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ACCIDENTS INVESTIGATION DIVISION

CIVIL AVIATION DEPARTMENT

Aircraft Accident Report No. 1/97

Owner and Operator : Hong Kong Dragon Airlines Limited (HDA)

Aircraft Type : A320-231

Registration : VR-HYU

Place of Incident : Hong Kong

Date and time : 6 June 1994 at 0917 hr (daylight)

All times in this report are UTC

SYNOPSIS

At 0834 hr on 6 June 1994, an A320 aircraft registration VR-HYU was at 800 ft on an

Instrument Guidance System (IGS) approach to Runway 13 at Hong Kong International

Airport (HKIA) when it encountered a severe gust. The gust caused the trailing edge flaps

to lock in the fully down position and for a "FLAPS LOCKED" caption to be displayed

on the cockpit Electronic Centralized Aircraft Monitoring System (ECAM). The Captain

decided to go around.

A second approach to Runway 13 was carried out with the FLAPS lever at Config 3 as

directed by the Flight Crew Operating Manual (FCOM) procedure which was also

displayed on the relevant EC AM system page. This approach was abandoned due to

transient but pronounced lateral oscillations of the aircraft.

The Captain then decided to attempt to land on Runway 31. Some 30 minutes later with

the flaps still locked fully down and the slats now at 18° a manual approach to runway 31

was commenced. When the aircraft was below 1200 feet lateral oscillations again occurred
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with roll angles of up to +30° recorded on the Digital Flight Data Recorder (DFDR).

Again the Captain carried out a missed approach procedure.

By this stage the aircraft's fuel state was critical and a fourth approach was attempted with

slats at 22° and the Flaps locked at 40° (FLAPS lever at Config 3). Again, roll

oscillations of up to ±30° occurred at about 1200 ft and continued throughout the

approach. Because of the low fuel state, the Captain decided to continue the approach and

land. The aircraft touched down within the normal landing area and on the runway

centreline. Within 5 seconds of touchdown the aircraft departed the paved runway to the

right at a constant track of 324°T and after traversing the runway strip came to rest on the

paved parallel taxiway BL The Captain ordered an evacuation and an orderly evacuation

took place using the port-side doors and the over-wing exits.

The report concludes that the aircraft, on its first approach, encountered a gust of sufficient

intensity to produce asymmetric movement of the flaps. The asymmetric movement caused

the flaps to lock and generated a "FLAPS LOCKED" message on the EC AM. By selecting

the FLAPS lever to Config 3 as directed to by the ECAM the lateral control law became

sensitive when the flaps were locked in the Config FULL position (40°) and hence

rendered the aircraft difficult to control in roll in turbulent conditions.

The performance of the crew degraded as the degree of anxiety and level of stress on them

increased. Approach briefings were omitted, the landing check list was not properly

performed and routine crew co-ordination on the flight deck broke down completely

towards the end of the flight.

The departure of the aircraft from the runway after touchdown was caused by the apparent

delay by the Captain to exercise effective directional control.



1. FACTUAL INFORMATION

1.1 History of the Flight

1.1.1 General

Dragonair Flight 323 (HDA 323) was a regular charter passenger flight from

Nanjing to Hong Kong. It departed Nanjing at 0625 hr on 6 June 1994 with

two pilots, five cabin attendants and 141 passengers on board.

Departure and en-route phases of the flight were uneventful and the aircraft

was then cleared for an IGS approach to Runway 13 at HKIA. The IGS

approach is a non-precision instrument approach which provides instrument

guidance signals in azimuth and glide-slope until approximately 1.7 nm from

touchdown at which point a visual right turn of 47° is required to continue the

approach (Appendix 1). At about 9 nm from touchdown, auto-pilot was

disengaged and the Captain continued the approach manually. At that time,

there was no precipitation, the main cloud base was about 2500 ft, visibility

was good and the wind was easterly at 15-20 kt gusting to 30 kt.

1.1.2 First Approach

When HDA 323 was approaching the IGS Outer Marker (OM), the landing

gear was extended followed shortly by the selection of landing flaps (Config

FULL). On passing 1700 ft, the aircraft was fully configured for landing with

the FLAPS lever set at Config FULL (i.e. Flaps at 40° and slats at 27°) and

the landing gears extended and locked.

At 0834 hr, when the Captain was about to commence the visual right turn at

800 ft to line up with the runway, the aircraft encountered a severe gust which

caused the flap to lock in the fully extended position (40°). This event was



displayed, through the ECAM, on the Engine/Warning display unit at the

centre of the pilots instrument panel (Appendix 2). The Captain immediately

initiated a go-around and carried out the IGS missed approach procedure

(MAP). As the FLAPS lever was raised one stage up (Config 3), roll

oscillations began but were soon corrected and the Captain continued the MAP

without difficulty and levelled off at 4500 ft.

