Appendix B
ISSUES

B.1 General

This Appendix contains comments provided to expand on those areas of analysis of the
factual information which are felt to require additional comment or, in some cases,
alternative interpretation. For the most part, these items reflect analysis of the factual
information relevant to the accident from the point of view of accepted norms of
professional pilot operations and established human factors criteria.

B.2  Concerning out-of-trim resulting from GO AROUND thrust.

The phenomenon of out-of-trim resulting from GO AROUND thrust is recognized in the
report as a contributing factor to the out-of-control steep climb which resulted in stall and
subsequent crash (Paragraph 3.2.7.3, and Section 4, Cause #8), yet surprisingly, it is not
taken into account in the analysis of events immediately following activation of the GO
LEVER (Paragraph 3.1.2.2 (7)).

B.2.1 GO AROUND thrust pitching moment.

The nose-up pitching moment produced by increase of power to GO ARQUND thrust is
an undesirable characteristic of aircraft of low-wing design which have engines
mounted below the wing (A300, B-737, B-747, etc).The extent to which this
characteristic is annoying or hazardous is determined by the distance of the centerline
of thrust below the CG of the aircraft (or the compensating features of the flight controls
design employed to reduce the out-of-trim effect). Other aircraft, which have thrust
centerlines much closer to the fore and aft axis (of the aircraft) such as the DC-9, VC-10
etc. exhibit this characteristic to a much lesser extent.

B.2.2  A300-600R GO AROUND thrust pitching moment.

It is widely recognized amongst pilots who fly the A300-XXX series of aircraft that
manual control of the aircraft in a go around is “a real handful”: the manufacturer
cautions that great care must be used during go around to avoid excessive pitch
attitudes. It is not surprising then, for the inexperienced pilot to have difficulty
controlling the longitudinal axis after inadvertent or even deliberate activation of a go
lever, as the history of previous incidents illustrates.

B.2.3 Masking of onset of THS out-of-trim

In the presence of the large out-of-trim effect (column force feel increase) due to change
of thrust to GO AROUND power the initial out-of-trim effect caused by movement of the
THS was therefore notdetectable without some alternative form of indication (other
than tactile).

B.3 Concerning disregard of duty assignment and CRM

It is acceptable practice, during airline operations, for the captain to delegate flying
responsibility to the copilot so as to ensure his currency and competency as a back-up pilot
in the event of incapacitation of the captain; and so the captain becomes CAP(PNF) while
the FO becomes FO(PF).

In such an event the captain still retains total responsibility for the safe conduct of the
flight, and so it is not only appropriate but mandatory, from the point of view of safety, for
him to give instructions to the FO (coaching) to correct errors in aircraft handling — off
centerline, above visual approach path, etc. If the captain were to take control at the first
indication of error, then there would be no future captains, since the confidence of the FO
would be destroyed, and his opportunity to mature as a pilot eliminated.
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And so in the case of B-1816 the captain was exercising appropriate cockpit resource
management (CRM) techniques by improving his FO's flying ability through practice,
preceded by well thought out and comprehensive briefing. Contrary to the arguments
presented in Paragraphs 3.1.2.2 (15) ®, and 3.2.3 {5), the captain was still Pilot in
Command, and allowed the FO to continue to fly (PF).

B4 Concerning take over of control by the captain.

The contention is made, and indeed a cause factor is assigned, to the effect that the takeover
of control by the captain was delayed (Paragraphs 3.1.2.2 (12} ®, 3.1.10.1 (2) and Section 4,
cause #7).

The criteria for take over of control by the captain are described in the China Airlines
Operations Policy Manual and described in the report in Paragraph 3.1.10.1 (2) @ 5), and it
was established from CVR data that he “...took over the controls to deal with the abnormal
situation,...” in exact accordance with these criteria. In other words, the captain
appropriately took control when he detected the abnormal situation.

