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EXECUTIVE SUMMARY

The purpose of this project was to evaluate the ability of class C cargo compart-
ments to suppress and control cargo fires. It was determined in previous work
that c¢lass D cargo compartments with good fire barrier liners could contain baggage
fires. As a result of that work, a more severe test method was proposed to
evaluate the burn-through resistance of class D cargo liners. Class D cargo
compartments depend on the limited availability of oxygen through restrictions on
volume and leakage rates to suppress any fires that are likely to occur. The
liners used in class D cargo compartments must be ablc to maintain their integrity
after exposure to direct flame impingement for several minutes before oxygen
starvation reduces the flaming combustic to a smoldering state.

Class C cargo compartments are generally larger than class D compartments and
detection and suppression systems are required. The liners used in these cargo
compartments must also maintain their integrity after exposure to direct flame
impingement for up to several minutes before detection occurs and the suppression
system is discharged. In this case, the integrity of the liners 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 concentration of Halon that would be insuffi-
cient to suppress the fire for the length of time required during aircraft certifi-
cation. Some of the cargo liners used in class C cargo compartments do not pass
the more severe proposed test, This study was undertaken to determine if the
liners used in class C cargo compartments need to demonstrate the same high burn-
through resistance as class D cargo liners.

Twenty~three fire tests were conducted in the 2357-cubic foot class C cargo
compartment. The test variables included the cargo lining material, fire source,
loading configuration and smoke detectors. The cargo liners used in these tests
passed the vertical and 45° flammability requirements of FAR 25.853 and FAR
25.855 but not all of the liners passed the more severe test proposed for class D
cargo lining material,

One of the major conclusions of this study is that the test method specified in FAR
25.855 does not assure that class C cargo liners will not burn through when
subjected to realistic fires. In addition, class C cargo compartments are not
effective at controlling fires after a liner burn-through has occurred. Another
major finding is that the smoke detection system used did not always give an early
warning of fire and subsequently gave false indications of the level of smoke in
the compartment.
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o PURPOSE.

L‘ . . . - 3 .

‘ The objective of this project was to experimentally determine the effectiveness of

) contemporary class C cargo compartment designs in suppressing and containing
cargo fires. It was determined in previous work that class D cargo compartments
with good fire barrier liners could contain baggage fires (reference 1). As a
result of that work, a more severe test method was proposed to evaluate the burn-
through 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 liners used in class C cargo compartments did not pass that
proposed test, This study was undertaken to determine if the liners used in
class C cargo compartments need to demonstrate the same high level of burn-through
resistance required of class D cargo liners.

BACKGROUND.

The majority of the cargo compartments on Ur’:ed States (U. S.) wide body transport
aircraft are certified as class C compartments. They range in volume from 735 to
6200 cubic feet. The requirements for certification of cargo compartments are
listed in appendix A. Basically, class C compartments are required to have smoke
detectors and fire suppression systems as well as the ability to control ventila-

tion. The smoke detectors currently used are the photoelectric type. These are
activated when smoke particles scatter a beam of light onto a photocell to trigger
an alarm. The alarm usually consists of both an aural ‘tone and warning lights in

the cockpit.

The typical crew procedure, in the event of an alarm, is to manually select the
cargo compartment for discharge, shut off any forced ventilation into that compart-
ment and then manually discharge the suppression agent. On some aircraft, the
selection of the cargo compartment for discharge will automatically shut off any
forced ventilation into that compartment. Dual smoke detectors are commonly used
to prevent false alarms. Both detectors must signal the presence of smoke before
action is taken by the flight crew. Each detector is required to have a test
circuit, controllable from the cockpit to confirm the functioning of the detectors.
The time from the activation of cargo smoke alarm until agent discharge varies with
crew reaction time and the emergency procedures of the particular aircraft., The
fire suppression systems use Halon 1301 as the agent. The initial discharge bottle
holds the amount of agent necessary to provide a concentration of five percent in
an empty cargo compartment. A backup bottle of agent is also provided and is used
to maintain a concentration of at least three percent in the compartment for up to

one hour after the initial bottle has been discharged. The performance of the
- suppression system is verified by flight tests during the aircraft certification
{ process. The cargo liners used in class C compartments must meet the vertical
self-extinguishing and 45° burn through tests specified in FAR 25.853 (b) and FAR

e 25.855 (a-1).




