A Air Accidents
22 Investigation
w a Branch

Airborne fires from damaged electrical wiring
- Recent investigations and recommendations

Rob Carter & Anne Evans
Air Accidents Investigation Branch, Farnborough, UK



INTERNATIONAL STANDARDS
AND RECOMMENDED PRACTICES

AIRCRAFT ACCIDENT AND

INCIDENT INVESTIGATION

ANNEX 13
TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

ICAO Annex 13

(Ninth edition - July 2001)

Accidents and Serious Incidents

‘““ ... the difference between an accident and a
serious incident lies only in the result ... “



Four AAIB serious incidents
Nov 2002 - July 2003

1) Concorde, G-BOAC, 13 June 2003

2) Boeing 737-300, G-LGTI, 20 July 2003
3) Boeing 737-436, G-DOCE, 30 May 2003
4) Boeing 737-436, G-DOCH, 8 Nov 2004

all AAIB ‘Field’ investigations



Wirin
on BA
linked

By Ben Webster
Transport Correspondent

AIR accident investigators
have highlighted a series of
electrical fires on British Air
ways jets with similarities to
two disasters that cost more
than 450 lives

Ken Smart, Chief Inspector
of Air Accidents, was so con-
cerned that he has issued a spe
cial report identifying the links
between the incidents

All the fires happened in the

18 months and involved
mage to electrical wiring
resultir from maintenance
errors. The report says that air-
lines had failed to eliminate
faults connected with wiring,
despite being alerted to the
problem by a series of serious
crashes

The two worst accidents list-
ed in the report involved either
electrical arcing or damage to

Ing TWA  Flight 800

hed off New York in 1996

g 230 people. Two years

r, Swissair Flight 111 crashed

off the coast of Nova Scotia, kill-
ing 229,

In the most serious of the
four incidents involving BA air-
craft, smoke began to see
the cockpit of an aircraft which
had just taken off from Heath-
row bound for Kiev on Novem
ber 8, 2002.

The captain heard crackling
sounds and smelt burning
while climbing to cruising alti-
tude. Both pilots put on oxyge
masks and began the eme
cy procedures for a cockpit
They heard banging on the
locked cockpit door. They tried
to contact the cabin crew by
phone but the line had been cut

fault fires

B Electrical
- wiring
loem rubs on
water hose
causing an
electrical fire

aircraft
to crashes

Hose in ceiling bursts causing
= water to run down Into galley

y Cabin crew
" bang on
cockpit door to
alert pilot
because phone
had failed

Crew member plugs gap under
flight deck door with towels

investigate the cause. After
opening the cockpit door, he
found water cascading from
the ceiling. Cabin crew used
towels to stop it damaging in-
struments. The aircraft later re
turned safely to Heathrow

An investigation revealed
that an engineer had tied a wa
ter hose to a bundle of wires.
These had rubbed together, ex-
posing the wires and causing
sparks. The Air Accidents Inves-
tigation Branch (AAIB) identi
fied a series of problems with
maintenance and also with
emergency procedures used by
pilots when detecting smoke

The investigators also said
that the requirement to lock
the cockpit door, introduced
after the hijackings of Septem-
ber 11, 2001, had created addi
tional problems “related to com
munication between the flight
deck and the cabin”

A cabin crew member had

on the locked door. The AAIB
report found links between this
incident and three others on
BA aircraft last year. In May,

on a flight from

to Gatwick were
slightly injured when the cab-
in's pressure control system
failed. The pilots were forced to
dive 24,000ft and make an
emergency landing at Lyons.
I'he cause of the incident was
traced to short circuits and
burning of wires.

In June, a fire broke out close
to a fuel tank on a Concorde en
route from London to New
York. Fuel had seeped from the
tank and been ignited by
chafed wiring, In July, an air
craft preparing to leave Newcas-
tle was evacuated after the cap-
tain smelt burning and saw
smoke. Insulation material on
wires beneath the cockpit floor
had been torn away during
maintenance six months earli-

e

The BA aircraft may have wiring pi

Deadly entertainment

LIKE two of the incidents in-
volving British Airways air-
craft, the disaster that befell
Swissair Flight 111 in Septem-
ber 1998 began when pilots
noticed an unusual smell in the
cockpit (Ben Webster writes).
Cabin crew were handing
out evening meals on board
the McDonnell Douglas MD-I1
aircraft which had left New
York’s JFK airport 53 minutes
earlier bound for Geneva.
Smoke from a fire in the
ceiling above the pilots’ heads

, London,

ten minutes later the aircraft
crashed into the sea ne:
Peggy’s Cove, Nova Scotia, kill
ing all 229 people on board.
The probable source of the
fire was traced to wiring in the
in-flight entertainment sys-
tem. Modern jets have thou
sands of extra miles of wiring
connected with the increasing-
ly sophisticated entertainment
and internet systems which air
lines provide for passengers.
Canadian accident investiga-
tors criticised the use of flam-

