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General — Cabin & Cargo Electrical Installations
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Raising number of electrical devices

Made from off-the-shelf products and components

Great variety in design and installation location

Devices are qualified according to DO160 using UL testing

Raw materials are often not available for test samples

October 2010 Page 2

P

=
)
AIRBUS




© AIRBUS OPERATIONS GMBH.  All rights reserved. Confidential and proprietary document.

General — Applicable Requirements Pressurized Area

Airworthiness ABDO0031 Issue G Airbus
Certification Requirement (baseline) Airbus Fire Safety (AFIS) Requirement Test Method*

Flammability
. 81.2 - Materials, Components (General) AITM2-0002
CS/FAR 25.853(a) & App. F, Part |, §(a)(1)(i) to
8(a)(1)(v) - Materials, Components . )
81.3 - Materials (Elastomeric) AITM2-0003
CSIFAR 25.853(a) & App. F, Part |, §(a)(3) 81.5 - Electrical and Non-Electrical Cable AITM2-0005
T (Fgble/Wires §1.6 - Heat Shrinkable Tubing AITM2-0038
CS/FAR 25.869(a)(1) — Electrical Components §3.2 - Materials, Components AITM2-0007
CS/FAR 25.1713(a) — EWIS Components
U 8§3.3 - Electrical Cables AITM2-0008

CS/FAR 25.831(c) — Demands for System

Malfunction Provisions 83.4 - Data Transmission Cables

(electrical & non-electrical) AlTM2-0008

Toxicity

see smoke 84 - Materials, Components, Cables AITM3-0005

* The referred Airbus test methods are derived from the airworthiness authorities test methods
specified in CS/FAR825 and FAA Fire Testing Handbook DOT/FAA/AR-00/12.
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Fire Safety Assessment Process — Overview

Design Proposal

Device Analysis

(1
Safety analysis results Test
are taken into account Selection (I1)

Test possibility of additional
testing

Performance (lll)

Test Results
Evaluation (V)

Fire Safety Fire Safety

Redesign Interdiction Clearance
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Fire Safety Assessment Process — (I) Device Analysis

Installation
Zone

Where is the device installation
location?
pressurized section, hidden area
etc.

How often is the device installed
inside the aircraft?

Are the installation locations
accessible or permanent/non-
permanent visible by crew or
passengers?

Fire Safety Assessment for Electrical Devices ...

Fire Safety
Concerns

Operating
Parameter

How are the operating parameters of
the device?
power input, power output, etc.

Is the device permanently on and
working?

How is the device secured against
failure?
internal and/or external fuses,
overheat protection, etc.

/ Interior & Fire Safety / Bonk

Housing
Design

How does the housing look?
dimensions, openings, etc.

Which housing materials are used?

material specification,
thicknesses, etc.

How is the cooling of the device
realized?

air cooling, heat-pipe method, etc.

FST certificates are available for the
used materials and parts?
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Fire Safety Assessment Process — (l) Fire Safety Categories

Recommended Criterions for

Installation Zone

Airworthiness Conformity *

¢ overheat protection
accessible and permanently ¢ external and internal electrical fuse
visible by crew or passenger * low power consumption (<20W)

* separate manual switch off

ABDO0031 Conformity (Standard)

¢ overheat protection
accessible by crew or ¢ external or internal electrical fuse

passengers during flight * moderate power consumption
(<100W)

Flame Spread Safe (equivalent or enhanced)

flight relevant systems nearby
accessible by crew during flight
(e.g. electronic compartments) .

secured by active fire safety .
means

e overheat protection
external or internal electrical fuse
shut down of forced venting

Fire Containment (equivalent or enhanced)

flight relevant systems nearby

inaccessible areas during flight | ©
(e.g. hidden area) o

no escaping smoke

overheat protection
external or internal electrical fuse

material compliant with flammability
(airworthiness standard)

cooling by air venting or heat pipe

material compliant with ABD0031
cooling by air venting or heat pipe

nearly closed housing with small
vent/decompression holes

material compliant with ABD0O031
cooling by air venting or heat pipe

completely closed

material at least compliant with d
ABDO0031

cooling only by heat pipe principle

Fire Safety
Accomplishment

fire stops when fire source
vanishes

smoke & toxicity gases can
be released

fire stops when fire source
vanishes,

smoke & toxicity gases are
harmless and not released
in significant quantities

fire kept inside housing
no fire risk for materials or
parts in surrounding

smoke & toxicity gases can
escape housing

fire & smoke kept inside
housing

* Use of a devices inside Airbus commercial aircrafts that is certified only against airworthiness standards has to be
allowed by exception permission from the responsible aircraft chief engineering department.
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Fire Safety Assessment Process — (Il) Test Selection

Testing Methods (pp1l — 17)
Fire Safety

Level :
Equivalent or Enhanced

Flammability Smoke & Toxicity Safety Test

Airworthiness all materials & parts*:

Conformity (1a), (1b), (3) & (4)
ABD0031 Conformity alélrgit((aiig?g)p;r(tz;: all mate(rziz)a’ls(,Bc?)L parts*: 3
Flame Spread Safe only hogi;;? g)cgti(z?l parts: only housirzg)c’&(g;itical parts: Flame Propagation Test (5)
Fire Containment only (hloal;sing: only rg;))using Fire Containment Test (6)

* Component parts inside a device can be regarded as ,,small parts” that have not to fulfill flammability, smoke and toxicity
requirements under certain circumstances. The way of handling is described in ABD0031, Issue G, chapter 2.2.5.1
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Fire Safety Assessment Process — (llI) Test Performance:
Critical Electrical Parts Selection

Electrical Device Printed Circuit Boards
Condensers

Cables/Conduits

Batteries

Selection Criteria:

9
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Fire Safety Assessment Process — (llI) Testing for Enhanced or
Equivalent Fire Safety Demands

Fire Containment
Test

" Need for enhanced or
Critical Safety ) :
: equivalent fire safety
Analysis Factors :
confidence

Flame Spread Test

Critical Assessment Factors: Enhanced Fire Safety Demands:

ment.

erved. Confidential and proprietary docu
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Fire Safety Assessment Process — (IV) Test Evaluation

Safet Safety analysis data
Analys)ils yshall 3t/)e Tests shall b$ ;ﬁassed Test
comprehensible successfully
Data \p Results
Test
Evaluation

Test Report Content

Test Evaluation No disaccords

between tests
results and risk
analysis

Test Report

Completeness
Is guaranteed

Fire Safety

Clearance

7
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Test Methods — (1a) Flammability Testing Materials & Parts

Test Detalls Sample Layouts
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Materials & Board with Materials & Condensers* Connectors*
Boards without Components Printed Circuit i
Components Boards 10mm
37,5mm
| — —
A ! T ’H
|
£ : :
IS with protective £
8 |:| coating as |:| |:| |
1] used in device |
é \ flame applied to |
2 edge of tested |
: component %
g v
s Testing in accordance to AITM2.0002B |
(12s vertical Bunsen burner testing) < > < > < »>
¢ 75mm 75mm 75mm
: limits: burn length < 152mm _
5 after flame time < 15s * Condensers and Connectors have to be mounted in such a
5 after flame time drips < 3s way that the complete row is filled




Test Methods — (1b) Flammability Testing Materials & Parts

Test Detalls Sample Layouts

Elastomerics, Signs Generic test sample prepared for the test
tested
component/material 300mm
| A
N

@&
75mm
—

flame applied to
edge of tested v
component

» sample shall be tested in same thickness as used in device

Testing in accordance to AITM2.0003 but not thicker as 3mm
(15s horizontal Bunsen burner testing)

limits: burn rate < 64mm/min

f—
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Test Methods — (2) Smoke & Toxicity Testing Electrical Parts

Test Detalls Sample Layouts

Board with Printed Circuit Condensers* Connectors*
Components Boards
sampl sample

holder holder frame

36,5mm

radiant
heat

]
EEERER
~ y E
! 0
h ©
v ! @
ot -
urners < > < > < >
73mm 73mm 73mm
tested part should be
at level of pilot burner
flame application
Testing in accordance with AITM2.0007 (smoke * Condensers and Connectors have to be mounted in such a
density) and AITM3.0005 (toxicity) in flaming & way that they cover a surface area of app. 63mm x 63mm
non-flaming mode with no gaps in between
limits: smoke density D, <200 At each edge 5mm have to be left free

HF: 100 ppm, HCI: 150 ppm,
HCN: 150 ppm, SO,: 100 ppm,
NO/NO, : 100 ppm, CO: 1000 ppm

f—
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Test Methods — (3) Flammability, Smoke & Toxicity for Cables

Flammability Smoke & Toxicity
pulley
or ro
. r\/\/\/\/\/\/\/\/\/\/-l cable wind up
specimen on wire
holding frame
bending Wrgggégev?/ith
%/y aluminum foil
bunsen\
burner
clamp for
specimen
fixation ,
single cables
p:ace_d on
i uminum
/ bt?rI:]%rs \ \ %Iate and
\ ) wrapped with
g _ _ bending aluminum foil
g Cables Heat shrinkable tubing radius
% >3.2mm
3 as installed in ' shrinked on'
s aircraft copper wire
£ Testing in accordance with AITM2.0008A/B and AITM 3.0005
D Testing in accordance with AITM2.0005 (cables) limits: smoke density D, < 20 within 16min
or AITM2.0038 (heat shrinkable tubing) = .
5 or D, <200 within 4min
< limits: burn length < 76mm
2 after flame time < 30s HF: 100 ppm, HCI: 150 ppm, HCN: 150 ppm,
% after flame time drips < 3s S0O,:100 ppm, NO/NO, : 100 ppm, CO: 1000 ppm
%
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Test Methods — (4) Battery Testing

Test Set-Up Test Details

15t Step:/Distance Estimation (3min exposure)

© AIRBUS OPERATIONS GMBH.  All rights reserved. Confidential and proprietary document.

fixation clamp
e
N ]
>
aluminium dummy ‘

with inside installed

thermocouple propane

. bunsen
L burner

fixation clamp I
thermocouple

thermocouple

| ==

2"d'Step: Sample Testing (10min exposure)

fixation clamp vent hole position
4

propane
bunsen
burner

test specimen

(0

fixation clamp thermocouple

Testing is done utilizing the test procedure described in
British Standard BS 2G 239 (1992). The used burner
shall be compliant with CS/FAR 25.853.