i afnn. Aaes sinm Jhase shas e it Jhesn St ihanet Shath St Sl Jhadl - Jhadi SRl AR I R S R - SR

Fat -t dnaEesar aatt i et ) - .
I:"-“"."\ - - “Tete +
PN

pup—p——
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TEST ARTICLE.

The test articl  was the aft sectiom . o 20=10-30CF fuselage between stations 1460
and 1980, The ‘Sulkhead that separ .ol ‘o conrer carco ompartment and the aft
hualk AU e com, artment o wWae bt L N i Powr 4t o compartment with a

P ot 50 vkl feet S E Y T PR P Y noepe and diranensions of the cargo
CoMipat faent AEiSELag R O L coe e e geplaved with galvanized
Sstew ], Alrct ot acln Ii"‘;[';;>57 w it TR R S S SR S A S RSN R RN | cabin. The ends of
the taselage were capped ottt witn <o v, trorare ana il uanecessary doors and

wiindows were sealed. Access doosrs w oo Sabrted tor the cabin and cargo compart-
met o Ventilation wes opptied to e s abia thi el two L)-1acn diameter perfora-
: thial were rosballed acar the orritay of tne cabia oand ran the length of
T g, At wias torced througsin these dacts duriny testing at the rate of

et s teet per oawaanie LORMY whoon provided approximately one air change every
Ponr wiaates. nes o Clowed oat el the caban through openings along the sides of
the cabra tloor, down around the carge compartment  and exited through an outflow
cadve dowated 1n the ait o section ot ter tascelaye,  auder the cargo compartment
tlhoor, A svstem consisting of a'{an, Voowve, and ducting was installed in the cheek
treed ot fhe testoart i o Tuts sys -+« was us::l 1 forcee air into the cargo
compartment  at o UJeo CFooc0 crwplated a ieeating and ventillation system used on some
TP anes, Fhils e Porentilation svstem 30 somelrimes referred to as a pet
A svstenn oand s s e an environment sattable for the transportation of
Pive anrmals, Faoe 00 o rate tfrom the carge compartment was controlled by a
pertoacated Gt e wpartment leadlng to g vatve aad a calibrated orifice
goowated e bttt te. This svstem was used to raise the leakage rate
teoan o ottt f e = URM whiich was the leakage rate measured from an in-
SV Lass 0 carg s compirtment of comparable size, Figures 2, 3, and 4 1illus-
trale tne veatalaty oo s pems ased. The leakage and ventilatio . rates in the test
St e TRy ottt were determined by filling the cony o ament with either

ot g owabe e ! omasuriag the rate of decay of the exiinguishing agent
Cooendta ot pon, Thirs owos thena cquated to oa leakage rate (reference 3).

Eles DeboNe, !
ooty arabay sesiewm cooesested of three o cbargable Halon 1301 fire bottles
poctend ot o or et P tiiat ran down the cecterline of the fuselage between the
e bime e and the cabin floor. bl was discharged into the carge
Pttt at Cotngg o bevedl thronah tive aezazies cennected to the manifold.
Cure  addastrates the oxtinpuishing suwsten Me 1nttial!l lischarge of Halon was

b it by amaitaneoasty fivine twy 0 the fare bottles which contained 25
sl o attnenientay awent o each. Thos vt Gt Gpent w oaidl produce an initial

foeatration ot Yive percent by velnme 1n the empiv test oartiote. The third fire
tiv abso contalaed 25 pounds of extinguishing -ont an! wos used as the backup
e Tras backup charge was tired, when ne oo "+ aminutes after the
cartral dischiarge. This was the time, dotermingt oo o, that the concentra-
conooor Halon treen the dnitiral discharg would - © 0 pervent. Discharge
s connedted to o the facility extingeishing swas tistalled 1n the cabin
A arzo comparteent for test o oarviole protect ton,
g
z . e L L ) N uAAAM L e '. e |. e .: " i = . J ) ‘.'L\ k‘.‘):-_: SV ‘--
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SMOKE DETECTION.

