 DOT/FAA/CT-84/21

B s

S A

Suppression and Control

of Class C Cargo and
Compartment Fires

David R. Blake

February 1985

Final Report

This document is available to the U.S. public
through the National Technical Information
Service, Springfield, Virginia 22161.

&

US Department of Transporiahon
Federal Aviation Administration

Technical Center
Atlanitic City Airport, N.J. 08405




NOTICE

This document is disseminated under the sponsorship of
the Department of Transportation in the interest of
information exchange. The United States Govermment
assumes no liability far the content& ‘or use thereof

The United States Government dees nat endorse products
or manufacturers. Trade or manufacturer's names appear

herein solely because they are censz&ered essential to
the ooject of this report.



Technical Report Documentation Page

1. Report Ns, 2. Government Accession No. 3. Re’cipien?’;chfclog Ne.
DOT/FAA/CT=84/21
4, Title'cmr‘ Subffri ' . o ‘ - ) . 5. Report Date

, February 1985
C SUP?RESSION AND CONTROL OF CLAS;S C CARGO COMPARNMENTS L 6 Perform;ng quamzchon \_ode
| FIRES RS | | - ACT-350

8. Performing Orgoniza?io‘n Repert No..

7 Aythor! s}

. David R. Blake ' . . | DOT/FAA/CT-84/21

1 9. Per forming QUrgonization Nﬁmé and Address . i - g | 10 Work Uniir No. (TRAIS
| Federal Aviation Adanlstratlon o ‘ L A

T&ChﬁlCal Center s S 11. Contract sr Grant No.,

Atlantlc City Alrport, New Jersey 08465

13." Type of Report and Period Covered

12 Spons«armg Agency Nome and Address -

U.8. Department of Transportaﬁlon cee T : : , - Final
Federal Aviation Adm1q1stratlon SR © 1 August '83 = June '84
Tfmhxucal Center : : : FE M,’ Sponscring Agency Code

Atlantxc City. Azrport, New Jersey 08405

55 Supplemenmry Nc‘res ’

i 8. Absfmct

N f'ot:au Jf 23 flre tests were cenducted in a 235? Lublc foot szmulated class © Larga
compartment.  Various llnxng materxals, fire sources, loading conflguratxons ~andj.
smoke deteutors were used to determlne the ab111ty of class C cargo compartments to|

the test fires in all cases. - The major conclus1on of thls study is that the 457
bansen burner test spec1fled in FAR 25.855 does not assure that Largo llners wzll
not bukn through when subJected to reaLlstlc flres.

B Jf!”key Werd; - - o . : - ?8; Distribufion Staieme‘n?:' .
|Class G it L T | Document is available to the U.S. public
Halon 1301 - ' L o ‘through the National Technical Information
{Burn~through SN : e Service, SPrlngfleld, VA 2161
19, Secwi‘?y Ciézssif. {of thi‘%‘ repof¥) - T30, Security Classif. {of this page) con b 21 No of Pages | 22, Price ’
Unclassxfled ' R ‘Unclassified o 31

Form DoT F 1700 7 "'72)7 ERTII jRe"‘;':,rz:’du‘k:tion cfico'mgﬂeféd“pugefay'tl{oriiejd

,cantrol flres. The 51mulated class C cargo compartment dld not,successfullv control] .






- ACKNOWLEDGEMENTS

The author would like to thank the following peoplé for theif_aséiétédce in the .~

fabrication and instrumentation of the test article, conducting of tests, and in
the preparation of the final report: Lou Brown, Charlie Cole, Joe Cox, Madeline
Concepcion, Jim Dailey, Leroy Dickerson, Don Eastes, Larry Fitzgerald, Ross
Glidewell, Dick Hill, Dick Johnson, George Johnson, Jim Leach, Scott Owen, Cus
Sarkos, Roy Schoberle, ‘and Chris Young. - ' S

iii







TABLE OF CONTENTS

Page
EXECUTIVE SUMMARY : vii
INTRODUCTION 1
Purpose 1
Background 1
DISCUSSION 2
Test Article 2
Extinguishing System 2
Smoke Detection 3
Instrumentation 3
Test Series 3
Test: Résults and Analysis 7
SUMMARY QF RESULTS 9
CONCLUSIONS 11
REFERENCES 11

APPENDIX

A — Cargo Compartment Classification FAR 25.857 Classes A
through E



Figute

Pt

o

10
11
12
13

1%

" LIST OF ILLUSTRATIONS

"fDC*l&,Afthargé‘Compartment

Cabin Ventilation System

Cargo Ventilation Systen

Cargo Compartment Leakage Duct

Fire Extioguishing System

Smoke Detection System

Instrumentation Location End View

Instrumentation Location Side View

Instrumentation Location Top View

Temperature Above and Below Kevlar Ceiling Liner
 Temperature ‘Above and Below Fiberglass Ceiling Liner
" Halon Concentration

Smoke Density in Cabin, Tests 9 and 11

Smoke Density in Cabin, Tests 17 and 20

‘LIST OF TABLES

Summary of Tests

Smoke Density in Compartment

i

‘ Page ,

14

15

16

17

20

 ,£1‘

U Page

10



EXECUTIVErSUMMARY

The purpose of ‘this pTOJtLt was to: ev&luate the abllxty of class C Largo compart"

ments to suppress and control Largs fires. It was det ermined in prev1®us work
that Plass D cargo compartments with goad fire. barrler liners could centaln baggage
~fires. As a result of tbat work, a more severe ‘test method was proposed to
evaluate the burnwﬁhrough rc%lstayfe of ¢lass D Largo liners. Class Dcargo

‘comparrments depend on the limited ava*lab lity of oxygen through rebrrlptlons On

“zvexume and - 1eakage rdtec;id'suvpress any fires thaﬁ ‘are likely to occur. — The ;
liners used in class D cargo compartnents must be able to: malntaln their 1ntegr1tyku”

after expo osure fo direct flame melngement for several minutes before oxXygen:
‘starvatzon LedULES ihe tlamlng combubtlon toa smo‘derlng stateo~ ‘ ‘

,:Ciabs C cargo Lompartments are generally 1arger:than class D compartment& and
f{detQC110n and suppression svstems ‘are requzred The liners used in these cargo
ccmpartments must also maintain thelr 1ntegr1ty dfter ‘exposure to direct flame
Cimp 1ngement £or up to several minutes before detection occurs and the sappfes51on
system is dlscharged Sl th;s case, the integrity of the }1ners is important to
limit the mixing of cabin exhaust air with the air in- ‘the cargo compartment .

