3043382 (PW127))

SR21822

UTAS Service Bulletin No. 30048-73-13

Oct 19/2015 T = e b ok s s i PW100-72-21880
Revision No. 1: Oct 30/2015 Page 2 of 9

225




PRATT & WHITNEY CANADA

SERVICE BULLETIN

P&WC S B. No. 21880RH
TURBOPROP ENGINE
AUTOFEATHER CONTROL UNIT - REPLAGEMENT/MODIFICATION OF

i. Planning Information {Cont’d}

L. Publications Affected

fllustrated Pans Catalog P/N 3037334 (PWi24BAM27/127EA27FA27MA27N)
Hlustrated Parls Catalog P/N 3044824 (PW127G)

lustrated Pars Catalog P/N 3045544 { PW127H)

Hlustrated Parts Catalog P/N 3043384 (PW1274)

CMM P/N 73-20-03

M. interchangeabilty and intermixability of Paris
interchangeability - Refer to Para. 2.C.
intermixability - Not changed,

2. Material Information

A, Industry Support Informalion

Refer o Customer Suppoit Program Notitication No.: 1608330
B. Material - Cost and Availability

You can get the procurable parts listed in Para, 2.C. from any Pratt & Whitney Canada
Parts Distribution Center.

The estimatad total cost of new parts needed o replace old parts is 8Quote (US, 2015).

The new patts are scheduled {o be available October 31/2015.

. Material Necessary lor Each Engine
The guantity of materials listed in this section is on a per Engine basis.

Est. Unit

List Price
($US,  Instructions
New P/N Keyword Old P/N Qty 2015} Disposition

For PW127, PW127E, PW127F, PW127H, PW127J4, PW127M, PW127N Engines:

Autofeather Control 30048-0000-28 1 {(A)B)

Supplier (B0678)
PEWC P/N 30781686-01

30048-0000-48 Autofeather Control 1 Cuote {A)
Supplier (60678)
PEWC P/N 3126524-01

PéAdC rariistas Infonn - b 3 e i

Cet 192015 T o e o] s o : it 1 ek of s o PW100-72-21880
Reavision No. 1: Oct 30/2015 Page3of @

Fusjeed 1 Ihe sl

s this deareent s

226




SERVICE BULLETIN

P&WC S.B. No. 21380R1
TURBOPROP ENGINE
AUTOFEATHER CONTROL UNIT - REPLAGEMENT/MODIFICATION OF

Est. Unit
List Price
{BUS, Instructions
New P/N Keyword Oid PN Ciy 2015) Disposition
For PW127G Engines:
Autofeather Control 30048-0000-21 1 {(A)(B)

Supplier (60578}
PAWEC P/N 3118091-02

30048-0000-41 Autofeather Control 1 Cuote (A)
Supplier (80678}
PAWC P/N 3126934-01

(&) TWO WAY INTERCHANGEABLE - {(ATA 200 Explanation Code 02
The old or the new part can repiace the old or the new part.

(B) Retumned the old part(s} to P&WC Component Solutions for Rework:

Pratt & Whitney Component Solutions Inc.
4905 Startha Drive

Muskegon Ml 49441

USA

Attention: Sales Depaitment

TEL: 1 {800) 872-1792 or 1 {231) 798-6650
FAX: 1 (231) 799-8732

REF. PAWC SB. 21880
EMAIL: gp.pwe.sparessupport @pwe.ca

D. Reidentified Parts
None.

E. Tooling - Price and Availability

Not applicable,

3. Accomplishment Instructions

A, Remove the patts listed under the Old P/N column in Para. 2.C., Material Information.
Refer to the instructions in the applicable maintenance manual section below:

» Ref. MM, Chapter 72-01-10 ELECTRICAL SYSTEM - REMOVAL/ANSTALLATION
B. Send autofeather condrols for modification to P&WC Component Solutions (Ref. Para 2 .C).

Qct 19/2015 T xpei i G bk o s Tt PW100-72-21880
Revision No. 1: Oct 30/2015 Page 4 of 9

227




PRATT & WHITNEY CANADA

SERVICE BULLETIN

P&WC S B. No. 21880RH
TURBOPROP ENGINE
AUTOFEATHER CONTROL UNIT - REPLAGEMENT/MODIFICATION OF

3. Accamplishment Instructions (Cont'd)
G, install new of modified autofeather control P/N 3126924-01 (P/M 30048-0000-48) or
PN 3126934-01 (P/N 30048-0000-41) listed under the New P/N column in Para.

2.C., Material information. Refer to the instructions in the appiicabie maintenance manual
section below:

+ Ref. MM, Chapter 72-01-10 ELECTRICAL SYSTEM - REMOVAL/ANSTALLATION

D, Write accomplishmient of PAWC S.B. No. 218380 in the applicable engine module log
book.

4. Appendix

A.  Refer to Figure 1 for parts progression of the autofeather control.

B. Refer io Table 1 and Z for the list of Autofeather control serial numbers.

PéAdC rariistas Infonn - b 3 e i

Cet 192015 T o e o] s o : it 1 ek of s o PW100-72-21880
Reavision No. 1: Oct 30/2015 Page 5of 9@
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PRATT & WHITNEY CANADA

SERVICE BULLETIN

P&WC S.B. No. 21880R1
TURBOPROP ENGINE
AUTOFEATHER CONTROL UNIT - REPLACEMENT/MODIFICATION OF

3038196 3118091-01
30048-0000-04 30048-0000-18
BASIC BASIC
—~ ~__ =
303939 3078166-01
30048-0000-12 30048-00060-28
SB21046 §B21822
Low Pass Filters
—— cc4 | PRCO7
3040479
30048-0000-16 —
SB21162 3126924-01
—'G' 30048-0000-48
5B21880
3118091-01 Rigid-Flex J2 Connector
3005435326?(?-18 CC3s PRC 02
-~ PW127E / PW127F / PW127H
3078166-01 PW127J/PW127M
30048-0000-28
5B21822
) 3078166-01
Low Pass Fiiters 30048-0000-28
cc4 | PRCO7 BASIC
~ = ~ =
3126924-01 3126924-01
30048-0000-48 30048-0000-48
5B21880 5B21880
Rigid-Flex J2 Connector Rigid-Flex J2 Connector|
ccys | PRco2 cC¥5 | PRCO2
PW127 PW127N

