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RISK, Perception, and
Probability off Smoke, Eire
and Fumes

What are the odds?



Probability

In-flight fire is the 4™ leading cause of
fatalities iIn commercial jet aircraft
accidents 1987 — 2004 (Boeing
Study)

e | oss of Control (LOC)
e Controlled Flight into Terrain (CFIT)

e Specific Component failure (non-
powerplant)

Probability is > 1 in 10,000



Probability

IATA STEADES DATA
36 months: Jan. 2002 to Dec. 2004

Total Air Safety Reports (ASRsS) =
2,596

1701 of the 2596 events were in-flight
occurrences of smoke



Probability

= = 1000 In-flight smoke events occur
annually

s Resulting in =350 unscheduled or
precautionary landings

= INn-flight smoke rate i1s 1 in 5000
flights

= INn-flight smoke diversion rate is 1 In
15,000 flights

IATA Data



Fatalities by CAST/ICAO Taxonomy Accident Category”
Fatal Accidents — Worldwide Commercial Jet Fleet — 1987 Through 2005
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Terms

s AC 25-1309 1A

e Catastrophic (not all fires are, but
potential)

e Extremely improbable
=1 X 10-° or less

= Probability of diversion due to cockpit
smoke could be a reasonably
probable event and within the range

of remote (Halfpen ny)



IHistory.

s July 1785, Jean-
-rancois Pilatre de
Rozler’s hydrogen
palloon Ignited and
ourned over the English
Channel.

s Aviation’s first fatal
accident was an in-flight
fire

Credits - 2001 National Air and Space Museum,
Smithsonian Institution (SI Neg. No. A-4691)



1973 and B707 fires

Varig Flight 860, July 11, 1973
Cabin fire with heavy smoke
Landed in a field 70 second from Paris Orly
Crew and Passenger smoke inhalation

Open Flight Deck Windows did not provide
sufficient visibility



Varig| Elight 860




Pan Am Elight 160

s November 3, 1973

s Cargo Flight - Hazardous Material
Fire

= Smoke overwhelmed Flight Deck
e Continuous Smoke Generation

s Flight Deck Window Opened - Not
Successful Landing



Alr Canada Elight 797

s June 2, 1963 — DC-9-30

= Fire began in Aft Lavatory — Spread

e Cause believed to be electrical near
flush motor

= Smoke filled Cabin and Flight Deck
= Flight Deck Door Broken



Alr Canada Elight 797

s F/A and Passengers Smell Smoke

= Pllots Hear Circuit Breaker Trip
e Reset once

m Smoke Increases

s CO, Fire Extinguisher Discharged into
Lavatory

[ \
Not effective
® Not applied directly at base of fire



Alr Canada Elight 797

s Fire and Smoke Spread
s First Officer Went Aft to Investigate
= Flight Deck Door Left Open

= First Officer Switched Off Air-
conditioning Packs

e Ventilation flow aft stopped

= Flight Deck Windows Opened and
Closed

e Reversed
e High Noise




Alr Canada 797



Changes

Lavatory Fire Detection

Full Face Masks Portable Crew
OXxygen

Protective Breathing Equipment
Fire Blocking Seats (650,000)
Halon Fire Extinguisher (2 — 2.5 Ib)

AC 25-9
e Smoke Testing



Single Failure —
Multiple Results




Single Failure —
Multiple Results

= RAF Nimrod Example
e ##1 Engine DC Wire Loom Failure

e Uncommanded Opening of #4 Engine
Starter

e Starter Turbine Valve Over Speeds
= Air from operating engine

e Starter Turbine Disintegrates

e Turbine Escapes Housing

e Turbine Punctures Fuel Tank

e Severe Fuel Tank Fire

e Ditching 1n the North Sea — All Survived



Single Failure —
Multiple Results

Swiss Air 111
e In-Flight Entertainment Systems Wiring
= Likely initial location of arcing and/or fire

e Spread to Nearby Wiring
= Multiple system failure
= Flight instruments failed

e Unrelated Systems Affected by Initial Event



Location, Location, Location

s Ilnaccessible Areas Contain
e Wiring
e Thermal Acoustic Blankets
e Contaminates
=« Conductive
= Non-Conductive
= Liquids
= Corrosion Block
= Lubricants
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Unprotected Area of Aircraft

» Examples were all unprotected areas -
e No Detection
e NOo Suppression

= Most In-flight fires are in unprotected
areas






Wiring

s 2/3 In-Flight Fires are Electrical

x 2003 MITRE Report

e 81 Large Transports Inspected
= 40 wiring anomalies PER airplane average

e 39 Small Transports Inspected
= 58 wiring anomalies PER airplane average



Wiring

s FAA Report 1995 to 2002

= 397 Wiring Failures

= 849% burned, loose, damaged, shorted,
falled, chafed or broken wires

x [WA 800 NTSB Report

e Examined 25 Transport Aircraft
= 24 had metal shavings in wiring bundles
= 5 showed evidence of heat or fire damage