Fire Safety Assessment for Electrical Devices ... / Interior & Fire Safety / Bonk

Test Procedure:

aluminum dummy shall be up-heated above
200°C within 3 minutes by the burner

flame temperature shall be measured
distance between cell and burner is estimated
replacement of dummy by test sample

flame exposure of test sample for 10 minutes
observation of behavior

test is stopped

damage on test specimen is documented and
analyzed

Test conditions:

room temperature of 20 + 2°C
test specimens shall be discharged below
75% of nominal capacity

Pass/fall criteria:

all cases of the cell shall be intact

no solid components shall be ejected
hermetically sealed cells should only vent
through the designated vent area
non-hermetically sealed cells shall vent only at
the seal area

f—
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Test Methods — (5) Flame Spread Test Procedure

Test Set-Up Test Details

Test Procedure:

9
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width w
< » housing « artificial fire source placed inside housing
with vent » application of accelerant
/ holes « closing of housing
» starting of data acquisition and of video
recording
S . Act_i\_/ation of fa_n system (if necessary)
| toptional * ignition of the fire source
 test stop when fire source thermocouple
— shows again am_bient temperatures
VID * opening of housing

— » photo documentation of damage
: printed Test conditions:
E = . 1 circuit
£ F | boards e room temperature of 20 £ 2°C
; 2 ://’i » relatively humidity of app. 50%.
g ///: :.__,_/:j E/
Z //mﬁ@ _ _ Pass/fail criteria:
H // . thermocouple outside chassis
: X : @ hermocouple inside chassis « no fire penetration of the housing,
: fan. system for P » outside temperature of the housing has to be
;’ forced venting i 1. artificial fire source below 180°C’
3 * no significant flame propagation inside the
% housing
5




Test Methods —(6) Fire Containment Test Procedure

Test Set-Up Test Details

width w Test Procedure:

A

housing
_ / * artificial fire source placed inside housing
“ » application of accelerant
» closing of housing
» starting of data aquisition and of video

recording

 ignition of the fire source
—~ Ir * test stop when fire source thermocouple
| __(optional) shows again ambient temperatures

* opening of housing
—~ » photo documentation of damage

VID

/

Test conditions:

* room temperature of 20 + 2°C
* relatively humidity of app. 50%.

height h

7/ ’
// : e ) thermocouple outside chassis _ _ _
, L o . _ Pass/fail criteria:
/ 7 y 3 thermocouple inside chassis
1 - . .
3 — ' N * no fire penetration of the housing,
artificial fire source ) N
< » outside temperature of the housing has to be
w/2 pressure sensor inside below 180°C
3 chassis (optional) — . ..
\ * no smoke outside the housing visible
S

f—
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Test Methods — Artificial Fire Source Layout

Set-Up Fire Source Layout Criterias

» type of test (fire containment or flame
thermocouple Spread)

detected critical fire load in device

/

accelerant

2mm
[ ]

worst case assumption that these
7 components are not flame retardant

position inside housing

7 L V\ / - o » accessibility at fire source position
heated  capability of igniting other components
_ filament -
X v « fire shall burn for an overall time of
< 200...300s
b/2
< > foam
\ < Fire Source Components

* polyurethane foam without flame retardants
(density ~30kg/m?)

rved. Confidential and proprietary document.

* accelerant: heptane
* ignition source, e.g. heated filament

» thermocouple for fire source temperature
measurement
Vi
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Summary

Airworthiness flammability
requirements (CS/FAR §25)

Airbus fire safety
requirements

Fire safety assessment & compliance
testing procedure

< $ ¥

) 4

erved. Confidential and proprietary document.
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© AIRBUS OPERATIONS GMBH. All rights reserved.
Confidential and proprietary document.

This document and all information contained herein is the sole
property of AIRBUS OPERATIONS GMBH. No intellectual
property rights are granted by the delivery of this document or
the disclosure of its content. This document shall not be
reproduced or disclosed to a third party without the express
written consent of AIRBUS OPERATIONS GMBH. This
document and its content shall not be used for any purpose
other than that for which it is supplied.

The statements made herein do not constitute an offer. They
are based on the mentioned assumptions and are expressed
in good faith. Where the supporting grounds for these
statements are not shown, AIRBUS OPERATIONS GMBH will
be pleased to explain the basis thereof.

AIRBUS, its logo, A300, A310, A318, A319, A320, A321,
A330, A340, A350, A380, A400M are registered trademarks.
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AIRBUS

AN EADS COMPANY
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