C239851
Progression of the Autofeather Control
Figure 1 (Sheet 1 of 2)
P&WC Proprietary Information. Subject to the restrictions on the back of the locatar
OCt 1 9/201 5 The export control classification with respect to this document is contained on the back of the locator. PW1 00-72-21 880
Revision No. 1: Oct 30/2015 Page 6 of 9
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PRATT & WHITNEY CANADA

SERVICE BULLETIN

P&WC S.B. No. 21880R1
TURBOPROP ENGINE
AUTOFEATHER CONTROL UNIT - REPLACEMENT/MODIFICATION OF

3118091-02
30048-0000-21
BASIC

O

3126934-01
30048-0000-41
5B21880
Rigid-Flex J2 Connector|

cc3s | PRCE2

PW127G

C240134

Progression of the Autofeather Control
Figure 1 (Sheet 2)

P&WGC Proprietary Infornation. Subject to the restrictions on the back of the locator

OCt 1 9/201 5 The export contral classification with respect to this document is contained on the back of the locator. PW1 00-72-21 880
Revision No. 1: Oct 30/2015 Page 7 of 9
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PRATT & WHITNEY CANADA

SERVICE BULLETIN

P&WC S.B. No. 21380R1
TURBOPROP ENGINE
AUTOFEATHER CONTROL UNIT - REPLAGEMENT/MODIFICATION OF

4. Appendix (Cont'd)

TABLE 1, Autcfeather Control P/N 30048-0000-18 (Pre-3B21822) and P/N 30048-0000-28

AFU Serial Numbears

RTO678 RT0738 70936 RT1013 AT1822 RT1830
RT1836 AT1837 AT1843 RT1844 AT1848 RT1849
RT1850 AT1857 | RTI858 | RTI8E3 AT1864 AT1865
RT1889 AT1893 AT1930 RT1934 RT1935 AT1948
RT1949 RT1971 RT1972 RT1975 RT1976 RT1977
RT1978 RT1981 AT1982 RT1983 RT1984 RT1988
RT158¢ AT1999 RT2000 RT2001 RT2007 RT2012
RT2024 RT2025 RT2026 RT2027 AT2028 RT2029
RT2030 RT2031 RT2033 RT2035 RT2043 RT2044
RT2045 AT2052 AT2053 RT2055 RT2057 AT2060
RT2061 AT2064 AT2075 RT2076 AT2077 RT2078
RT2079 RT2061 RT2062 RT2093 RT2103 RT2105
RT2115 RT2114 AT2137 RT2138 RT2140 RT2154
RT2155 RT2156 AT2157 RT2158 AT2159 RT2160
RT2161 RT2162 HT2163 RT2164 RT2165 RT2166
RT2168 AT2173 AT2175 RT2178 RT2180 RT2181
RT2182 RT2183 RT2184 RT2186 RT2188 RT2189
RT2196 RT2197 RT2198 RT2199 RT2201 RT2206
AT2207 AT2210 RT2211 RT2212 AT2252 RT2255
RT2257 AT2260 RT2261 RT2285 RT2286 RT2287
RT2290 RT2261 RT2335 RT2343 RT2347 RT2348
RT2349 AT2352 AT2353 RT2354 RT2355 AT2360
AT2361 HT2362

Qct 19/2015 T —,x;,;{‘—f“‘,: G bk o s Tt PW100-72-21880
Revision No. 1: Oct 30/2015 Page 8 of 9
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PRATT & WHITNEY CANADA

SERVICE BULLETIN

TURBOPROP ENGINE

PEWC S.B. No. 218801

AUTOFEATHER CONTROL UNIT - BEPLACEMENT/MODIFICATION OF

4. Apperudix (Cont'd)

TABLE 2, Autoleather Control P/N 30048-0000-21

AFU Sarial Numbers

RTO773 RT1594 RT1942 RT1943 RT1044 RT1953
RT1954 RT2037 RT2038 RT203¢ RT2040 RT2041
BT2042 RT?'HO e HT21'§1 e “.FI{IT.'.JHQ AT2147 HT2148
RT2140 RT2150 RT2151 RT2216

Oct 19/2015 I g G e e e e o PYW00-72-21880

Revision No

. 1: Oct 30/2015

Page 9 of 9@
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Appendix 14 Analysis of Autopilot Disengagement with FDR Data

According to the document provided by ATR, the manual or automatic disengagement of the
autopilot (AP) and yaw damper (YD) can be triggered by the following actions or conditions:
- Manual disengagement:
M1. An action on one AP quick release control pushbutton located on the horn of both
control wheels. This action only disengages the AP; the YD remains active.
M2. A second action on the AP pushbutton on FGPC. This action only disengages the AP;
the YD remains active.
M3. An action on the YD pushbutton on FGCP. This action disengages the YD and
consequently also disengages the AP.
M4. An action on one GA pushbutton (located on the power levers). This action disengages
the AP, the YD remains active. The FD modes become the GO AROUND and HDG
HOLD modes. The arming phase of the altitude acquisition mode is kept.
M5. An action on standby or normal (CAP or F/O) pitch trim command. This action only
disengages the AP, the YD remains active.
M6. A force of 30 daN applied on the rudder pedals. This action disengages the YD and
consequently also disengages the AP.
M7. A force of 10 daN applied on the control column (up or down). This action only
disengages the AP, the YD remains active.