Failure to do this could ‘result in a concentratlon of Haion that would be insuffi~
cient to ~suppress the fire for the length of time required durlng aircraft cerfifi-
, gatzan, Some of the cargc ~liners used in class C cargo compartments do not pass
“the  more severe prapOSOd test. This study was undert aken to determlne Af i the
liners used in. class ¢© cargo compartmeqts need to demonstrate the same hlgn burnf,;
thrﬂugh r631stanuc as’ glass D cargo Tiners. ' 8

Tweﬂty three fire tests were LOﬁéULtPﬂ i the 2357~ cublc feot Llass ¢ cargo
‘compartment, The test variables included the Largo lining mat@rlal flre source,
loading Lonflguratlcn and -smoke detectors.  The cargo liners used in these tests
passed the vertical ‘and 45° flammablllty requlraments of FAR 25.853 and FAR
25,855 but not all of the llners kassed the more severe test proposed far glass D
cargo: 11nlng maberla} :

~One of the major gonglusLon% of this mtudy is that Lhe ?est method specxfled in FAR"
25.855 does not assure that class C argo llners w1ll not burn through when
subjected to realistic fires.  In addition, <class C cargo compartments,are ‘not

effective at cantrolling fires after a liner burnmthroagh has occurred. Anohher”"

'major flndlng is that the smoke detection system used did not always give an early
warning -of fire and subsequentlv gave false 1nd1catlons of thmVleve cof smoke in
the Lompartment, : S '
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Cootion.

INTRODUCTION

PURPOSE ., ' = fjfﬁ

The objectlve ol thls progect was to experlmentally determlne ‘the effect1veness of
contemporary class C cargo campartnent des1gns :1n suppre581ng and containing
cargo fires, It was. determined in previous work that class D cargo compartments
with good flre barrler'llners could contain baggage fires (reference 1)y, As o

‘result of that work, a more severe ‘test method was proposed to evaluate the burnwi‘ 

tbrough resistance of class D cargo liners (reference 2).  Class D liners that
~did not’ pass’ thlq:test dld not successfu’ly contain cargo fires in ‘all cases

Some of the cargo liners used in class C cargo compartments did ‘not. ‘pass. ‘that
proposed test Thls study was: undettaken to determine if the llners‘uced in
class C cargo ccmpartments need to demonstrate the same hlgh level of burnwthrough
reszstance requlred of Class D cargo llners. : : e ' :

ijACKGROUND

vYThe ma}orlty of the cargo compartments on’ Unlted States (U. S ) wide body trenepmrtf
alrcraft are Lertlfled as class C compartments They range in volume from 735 to
6200 cubic feet.l The requxrements for certification of cargo compartments are

- listed in appendlx Ay 8331cally,,class C cmmpartments are requlred to have smoke -
”fedetectors and ftre cuaPre951on Systems as. well as the ablllty to contrel ventltam

: ‘ 1yt These are.

eactlvated when smske partlcles scatter a beam of 11ght onto a phctocell £o trtgger*j
fan alarm,, The alarm usually con51sts of both an aural tone and warning llghts 1nf'
nethe cockplt. : o : L o

The ‘typical crew proce&ure, in’ the event of an alarm, to manual!y select the -
~ cargo compartment for discharge, shut off any forced ventllatlon into that compartm
ment and then manually dlscharge the suppression agent. 0On some aitrcraft, the
selection of the cargo compartment for discharge will automatlcally shut 0ff any
v forced ventllatlon into that Lompartment.‘ Dual: smske detectors dre common}y used
to prevent false ‘alarms. Both detectors must 31gnal the presemee of smoke before
action 1is taken by the fllght crew. Each detector is requlreé to have a test
c1rzu1t, controllable from the cockplt to confirm the functeonlng of the detec Lors.
The time fvom the acttvatlon of cargo smoke alarm unt11 agent iletharge varies w1th
atrcraft The

an. empty cargo compartment A backup battle of agent is also pxov1ded and
to maintain a concentration Df at least three percent zn the compartment £ o
one hour after ‘the initial bottle has been dlscharged The performence of the

s

155usedj

~suppresgion system is verlfled by flight tests during the aircraft certlftcetlonu_
~process.  The cargo liners used ‘in class G compartnents must meet the vertical

self"extlngulshlng and 45° burn_ through tests spec1f1ed in FAR 25 853 (b? and EAR
257 855 (aml} : : L : , , :




TEST ARTICLE.

The'teat'artiﬁlaywas_the aft seck ;0*
and 1980, © The bulkhead that
bulhk »azgo;gemggrtmeht Wy v
volume of- 2357 cubic feat,

:‘“ﬁmpafLment and the aft
: vcmpmzfm@nt wlfb,ﬁ
4 Aeﬂsiﬁﬁq 9% the  Cargo

compartment. Existing Lfoiﬁ o anc splaced with galvanized,
steel. ‘Aireraft cabin flooring was ed 1uthe QVJz:é;d;wab1n¢ Th@ ends of
the fuselage were Ldppeﬁ off w1?h~axuﬂlxdu strutture and all 'ﬁn@c@Ssarv 4GOVS and

“Or‘?h?

wxndowa were sealed, Agcess: dDOf% were Fabrie
ment. - Ventilation was &upgi”@Q to bhe ¢
that were installed near the ¢
the fuselage. - Air was forced through
1850 cubic ‘feet per minuts {CFM) whic!
four minutes. This air flowed ocut of
the cabin floor, down around the car
valve located -in the aft section of
floor. A/syst m COQ@&SLLP@ of a fan, Vi
area of the westoarticle. This syst ﬁhéy‘fGVCC air into the Large
compartment at 260 CF},&nd~$imu13ieﬁ"§.1 vtznp ané[vg “ilation system used Jn ‘some
airplanes, - ‘This: h@at‘ ’ ,d'ventiiaiion system is somel imes rni@.r@é to as a pet:
air system and is used avenvironment ble for the tf“ﬁSpﬂftFthﬁ of:
live animals.  The le: ka?& rdte'from'the'cargo "'%&rtmoﬂ§ Was "Gﬂtfﬁilﬁd by a
QLILOL&LP& duct in- the compartment leading to & val cand a calibrated orifice
mounted outside the ‘testoarticle.  Thig system was used to ‘raise the leakage rate.
ffDM'iﬁ@'LQmp&rﬁméﬁﬁ‘fﬂ"@ CFM &ﬂ}ﬁ% was  the leakage raﬁ@ m@a%&rei from an in-
SErvVice aiaSS‘C'Sargo~“mm$3vznﬁﬁr of comparable. size: Figu
trate the ventilacion systems used, The | @akﬂge and Went ilat
ayticlekzargojéo@ﬂbfhmpmt were determined by filling th@'ros
garbsm éiQxidefor halon and meﬂs iring: Enp patesof decay ’:ingulshlﬁg agentf
icentration.  This was then @Quui@ﬁ toa i@dkage r@tﬁ fr& Prmnc 3) '

cAbIn anu g&rge compartm
10-inch uzam@ter perfora-
the < i‘m and ran the iﬁngth of

tad Jducts

vkﬂem %pp’agimutaiv one air change everyij
cabin through owanzng% along the sides of
Qmpdrtmeﬁf;ﬁﬂu exited through an'outflew
selage,  under the cargo mepargm@nt:
ting gaé install ted in the cheek -