1.1.3 Second Approach

At 0848 hr, after being radar vectored by Hong Kong Approach, the aircraft

established on the localizer for a second IGS approach to Runway 13. The

Auto-pilot was engaged and the slats were set at 22° with the flaps locked at

40° (FLAPS lever at Config 3). On passing 3000 ft at about 10 nm from

touchdown, landing gear was extended. Almost immediately the gear was

lowered, the aircraft experienced diverging roll oscillations. The Captain

called for gear up and carried out the IGS MAP again. The auto-pilot was

disengaged and the oscillations continued to a maximum of 20° of roll. Air

Traffic Control (ATC) radar plots showed that the aircraft was on the correct

IGS missed approach track during the initial climb out but shortly after

passing the IGS OM the aircraft started to turn right onto a south-easterly

heading and climbed through 4500 ft. The crew reported to ATC that they

had a serious problem with the flight controls and the aircraft was

uncontrollable. They requested Runway 31 and radar assistance. The aircraft

climbed through the 4500 ft MAP altitude to 5000 ft and was instructed to

maintain that altitude and track direct to the Charlie Hotel (CH) VOR/DME

beacon.

1.1.4 Third Approach

HDA 323 contacted Hong Kong Approach and was given radar vectors for an

approach to Runway 31. At 0901, the landing gear was extended and the



aircraft established on the ILS localizer for Runway 31 for the third attempt

to land. At about 5 nm from touchdown, the auto-pilot was disengaged and

the Captain continued the ILS approach which was monitored by Precision

Approach Radar (PAR). The FLAPS lever was set at Config 1 with flap

locked at 40° and slats at 18°. The aircraft was slightly above the glide path

but otherwise the approach was relatively smooth. At about 3 nm from

touchdown, large roll and pitch movements were recorded on the DFDR. The

aircraft started to experience diverging roll oscillations. At about 1 nm from

touchdown, the Ground Proximity Warning System (GPWS) detected an

excessive sink rate and triggered a synthetic verbal warning "SINK RATE

SINK RATE". Thrust was increased promptly but at the same time roll

oscillations increased significantly in magnitude to a maximum of +30°. The

approach was continued for a few more seconds and the Captain then initiated

the MAP at about 0.5 nm from touchdown. At that time, surface wind was

100°/22 kt. The approach procedure for Runway 31 is shown at Appendix 3.

1.1.5 Fourth Approach

After the aircraft was stabilized in the missed approach, the Captain, due to

the low fuel state, declared an emergency and requested a landing on Runway

31 as soon as possible. Full emergency stand-by was initiated by ATC at

0904 and radar assistance was given again for a further approach. At 0913 the

Captain reported 'visual' when the aircraft was on left base about 4 nm south

of the Runway 31 OM. HDA 323 was then cleared for a visual approach. At

about 7 nm from touchdown, the flight was cleared to land and advised that

the surface wind was 090°/19 kt. The approach was carried out with the

FLAPS lever set at Config 3 (with flaps locked at 40° and slats at 22°) and

with the auto-pilot engaged. At about 1200 ft auto-pilot was disengaged but

was re-engaged after a few seconds. Landing gear was extended on passing

1000 ft and the auto-pilot was disengaged again at 800 ft. The aircraft

experienced significant roll oscillation from 1200 ft on the approach all the

way until touchdown. At that time, surface wind was 090°/13 kt.



1.1.6 Landing

At 0917 hr, the aircraft landed within the normal touchdown zone close to the

runway centre-line at a ground speed of 161 kt and tracking 319°T (Runway

direction is 314°T). DFDR data showed that the aircraft changed track to

324°T within 5 seconds of touchdown. The aircraft then departed the runway

paved surface to the right on to the grass area and headed towards the northern

edge of the runway promontory. However, towards the end of the landing

roll, the Captain managed to steer the aircraft on to taxi way Bl. The outer

tyre of the left main gear was punctured and smoke was observed coming

from the main landing gear by the Airport Fire Contingent (AFC) who

signalled the Captain to initiate an emergency evacuation on the port side.

Seven passengers received minor injuries or suffered from shock and were

taken to hospital for observation and treatment. A plot showing the events of

the aircraft after landing is at Appendix 4.