- Automatic disengagement:
Al. AP is automatically disengaged in the case of stick shaker activation.

A2. AP is automatically disengaged if one of the following conditions is triggered:
A2.1 Monitoring of AP inner loops inputs (including ADC and AHRS mismatch detection)
A2.2 Monitoring of AP inner loops commands
A2.3 Monitoring of AP actuators
A2.4 Power on safety test (post) detecting fault
Any of these conditions disengage the AP; the YD remains active
A3. AP and YD are both automatically disengaged of one of the YD engagement logics lost.

The FDR parameters evidenced (see graph below):
- 2 Auto Pilot disconnections

AP Disc n°l

AP Disc n°2
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- 3 Yaw Damper disconnections
YD Disc n°1
YD Disc n°2
YD Disc n°3

AP Disc n°1 : Manual disconnection
No FDR parameter allows stating directly if the first autopilot disconnection was manual or
automatic. However according to the above disengagement logics the FDR parameters allow to
confirm if some of the logics might have been triggered.
According to the FDR readout document (ATR service letter no. ATR72-31-6010, V4), the
recorded parameters show that:
® "FD Alert" (CAC1 and CAC2) record 1 = FD MODE CHG, 2 = ATT INVALID, 3 =
ADC INVALID, 4 = HDG INVALID, 5 = NAV INVALID, 6 = Reserved (CHECK
T/O SPD), 7= CHECK NAV SRC, 8 = ALT OFF, 9 = STEEP APP.
® "AFCS FMA Messages" (CAC1 and CAC2) record 1 = AP/YD DISENG, 2 = AP
DISENG, 3 =YD DISENG, 4 = CAT2 INVALID, 5= CAT3 INVALID, 6 = AP/YD
INVALID, 7 = AP INVALID, 8 = CHECK SPD HLD, 9 = AP INHIB, 10 = YD INHIB,
11 =SPD HLD INHIB

Reviewing of the FDR data at the time 1052:40 when the autopilot was disengaged, the recorded
data indicated that:

AP disengaged, YD remained active;

no sticker shaker activation;

no ADC INVALID, no ADC FAIL records;

no ATT INVALID, no HDG INVALID and no AHRS FAIL records;

no AP INHIBIT and no AP INVALID; and

the autopilot was reengaged at 1053;48 and stayed engaged for 8 seconds.

As described in the FCOM 1.04.10, FMA show message of "AP/YD INVALID" or "AP
INVALID" when an AFCS internal failure inhibits AP/YD engagement. FMA show message
"AP INHIBIT" or "YD INHIBIT" when AP or YD engagement is attempted and an AFCS
external failure or conditions inhibits AP engagement. The FDR data indicated there was no "AP
INVALID" and "AP INHIBIT" at the time around 1052:40 when AP disengaged.

Regarding the automatic disengagement: It is observed that none of the automatic logics have
been triggered:
® The autopilot was not automatically disengaged by the activation of stick pusher. At

234



Only the AP was disengaged, the YD remained active: A3

There was no ADC or AHRS failure/invalid record. The autopilot was not automatically
disengaged by monitoring the AP inner loops inputs. A2-%

There was no AP INHIBIT record. These disconnections would have led to the inhibition of
the autopilot and would have not allowed the autopilot to reengage the second time. The
autopilot was not automatically disengaged by monitoring the AP inner loops commands.
A22

There was no AP INVALID record. These disconnections are due to discrepancy between
the command and the actuator actual position. Those situations can be faced for example
while encountering a severe turbulence. In those situations, due to the accelerations
encountered the flight control surfaces can move to a position which was not commanded by
the AFCS. The aircraft would have also encountered large accelerations as well as flight
control surfaces movements with no efforts on the control wheel; the GE235 recorded data
did not evidence any of those situations. The autopilot was not automatically disengaged by
monitoring the AP actuators. A2:3

There is no AFCS POST failure since the AP was properly engaged at take-off: A2:4

Regarding the manual disengagement: it is observed that only the conditions M1 or M2 could be
fulfilled:

Only the AP was disengaged, the YD remained active: M3, M6

There is no system behavior associated with the GA mode activation: M4
There is no behavior associated with the pitch trim command: M5

There is no force recorded on the control wheel: M7

As a conclusion AP Disc n°1 can only be a manual disconnection triggered by:

M1 AP quick release control pushbutton on the control wheels; or by

M2 A second action on the AP pushbutton on FGPC

YD Disc n°1: Manual disconnection
According to FDR parameter, RUDPF, an effort of more than 30daN was applied on the rudder

pedals at the time of the first yaw damper disconnection. YD Disc n°1 was manual.

AP Disc n°2: Automatic disconnection

According to FDR parameters, the second autopilot disconnection is concomitant with a stick
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shaker activation. AP Disc n°2 was automatic.

YD Disc n°2: Manual disconnection
According to FDR parameter, RUDPF, an effort of more than 30daN was applied on the rudder
pedals at the time of the second yaw damper disconnection. YD Disc n°2 was manual.