B.2.3 Detection of THS out-of-trim by the captain

The senses realistically available to the captain for the purposes of detection of the out-
of-trim abnormal situation are visual, tactile, and aural. Indications which would have
triggered recognition of the abnormal situation are as follows:

B.2.3.1 Visual cues:

@® Runway environment — since the captain was in visual contact with the touch down
zone of the runway, and the aircraft appeared to be proceeding in the correct
direction there was no cause for alarm.

@ Speed — a variation in speed was not to be unexpected as a result of power and glide
path angle changes. Speed did not become critical until shortly before the captain’s
take over of control.

® FMA indications — since visual contact with the runway was firmly established the
AFS guidance information was of secondary priority, as briefed to the FO prior to
descent.

@ THS position ~ the THS position indicator was not visible ( not illuminated, and out
of the captains primary field of view) in the darkened cockpit.

® THS trim wheel movement — similarly , the trim wheels were not visible ( not
illuminated, and out of his primary field of view) in the darkened cockpit.

B.2.3.1 Tactile cues:

@ Control Force — since the captain was PNF he could not feel the unusual control
forces which the FO was experiencing.

® Control Position — since the captain was PNF he could not detect any unusual
control position as a result of darkness.

® Aircraft buffet — the approach was being conducted in the turbulence generated by
the passage of a previous aircraft

B.2.3.1 Aural cues:

® Information from the FO ~ the FO was too occupied with trying to make sense of
what he was feeling on the controls, or nervous, or embarrassed by his error, to
inform the captain in timely fashion of his difficulty.

@ THS trim movement warning— the normal THS movement warning was inhibited
with AP engaged.

Given the absence of an indication that something was abnormal, and the desire of the
captain to avoid unnecessarily taking control away from the FO, it is not surprising
that he took control when he did, in effect when he detected the abnormal situation.
Additionally the recorded data indicate professional coordination between the pilots,
until the lapse of communication due to a totally unexpected sequence of events.
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Appendix C
CONCLUSIONS

Findings

General

This Appendix contains findings of significance relative to the accident derived from the
factual information presented in Section 2, and from the analysis of data and factual
information presented in Section 3 .

C2

ROC

C.1.1 Crew qualification
The flight crew had valid airmen proficiency certificates and valid airman medical
certificates.

C.1.2  Aircraft qualification
The aircraft possessed a valid airworthiness certificate and had undergone
maintenance and inspection as specified.

C.1.3 Aircraft serviceability

From the result of the investigation, the aircraft had no known failures or
malfunctions that had any relevance to the accident either before or during its
occurrence.

C.1l4 Meteorological Information

C.14.1 Weather
It is established that weather during at the time had not contributed to occurrence of
the accident.

C.14.2 Natural lighting conditions
The fact that the approach to Nagoya was conducted in night conditions, with
cockpit lighting subdued to preserve outside night vision of the crew, impaired the
ability of the crew to discern fine detail in the cockpit, e.g. flight control movement,
facial features and other items not specifically illuminated, including the THS
position indicator, and THS manual trim wheel movement.

Flight of the Aircraft
C.2.1 Approach to Nagoya

C.2.1.1 Conditions prior to GO lever actuation
It is established that, prior to GO lever actuation, the aircraft was in a normal
condition and configuration, and had been cleared by ATC, for an ILS approach (in
VMC conditions) to Runway 34 at Nagoya; all appropriate checklists had been
completed and the F/O(PF) had been appropriately briefed by the CAP(PNF) on the
procedures and techniques for a manually controlled approach and landing.

C.2.1.2 Approach Conditions
It is established that the aircraft experienced wake turbulence from a preceding
aircraft during the approach to Nagoya.

C.2.1.3 GO lever actuation
It is established that, while the aircraft was making an ILS Runway 34 night
approach to Nagoya Airport under manual control by the F/O(PF), the F/ O(PF)
inadvertently activated the GO lever.
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C.2.1.4 GO lever actuation
It is established that the design (spring force gradient) and location (underneath the
throttles) of the GO levers permits inadvertent operation.

C.2.2 Result of GO lever activation.

