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Commercial Airplane Lightning Strike During
Takeoff from an Airport in Japan
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Pan Am B707-100; N709PA



7Y EIRGEN WIDN@ecember 8, 1963)

ENVIEThelding at's;000 feet, left wing
StitICkaIsyAlIgntning
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70) ElREon MDNES
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L ~ Portion of fuselage of Pan Am Flight #214
' in cornfield near Elkton, MD




AV E(VEyAe) 1976)

SVATIRIENErS IEftWing Was struck by
Ightnimgavaile descending to 5000 ft
el /vmg EXPIOUEE
it oreak-up, 17 killed
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Neor=Elejsitgllale

EXPI0SIONIS =

Frayed In-Tank Wire
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/ / Nevv Yom @uly 17, 1996)

ENVirnerclimingrthrough 13,000 feet,

emoir,y cENter tank exploded
st Break=up of airplane

' been fueled with Jet A
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TWA (Fllght 800), B747- 100; N93119
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ST BEEKOK(2001)

Thai Airways, B737-400; HS-TDC




GMVEINSOUICES 1o Key Accidents

r

lﬂeverJdenure

Xpended during Five

J

l\/lcchrJrJ 7 [~ U/F
l\/lrlmlrl / /— 1990

m Exact source @ignition never determined
m Corrective actions based on most likely scenarios
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IGIENRSOUNCES o) Key Accidents
NEVEIMUERLIEC "

sPAIFEIVE aceidents invoelved explosions of what
ZEeMByWAseIngirerenred to as “High Flammability”

fuel tanks ‘ i %

n =>7% rlgr,mma"pJJj'ty axposure on a worldwide basis

= Highlightsitincertain nature of ignition source

~ prevention strategy
= Emphasizes f %ed for an independent layer of
protection

m “Balanced Approach” needed
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SUEINakaE ammability Exposure

Fyolezl]

Tail Tanks 2-4%

Body Tanks

* Pressurized <5%
- Un-pressurized >20%

Center Wing Tank with Adjacent Pack Bays 15-30%,

(Boeing, Airbus)

Center Wing Tanks without Pack Bays 4-7% -
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Istories
I JP-4 has
el g OreydlnELE ) same world wide exposure
(o) rJarnrrumh._. as an empty heated center

an accept"'ble service history.

= Wing tanks fueled with JP-4 and empty
heated center tanks fueled with Jet A have
not had an acceptable service history.
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SOIIPANBeN O Flammability
ach\/AJOOe P andl Jet A

Flammability Envelope

.} Flammability

N

100 150

Temperature Deg F

Altitude 1000's ft.

200
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= Emman) ity Envelope

INBUIESpaNk, ConvenuonalbAluminy ansport, Air Conditioning
- SystemsitecaieuNBiuEmeatieenterWWing Tank (CWT)

i

Flammability Envelope

30

—— Heated CWT
Profile

20 ' Unheated
\ \ \ CWT \ Wing Tank
Profile

Altitude 1000's ft.

Temperature Deg F



NRIWVASSO0NIeUGNE arealization that some
LEiSIcouiai e ”cl”]fﬁcl@]" for a large portion
of theiFeperational time
ULSHINIS B VIOSt VWe ted List”: Flammability
REAUCHON

' Of* clUde the. operation of transport category
airpla /ru /1 xplosive: fuel-alr mixtures in the
fue/ la 'e

m TWA 800 recommendation
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antion

ic) conclude '_r.ha_r.

Vidny cuimen E%’( ane&ad similar short
romng N their ignition prevention
slppfOc'_J

prOt ction Is needed to “Back-Up” the
Ignition prevention strategy
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"
SPEISE o) these findings, the FAA

]
J OHerl =ederall Aviation
88 In June of 2001.

to the findings of these examinations
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5 Key Accidents

Safety Approach:

Ignition Sources
Ignition

Fuel Air
Flammability

IStery.

960’s-1990

707 Elkton MD
747 Madrid

(Lighting)

Prevent ignition
sources

(improvements to
affected model
after accident)

Some R&D. Not
found to be
practical. No
requirements
established.

1990-1999

737 Manila
747 New York

(Not Lighting)

Re-examine design
and maintenance
to better prevent

ignition sources
(SFAR 88)

Whole Fleet
Solution

FAA research led
to inerting
developments.
Industry (ARAC)
deemed it
impractical.