YD Disc n°3: Manual disconnection

According to FDR parameter, RUDPF, an effort of more than 30daN was applied on the rudder
pedals at the time of the third yaw damper disconnection. YD Disc n°3 was manual.
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Appendix 15 Comments on ASC’s Draft Final Report

Appendix 15-1 Comments on ASC’s Final Draft Report from BEA
Appendix 15-2 Comments on ASC’s Final Draft Report from TSB
Appendix 15-3 Comments on ASC’s Final Draft Report from NTSB

Appendix 15-4 Comments on ASC’s Final Draft Report from Civil Aeronautics
Administration

Appendix 15-5 Comments on ASC’s Final Draft Report from TransAsia Airways
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Appendix 15-1 Comments on ASC’s Draft Final Report from BEA

Librrid  Bprhid = Froderuin®

REFURLIGUE FRAMCSISE

:"m* 'Emgfm Le Bourget, 20 June 2016
el de [Energie
Aviation Safety Council
B E A’ 11F, N®200, Sec 3, Bexing Rd, Xindian District
Bureau d'=r'ql.él.es eld hrayses NE‘W TaipEi Cit!'f 231
pour i3 secunits gs faviaton cylia Taiwan {ROC}

W*001880 /BEAN

Subject: Comments on Final Report related to the accident that occurred to ATR7Z2
registered B-22816 operated by Transasia Airways

Yriref: ASC-ACQR-16-06-001
Copy: ATR-EASA

Dir Sir,

Thank you for giving us the opportunity to review and comment the final report
on the aforementioned accident.

| would like fo congratulate the ASC on conducting a wvery thorough
investigation that resulted in a comprehensive and excellent report. The
report gives an accurate descrption of the circumstances leading to the event
and is fully in line with the BEA’s understanding.

| have reviewed the version of the draft final report provided on 3" June 2016,

with my technical advisors and have no comment.

Best regards,

Senior Safety Investigator
Yann Torres
French accredited representative

I — e
e
Aeroport du Bourget
Zone Sixd — Batiment 153
10 e o= Parls
93352 Le Bourget Cedex
France

Tel #33149527200
Fax:#331495927203
WW.Daaasnn
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Appendix 15-2 Comments on ASC’s Draft Final Report from TSB

TransAsia GE235 Draft Report Comments

#F{+% - Chapman, Ear < @tsb-bst.gc.ca> ;
¥ © wang @asc.gov.tw) < (@asc.gov.tw> ;
Bl 7 A15F0015 < @bsttsb.gc.ca> ;

85 - Wed, 6 Apr 2016 15:23:21 +0000

% : 2 (Ef&%& (A15F0015 - TC Represesntation.pdf [78.5 KB] , ASC - Final Draft ...irways B-
22816.pdf [338.1 KB] )

Hello Thomas,

I have just returned to the office from another accident investigation. I received the final comments
from Transport Canada on March 31 while I was away, so I am only now able to compile them with the
comments from P&WC.

Regardless, please find attached, the comments from both P&WC and Transport Canada for whatever
action you deem appropriate. A formal State Comments Letter will follow.

Best regards,

Earl Chapman

Senior Technical Analyst / Systems and Engineering Sciences
Transportation Safety Board of Canada / Government of Canada
@tsb-bst.gc.ca / Tel: 613-990- / TTY: 819-953-

Analyste technique principal / Systémes et sciences de I'ingénierie
Bureau de |la sécurité des transports du Canada / Gouvernement du Canada

@bst-tsb.gc.ca / Tél.: 613-990- / ATS: 819-953-
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Appendix 15-3 Comments on ASC’s Draft Final Report from NTSB

'."‘“\Ns"r
- )
g 3 National Transportation Safety Board
L‘f,, ,é“ Washington, D.C. 20584
Ery ‘0

Office of Aviation Safety

March 23, 2016

Mr. Thomas Wang

1C, GE235 Occurrence Investigation

Aviation Safety Council, Taipei, Taiwan
TransAsia Airways ATR72-600, February 4, 2013

Dear Mr. Wang:
NTSB staff have reviewed the draft final report pertaining to TransAsia Airways flight
GE 235, an ATR72-600, registration B-22816, and has no additional comments to those
provided in November 2015.

I have attached comments from my technical advisor, UTC Acrospace Systems.

Thank you for the opportunity to review the draft report.

Respectfully,

John Lovell
U.S Accredited Representative
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Appendix 15-4 Comments on ASC’s Draft Final Report from Civil
Aeronautics Administration

In light of the Guidelines for Investigation of Human Factors in Accidents or
Incidents published by ISASI (International Society of Air Safety Investigators),
CAA adopts the concept that “human error” is the starting point of the investigation,
not a stopping point, and would like to make comments on the occurrence
investigation report of GE235, to help to produce a report not to apportion blame or
liability. Furthermore, design of system hardware can contribute, through
design-induced errors, to unsafe acts; SHELL model should be applied in
evaluating the liveware-hardware interface; normal patterns of human behavior
should also be taken into account. The summary of our comment is as follows:

1. The causes of the continuously intermittent failures of the auto feather unit
(AFU) during ATR takeoff rolling were related to manufacture quality,
which led to the uncommand autofeather after takeoff. Engine
manufacturer had started to redesign a new type AFU and expected to
complete the design on 2017. The occurrence investigation report does not
require the ATR manufacturer to actively provide solutions.

2. Before the occurrence of GE235, ATR had not announced officially about
the procedures and phenomenon regarding the uncommand autofeather,
and had not reminded the airlines to react or required additional training to
such matters. Furthermore, current simulator in use could not be able to
provide such training for the flight crew to effectively identify the
uncommand autofeather.

3. According to the EASA certification specifications for such ATR aircraft
type, it allows about two seconds buffer to initiate autofeather of engine
failure procedures. The engine torque parameters recorded by the FDR
during this critical two seconds were contrary to the ones displayed in a
normal engine failure. If analyzing such engine failure caused by the
wiring anomaly, it might increase the possibility to clarify what the flight
crew can see and feel in the cockpit, and eventually CM1 mistakenly shut
down the engine number 1. The occurrence investigation report should
also conduct experiments on different groups of type-rated pilots to
evaluate the Human Performance under such uncommand autofeather
condition.