C.2.2.1 Out-of-trimn due to engine thrust.
It is established that, as a result of GO lever activation, engine thrust increased
towards GO AROUND power resulting in a nose-up out-of-trim situation due to the
nose-up pitching moment caused by location of the engine centerline below the fore
and aft axis of the aircraft.

C.2.2.2 FD GO AROUND operation.
It is established that GO lever activation caused engagement of the FD into the GO
AROUND mode providing, in this case, undesired GO AROUND AFS operation and
guidance away from the ILS glideslope.

C.2.2.3 Actions of F/O(PF) after activation of the GO lever.
It is established that, subsequent to activation of GO lever, the F/O(PF) exerted nose-
down pressure on the control wheel which resulted in the aircraft leveling off, after
deviation above the glide path.

C.2.3 Action of CAP(PNF) after activation of the GO lever.

It is established that the CAP(PNF) detected the engagement of GO AROUND mode and
directed F/O(PF) to disengage it. The AP was later engaged by the F/O(PF), with no
indication of disengagement of the GO AROUND mode.

C.24 Autopilot Engagement

It is established that the AP was engaged by the F/O(PF). It is probable that AP selection
was an instinctive reaction to the confusing situation due to limited manual flight
experience.

C.2.5  Attempt by F/O(PF) to correct aircraft flight path.

C.2.5.1 Action of the F/O(PF)
It is established that the F/O(PF) continued to exert forward pressure on the control
wheel, in an attempt to correct the descent path, in part because he tried to follow
the CAP(PNF)'s direction.

C.2.5.2 Auto Throttle disconnect.
It is established that the F/O disengaged ATS and retarded the thrust levers, which
eased the out-of-trim condition due to engine thrust, and permitted descent toward
the glide path.

C.2.5.3 Action of the THS
It is established that, as a result of F/O(PF) forward pressure on the control wheel
while the AP was engaged the THS moved, without warning since the auto pilot was
engaged, to the full nose-up position, bringing about an out-of-trim situation.

C.2.6  Out-of-trim due to THS

It is established that the AP was disengaged, and as a result of the continued existence of
the out-of-trim situation due to THS, speed decreased, and pitch angle and angle of
attack increased to a degree at which the alpha floor function was activated.

C.2.7  Disengagement of the GO AROUND mode.

C.2.7.1 GO AROUND mode Disengagement by crew
It is established that despite actions of the CAP and F/O in an attempt to disengage
the GO AROUND mode, the GO AROUND mode remained engaged.
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C.2.7.2 Crew call outs.
It is established that, after the activation of the GO lever, the F/O did not respond
appropriately to then CAP’s command: “disengage it” by confirming the result of
the action taken to satisfy the intent of the CAP’'s command, additionally the CAP
did not confirm that the action had been completed, and did not perform the
operation or selection himself.

C.2.7.2 Crew experience in GO AROUND mode disengagement
It is established that the crew had limited experience in GO AROUND mode
disengagement due to absence from the training syllabus of the requirement for
such training, and the rarity of the necessity for go around in normal operations.

C.2.8 Flight Crew Operating manual (FCOM).

It is established that the FCOM published by the manufacturer for use as the aircrew
operating guide, contained information relevant to procedures involved in the accident
which was confusing and contradictory.

C.2.8.1 Supervisory Override — FCOM 1.03.64 page 3/4 Apr 95
This reference presents the Supervisory Override Function as an optional
operational use of the AFS:

This function is intended to permit pilots to apply small manual control
inputs to assist the autopilot in capturing the glide slope and localizer.

This function is available with AP in CMD in the following cases:
lateral: in VOR mode and (in LOC capture and track phases of LOC and LAND
modes (LOC* or LOC on FMAJ})

-}

yet on the same page, immediately beneath the description of the function, has been
added a contradictory:

CAUTION

To prevent guidance disturbance do not apply a force on the
control column during LOC phase.

While section 2.02.03 page 1 Rev 15, contains a further contradiction, (Procedures
and Techniques, Main Rules of Use, Paragraph 9):

...... But working against the AP is definitely not a normal procedure and
should be avoided.