£
i

consisted 0% three ‘¢able Halon 1301 fire ‘bottles
; ,that Lan ‘down the]t@ﬁt@r?z : of thﬁ,fzee}agw between the
11ng llan ahd the c&%in flﬁ,r4 :
pt o at ceiling level thr ugh five o
1iiu ifares the. ext*nkuls ving sys
&‘Chﬁﬁi shei QV SlmhL»&n€QUQlV tLany-iww?ﬁ?
pounds af Citing&iﬁﬂlmg agent each. ] \ 5
cencentraticn of five perﬂemt by volume in the empty ?@st article, The third fire
boitle:318ﬂ COﬂfdlﬂe& 25 ‘pounds @f;exthgaiéhlng Cand was used as the Hackup
chiarge. . Thisg. ba&xup charge was ‘fired, when ne ﬁsgazyv';w minutes after the
inicial dzsuharge :"ihls was‘uhe tzmc5 determined b L “thar éh@-concenﬁrawg
tion of Halon from the iumitial discharge wsuiﬁ dr g'ﬂezceﬁt - Discharge
nozzles connected to the facllzt exf1nguﬁs%1ﬁ Csvsten dnstalled: Lntthe Cabin
and carge compartment for test artlg}v wra;sa,aen,, N T T R

'Gﬁﬁpbt@d 1o the manlfalaﬁ“
ischarge of Halon was
[the,fir@ hﬂfii? ‘m&zah contained 25

agent Cproduce an initial

Fel 5

-

”’,d%f}ﬁb testing at the rate of

¥, and & lllus“ﬁ:‘
tes in the test .
with either -

discharged into the argo’_



SMOKE:DETECTION.

CAn air 5¢mpllmg,fsmoke detection system was installed in the test articie‘ It
consisted of  four plckup ports on the centerline of the cargo Lompartment two
1nches below the celllng liner. The facility vacuum system was used to draw airc

from thﬂse pickup ports thraugh ‘the smoke detcctorsr, Fzgure 6 1Llusﬁrates the

smoke detection system. Two photceleatrlu ‘detectors were used for all tests. It

Coowas these detectors that determxnei the time that alrflow into th& compartment was

~reduced and  the suppress1on agent was disgharged “Two lon17atxon dcfeLtOfS were
added’ to the cystem for tests 5 through 21 for compsrlson purposes. A new smokek,
'detent:on system was fabrxcated for tests 2Z and 23.  New tublng was ;nstallod and
the number of plckuo ports was: 1n“reasea toe @ New detectors were alse 1nstalied
for. these Lebts.. : o ' :

ZENSTRUMENTATEON,”‘

A total Gf for?y“flve ghromel/alumei thermocouples were. 1nsta11cd t uugbont the
‘test article. Twenty-three of these were evenly spaced in the cbeek area’ aad in
the area between the argc ceiling 11ner and’ the - cabin tloo*lng  These were used
to record temperatures Dutslde of the cargo . compartment ‘and to help d@termlne",
ﬁthe time of burnwthrough should it occur. The remainxng twenty*rws thermacouplesf

' o were posztloned through@ut the cargo Lompartment.

‘,Four emeke meters c&nsxstlng of ‘g Lalllmated llght beam 1nu1dent upaq a photecell*
“were instal led in the test art;cleo“ One of these was in the center of tne cargo
‘compartment approx1mabe1y one. foot below the celllng 11ner°; Ehe three- additional
“smoke meters were installed in the upstairs caaln at helghta of 32 inches, 64
inches, and 96 lnches abeve fhe Cabln flovr. , , ‘ - :

The Halon 1301 concentration in the carga Lompartmant was meesured at two ifferent'i
lOLathnS u51ng Ewo Beckman Model 865 Infrared analyzers,,‘ A sampilnb system

S was used to enable the cangeﬁtrgtzan to be measured at’ four different ‘heights at .
the two locatlons." Eaun hekght was measured for one minute before pEOﬁeedxnﬁ toi
‘the next helght ThlS Lycllng zonflnued for the éuratloa of the testak S

The oxygen c&naentratlon in the cargo compartments was measured w1th a. Beckmanff“
"QMLlEA Qxyceﬂ anaxyzer.; The sampllng point was in the center of the cargo gompartm::
~ment ata Helght of four feet. Flguresi79 8, and 9 show the iucatloa of the
1nstrumentatlon in the test artlcle. o SR

: TWST SERKES

A Lotal of 23 f*re tests were aonducted in the 235? cublc foot cargo csmpavtment of"
the test article. Tests were conducted using . galvanlzed steeT flberglass/u
‘polyester,fand Kevlar/epaxy »argv 11q1ng materlals.“ Lable 1 glves ‘a summary and
brlef uescrlptlon of the 23 te°ts.‘ : ~ : :

The fxre*lcad for tcsts 1 thraagh 12 c0n31st@d of a Cloth gym bag xllled w1th
‘rags, newspaper, and matches. This was set in -among. a varlety of types of saltcases,
fill ed wz;h Llothes,, The matches in the gym bag were ignited with Nichrome wire to
start the test. The flre*load for tests 13 and. 14 consisted’ of Lardgnard ‘boxes
filled with packing foam, newspaper, dﬂd matches and plaueé inside an aluminum LD~3
cargo container with & polyester/PVC door covering. The matches were ignited
with Nichrome wire. ‘Tests 15 through 23 used a flre=load s;mllar to the ones. uged




. TEST No.

1

1o

iigGalvéﬁizéﬂ,, S8y
jfsteel : : ki

, Gal?anizéd 85
_Steel - S
Fiberglass - 206

Fiberglassf S

k?%vla?

Keviar 76

~‘F1bergla@5 o :f;kagf :
A3 mil ,
icelllng e

TABLE 1.