4. By emulating the occurrence flight under the same condition in the
simulator, the autopilot was disconnected by itself, not by the flight crew.
And according to the aforementioned ATPCS anomaly and the statements
from same type-rated pilots, the flight crew might not re-engage the
autopilot.
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5. After CM1 mistakenly shut down the engine number 1, the flight crew
could not have known the possible power restoration of engine number 2,
the flight director reverted to basic mode and the FMA displayed PITCH
HOLD guidance, which was contrary to the stall recovery, causing the
confusion indication to the flight crew while aircraft was under an
approach-to-stall condition. This is not addressed in the occurrence
investigation report.

6. During the uncommand autofeather of engine number 2, the flight
condition recorded by FDR implies a workload beyond the flight crew
could handle, which might be one of the factors eventually led to CM1
mistakenly shut down the engine number 1. CAA suggests a human
performance issue other than concluding such human error induced by
insufficient training.

7. The flight crew was not provided sufficient information regarding the
uncommand autofeather. The simulator could not effectively simulate the
engine failure induced by wiring anomaly. Design of system hardware can
contribute, through design-induced errors, to unsafe acts. Such occurrence
Is a typical case caused by chains of error.

Based on the aforementioned facts, CAA would like to make detailed
comment on the occurrence investigation report of GE235 as follows. And CAA
would also like to express our sincere active participation in the investigation, and
present our oversight action plan for safety improvement after GE 235 accident,
including Short-Term, Mid-Term and Long-Term safety improvement initiatives
(Supervised by MOTC).

243



Page/Chapter/P
aragraph/Line

Draft Report Content

Suggested Revision

Reason(s)

11211

The accident was the result
of many contributing factors
which  culminated a
stall-induced loss of control.
During the initial climb after
takeoff, an intermittent
discontinuity  in  engine

in

number 2’s auto feather unit
(AFU) may have caused the
automatic  takeoff  power
control  system (ATPCS)
sequence which resulted in
the uncommanded
autofeather of engine number
2propellers. Following the
uncommanded autofeather of
engine number 2propellers,
the flight crew did not

The accident was the result of

many  contributing  factors
which culminated in a
stall-induced loss of control.

During the initial climb after
takeoff, an intermittent
discontinuity in engine number
2’s auto feather unit (AFU) may
have caused the automatic
takeoff power control system
(ATPCS) sequence  which
resulted the uncommand
autofeather of engine number
2propellers. During the
initiation of the first Master
Warning, the FDR
engine instrument parameters,
especially the Torque one,

in

recorded

1. Before the occurrence of GE235, ATR
had not announced officially about the
procedures and phenomenon regarding
the uncommand autofeather, and had not
published the OEB after the occurrence,
until the April of 2015. In fact, from 2005
till 2014, there had been total 54
uncommand autofeather events of ATR
aircraft type caused by AFU, but ATR had
not reminded the airlines to react or
required additional training to such
matters. Due to the flight crew had not
received such Uncommand Autofeather
ground and simulator training, the flight
crew could not effectively identify the
exact engine failure condition and follow
the SOP.
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perform the documented
abnormal and emergency
procedures to identify the
failure and implement the
required corrective actions.
This led the pilot flying (PF)
to retard power of the
operative engine number
land 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
the engine number 1was shut
down, the loss of power from

both engines was not
detected and corrected by the
crew in time to restart

enginenumber 1. The crew

apparently different from the
displayed torque values
simulator trainings received by
the flight and from
parameters of the actual engine
failure. Particularly before the
autofeather of engine number 2,
the recorded Torque values
were displayed was opposite to
the ones displayed in normal
UPTRIM of the ATPCS
process, the FDR recorded
torque value of engine number
2 was even higher than the
engine number 1 by about 10%.
If analyzing such engine failure
caused by the wiring anomaly,
explaining what the flight crew
could see and feel
cockpit, it might increase the
possibility to clarify the false
perception of all three flight

in

crew,

in the

2. The wiring anomaly of the engine
system caused an engine failure which the
flight crew had not received training for
such false activation of ATPCS, ATR had
not officially provide information to deal
with such emergency, resulting the flight
crew could not have learned the possible
restoration of engine number 2 power, and
within the critical two seconds period of
the activation of the ATPCS, the FDR
recorded engine parameters were contrary
to the ones displayed in a normal engine
failure. If analyzing such engine failure
caused by the wiring anomaly, explaining
what the flight crew could see and feel in
the cockpit, it might increase the
possibility to clarify why CM1 mistakenly
shut down the engine number 1, a
possible key factor for the total power
loss of the aircraft.

Before conducting the procedures to
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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
successfully  restart  the
engine and recover the
aircraft.

crew to misjudge the engine
number 1 failed, thus CM1
continue the subsequent actions
without being challenged or
corrected by the other crew in a

certain period. FoHewing—the

restart the engine number 1, the aircraft
continued to descent into the dense
populated residential area, the flight
director and the FMA displayed PITCH
HOLD guidance, which was contrary to
the stall recovery, causing the confusion
indication and interferences to the flight
crew. At the meantime, the flight crew
showed great concerns about the terrain
outside the cockpit, and was also
changing the ATC communication
channel, encountering consecutive
activation of MASTER WARNINGs, the
workload of flight crew was beyond
normal human performance. The flight
crew had not received training for, or
being advised of such erroneous PITCH
HOLD guidance. Once encounter such
situation, the flight crew might not be able
to handle it immediately. Let along being
exhausted in handling the different
MASTER WARNINGs and the power




The flight crew mistakenly step
by step retard the engine
number 1 throttle and shut it
down at the end. The flight
crew lost control of the both
engines at the initial climb
phase, which led to the
activation of stall warning and
stick shaker. After mistakenly
shutting down the engine
number 1, the aircraft lost the
total available power. Also, the

loss of both engines, the flight crew were
not possibly properly handling the stall
warnings.
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flight crew could not have
known the possible power
restoration of engine number 2.
Considering the several related
interference factors involved, it
IS quite impossible for the flight
crew to react to the stall
warnings rapidly and
effectively. (NOTE 2). The
aircraft stalled and continued
descent during the attempted
engine restart. The remaining
altitude and time to impact were
not enough to successfully
restart the engine and recover
the aircraft.