June 2004

roblems similar to those that

brought down TWA Flight 800
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» Mission to
halt African
bloodshed
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Incident 1 - Concorde G-BOAC on 21 June 2003



st Standby

Tank 3 Fuel
Refuel valve Pump
Tank 3

2nd Standby
Fuel

Pump
Tank 3




‘Spark Erosion’
hole in aluminium
honeycomb

panel



Incident 2 -
B737-300, G-LGTI, 30 July
2003






Incident 3 -
B737-436, G-DOCE, 30 May 2003



. G-DOCE - 30 May 2003



1508 HRS
TOD FL260
/

1510 HRS
1458 HRS START.OF CVR
LAVATORY SMOKE
PASSING FL240

N

G-DOCH
8 NOVEMBER 2002
FLIGHT TIME 42 MINS

T/0 1445
LAND 1527

WoD ILS APPROACH 27R

Incident 4 - B737-436, G-DOCH, 8 November 2002

London Heathrow to Kiev, 68 passengers

Event started ~78 nm west of Stansted, passing FL240

Turnback to Stansted, divert to Heathrow, landed 29 minutes after event




ﬁ‘ Hose in ceiling bursts causing
¥ water to run down into galley

S

&% Electrical
w? wiring
loom rubs on
water hose
causing an
electrical fire

h Cabin crew
“ bang on :
cockpit doorto
alert pilot Lol
because phone
had failed .

) Crew member plugs gap under
= flight deck door with towels

G-DOCH - Forward galley area




G-DOCH 8/11/02



Water hose, Ty-Wraps/
"Z1p’ straps & wiring looms

Braided water hose detail



Circuit breakers - G-DOCH




BOEING
737-300/400/500
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1508 HRS
TOD FL260

1510 HRS
START OF CVR ’

1458 HRS

LAVATORY SMOKE
PASSING FL240

G-DOCH
8 NOVEMBER 2002
FLIGHT TIME 42 MINS

. TIO 1445
LAND 1527

ILS APPROACH 27R

G-DOCH, Operational 1ssues

Communications isolation of flight deck from cabin
Difficulty of reaching door with oxygen mask on
Commander off flight deck - no monitoring of FO
Selection of diversion - diverted traffic

Electrical locking of Phase 2 doors

‘SMOKE’ checklist design in QRH/FRCs



BRITISH = 737
AIRWAYS Non-Normal Checklist

UNANNUNCIATED CHECKLISTS

AIRCRAFT GENERAL

AIR SYSTEMS

ANTI-ICE AND RAIN

AUTOMATIC FLIGHT

COMMUNICATIONS

ELECTRICAL
ENGINES, APU

FIRE PROTECTION

FLIGHT CONTROLS

FLIGHT INSTRUMENTS, DISPLAYS

FLIGHT MANAGEMENT, NAVIGATION

FUEL

HYDRAULICS
LANDING GEAR
WARNING SYSTEMS

NON-NORMAL MANOEUVRES

GENERALISED DATA

300 PERFORMANCE DATA
400 PERFORMANCE DATA

500 PERFORMANCE DATA

Non Normal
Procedures

BRITISH 737-400 01-1
AIRWAYS Non-Normal Checklist 01 MAY 95

POWER PLANT / APU / VOLCANIC ASH

DOORS /| EMERGENCY EQUIPMENT / TAILSTRIKE

FUEL

ELECTRICAL

NAVIGATION / COMMS FAILURE

IIN‘I’DR.RULEC ! WHEEL WELL FIRE | GEAR

AIR CONDITIONING / PRESSURISATION

SMOKE# ¢ ¢SMOKE® ¢ #SMOKE® ¢ ¢

ICE AND RAIN PROTECTION

FLIGHT CONTROLS | FLAPS

ABNORMAL LANDINGS / PILOT INCAPACITY
EVACUATION

BOMB THREAT / HIWACK

GPWS / WINDSHEAR

GENERALISED LANDING DATA

FLIGHT WITH UNRELIABLE AIRSPEED

rRL!. WEATHER OPERATIONS QRH PERF.

Previous

* QRH checklist redesign




ATSRAC & EASG

Ageing Transport Systems Rulemaking Advisory Committee

Chartered January 1999

Tasks 1 to 10, with Working Groups (Regulators, DoD,
airframe manufacturers, airlines, trade associations ... )

— Sampling inspections Fleet history

— Maintenance criteria Standard practices

— Existing training programs Systems certification

— Wiring Practice manual Enhanced training

— Enhanced maintenance Small transport aeroplanes



Results ...

Initial tasks completed - further tasks added
Draft Advisory Circulars (ACs) on:-
— EZAP (Enhanced Zonal Analysis Procedure)

— Visual inspections
— Protections and cautions
— Wiring practices manual

— Development of enhanced training programmes

Recommendations to FAA and changes to industry practices

Recommendation to FAA “ ... aggressively pursue and
promote arc-fault circuit breaker development.”

Draft FAA NPRM



Arc fault interrupters/CBs ...
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A\ Air Accidents .
22 [nvestigation AAIB Recommendations

Branch

Safety Recommendation 2004-18 -

— ... that the FAA accelerate publication and adoption of guidance material
produced by ATSRAC ...”

Safety Recommendation 2004-19 -

— ‘... that the EASA expedite the transcription of the material in the FAA
Advisory Circulars ...”

Safety Recommendation 2003-108 -

— “ ... that the FAA expedite a requirement for the replacement of existing
type circuit breakers by arc fault circuit breakers ...”

Safety Recommendation 2003-128 -

— ... that the EASA expedite a requirement for the replacement of existing
type circuit breakers by arc fault circuit breakers ...”
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