S SMOKE (SECS)
LINER DVTECTIGN

; Clmth:bag .
With rags,
‘niewspaper
~and matches

Galvanizea 71
Steel . :

[ Bame

Galvanlzed “] Bl

same
Steel i

L same

 same
13 mil o

,{ceillﬁag”

same’
13 mil [
ceiling , :
100 same

ceiling

Reviss o yis
AT Wil ' i
ceiling

same

Keviar ~© 99 same
Womiloo oo R :
celling

SUMMARY OF TESTS

”_FISE Loggu;,

COMMENTS

Initial Halon

cdlscharge
‘,extxnzuzsﬁua
:fixe by

S Fire was‘&bpé:
Cpressedobut o

rot extinguished.

CTnitial Halon
digcharge extin="
guished Tire

Fire was supe

Cpressed. but .
o extlwgalsheﬁ G

CFire was sup~

préssed but

not eytamguzs%eﬁy s

Fire was sgp-
pressed but oo

not extinguished

Initial Balow

“discharpge extim-
x~g&75h€ﬂ fif@a

Fire was ﬁuga

Cooipressed bot L
Lnot ezwinguxshe@ :

}Sélayeé Héi@ﬁ"y

firing for one

Cminute &fter
mﬁ@upﬁtﬁﬂﬁn ;
hole burned im0
S livers o

Large.

~Open
flaming in

compartment G 5
vafter 40 winutes,
Second Halon dism~

"';cha?ge didonot .

same
1 wmil '
celiling

 same

oodetection. La
Chole Bburmed dn

~.detection,

“suppress fire.

' Deiaysd Halon
o fdring for one

minute after

Iineri Fire

Ccontinuedito

smolder but
no flames were

“observed

De¢aye§k&aléhf
Cfiriog fTor ongl

minute after
Fire
wag sug pressed

bt nbt extine o
Cooguishedl o =

Large



te

13

15

16

17

18

TABLE “1.

Kevlar 162
17 mil ceiling
2T mil sidewsll

Kevlar 250
11 mil
ceiling

Kevlar 118
11 mil
ceiling

Keviar 214
YT omil
ceiling

Keviar 116
17 mil
ceiling

Kevlar 93
17 mil
ceiling

Fiberglass 178
13 -mil
ceiling

sSdme

Box filled
with foam,
newspaper
and matches
inside
CRFEO CONw
tainer.

Box filled
withfoam,
newspaper
and matches
inside
CATEO COs
tailner

Cloth ‘bag
with rags,
newspaper
and matehes
and /5
gallon of
rum

sSame

same

SUMMARY OF TESTS (Continued)

Delayed Halon
firing for one
minuvte after
detection.  Fire
WHs suppressed
but not extins
gulshed.  Noburn
Lhrough.

Fire was
contained
inaluminum
LDe3with
polvester
/7 PYC door
covering

Fire burned
throeugh
polyester/PVC
door-covering at
about the same
vime as deted-

tions o Halon
suppressed the
fire. “No-liner

burn through

Smoke dnd flames
were visible in
overhead cabin
before detection
s Halon was
fired early, av
15 secHnds,
Halon suppressed
the fire.

Fire burned
through “liner at
approximately the
same time as
detection. ire
wag suppressed
but not extin-
guished.

Fire burned
through Lliner . at
aprogimately the
same tilme as
detecticn.  HNew
deteotors were
used for this
test. - Open
flaming in coms
partment at 80
minugtes. Flames
visible in cabin

Fire was sup-
pressed but neot
extinguisheds,
Some . smoke in
cabin.



14

20

21

22

23

TABLE

Fiberglass
T3 mil
ceiling

Fiberglass
13 mil
ceiling

Fiberglass
13.mil
ceiling

Kevlar
17 mil
ceiling

Keviar
17 mil
ceiling

SUMMARY  OF TESTS

cloth bag
with rags,
newspaper,
matches
and oone

quart methyl

alaohol.

Same

bores,
suitcases

cloth bag
with rags;
pewspaper,
matehes,
and one

guart methyl

alcohol.

same. as 22,
except bag
zipped
closeé

{Continued)

First Halon
discharge extins
gulished fire.

First Halon
discharge extin-
guished fire.

Incendiary device
in suitcase.
First Halon dis~
charge extin-
guished filre.

Fire was sup=
pressed but

not extinguished.
No ‘burn through

Fire was sup=
pressed but not
extinguished.
No burn- through.



in tests 1 through 12. The only dlfference was the addition of a small quantity
of flammable liquid. One fifth of a gallon of 151-proof rum was used in tests 15
through 18 and one quart ef”methyl alconol was used in tests 19 through 23,  This
Tiquid was put in plastlc bags 1n51de the gym bag and was arranged to rupture at
~ the start of the test. This was done to simulate the potentlally damaglng type of
cargo fire ‘that lgnltes quxckly with very thtle smoke initially, & parﬁLally

loaded cargo Lompartment was simulated by fllllng approx1mately forty pexeent of

'"96 1nuhes with the flre source centered under

the compartment volume with carébaard ‘boxes filled with packing foam. Theae baxes
were . only used to dlsplaC€ the air in the compartment and were not involved in any
’flLeS Galvanzied steel, 0. 013u nch flberglass!palyester and 0.0ll=inch  and
0.017~ lnch Kevlar/epoxy celllng 11ners were used in the tests. Theb diners wérey;
1notalled in a section of the ceiling, cover;ng an area approximately 72 inches Hv,
that section. Test 12 also used

© 0.027-inch Kevlar/epoxy sldewall liner in addltlon to the celllng 11&8?.  The flre

S andl flames were observed c0m1ng through cracks in the cabln floorlngy

;ffar,ﬁest 12 was 1gn;ted approxzmately one?fdat away: fram the Cargs fffff ccmwartment:
‘ sidewall 3dgacent to the Kevlariepoxy test sectlonak L - i

The procedure useé in these tests was‘Lo operate the pet aiy svstem cattoihss full
capacity of n@O cubic feet per mlnute at the start of the test.- When both photo-
‘elcgtrlc smo e dctectors sxgnaled the presence of smoke, and after a preéef@rmlncd

agent was dlscharged 1nto the carga compartmevt The COnultlunS in t%e carbo*f'
‘Lomnartment were then moaztored for up to two hours . If the fire was: not QXLLBM

iguzshed by ihe 1n1t1a1 agent dlscharge the backup battle of 25 138 oﬁ ha Lon was

d3SLharged 54 mlnutes after the 1n1t1a1 dlscharge,

' TEST RESULTS AND ANALYSIS.‘

The tﬁst flres penetrated and burnedfaway sectlons of ;elllng aarga lzners Lﬂ tlv e
,af the tests conducted , : L

follaw1ng are the test numbers*and condltlons when the burn«throngho churra .