113/1

Had the crew prioritized their
actions to stabilize the
aircraft flight path, correctly
identify  the  propulsion
system malfunction which

If the flight crew could have
received the training regarding
the torque and  engine
parameters information might
occur during the uncommand

3. When encountered the uncommand
autofeather, at the first moment the flight
crew had to judge which engine has
failed, the FDR recorded the engine

parameters during activation of UPTRIM
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was the engine number 2 loss

of thrust and then take
actions in accordance
withprocedure of engine

number 2flame out at take
off, the occurrence could
have been prevented.

autofeather process, the flight
crew might possibly have a
chance to correctly identify an
engine failure, confirm the
autofeather of number 2 engine,
and conduct the SOP of
uncommand autofeather, which
might have prevent this
occurrence. (NOTE 3) Had-the

were opposite to the displayed parameters
of an actual engine failure. The
investigation report did not analyze such
engine failure caused by the wiring
anomaly, whether it induced opposite side
load (lateral acceleration), causing a
confusing visual and body sensational
scenario, from the initial takeoff phase,
and the subsequent FMA and MASTER
WARNING messages, why the flight
crew could not possibly identify the
indications triggered by the ATPCS to
learn which engine was actually failed.
Only correct the activation of ATPCS
caused by engine wiring anomaly, which
could not be possibly simulated in the
simulator training, the occurrence aircraft
could then meet the initial airworthiness
standard, thus prevent such occurrence.

Findings
Related to

3. The flight crew did not
reject the take off when the

3. The flight crew did—net
: | | e il

2. The wiring anomaly of the engine
system caused an engine failure which the
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Probable
Causes / Flight
Operations

automatic take off power
control system ARM
pushbutton did not light
during the initial stages of the
takeoffroll.

4. TransAsia Airways did
not have a clear documented
company policy with
associated instructions,
procedures, and notices to
crew 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

pewer—control—system—ARM
N i liaht_dusi

| initial ey
takeoffrol- did not abort the

takeoff immediately, later on
the ATPCS arm light lighted up
again, consequently the flight
crew continued the takeoff.

4. TransAsia Alrways did not

arm: ATR had not established
the associate procedures of
ATR72-600 to require the flight

flight crew had not received training for
such false activation of ATPCS, ATR had
not officially provide information to deal
with such emergency, resulting the flight
crew could not have learned the possible
restoration of engine number 2 power, and
within the critical two seconds period of
the activation of the ATPCS, the FDR
recorded engine parameters were contrary
to the ones displayed in a normal engine
failure. If analyzing such engine failure
caused by the wiring anomaly, explaining
what the flight crew could see and feel in
the cockpit, it might increase the
possibility to clarify why CM1 mistakenly
shut down the engine number 1, a
possible key factor for the total power
loss of the aircraft.

Before conducting the procedures to
restart the engine number 1, the aircraft
continued to descent into the dense
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documented failure
identification procedure
before executing any actions.
That resulted in pilot flying’s
confusion  regarding  the
identification and nature of

the actual propulsion system
malfunction and he reduced
power on the operative
engine number 1.

6. The flight crew’s
non-compliance with
TransAsia Airways
ATR72-600 standard
operating procedures
-Abnormal and Emergency

Procedures for an engine
flame out at take off resulted
in the pilot flying reducing
power on and then shutting

crew to abort the takeoff when
encountering the ATPCS not
arm during the takeoff rolling
phase.

5. molowipemo tmconontac

il

number——1.  Before  the
uncommand autofeather  of
engine number 2, although the
flight crew identified the engine
failure(CVR, FDR), the burst

populated residential area, the flight
director and the FMA displayed PITCH
HOLD guidance, which was contrary to
the stall recovery, causing the confusion
indication and interferences to the flight
crew. At the meantime, the flight crew
showed great concerns about the terrain
outside the cockpit, and was also
changing the ATC communication
channel, encountering consecutive
activation of MASTER WARNINGsS, the
workload of flight crew was beyond
normal human performance. The flight
crew had not received training for, or
being advised of such erroneous PITCH
HOLD guidance. Once encounter such,
the flight crew might not be able to handle
such event immediately. Let along being
exhausted in handling the different
MASTER WARNINGs and the power
loss of both engines, the flight crew were
not possibly properly handling the stall
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down the wrong engine.

7. The loss 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 manner.

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.

torque value of engine number
2 recorded by the FDR was
higher than the engine number
one. If analyzing such engine
failure caused by the wiring
anomaly, explaining what the
flight crew could see and feel in
the cockpit, it might increase
the possibility to clarify the
false perception of the flight
crew to misjudge the operating
engine number 1 as failed one,
and CM1 continued to retard
the engine number 1 throttle.

warnings.
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ohd—then—shuting—down—he
wrong—engine: The FDR
recorded engine number 2
torque values caused by
uncommand autofeather were
contrary to the normal
displayed engine failure
parameters, ATR had not
published the  emergency
procedure of the uncommand
autofeather for the flight crew
to follow. If analyzing such
engine failure caused by the
wiring anomaly, explaining
what the flight crew could see
and feel in the cockpit, it might
increase the possibility to
clarify what caused the flight
crew to mistakenly retard the
normal operating engine and
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shutting it down eventually.

7. —heless—ofengine—sower
uri he_initial_clim! I

effective—manner. (Recommend
to delete it. Please refer to note
2.)