1.2 Injuries to persons

Injuries Crew Passengers Others

Fatal

Serious

Minor

None

0

0

0

7

0

0

3

138

1.3 Damage to aircraft

Apart from a burst tyre, a few score marks on the oleo of a main-

undercarriage and cracks at the edge margin of wing root support brackets,

the aircraft was not damaged.



1.4 Other damage

The aircraft damaged two runway edge lights when it departed the runway

paved surface on to the adjacent grass area.

1.5 Personnel information

1.5.1 Flight crew

Commander

Licence

Aircraft rating

Instrument rating

Medical certificate

Date of last line check

Last CRM training

Flying experience

Total all types

Total on type

Total in last 28 days

Total in last 7 days

Male, aged 39 years

ATPL (A) valid until June 1999

A320 on 28 February 1993

: Renewed on 17 January 1994

: Valid with no limitations

30 March 1994

February 1993

8500 hr

822 hr

55 hr

8 hr 20 min

Duty time Off duty at 1300 hr 5 June until 0200 hr
6 June 1994 (13 hr)

On duty at 0200 hr 6 June 1994
(7 hr 17 min up to the time the aircraft
came to a stop)

Co-pilot

Licence

Male, aged 39 years

CPL (A) valid until July 1998



Aircraft rating :

Instrument rating :

Medical Certificate :

Date of last line check :

Last CRM training :

Flying experience

Total all types :

Total on type :

Total in last 28 days :

Total in last 7 days :

A320 on 9 March 1993

Renewed on 10 July 1993

Valid with requirement to wear glasses

26 April 1994

February 1993

4190 hr

616 hr

43 hr

11 hr 41 min

1.5.2

Duty time

Cabin Crew

Off duty on the previous day (5 June
1994)

On duty 0200 hr 6 June 1994
(7 hr 17 min up to the time the aircraft
came to a stop)

The Cabin crew comprised one senior purser (SP), one flight purser (FP) and

three flight attendants (FA). All were qualified in accordance with regulatory

requirements to carry out their duties and were medically fit. All of them had

satisfactorily completed emergency procedures and safety/survival equipment

training within the 12-month period prior to the occurrence.

1.6 Aircraft Information

1.6.1 Particulars

Manufacturer

Type/Model

Airbus Industrie

A320 - 231



Serial No. : 447

Date of Manufacture : December 1993

Certificate of Airworthiness : Issued 3 December 1993

Valid to 2 December 1994

Certificate of Maintenance : Valid to 30 July 1994

Total airframe hours : 807

Maximum take off weight : 75500 kg

Maximum landing weight : 64500 kg

Weight at time of incident : when flap lock occurred 59500 kg

on landing 56700 kg

Centre of Gravity : within limits

Fuel on board on departure : 8700 kg

Fuel on board after landing : 480 kg

1.6.2 General description

The A320-231 is a short to medium range, twin-engined single aisle, subsonic

commercial transport aircraft. It has been designed and manufactured using

both conventional concepts together with optimum use of up-to-date

technology.

This includes the use of a combination of conventional mechanically

commanded powered flying controls together with digital "fly by wire"

Computerized Electronic Flight Control Systems (EFCS).

Two main characteristics distinguish a fly-by-wire control system:

(i) The commands given by the crew are transmitted in electrical form

to the computers and are not directly transmitted to the servo control

actuator by mechanical means.



(ii) The flight control computers also receive, as input data, the

information delivered by the Auto Flight System to onboard sensors

and can, from this, generate the optimized flight control deflection

commands for each flight phase.

This second point permits an improvement in the flying qualities by providing

extensive flight envelope protection and reduces the pilots' workload as the

system can automatically compensate for external disturbances such as

turbulence. If the system detects a movement of the aircraft when the pilot

has not given the command, it will itself through the auto trimming system,

compensate for this movement. It can also incorporate automatic limitations

preventing the aircraft from going beyond predetermined values stored in

memory such as load factors, high angles of attack or roll rates.

The result is that, unlike aircraft with conventional mechanical flight controls,

there is no one-to-one relationship between the position of the pilots controls

(side-stick controllers) and the position of the control surfaces while the

aircraft is in Flight mode.

The Airbus Industrie A320 aircraft type was certified under Airworthiness

Requirements JAR 25 at Change 11 plus Special Conditions. The Direction

Generate de T Aviation Civile (DGAC) of France is the airworthiness authority

responsible for Export Certificate of Airworthiness issue and continued

airworthiness. At the time of the incident there were approximately 450

Airbus Industrie A320 aircraft in service world wide, operated by some 47

airlines, of which 131 were the A320-231 variant, similar to those operated

by Hong Kong Dragon Airlines.