‘:TEST:Q.' The flre was 1gn1 ed in a clot% bag falled w1th rags,knewspa§er;'”i
matches  and placed approximately 18 inches below the 0.0ll-inch thick Kevlar
iling liner, Halon was discharged into the cargo compartment appwoxgmdﬁelj one

;:dlscharga, flamlng CmeUSLlOn was visible in the cargo campaerent The backup
‘Halon bottle was"isCharged ‘at &3 mznutes when the overheaﬁ cabin rxleé with smoke
The fire
4melted some of the alumlnum structure to whlch the cargo 11ners were attached ‘and
charred the under31de of the cabin flcarlng  The flre did - not. bufv throvgh
the cabin flocrlng but some flames dld come through the cracks wh@re the_
floor was attached to the seat tracks,k There was no combus able mat@rzais uah as
“carpets. or aeats in the cabin that could possibly have 1gn1tmd The backup bettle
of halon did not suppress the fxre., ‘The facility Co2 fire extinguishing system
‘was used to termlnate the:test at &4k mlnutes,a A hole: approx1mately 40 1ﬁche¢ by 28'

anhes was left 1n the celllng llner. -

TEST 10 : in a cloth bag fliled wlth rags5 newspapergrané
matches: and placed apprax1mately 18 1nches beiow’ the 0.0ll-inch thick Kevlar
cellzng 11nerm, Halon was dlscharged 1nt0 the cargoe compartment &pproxlmat913 one’
- minute after ‘the detection of smoke. The backup halon bottle was discharged 54
':;mlqutes after the initial dlscharge. - A hale appr0x1mate1y 31 1nches by 20 inches
was left in the ceiling lxner.  B : : :

ute after the debeutxon of smoke. Approx1mate1y 40 minutes after the indgial oo



1led with rags, newspaper, matches;
approxiwately 18 inches below the

“e

nowas di harg - into the cargo
xi utes wh@m, flame and smoke were
v;glble inthe cabin, gccur until &pprcximately three and
a half minubes. T ge m&axngus shed the fire. A hole

approximately 15 inches in o stowas lett ": the ceiling liner,

The fire
fifth of
chobhiek
At st approximate

filled with rags, newspaper, matches,
and one fifth of a gallon approxima iy 18 inches below the
0.017~%inch thick Kevlar : talon was aisciarged into the cargo
compartment :pruhlm&‘ Ty -2k condes aftey smoke detection. This discharge
%) : Lhe : fire.  The backup bottle of halon
warge., No flames were observed but
tely 17 incphes 1o diameter was left

TEST 16, The fire was ignited

TEST 17.

and one fi

Tled with rags, newspaper, matches,
&ppﬁ@xﬁma?@}y 18 “inches below the

001 7=1nck thick Keviar ceiling é{e“ % lon was discharged ‘1nto the cargo
compartment approximately 14 S&CG&@S atter smoke detection. {he backup bottle of

Halon was discharged at 56 minutes, At gpprowimately 80 minutes into
the testy flaming combu ible in the cargo compartment. The test was
terminated at 82 mému&&g with the facility €02 @Xiinguiﬁhimg system, A hole
appro¥imarely 12 ing lirner,

The fibergla
Vﬁfglual and
Kevlar

“@F@?@WC@ ,)1
pra@@sa@ as-.a
0,01 b~inch and bg

test program passed the
Bo25.853 cand 25,855, The
in report DOT/FAA/ CT-83/44

kerusens burner and has been
Eﬁﬁ@ﬁso Using this test, the

{ra
¥4
@C

¢ through in 13 and 15 secands,
respectfully.,  The QQQEB ineh fié&rglaﬁﬁ was Q‘E%ﬂ to the burner for 5 minutes
with no burn~through, : ,
i
The effectivenes Ethe fiberglass > barviers can-be
seen in figures ‘srﬁ Ei rature medsured

below “amd above
A “‘ta@d@d the tempersture below
oceurred, Ha : is vged and
inutes befere hw ‘again.

he temperature
hest temper
fest L85 o The t
' arged  but
entire Lest)

ing ‘liner fox Zaf" , 1."'£awjéraiure above the
i tegt, ag burn-through
for approximately 40
iner apdin exceeded
Tlogs a plot of
iting liner for
hWalon was
Y fnr the

The ability of Kevliar and drafts and ventilation

can be geen in ure 17, Tnét ﬁ@ﬁ alon concentration in the
Cest oarticle  versus time. T the test oy in which burn~through
occurveds the halon concentration was 3oopercent for only 20
ninutes:  In o the fest with 4 fiberglass concentration wads. main-
iained above 3 percent for dpproximately

&



The ability of the Kevlar and fibérglass"iiners to limit the “amount “of smoke
introduced into the cabin can be seen in figures 13 and 14. Fzgure 13 showq that
in the test with the Kevlar 11ner in which " burn~through occurred the smoke ~in’ the

cabin became dense. enough to reduce light transmission to approxxmatnly 50 pergentg;f
of “that of Lsear ‘air. This occurred twice, once durlng the initial burn- through -

and again when the fire relgnlted ~In the ‘test with a fiberglass liner, the
~light transmlsslon in the cabin was reduced to apnroxlmately 70 percent of. that
‘of clear air. This opaurred early in the test and was . prmbably due to the burn;ng
of “the pngyester resin on the back face of  the cargo “Yirer. The - light trans
mission in ‘the cazbin came back up to near 100 peraent in approxxmately 10 mlnhf68 
and remalnea there for the duration of the test. Flgure 14 shows the light
~transmission in the cabln for two addltlanal tests, . In the‘pect with the Revlar
liner in which burn through occurred the llght transmission in the cabin was
reduced to approx1mately 90 percent but returned to near 100 percent in app?OXLW
mately 5 minutes. In the test with the flberglass liner: the light tranam¢5qlom was o
reduced by apﬂroxlmaualy 2 percent and then returned to near 100 percent short iyf
- after. Again, this was probably due to. the burnlngtof the paiy@ster r881a on - the
’fbaLk fdge of the cargo liner. St o : : ,

Ehe photoelectrlc smoke ﬁetectors were callbrafed by the manufacturer to a!amn at

ayprOXLmately 93 percewt llghg transmLSSLGn Qver 1 foot, One of the';equir@meptsf
of Technical Standard Order (TSG) Clb which covers the deteutoxs used in cargo
~ compartments is that they detect ‘the presence of smoke at levels between 8& and 86
percent ~light transmlsSLOR._, Table 2. glves' the percent 11ght rransmlsblon as
- measured by the smoke meter at the time the smoke detector alarmed and at the time

they dealarmed. This was the level of smoke measured by the smoke meter and was’

" not necessarlly the same 1eve1 of~ smoke in the smoke detector chamber. On three

of smoke ‘in’ the compartment when the detectors dealarmed.