2000-Present

737 Bangkok

(Not Lighting)

Recognition that
our best efforts
may not be
adequate to
prevent all
explosions

FAA Simplified
system developed.
Recognized that
inerting is practical,
and may be needed
to achieve balanced
solution
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a ‘oﬁuf
i still unknown failures

sources

Must consider flammability reduction of high
flammability tanks as an integral part of system
safety
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nition Prevention

Oxyge\ /uel Vapor

Flammability Reduction
28



Flight Manual FQIS

Recurring Procedures

Maintenance
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ER WING )
o o o / ARC THROUGH PUMP HOUSING

SKIN

Fuel Pump Internal
Damage/Overheat




EamipeilitaReduction

rlgrlm n 2001, the FAA
'\v : Rulemaking
pmmittee (ARAC) to
embre vvrr/s to reduce flammability In
1191 frlf SySstems

' yse to TWA 800

m Direct r
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.
SammetlitysRedtction

SRVner o ARAC € o mittees concluded
CEtSicimmaianiity re ugtion efforts
WoeuldNIeNaluable—existing technology
- Was considered not practical for

comm P‘frlf“= aviation

eight — teo heavy

m Cost — too expensive

m Reliability — too low

m FAA continued technology R&D
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FRS
AA FRS Implementation
onstrator

Flammability Reduction

Ignition Prevention

- THAI SFAR 88

TWA 800 737 Reviews Ignition
NTSB Chgnges
TWA 800 SFAR 88 el
Hearing Rule First AD’s

released 33



EamipeilitaReduction

EEVaIR Enanlers:t which made

tlechiplegy’ “Breakthrough” possible :

1. VEmbrane performance at lower AP
2. O, ‘omr*f" ation (9% vs. 12%)

3
3 Use of sin ple system OK (single string)

m FAA focuseg testing In these areas
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| Performanca”m

ANSSE el

.I. .ra .~
c-gb G

N Viedule technoelogy would work at low
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IO UG I=N@), Concentration

B iestingl demonstrated that higher O,
EVEISOIOVICER e *_ llate protection
ner ling ebtained on the ground
Wit ajperexime -_JJ\ 12% O,
= Previous 9% 0, levels linked to military
\ combat tk -ats
m Less Nitrogen needed at altitude
x 15.59% Oxygen adequate at 40000ft

m ACEQUELEN
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© AFFDL-TR-78-66 Spark

~
o

X JTCG/AS-90-T-004 19J
Igniter at -2000ft

[e2]
o
|

a1
o
|

XJTCG/AS-90-T-004 19J
Igniter at SL

D

A AFFDL-TR-78-66 Table
123mm HEI

U AFFDL-TR-78-66 Table
1 Spark

16
%0Oxygen in Ullage

Sea-Level Nitrogen Inerting Test Results

Source:Boeing Literature Review, References quoted on Chart




Check/Shutoff Valve

Center
Wing

Cooling Air, Tank

Shut @ff Valve Flow reverses on Ground

Temp control valve

TNEA Flow

Filter Heater

High and Low
/' Flow Orrifices
Heat (In common valve)
Exchanger D E—

Waste Flow (O2 rich) Low flow, High Purity NEA for Ground,

Existing Bleed Line Climb and Cruise,
. High Flow, Low Purity NEA for Descent
Overboard Exit

FAA Simple Inerting System
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m Alrbus gained familiarity with design concept and
system perfermance

m Boeing 737 & 747 Certification Testing

m FAA/NASA 747 Flight Test
m Initial flights performed in December 2003
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or over 40 years, we have been trying to
prevent tank explosions by plugging all the
holes in this layer, which is nearly
impossible.

Ignition Prevention Lay
Holes due to:

- Design issues

- Aging systems Flammability Layer

- Improper Maintenance, (High Flam Tank shown)

Rework, modifications, etc Hole due to:

-Unknown unknowns - High exposure to flammable ACCIDENT
vapors
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Tank System
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HampaeiivyAey/ers vituaiy:

design changes to precludes'."—
single failures)

- Other holes reduced in size
(human factors/ maintenance
Issues, unknowns, etc.)

reee) ,__p on

.

Flammability Layer
-Reducing flammability
exposure significantly reduces
holes (flammability reduction)
-Small holes remain due to
system performance, dispatch
relief, system reliability, etc.

iction significantly reduces hole size in
2liminating future accidents.

Flammability Reduction / Low Flammability

ACCIDENT
PREVENTED!
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=lamimenility NPRM

W OnpEeh 171 2004,

The EARAGministrator, I\@'ion C.Blakey,

anneUREEd that the FAA was proceeding with

el NorJge oifProposed Rule Making (NPRM) to
| ion off flammability in high

transports
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anced Approach of Ignition Prevention and
Reduced Flammability can provide a
substantial imprevement in fuel tank safety

m FAA is moving forward to implement a
reduced flammability strategy to complement
the ignition prevention strategy -




INPIEINERLANGCRNIA

Hon “cut-in” of flammability
MECNS éﬁl\/ 0 |gh flammability
JJ & Albus C

ProorJﬁ retnefit of ERM on eX|sting fleet with
nigh rrummr oility’ tanks: (Boeing and Airbus
- CWTs)

m Propose revision to FAR 25 to include
flammabllity limits
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