C.2.8.2 Abnormal Pitch Behavior
It is established that the FCOM contains no EMERGENCY procedure to provide a
guide to the pilot for the immediate action implicitly required to escape from the
hazardous (FCOM 1.03.64: CAUTION) situation resulting from AP override out-of-
trimn (caused by THS autotrim against the pilot).

C.29 Detection of the out-of-trim condition by the F/O(PF)
It is established that the F/O(PF) did not detect the out-of-trim condition due to THS by
any of: change in column force feel, visual means, or by aural warning.

C.2.9.1 Masking of onset of THS out-of-trim

It is established that the initial out-of-trim effect (column force feel increase) caused
by movement of the THS, occurred during a large out-of-trim effect due to the nose-
up pitching moment associated with increase of thrust to GO AROUND power, and
was therefore not detectable by the F/O(PF).
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C.2.9.2 Lighting conditions

It is established that the F/O(PF) did not detect the movement of the manual trim
wheel resulting from THS autotrim operation since neither trim wheel nor THS
position indication was visible to him as the cockpit lighting level was set for night
operation.

C.29.3 Aural Warning

It is established that the F/O(PF) did not detect the movement of the manual trim
wheel resulting from THS autotrim operation because the normal aural warning of
THS motion was inhibited by design during AP CMD operation.

C.2.10 Detection of the out-of-trim condition by the CAP(PNF)
It is established that the CAP(PNF) did not detect the out-of-trim condition due to THS
by any of: visual or tactile (touch) means, or by aural warning.

C.2.10.1 Lighting conditions
It is established that the CAP(PNF) did not visually detect the of the out-of-trim
condition resulting from THS autotrim operation since the level of force
(manifested by arm extension, type of grip on the control wheel, facial expression
etc.) exerted by the F/O(PF) was not visible to him as the cockpit lighting level was
set for night operation.

C.2.10.2 Lighting conditions
It is established that the CAP(PNF) did not detect the movement of the manual trim
wheel resulting from THS autotrim operation since neither trim wheel nor THS
position indication was visible to him as the cockpit lighting level was set for night
operation.

C.2.10.3 Aural Warning
It is established that the CAP(PNF) did not detect the movement of the manual trim
wheel resulting from THS autotrim operation because the normal aural warning of
THS motion was inhibited (by design) during AP CMD operation.

C.2.11 Assumption of control by CAP

It is established that the CAP assumed control after the F/O communicated his
inability to correct the aircraft flight path. At the time of taking control his initial
intention to continue the approach was indicated by his retarding the thrust levers. The
instant relief from nose-up pitch rate was rapidly replaced by his recognition of the
abnormal energy state of the aircraft which caused him to abort the approach and
initiate go around.

C.2.12 Out of control climb

C.2.12.1 Out-of-trim due to THS and Alpha Floor power.
It is established that at the time of assumption of control of the aircraft by the
CAP(PF) the THS was in the maximum nose-up out-of-trim situation. Subsequent
activation of the alpha floor function due to high AOA produced an additional
increase in the out-of-trim condition as a result of the large nose-up pitching
moment from high power. The combined out-of-trim caused uncontrollable nose-up
pitch rate followed by a steep, decreasing speed climb.

C.2.12.2 Flap operation during go around
It is established that in response to the “GO lever” call out by the CAP there was
some delay (approximately 7 seconds) before the flap lever was moved by the F/O to
a go around flap setting, and that the FLAPS AND SLATS lever was moved through
several detents before being set to the 15/15 position.
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C.2.13 Timing of decision to take control

It is established that the CAP delayed his decision to take control until the F/O
communicated his inability to correct the aircraft flight path. It is logical to assume
that the reasons were that:

(1) He had visual contact with the runway and airport.

(2) He was attempting to allow the F/O to have the opportunity to correct the flight
path and continue the approach. To do so it was necessary for him to
continually assess the relationship between aircraft position and altitude and
the desired flight path to the runway; in this case, since visual contact with the
runway environment was already established, a visual task regardless of what
guidance was presented by the AFS or FMA.