“ceccasions, the smoke meter measured levels of smoke significantly below the
requlred 84 percent when the smoke detectors alarmed This occurred in te&ts 6,
15, and 19. There were 14 tests in which the smoke detectors dealarmed and smoke
meter data were avallable.‘ In 13 of those 14 tests, there was azgnlflcant levels
ﬁﬁThe smoke meter measured
 Tight transm ssion ranging from 26 to 87 P rcent for thase 13 tests at tbe tlme%
‘that the detectoLs dealarmed. :

SUMMARY Qr RESULTS

1. The test flres ‘were not successfully suppres ed and contrﬁlled in all cases
‘when Kevlar &elxlng cargo llners were 1n¢talled ln the test artlcle,

2Q”~The test flres were. successfully suppressed and controlled when $1bQngass j ~'

celllng cergo liners were 1nstalled in the test artlclea

, 3. The smoke detectors dld not alarm for several mlnutes dar1ng fany of the tests
~and dealarmed when there was stlll 81gn1f1cgnt levcls of smoke 1& the uomparzm@nr

b, Sm@ke was present in the cverhead cabxn dur}ng sev&ral tests. Thls Gkaurrpd
in tests using Kevlar/epoxy liners and in tests using flberglass/polyester liners,

‘The greatest amount of smoke in the overhead cabin occurred in the tests with

Kevlar/epoxy liners in which a burn through occurred.




TABLE 2. SMOKE DENSITY IN COMPARTIMENT

SMOKE SMOKE
DENSITY DENSITY =
ALARM AT ALARM DE-ALARM AT DEALARM
TIME (% LIGHT TIME (% LIGHT
TEST (SECS) TRANSMISSION) (8ECS) TRANSMISSION)
1 71 99 629 47
2 87 93 1065 32
3 25 96 863 60
4 85 96 602 65
5 206 * / /
6 173 70 / /
7 100 99 474 *
8 112 99 /o /
g 99 99 / /
10 76 99 3460 57
11 , 59 99 / /
12 162 90 / /
13 250 92 / /
14 119 99 / /
15 214 62 490 64
16 119 100 2130 53
17 53 96 3430 98
18 178 84 230 26
19 185 66 210 35
20 140 94 180 32
21 10 100 240 72
22 58 99 207 87
23 186 95 270 80

Smoke meter data not available
Detectors did not dealarm

10



CONCLU&IONS

1o The halon extingulshlng system effectlvely suppressed ‘the 1n1t1a1 flames and
erfectxvely controlled the fire provided that ceiling liner Durn*thrOLgh did

IlOt G(.LUT.‘

2. The smoke detectxcn system dld not always glve early warnlng of. fire and

subsequently gave false xndlcatlons of the level of smoke in the compartm@nt.

3{:‘The test method specxfled in FAR 25 855 does not assure that class c cargd
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NOTE:. "Total Compartment

3
Volume: 2357 f¢

FIGURE 1.  DC-10 - AFT CARGO COMPARTMENT
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~LEARAGE DUCT

VALVE

QUTSIDE OF TEST
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FIGURE 4.  CARGO COMPARTMENT LEAKAGE DUCT
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APPENDIX A

QARGO CDMPARTMENT CLASSlFICATION FAR 25 857 CLASSES A THROUGH E

' Class A

A "lass A Largo “or baggage Lompartment is one in whlch (1) thC presence of f;re‘
‘would be easily dlscovered by a crew member wh11e at h1s statlon, and (2} each
part of the aompartment is easily agce831ble 1n~fllght ‘ : B

Class B

A class B cargo or baggage compartment is one in which (a) there 1is sufflclantrrrf*

access in flight to enable a crew member to effentlvely reach any part of the . o
, Lompartment with the contents of a hand—held fire ext1ngu15her' (b) when the access
~provisions are belng used, - no: hazardous quantlty3of smoke~¢flame, or. extlnguxshlng

'agent will enter ‘any compartment OCCupled by the crew and passengers, and (c¢) there

is .a separate approved smoke detector or fire detectcr system to lee warnlng at
,the pliot or fllght englneer statlon : g

'Class C.
A class C cargo or baggage Lompartment is one not meet1ng Lhe'requlrement for
either a class A or B compartment but - in whlch (1) there is a separate approved
smake detector or flre detentor systan to give warning at the pllot aor fllght jL
engineer station; (2) there is an approved bullt-ln flre extlngu18h1ng system
fcontrollable from the pllo*f i< o
~ooéxclude  hazardous quantltlas of smoke, flames,‘ or extlngulshlng agent from Lany
" compartment occupied by the crew or passengers,,and (4) there are means to control'
ventllation and drafts within the compartment so that the extlngULShlng ﬂgent uaed
can. control any flre that may start within thP ccmpartment

‘Ciass D

w111 be cgmpletelv conflned w1thout endangerlng the safety of the alrplan or thc
occupants; (b) there are means to exclude hazardous quantities of smoke, flames or
other noxious gases,,from any. Lsmpartment occupled by the crew or passengerb, (cry
ventilation and drafts are controlled within each compartment so that any fire
Likely to occur in the uompartnent will not progress beyond safe Izmlts, and
(d) con51derat1on is given to the effect of heat within the compartment on adjacent
critical parts of the airplane. For Lompartments of 500 cubic feet or less,

an. airflow Df 1500 cubic feet per hou1 is auueptable. : o

- Class E .
A ciass E aéfga campartmeﬁt is one on alrplanes used only for the carriage of Largo",_
and in which (a) there is- separate approved smoke or fire deteutor system to give

warning at the pilot or flight englneer statlon, {(b) there are means to shut off

the ventllatlon airflow to or within the compartment"and the ‘control of th”se_
. means are accessible to the flight crew in the crew compartment' ey there are
“means to exclude hazardous. quantltiés of smoke, flames, or. noxious gases, fraﬁ the
Cflight crew compartment ; and (d) the requ:red crew emeroency ex1ts are acgessxble 5

-~ under any cargo loading candltxons.