8. oo sos ot o frops botn
Ghodnes s ot ceractod opd
corpoctod s crma e e e
restart—an—engine: Due to the
total power loss of both
engines, it incurred tremendous
workload for flight crew and
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being busy in handling the
different  master  warnings,
thereby could not have been
aware of the total power loss of
both engines. The aircraft
stalled during the attempted
restart at an altitude from which
the aircraft could not recover
from loss of control.

Findings
Related to
Risk /
Powerplant

1. The engine manufacturer
attempted to control
intermittent continuity
failures of the auto feather
unit (AFU) by introducing a
recommended inspection
service bulletin at
12,000flight hoursto address
aging issues. The two AFU
failures at 1,624flight
hoursand 1,206flight hours
show that causes of

1. TFhe—engine—manufacturer

1. In addition to the AFU installed on the
accident aircraft, another ATR72 also
encountered a similar uncommand
autofeather event on February 21, 2015.

OEM shop test revealed both AFUs
internal circuit board contact failure.

Both defect AFUs were less than one year
old, irrelevant to aging issues.

2. According to the PWC data, the AFU

induced in-flight-shut- down (IFSD)
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intermittent continuity
failures of the AFU were not
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  manufacturer  has
issued a modification
addressing  the  specific
finding of this investigation.
This new modification is
currently implemented in all
new production
andanother service bulletin is
available for retrofit.

engines,

retrofitt The causes of the
intermittent
failures of the auto feather unit

continuously

(AFU)  were related to
manufacture  quality.  The
technical countermeasures

events during November 2011 to May
2015 reached 25 cases. From 2011 to
2014, Uncommand Autofeather were 37
cases. PWC had completed the failure
investigation in the cases and found the
internal circuit board contact failure was
the primary factor, also resulting from the
poor manufacture quality.

3. During the investigation for the
accident aircraft and above mentioned
event on Feb. 21, 2015, CAA found that
both AFU serial numbers are very close.
CAA suspected the AFUs were
manufactured same batch. CAA
requested the engine manufacturer to
investigate the root cause and also should
consider the production batch issue. PWC
had completed the investigation and
confirmed the internal circuit board
contact failure was the root cause. PWC
had issued SB ( PW100-72-21880) rev. 0

in
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implemented by the engine
manufacturer to address the
AFU  continuity  problems
before the occurrence were
ineffective. During
Investigation, engine
manufacturer had completed the
AFU  failure investigation.
Engine manufacturer had issued
service bulletin (SB) requesting
specific serial number AFUs to
replace rigid-flex type J2
connector before specific date.
But one airline had replaced
with an AFU provided by the
engine manufacturer which had
completed the SB modification
failed on its third flight. Engine
manufacturer had started to
redesign a new type AFU and
expected to complete the design
on 2017.

on 2015/10/19, requesting inspection of
specific serial number AFU total 134 EA
and to replace the rigid-flex type J2
connector before specific date. The SB
kept on revision. In Rev. 1 the affected
AFU number had increased to 156 EA. In
Rev. 3 issued on February 4, 2016, it
increased the affected AFU number to 492
EA. Every revision highlighted expanded
AFU serial number and concurrently
revealed the inherent production quality
was not accurately fixed. This further
concluded that batch  production
manufacture quality should be the issue.

4. The briefing data provided by the PWC
stated that the company had started to
redesign the AFU and testing was in
progress. PWC expects to issue the AFU
improvement SB on 2017.
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Findings 2. Pilot flying’s decision to|2. Piet—flying’s—decision—to Emulate the occurrence flight under
Related to |disconnect the  autopilot|disconnect-the-autoptot-shortlythe same condition in the simulator, the
Risk / F!ight shortly after the first master|after—the—first—master—warninglautopilot was disconnected by itself, not
Operations warning increased the pilot/inereased—the—pilot—fhyrng’s|by the flight crew.
flying’s subsequent workload|subsequent——workload——and
and reduced his capacity tojreduced—his—capacity—to—assess
assess and cope with theland—cope—with—the—emergency
emergency situation. situation.
Findings 6. While the TransAsiab. While the TransAsia Airways
Related to |Airways (TNA) ATR72-600/(TNA) ATR72-600 differences
Risk / Airline |gifferences training programitraining program was consistent
Safety : . . .
Management was consistent with the|with the European Aviation
European Aviation Safety|Safety Agency ATR72
Agency ATR72 operationalloperational evaluation board

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

report and compliant from a
Civil Aeronautics
Administration regulatory
perspective, H—may—not—have
| chici |

TNA - flight — crews — were

Sommpofontfooconeoin oo
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the ATR72-600 under all
normal procedures and a set
of abnormal conditions.

7. The ATR72-600
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
stored, adequately
maintained and evaluated by

were

appropriate TransAsia
Airways (TNA) flight
operations and/or quality

assurance personnel,theTNA
would have had yet another
opportunity to review
Captain A’s ability to handle
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engine out emergencies.

8. Captain A’s performance
during the occurrence was
consistent with his
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 presented.

8. Captain A’s
during the occurrence was
consistent with his performance
weaknesses noted during his
ATR72-500 to ATR72-600
differences training, theluding
hi nued difficult :
handhng——emergeney—andfor
indicating the requirement of
remedial training of engine
flame out at takeoff and single
engine operations. However,
TransAsia Airways did not
effectively address the evident
and imminent flight safety risk
that Captain A presented.

performance

Findings
Related to
Risk /
Regulatory

10. The systemic TransAsia

Airways (TNA) flight crew
non-compliances with
standard operating

10. The systemic TransAsia
: E \ fligh

i " ard

. I {dontified

The ASC didn’t suggest any issue
regarding  TNA  before the GE222
investigation final report published on
29" JAN, 2016.
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Oversight

identified
investigations,

procedures in
previous
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
minimize the potential risk.

unaddressed at the time of the
GE235—e6ccurrence:  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 TNA did had not
improved the ensured-that FNA
ocoondnndo peagoiicly
identified systemic safety issues
in a timely manner to minimize
the potential risk.