VR-HYU was one of a fleet of seven A320-231 aircraft operated by Hong

Kong Dragon Airlines. This aircraft was configured to carry 166 passengers

in a single class configuration. The aircraft was equipped with two V2500-A1
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engines manufactured by the International Aero Engines consortium

(AG IAE). The two power plants fitted to the aircraft at the time of the

incident were installed at aircraft manufacture.

1.6.3 Flight Controls

The flight controls of A320 aircraft are divided into primary and secondary

systems.

The primary controls comprise ailerons, roll spoilers, elevators, trimmable

horizontal stabilizer (THS) and rudder to control the aircraft about the

longitudinal, lateral and normal axes.

There are five spoilers and one wing tip aileron on each wing. All five

spoilers are used on the ground for lift dump. In flight, roll control is

achieved through the aileron and four spoilers (Spoiler 2 to 5). The maximum

deflection is 25° for the ailerons and 35° for the spoilers. The ailerons are

manually controlled by lateral deflections of the side-stick controllers or

automatically by autopilot and load alleviation commands. There is no

provision for flight crew roll trim adjustment.

Yaw control is provided by a single rudder actuated by three mechanically

commanded servo control actuators operating in parallel, each of which are

normally powered by different hydraulic systems. The servo control actuator

inputs are provided by two interconnected pairs of flight deck operated pedals

in the manual mode using a conventional single load path mechanical linkage

control system to the middle servo control actuator.

The primary system architecture is such that pilot demands are signalled to the

flight control computers by conventional rudder pedals and pedestal mounted

trim controls, whereas the control columns are replaced by two independent
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but electrically interconnected side-stick controllers. The side-sticks include

roll and pitch position transducers together with artificial feel mechanisms.

As the side-stick controllers are not slaved to the Auto-Pilot (AP) a solenoid-

operated detent holds the side-stick controller in the neutral position when the

AP is engaged. The crew can override this solenoid to gain manual control,

this action also disengages the AP.

The secondary flight control systems consisting of five sections of leading

edge slats and two sections of trailing edge Fowler flaps per wing. These

provide optimized aircraft flight handling at low speeds. Additionally each

wing is fitted with five independent panels which operate as airbrakes for

decelerating at all flight speeds and ground spoilers for landing deceleration.

These systems are electrically controlled and hydraulically actuated.

Slats and flap flight deck demands are made through a conventional single

lever to a command sensor unit where physical movements are converted into

electrical signals. The signals are in turn received and processed by the two

Slat and Flap Control Computers (SFCC) each of which is capable of

independent monitoring and control of the slats and flaps.

Each SFCC has the same functions and includes one slat and one flap channel.

The flap channels each control one of the two valve blocks on the flap Power

Control Unit (PCU). SFCC 1 controls the supply of green hydraulic pressure

to the related PCU motor while SFCC 2 controls yellow system. Each

channel has two electrical lanes that utilise different hardware and software.

The slats and flaps can be selected to the configurations shown in Appendix 5.

There are two lever baulks between Config 1 & 2 and between 3 & FULL.

The baulks prevent a one movement change of the FLAPS lever from 0 to

Full.
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Flap surface actuation is by a hydraulically operated PCU. The PCU

comprises a differential gear box driven by two hydraulic motors. Movement

of each motor is controlled by dedicated valve blocks in conjunction with the

associated Pressure Off Brake (POB). If a POB engages and holds its motor

the remaining motor moves the transmission at half speed but full torque. A

separate but similar PCU is provided to actuate the slat system.

The gear box drives a series of mechanical transverse shafts and rotary

actuators to move both inner and outer flaps simultaneously on each wing.

The inner and outer sections of flap are independent but connected by a dual

sensor interconnecting strut. The interconnecting strut will monitor excessive

relative movement between the inner and outer flaps, of which, because of the

geometry of the two sections there is an approximate normal movement of

7mm during a flap extension or retraction cycle. Should movement exceed

15mm this will be sensed as an alignment fault by the SFCC through a

discrete signal from the interconnecting strut and both POB will engage

preventing further movement of the flap system. Simultaneously the SFCC

will initiate the flight deck master caution and aural warning together with an

upper amber ECAM fault message F/CTL FLAPS LOCKED and a brief

description of actions required on the lower display. The flight crew are also

advised of the maximum aircraft speed in blue on the upper ECAM. Along

with these text messages, the slat/flap system synoptic on the upper ECAM

display, described as FLAP, now shows the actual position of the FLAPS in

amber while the selected position is indicated by a triangle and a numerical

value in blue. The synoptic title FLAP will also be presented in amber. A

description of the ECAM flaps and slats indication on the upper display is at

Appendix 6. Photographs showing the display of normal full flap and flap

locked at FULL with FLAPS lever in Configs FULL, 3 and 2 are at

Appendices 6A, 6B, 6C and 6D respectively. A photograph of the ECAM

indication on the lower display showing the system page for the flap Config

to be used in the case of a flap lock in FULL is at Appendix 7.
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For the POB to be reset, it requires that the interconnecting strut senses

normal conditions and a power interruption greater than 40 milliseconds. The

POB cannot therefore normally be reset in flight.