L S, GOVERMMENT FRINTING OFFICE: ;ssss_—'-sos?os;;}z"pﬁm
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	EXECUTIVE SUMMARY 
	The purpose of this ect was to evaluate the abili of class C cargo ments to suppress and control cargo fires. It was determined 1n pr 
	class cargo s with fire barrier liners could contain baggage As of that work a more severe test method was proposed to the resistance of clas D cargo liners. Class D cargo 
	on the limited av labil of oxygen t restrictions on volume and ates to suppress any fires that are like y to occur. The 1 used J_n class D cargo compartments must be able to a1n their integri after exposure o irect flame for several minutes before oxygen starvation reduces the fl combustion to a smolder state. 
	C ass C cargo compartments are general larger than class D c s and ec ion and suppression systems are ed. The 1 used in these cargo compartments must also maintain their egri after exposure to direct flame for up to several minutes before detection occurs and the suppression In this case, the integr of the liners is to m1x cab exh t air with the air in the cargo compartment. Failure t do this could resul in a concentration of Halon that would be insuffi­cient to suppress the fire for the of time ed during a
	-

	resistance as class D cargo liners. 
	Twenty-three fi e tests were onducted 1n the 2357 cubic foot class C cargo compartment. The test var ables included the cargo material, fire source, load conf ation and smoke detectors. The cargo liners used in these tests passed the vertical and 45a flammability requirements of FAR 25.853 and FAR 
	25.855 not all of the 1 rs passed the more severe test proposed for class D cargo 1 material. 
	of the or conclusions of this s LS that the test method specified in FAR 
	25.855 does not assure hat class C cargo liners will not burn throu when ec ed o realistic fires. In addition class C cargo compartments are not 
	effective at rol fires after a liner has occurred. Another that the smoke detect system used did not give <m ear and subs gave false indications of the level of smoke in 
	the compartment. 
	V11 
	Figure
	INTRODUCTION 
	PURPOSE. 
	The objective of this project was to experimentally determine the effectiveness of contemporary c1ass C cargo compartment designs suppress and cargo fires. It was determined in previous work that class D cargo with good fire barrier liners could contain baggage fires (reference result of that work, a more severe test method was proposed to evaluate the burn-
	resistance of class D cargo liners (reference 2). Class D liners that did not pass this test did not successfully contain cargo fires in all cases, Some of the cargo 1 used in class C cargo compartments did not pass that proposed test. This study was undertaken to determine if the liners used 1n class C cargo compartments need to demonstrate the same high level of burn-t:hr res tance of class D cargo liners. 
	BACKGROUND. 
	The or o.f the cargo compartments on United States (U. S.) wide body trans aircraft are certified as class C compartments. They range in volume from 735 to 6200 cubic feet. The requirements for cer·t ification of cargo compartments are 
	sted in A. Basically, class C compartments are to have smoke detectors and fire suppression systems as well as the abil to control ventilation. The smoke detectors currently used are the photoelectr type. These are activated when smoke particles scatter a beam of light onto a photocell to t: an alarm. The alarm usually consists of both an aural tone and 1 the 
	-

	The al crew procedure, 1n the event of an alarm, is to manual select the cargo com~artment for discharge, shut off any forced ventilation into that ment and then manually discharge the suppression agent. On some select ion of the cargo compartment for discharge 11 automat al any forced ventilation into that compartment. Dual smoke detectors are c used to false alarms. Both detectors must s the presence of smoke before action is taken by the flight crew. Each detector is to have a test circuit, controllable 
	1 
	1460 
	compart­perfora­of 
	a 
	agent 
	.. 
	SMOKE DETECTION. 
	An air sampl detection system was installed in the test article. It 
	consisted of s on the centerline of the cargo two 
	below liner. The facil vacuum system was used to draw alr from these pic s the smoke detectors. F 6 illus rates the smoke detection system, Two oelect ic detectors were used fo all es I 
	these detectors that determined the time that airflow into the compartment was reduced and the suppression agent was dis Two ioni at.ion detec ors were added to the system for tests 5 21 for comparison purposes, A new smoke detection system was fabricated for tests 22 and 23. New tub was installed and the number of p s was increased to 6. New detectors were also ins led for these tests, 
	INSTRUHENTATION. 
	A otal of alumel were installed the 
	test article. these spaced in the cheek 
	the area between the cargo ceil the cabin floor These were used 
	to record temperatures outside of the cargo c and to help determine 
	the ime of burn-thr should it occur. The two thermoc 
	were positioned the cargo compartment. 
	Four smoke meters consist of a collimated li beam incident upon ocell were talled in the test article. One of these was in the center of the cargo compartment one foot below the ceil :Lner. The three add ional smoke meters were installed in the upstairs cabin at he s of 2 inches, 64 
	nches, and 96 inches above the cabin floor. 
	The Halon 1301 concentration in the cargo compartment was measured at two di 
	locations us two Beckman Model 865 Infrared s. A was used to enable the concentrat to be measured at four d 
	the two locations. Each he t was measured for one minute before o 
	the next he This cycl continued for the duration of the test. 
	The oxygen concentration in the s was measured with Beckman OMllEA The s was in the center of the cargo ment s 7 8, and 9 show the at ion of the 
	instrumentation 1.n the test article. 
	TEST SERIES, 
	A total of 23 fire tests were conducted in the 2357-cubic foot cargo the test article. Tests were conducted us galvanized steel po ter and Kevlar cargo 1 materials. Table 1 gives a summary and brief descr ion of the 23 tests, 
	The fire-load for tests 1 12 consisted of a cloth gym bag filled with rags, newspaper, and matches. This was set in among a vari of of suitcases filled clothes, The matches in the gym bag were ted with Nichrome re to start the test. The fire-load for tests 13 and 14 consisted of cardboard boxes filled with p foam, newspaper and matches and placed inside an LD-3 cargo container with a po t door cover The matches i ted with Nichrome wire. Tests 15 23 used a fire-load similar to used 
	3 
	COMMENTS
	TEST 
	2 3 4 5 
	6 
	7 
	8 
	9 
	10 
	, 1 
	TABLE SUMMARY OF TESTS 
	No. LINER 
	Galvanized Steel 
	Galvanized Steel 
	Galvanized Steel 
	Galvanized Steel 
	ass 
	1\:ev~ar 
	1 mil ceiling 
	Kevlar 1 mil in~ 
	ceil