(3) The apparent correction of the flight path caused by reduction of power led him
to believe that the F/O was correcting back to the flight path as a result of his

coaching.

“4) Until the situation became severe, he had no indication from the F/O that
anything was abnormal, since he was unable to detect the THS out-of-trim
situation.

C.2.14 Trim operation during out-of-control climb

It is established that the CAP attempted, by intermittently trimming with the control
wheel trim switches, and by application of full nose-down elevator control, to correct
the abnormally high aircraft pitch attitude. He was unable to apply more than sporadic
trim inputs due to the perceived requirement to hold full nose-down elevator input.

In this situation the pitch rate could only have been arrested by rolling the aircraft to
reduce the lift — a drastic unusual attitude recovery maneuver for which the crew had
received no training.

C.2.15 Stall.

It is established that the aircraft pitch attitude and AOA continued to increase out of
control, with a resultant decrease of airspeed until the aircraft stalled. The stall was
followed by an uncontrollable steep descent in stalled condition to ground impact.

C.2.16 Stall Prevention Function in an out-of-trim situation

It is established that activation of the alpha floor function, in a severe out-of-trim
situation caused an abrupt increase of the aircraft's pitch angle and was a contnbutmg
factor to the subsequent steep climb and stall.

C.3 Ground impact.

It was established that the aircraft impacted the ground in an almost level attitude
resulting in destruction of the aircraft and separation into forward fuselage, wings, aft
fuselage horizontal tail plane, vertical tail plane etc..

C.4 Investigation of Ethanol

It is established that most probable cause for detection of ethanol in the bodies of the CAP
and the F/O was post-mortem ethanol production resulting from decomposition. Other
possible causes were investigated with inconclusive results

C.5 China Airlines operations,training and service bulletin processing.

C5.1 Operations

It is established that China Airlines had published an Operations Policy Manual, Air
Crew Manning Manual and a Dispatch Manual prepared in accordance with Taiwan
Civil Aeronautics Administration regulations, and that the aircraft was operated in
accordance with these manuals.

C.5.2 Training

It is established that the CAP and F/O had completed the classroom, simulator and
aircraft training based on the training syllabus and Flight Crew Training Material
provided by Airbus Industrie in accordance with TAIWAN Civil Aeronautics
Administration regulations.
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C5.2.1 Simulator Fidelity
It is established that the flight simulator used by China Airlines for recurrent
training, which belongs to Thai International Airlines, was never capable of
providing training in “misuse of the auto pilot” (AP override) due to the fact that
when the AP was overridden the THS autotrimmed in the wrong direction — with, as
opposed to against, the pilot force input.

C5.3 Service Bulletin Processing

It is established that China Airlines received the service bulletin A300-22-6021
(pertaining to a modification to permit the AP to be disengaged when a 15daN forward
force is applied to the control wheel above 400ft radio altitude while in the GO AROUND
mode) on July 29, 1993. Since the compliance of the service bulletin was categorized as
"Recommended”, its implementation was judged to be not urgent and that the
modification would be accomplished when FCCs were in need of repair.

This modification, therefore, had not yet been incorporated in the aircraft.

C.6 Automatic Flight System

C6.1 AFS Modifications
It is established that, prior to this accident, several incidents had occurred which had a
common phenomenon of falling ultimately into out-of-trim situations.

C.6.1.1 Information to the operators
It is established that, with respect to these incidents, the summaries of incidents
reported by Airbus to operators as the incidents took place failed to present a
systematic explanation of the technical background.

C.6.1.2 Service Bulletin Classification
It is established that despite the fact that SB A300-22-6021 was a bulletin with flight
safety related implications, developed in response to prior incidents involving
hazardous out-of-trim situations, it contained no mention of safety, nor any
indication of urgency of installation.

C.6.1.3 Service Bulletin Categorization
It is established that even though SB A300-22-6021 was safety related,
Airworthiness Directive action by the appropriate airworthiness authorities, (with
“Mandatory” category assignment due to safety implications), was not implemented
to preclude the recurrence of similar incidents.