With flaps locked, movement of the slats is available by normal selection

subject to system serviceability. Slat position information is displayed on the

left portion of the upper ECAM Flap display area, independent of any FLAP

fault conditions.

Slat system control and actuation is identical to the flap system, incorporating

a dedicated PCU driven by two hydraulic motors on selection via the

combined Flaps/Slats selector (FLAPS lever). The PCU drives a series of

transverse torque shafts and rotary actuators and the system includes

monitoring and fault protections similar to those provided in the flap system

without the need for surface interconnections monitoring and protection.

1.6.4 Auto-pilot and flight computers

In manual flight the pilot's control inputs are accomplished using a side-stick.

The side-stick movements are routed directly to the flight control computers,

ELAC and/or SEC. Auto-pilot is engaged using the Flight Control Unit

(FCU). The Flight Management and Guidance Computer (FMGC) compares

information obtained from various sensors to reference data and sends the

appropriate command signals to the flight control computers.

The A320 flight control computers comprise the following: 2 Elevator and

Aileron Computers (ELAC), 3 Spoilers and Elevator Computers (SEC) and

2 Flight Augmentation Computers (FAC). The elevators and stabiliser are

controlled by ELAC2 and ELAC1 acting as backup. If neither ELAC is

available then pitch control is transferred to SEC1 or 2. The SEC provide

spoiler control and standby elevator and stabiliser control. The FAC are used

14



for rudder control. The system is completed by two Flight Control Data

Concentrators (FCDC), these acquire data from the ELAC and SEC and route

this to the EC AM and the Centralized Fault Display System (CFDS).

Pitch control laws

There are three pitch control laws:

(i) PITCH NORMAL LAW,

(ii) PITCH ALTERNATE LAW and

(iii) PITCH DIRECT LAW.

Pitch normal law and pitch alternate law have modes which optimise control

inputs for ground, flight and landing (flare) operation. Changes in mode are

automatic. Pitch normal law provides protection against excessive load factor,

pitch attitude, angle of attack and speed. These protections are degraded when

pitch alternate law is in use. Pitch direct law is a direct stick to elevator

relationship.

Roll control laws

There are two roll control laws:

(i) ROLL NORMAL LAW and

(ii) ROLL DIRECT LAW.

In roll normal law the roll rate demanded is proportional to the side-stick

deflection. Maximum roll demand is 15° per second. From the side-stick

demands, the ELAC (normally ELAC1 with ELAC2 acting as backup)

compute and demand the aileron deflection required, the SEC compute and

15



demand the spoiler deflection required, the FAC compute and demand the

rudder deflection required. It achieves the control and the limitation of the

roll rate, bank angle protection, turn co-ordination and dutch roll damping.

In roll direct law there is a direct relationship between the position of the side-

stick and the control surface position. The gains and kinematics are

automatically set according to actual slats and flaps position.

1.6.5 Landing gears and brakes

The A320 landing gear is of conventional retractable tricyle type with direct

action shock absorbers. The main landing gears are located under the wings

and retract sideways towards the fuselage centreline, with the nose landing

gear retracting forward into the fuselage.

There are two main wheels on each main landing gear, these are equipped

with carbon disc brakes each operated by two independently hydraulically

supplied sets of pistons. One set is supplied by the green hydraulic system

and the other by the yellow system assisted by a brake accumulator. Brake

temperature is indicated on EC AM. The A320 incorporates four braking

modes, besides an anti-skid and an automatic braking system (Autobrake).

The normal braking mode is supplied by the green hydraulic system. The

command is electrically achieved through the brake pedals or autobrake

system and the anti-skid function. The control computation is carried out by

a fully digital Brake System Control Unit (BSCU) that signals a servo valve

for each wheel. For redundancy the BSCU has two identical channels with

two separate electrical power supplies. The monitoring part of each channel

ensures selection of a working channel and when required indication of a

faulty channel. The autobrake system, which is available in this mode, has

three different preset deceleration rates. Automatic braking is initiated by a
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