	Kevlnr 11 mil ce:il 
	Kevlar 
	1 mil 
	ceiling 
	SMOKE (SECS) DETECTION FIRE 
	87 same 25 same 85 sl!!me 206 same 173 same 100 same 
	same 
	99 same 
	76 same 
	59 same 
	4 
	Kevl 17 27 mil 
	4 Kevlar 11 11 mil cei.ling 
	5 
	Kevlar 
	17 mil iling 
	Kevlar 17 mil ceiling 
	8 s ceiling 
	SUMNARY ) 
	9 
	9 
	9 
	ass 
	rst Halon discharge tin­re. 
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	tests 1 12, The difference was the addition of of flammable One fifth of a lon of 151 rum was 18 and one quart of alcohol was used in tests 19 
	was in plastic bags inside the gym bag and was arr the start of the test. This was done to simulate the potential c,">rgo fire that es qu with very little smoke initial 
	aded cargo compartment was simulated fill 
	compartment volume with cardboard boxes filled were used to d lace the in the fires, Galv steel, 0.013-inch fibe 0.017-inch Kevlar/epoxy ceil liners were used in 
	tal led in a sect ion of the ceil , an area approx with the f source centered under that sect Tes sidewall liner in addition to the ceil for test was ted e one foot away acent to the Kevlar/epoxy test section. 
	procedure used in these tests was to operate the aJx 
	apac of 260 cubic feet per e at the start of the test. electric smoke detectors s ed the presence of smoke, and after a delay time the air fan was turned off and 50 lbs) of 
	was disch into the cargo The conditions compartment were then monitored for up to two hours. If the fire the initial discharge, the b bottle of 25 54 minutes after the initial discharge, 
	RESULTS AND ANALYSIS. 
	The test fires rated and burned away sect of ceil cargo of the tests conducted, 
	The fol are the test numbers and cond LOns when burn-
	The cloth lled and e below 
	liner, Halon was disch minute after the detection of smoke. 40 minutes di fl combustion was visible in the cargo Halon bottle was disch at 43 minutes when the overhead cabin filed and flames were observed c t cracks in the cabin floor melted some of the aluminum structure to which the cargo liners were at charred the underside of the cabin floor The fire id not bur the cabin floor but some flames did come the cracks where floor was attached to the seat tracks. There was no combustable materi c s or seats in
	used to t e the test at 44 A hole was left in the ceil liner. 
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	The ab 1 of the Kevlar and f to limit the amount introduced into the cabin can be seen in 13 and 14. 1 in the test with the Kevlar liner in which burn-occurred, the cabin became dense to reduce 1 t transmission to approximat of that of clear air. This occurred twice, once during the initial and again when the fire re ed. In the test with las 1 transmission in the cabin was reduced to of clear This occurred ear in the test and was of the po ter resin on the back face of the cargo mission in the cabin came ba

	1ner in which burn occurred the 1 t transmission reduced to but returned to near 100 mate 5 the lass liner the 1 reduced and then returned to near after. of the po 
	ack face of 
	oelectric smoke detectors were calibrated the manufacturer to 
	e 93 1 transmission over 1 foot. One of the requi of Technical Standard Order (TSO) Clb, which covers the detectors used in cargo compartments detect the presence of smoke at levels between 84 96 percent 1 sion. Table 2 gives the percent l tr measured smoke meter at the time the smoke detector alarmed and 
	dealarmed. This was the level of smoke measured not necessari the same level of smoke in the smoke detector chamber. the smoke meter measured levels of smoke s nificant y b 84 percent when the smoke detectors alarmed. This occurred in tes s 5, There were 14 tests in which the smoke detectors dealarmed meter data were available. In 13 of those 14 tests, there was s icant 
	f smoke in the compartment when the detectors dealarmed. The smoke meter 1 transmission r from 26 to 87 for those 13 tests that the detectors dealarmed. 
	SUMMARY OF RESULTS 
	1. 
	1. 
	1. 
	The test fires were not successful suppressed and contra led when Kevlar ceil cargo liners were talled in the test article. 

	2. 
	2. 
	The test fires were successfully suppressed and controlled when s ceil cargo liners were installed in the test article. 

	3. 
	3. 
	The smoke detectors did not alarm for several minutes dur many and dealarmed when there was still s ficant levels of smoke in the 

	4. 
	4. 
	Smoke was present in the overhead cabin dur several tests. This in tests us Kevl liners and in tests us lass ter liners. The greatest amount of smoke in the overhead cabin occurred in the tests Kevlar/epoxy liners in which a burn occurred. 
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	CONCLUSIONS 
	1. 
	1. 
	1. 
	The halon extinguishing system effect suppressed and effective controlled the fire provided that ceiling liner did not occur. 

	2. 
	2. 
	The smoke detection system did not give ear of f ~n the compartment. 
	subsequent gave false indications of the level of smoke 


	3. 
	3. 
	The test method specified in FAR 25.855 does not assure that class cargo liners will not burn through when ected to real tic 

	4. 
	4. 
	Class C cargo compartment detection/extinguish terns do not effective control cargo fires after liner burn-through has occurre~. 
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	Figure
	APPENDIX A 
	CARGO COMPARTMENT CLASSIFICATION FAR 25.857 CLASSES A THROUGH E 
	Class A 
	A c ass A cargo or baggage c is one in which ( ) the presence of fire would be easi discovered member while at is stat and (2) each part f the compartment is easi t. 
	Class B 
	A class B cargo or baggage compartment is one in which ( there is sufficient access in fl t to enable a crew member to effect reach any part of the compartment with the contents of a hand-held fire ext isher; (b) when the access provisions are be used, no hazardous quantity of smoke, flame, or ext agent will enter any compartment the crew and passengers; and (c) there is a separate approved smoke detector or fire detector system to at the lot or fl engineer station. 
	Class C 
	A class C cargo or baggage is one not meet the rements for e~ a class A or B compartment but in which ( 1) there is a separate smoke detector or re detector system to at the lot or fl engineer station; (2) there an fire ext system controllable from the pilot or flight eng stat (3) there are means to 
	ities of smoke, flames, or ext ish from any compartment by the crew or passengers; and (4) there are means to control ventilation and drafts within the so that the ext agent used can control any fire that may start within the 
	Class D 
	A class D cargo or baggage compartment is one ~n which ( a fire occur in it will be lete confined without endanger the safe of the ai ane or the 
	s; b) there are means to exclude hazardous ities of smoke, flames or other noxious gases, from any compartment the crew or passengers; (c) ventilation and drafts are controlled thin each compartment so that any fire like to occur in the c wi 11 not progress limits; and 
	(d) consideration is given to the effect of heat within the on adjacent critical parts of the lane. For of 500 cubic feet or less, an airflow of 1500 cubic feet per hour is 
	Class E 
	A class E c is one on for the carriage of cargo and in which there is separate smoke or fire detector system to give warn at the lot or fl engineer station; (b) there are means to shut off the ventilation airflow to or within the compartment, and the control of these means are accessible to the fl t crew in the crew compartment; (c) there are means to exclude hazardous ities of smoke, flames, or noxious gases • from the fl crew compartment; and (d) the required crew emergency exits are accessible under any 
	A-1 
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