C.6.2 FCOM description of SB A300-22-6021 modification

It is established that the description in the revision to the FCOM pertaining to the
modification of the AFS and the procedure for disengagement of the GO AROUND mode
is not easy to understand. Also, the FCOM does not explain with sufficient clarity what
is the primary purpose of the AP override function, how the out-of-trim situation is
detected, and by what procedure the situation can be avoided.

C.7 Fire Fighting and Rescue Setup '

It is established that the Nagoya Airport had a fire fighting and rescue setup in compliance
with the "Level of Emergency Facilities to be Provided" recommended by the Convention to
International Civil Aviation, except for the discharge rate of fire extinguishing foam
solution.
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- General

Cause Factors

This section contains cause factors of the accident derived from the findings presented in
this Appendix. Only those phenomena which directly contributed to the accident are
included. To the extent possible the causes are listed in an order which is relevant to the
progress of the flight.

C.11

C.12

C.13
C.l14

C.15

C.16

C.17

C.18

C.19

(1)
(2)

C.20

The F/O mistakenly applied forward pressure against the control wheel with the
autopilot (AP) engaged in the GO AROUND mode.

'he Trimmable Horizontal Stabilizer (THS) auto-trimmed against the pilot to
produce an out-of-trim condition.

The Crew failed to detect and recover from the out-of-trim condition.

Although THS motion was normally indicated to the crew by an aural warning,
no warning was provided in this case due to the fact that the warning was
inhibited by design of the Automatic Flight System in the AP command (CMD)
mode.

Detection of the onset of the out-of-trim condition was rendered highly
improbable, if not impossible by the masking effect of the large out-of-trim
condition resulting from increase in thrust to GO AROUND power.

A service bulletin (SB A300-22-6021), which was designed to result in AP
disconnect if a pitch force in excess of 15daN were applied to the control wheel,
was not installed because there was no indication in the bulletin of flight safety
implications, or urgency of installation.

Although SB A300-22-6021 was developed in response to prior incidents and
therefore safety related, Airworthiness Directive action by the appropriate
airworthiness authorities was not implemented to preclude the recurrence of
similar incidents.

The severity of the emergency situation resulting from the out-of-trim condition
was critically increased by the absence of a clearly defined emergency procedure
to provide a guide for the immediate pilot action required to safely recover.

The crew failed to recover from the unusual attitude resulting from the
uncontrollable pitch rate due to the cumulative effects of:

The out-of-trim condition resulting from Alpha floor
function advance of engine thrust to GO AROUND power;
The out-of-trim condition resulting from THS full nose-up
trim.

The crew were not trained to recover from unusual attitudes, because training in
the techniques of unusual attitude recovery has, until recently, been neglected by
the airline industry (Airlines and Regulatory agencies).
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Synopsis

On April 26, 1994, China Airlines flight CI-140, an Airbus A300B4-622R, with registration
number B-1816 took off from Taipei International Airport bound for Nagoya, Japan at
08:53 UTC (17:53 JST). The flight, and approach to landing at Nagoya, was uneventful until
11:14, at which time the aircraft, which was fully configured for landing, deviated upwards
from the glide path and levelled off. Shortly afterwards the descent was resumed, but with
decreasing speed, and increasing pitch angle and angle of attack. The aircraft slowed to the
point where the engines automatically went to maximum power to prevent a stall, and then
attempted to execute a GO — AROUND maneuver.

As a result of an extreme out-of-trim configuration caused by the combination of
maximum power and the trimmable horizontal stabilizer having moved automatically,
without warning, (and therefore undetected by the crew) to the maximum nose-up position,
the aircraft climbed with uncontrollable nose-up pitch rate until it stalled, entered a steep
descent at below flying speed, and impacted the ground within the confines of the Nagoya

airport.

On board the aircraft were 271 persons, 256 passengers (including 2 infants) and 15 crew
members, of which 264 persons (249 passengers including 2 infants and 15 crew members)

were killed and 7 passengers were seriously injured. The aircraft was destroyed, by impact
with the ground and fire.
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