Wiring

s Supplemental Type Certificate

e FAA Study of 316 Circuit Breakers

= Many lugs contained two different size wires
= Violation of 14 CFR Part 25.1357

e Swiss Air 111 IFE
= No wiring routing drawings
= By-Passed Cabin Bus Switch



WIring

A 1 1 | 1 | [ ] I f | i I I

Arc Fault Circuit Breaker




Vision Assurance

o

Vision to Maintain
Control

Navigate

Accomplish
Checklist

Land




Full Face Masks

= Full Face Masks
» Better protection
e Better ability to purge

e Eliminates ability to
only use mask

= FedEx 1406

s Sufficient Oxygen
Supply for Landing

e MEL does not consider
Smoke/Fire/Fumes




Halon Fire Extinguishers

m FAA Tests

e 2 % Ib did not
extinguish fire

e 5 |b could have
extinguish fire




I'raining

FAA Tech Center




Training

FAA Tests

e Line Flight Attendants

= With 2 1% Ib Halon — Fire was not
extinguished

= PBE problems
= Smoke Migration

e Training was not adequate



Training

= Smoke
e Toxicity
= Improved but still a serious consideration

e | ocation

= ACcess
e Remove panel or “ax it”
e Collateral Damage

e AmMount

= Continuous
e Combustion ongoing



Training
Use of the Ax

When?

Where?

How?







Checklists

s Various manufacturers — various
checklists

e e.g. Testing with a smoke filled
simulator required 25 minutes to
complete electrical smoke checklist

s Confusion

e Most complex checklist for use In the
highest stress time.



Elight Safety Foundation Template

INDUSTRY TEMFLATE
SmokelFirefFumas Chackilst Step ance and Rationale

non-ala 1. The accompanying ratianales Inchude
winin the o2

be requirad.
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arz placed sary In




Elight Safety Foundation Template

urcse of Ihis waming e E = anding may be raguirad I the BRUaticn detenaraias. The
&%ar the Inilal probable source elimination steps Nave Deen accompilshed, bt befora the addtional

If dssipating
=

T
[Further




Elight Safety Foundation Template

PHILOSOPHY AND DEFINITIONS
Industry Chackiist Templats for SmokaiFiraiFumes

Tris phlloecphy was derived by a collaborative group of Industry specialsss representng alroraft manufachrers, arinssioperalors and
profeesional plist associations. The philssophy was Lsed (o consinict the SmoweFeFumes Checkisr Tampiae.

Ganaral
B The emlire crew miust be part of the solulion.
W For 3I1'|' EMOKE svent, 1|'I'IE |E l.ﬂﬂl:il

znis IH'I'I-.J-E"HT':‘TLI'IT-'E event not annundatsd b the I g’ﬂ (==t El'y' alrcraft deteclion =E-:r'E|E|'I1=E-'|;
6 (2.0, cango BMoke) o address mulipls even
decisiens for Immedate langing [an overaeignt Ianding, & @aiwind |anding, & diching, & fonced

{ ; : candiions and when goggles are wam.
Al the baginning of & ¢ st ine crew ENoud :::lnsl:b-r all af I:I'l-' Tollowing:
# Probecing themsaies (e Emaks goggies);

E5INg he Emokesirefumss sluation and avaliable resour:

Iniitizl Steps for Sownca Elmination
W Assume plots may rol always De alie 1D Sccuraey dentify the smoke source due 10 aMDIgLOUS C2E,
B ASSUTE Ferted-emats-event check j E JurcE may not have bean elminaisd.
B Fapid exdinguishing'sl minaion of the E ] prevent escalation et
T =3

“he mos! probais smokamumeE 5 ' reduca risk must be immediabaly avallable 1o the crew,

ple and reversibie;
on warse or ol Turiner assessment of the sltuation; and,
® Do niol r2guire analvels oy orow,

Timing for DiversicniLanding
= WUkl mot el gn FTIJ-DE'-HLEE It I}HE} divershan.
ok EFUEF-EIE diverslon 36 EI0N 36 3 EMoketraTumas event cocurs and should b2 reminded In the checklisl to conslder 3
diversion,
W After the It steps, ihe chacidlst should direct diversion uniess the smovefirefumes source |5 positivaly Identtfied, confimed 1o be
‘Eﬂhgu ned and smokefumes are diss F-Eﬂl'l
B Tha crew should corsloter an Immedialz |d'ljh;| .:I"I}'JI'I'E e eRusbon cannot be conirollen