Safety
Recommendat
ions / To Civil

Aeronautics
Administratio

1. Review airline safety
oversight measures to ensure
that safety deficiencies are
identified and addressed in an

| : i :
. a—a s
| : eficienci
dentified_and_add L

Incorporated with the third point.
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effective and timely manner.

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.

3. Conduct a detailed review
of the regulatory oversight of
TransAsia  Airways to
identify and ensure that the
known operational safety
deficiencies, including crew

noncompliance with
procedures, nonstandard
training  practices, and
unsatisfactory safety

management, were addressed

3. Conduct a detailed review of
the regulatory oversight of
TransAsia Airways to identify
and ensure that the known
operational safety deficiencies,

including crew noncompliance
with procedures, nonstandard
training practices, and
unsatisfactory safety
management  function, were
addressed effectively.

The ASC didn’t suggest any related issue
before the GE222 investigation final
report published on 29th JAN, 2016.
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effectively.
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Appendix 15-5 Comments on ASC’s Draft Final Report from TransAsia
Airways

B M E .
9 ransAsia
GE235 F 4
BB R EF R

« JE##3.1.4 TransAsia did not have a clear
documented company policy with associated
instructions, procedures, and notices to crew for
ATR72-600 operations communicating the
requirement to reject the take off if the automatic
take off power control system did not arm.

« Recommendation : Delete
« Reason:

TransAsia does have a policy in our FOM to guide
the pilot to handle the system malfunction after
engine started and before take off. See FOM
attachment.

® TransAsia a.x %
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® TransAsia ax st

« & #3£3.1.5 Following the uncommanded autofeather of
engine number 2, the flight crew failed to perform the
documented failure identification procedure before
executing any actions. That resulted in pilot flying’s
confusion regarding the identification and nature of the
actual propulsion system malfunction and he reduced
power on the operative engine number 1.

* Recommendation : Modify as below

» 3.1.5 Following the uncommanded autofeather of engine
number 2, the flight crew failed to perform the
documented failure identification procedure before
executing any actions. Due to over torque amber
indication, pilot flying reduced power on the operative
engine number 1 and resulted in pilot flying’s confusion
regarding the identification and nature of the actual
propulsion system malfunction

® TransAsiaamat
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+ Reason:

According to ATR FCOM 1.16.40 and TNA simulator
test, the TQ indication will change from green color to

amber color.(show video)  —  10.55.35 ATPCS activated.

M’ﬁ%z e Pe '|"sn:1° | At 10:52:37, Engine 1 TQ
w L L] indicated 100.9, the indication
changed from normal green
\ 1, color to caution amber color.
= At 10:52:38, Engine 1 TQ

IF;‘SQ".T‘.‘R&R’F't'.“i..‘fﬁ..":.:éﬂi??&ﬁ..e";mﬁgmEé?[35’_ oamen s indicated 104.1, one second
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« JE ##3¢3.1.6 The loss 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 manner.

+ Recommendation : Modify as below

« 3.1.6 The loss of engine power during the initial
climb and following Flight Director guidance
generated a series of stall warnings, including
activation of the stick pusher. Thecrew did-net
e e = e

RehRer
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* Reason:

1. According FDR and TNA simulator test
flight, the pitch bar of the Flight Director
went upward instead of downward to
maintain selected IAS when pilot reduced
No. 1 engine power. (Show video)

2. B % #The crew did not respond to the
stall warnings in a timely and effective
manner. This conclusion is not analyzed
in the report.
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« g1 X3.2.2 Pilot flying’s decision to disconnect
the autopilot shortly after the first master
warning increased the pilot flying’s subsequent
workload and reduced his capacity to assess
and cope with the emergency situation.

« Recommendation : Modify as below

« 3.2.2 Autopilot disengagement shortly after the
first master warning increased the pilot flying’s
subsequent workload and reduced his capacity
to assess and cope with the emergency
situation.
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* Reason:

The FDR did not record the following
Automatic Disengagement parameters:
1. AP inner loops inputs

2. AP inner loops commands

3. AP actuators

4. Power on Safety Tests detecting Fault
And also cannot determine which pilot
disconnected the autopilot.
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« Recommendation : #7##
e 4.1 To UTAS

To figure out and find the root cause of the J2
connector defects on production line, which
might involved material quality issue,
procedure appropriatenessissue, and process
complianceissue, if the problem cannot be
point out certainly, the fail rate will still stay
high and come with more maintenance
burdens and fatal risks in flight.
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« Reason :

1. The investigation result indicated J2 connector
discontinuity situation led the 235 events innitially,
and it DOES NOT only occur in the TNA fleet, this
result could prove the previous several service
bulletins is futile To BEING AFU reliability
improvement, The J2 wiring issue has existed for
many years.

2. In reference to SB21880, it has different
categories and some specific AFUs serial
numbers that may have been affected with
production line issues are required to be
returned by specific dates, and this SB has been
revised to no. 5 version.
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3. P&WC expects the 2017 improved design AFU
will solve the known problems.

4. All above are “solutions” that popped up to discuss
onto improving or making sure the function of AFU
triggers ATPCS properly, but does not address
what these production line errors are and how
these errors were occurred?
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5. Manufacturer is going to issued one more service bulletin after
SB21880, due to several AFU failure already reported on new
modified AFUs, this coming SB to be issued aims to improving the
reliability of post SB21880 AFUs.

6. Neither the redesign of the physical configuration or
schematic/wiring concept nor how many modifications
manufacturer is going to issue, to find out the real problems on
the production line and improve/ensure the quality of the
products is the most important and most valuable improvement
and goal.
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Any questions is welcome!
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