Smoka or Fumes Remaonal

B This decElon m miade D-EEEHUFETI‘"'IE'."ITEB'I tl'-_'h-g FfEE-EFI'.E‘ﬂ f the DasEENgeEn: CIEW.

a .l’:ﬂ:ﬂ'l'ﬂt. Famaoval Checils] B jI'EEEI"IffE'ﬂ'E[u'F' fire Is _Ill'lg..H'F‘l:l arfine H'I'l:lil:.'.TlII'I'EEFT'EE':I'ﬂ‘"'I'E'g[E'E'FI threal

B Smoketum i :hould De identified _-il'lj' 35 ‘removal F-E' and e cheills ¢ i ba EiE':f' acoasslble =N midular,
Ehaded, eparabe, sland-akone, eic.].

0 The ! Mmay nesd 0 ke r-.-rnhﬂe-:l 1o remove & BRI UM

H The crew should be dinecied o refum W he eiFireFumes Cnecldlst 3%er smoketumes removal T e SmokeFireFumes Checkist
was nol COmE lzled.
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New Format Checklist

EXAMPLE OF AN INTEGRATED, NON-ALERTED SMOKE, FIRE, AND FUMES CHECKLIST
United Alrlinae A313A320 Alrcraft

SMOKE, CABIN/COCKPIT

.- » Gxygen masks and regulatars .

! im Crew and flight s.ltend:m mrnlmnlcaﬂons
I Cabin fans switch

m Blower switch ..

m Extract switch .

L] Gﬂl'ﬂ)’fbﬂlll" and cabin swit

® Cabin signs . -

m Descent . aaan

WARNJ.HG. Do ot ds!ay d'ssu:enr ar

T

If dense smoke at any time, accomplish reverse side.
REFERENCE ACTION:
If cabin or galley equipment smokeffire is suspected;
w Emergency exit Hght switich ... ... ittt c i

= Commercial switch

= Bus tie switch. . ...

= Generator 2 switch

Just before landing gear extension:
m Generator 2 switch
m Bus tie switch .

W air conditioning smoke is suspected:
n APU blead switch. .
= Blower switch. ..
m Extract switch. . .
u Pack 1 swileh . .
If smoke does not decrease:
m Pack 1 switch
m Pack 2 switch .
= Cargo heat aft Ia.niullun valw nwilch

If smoke persists:
m Pack 2 switch

m Blower switch,
m Extract switch |
- - END OF AIR CONOITIONING SMOKE
If electrical or avionics smoke is Suspecind:
Accomplish AVIONICS SMOKE ECAM or Flight Manual procedurs 14.20.39,
sasesimncecnsaes - BND OF ELECTRICAL OR AVIONICS SMOKE - - cvesnermsnsnnsnenn

3 IVANYIA LHOIMA DECYELEY

United Alrdines A51) MOKE CAEI T el — Frent Pags.

| Sucer, Fime ses FouEs m TRANSPOET AmamarT
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Open Window

s /0 Seconds from Runway

= Open Window did NOT Provide
Sufficient Visibility

= High Noise

s Reverse Air Flow
e Cabin Air into Flight Deck

= Visibility I1s Proportional to Increase
Flow Rate

e Double the rate double the visibility




Conclusions

There are going to be In-flight fires

Multiple layers of mitigation are
necessary

Implementation

 FAA NPRMs
= Wiring & Fuel Tank



Conclusions

s Fire Is an
unexpected event

= Fire Is a very high
stress event

= Fire may be from
an unexpected
source







Most Recent Examples




RAE Nimred
Septemiber 2006
Afghanistian




Eebruary 27, 2007
United 955




Eebruary 27, 2007
United 955
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2007
United 955

Eebruary 27




Eebruary 27, 2007
United 955
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Implementation

s Operators

o FSF checklist template
= Eliminate open window

e Retrofit arc fault circuit breakers
e |[mproved wiring maintenance

e Improved thermal acoustic blanket
maintenance

e Vision assurance
e Improved flight crew training
e Mark location of minimum damage for crash ax



Implementation

s Manufacturers

o Adopt FSF checklist template
= Eliminate open window

e [nstall arc fault circuit breakers

e [mprove wiring maintenance

e Improve acoustic blanket maintenance
e |Install vision assurance technology

e Improve flight crew training



Implementation

= Regulators
e Reqguire arc fault circuit breakers
e Improved wiring maintenance

e Improved thermal acoustic blanket
maintenance

e Require continuous flight deck smoke
testing



S up to us
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