An air sampling, smoke detection system was installed in the test article. It
consisted of four pickup ports on the centerline of the cargo compartment, two
inches below the ceiling liner. The facility vacuum system was used to draw air
from these pickup ports through the smoke detectors. Figure 6 illustrates the
smoke detection system. Two photoelectric detectors were used for all tests. It
was these detectors that determined the time that airflow into the compartment was
reduced and the suppression agent was discharged. Two lonization detectors w re

added to the system for tests 5 through 21 for comparison purposes. A new smoke
detection system was fabricated for tests 22 and 23. New tubing was installed and
the number of pickup ports was increased to 6. New detectors were also installed

for these tests.

INSTRUMENTATION.

A total of forty-five chromel/alumel thermocouples were installed throughout the
test article. Twenty-three of these were evenly spaced in the cheek area and in
the area between the cargo ceiling liner and the cabin flooring. These were used
to record temperatures outside of the cargo compartment and to help determine
the time of burn~through, should it occur. The remaining twenty-two thermocouples
were positioned throughout the cargo compartment.

Four smoke meters consisting of a collimated light beam incident upon a photocell
were installed in the test article. One of these was in the center of the cargo
compartment approximately one foot below the ceiling liner. The three additional
smoke meters were installed in the upstairs cabin at heights of 32 inches, 64
inches, and 96 inches above the cabin floor.

The Halon 1301 concentration in the cargo compartment was measured at twoe different

locations wusing two Beckman Model 865 Infrared analyzers. A sampling system
was used to enable the concentration to be measured at four different heights ac
the two locations. Each height was measured for one minute before proceeding to

the next height. This cycling continued for the duration of the test.

The oxygen concentration in the cargo compartments was measured with a Beckman
OMIIEA Oxygen analyzer. The sampling point was in the center of the cargo compart-
ment at a height of four feet. Figures 7, 8, and 9 show the location of the
instrumentation in the test article.

TEST SERIES.

A total of 23 fire tests were conducted in the 2357-cubic foot cargo compartment of
the test article. Tests were conducted using galvanized steel, fiberglass/
polvester, and Kevlar/epoxy cargo lining materials. Table ! gives a summary and
briet description of the 23 tests,

The fire-load for tests 1 through 12 consisted of a cloth gym bag filled with
rags, newspaper, and matches. This was set in among a variety of tyvpes of suitcases
tilled wi*h clothes. The matches in the gym bag were ignited with Nichrome wire to
start the test. The fire-load for tests 13 and l4 consisted of cardboard boxes
filled with packing foam, newspaper, and matches and placed inside an aluminum LD-3
cargo container with a polyester/PVC door covering. The matches were ignited
with Nichrome wire. Tests 15 through 23 used a fire-load similar to the ones used

b N At St Skl S s it ad e
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TABLE 1.

SUMMARY OF TESTS

SMOKE (SECS)

TEST No. LINER DETECTION FIRE LOAD COMMENTS
1 Galvanized 71 Cloth bag Initial Halon
Steel with rags, discharge
newspaper extinguished
and matches fire
2 Galvanized 87 same Fire was sup-
Steel pressed but
not extinguished
3 Galvanized 25 same Initial Halon
Steel discharge extin-
guished fire
] Galvanized 85 same Fire was sup-
Steel pressed but
not extinguished
5 Fiberglass 206 same Fire was sup-
13 mil pressed but
ceililng not extinguisheae
6 Fibergl;ss 173 same Fire was sup-
13 mil : pressed but
ceiling not extinguished
N{ Kevlar 100 same Initial Halon
11 mil discharge extin-
ceiling guished fire.
8 Kevlar 112 same Fire was sup-
11 mil pressed but
ceiling not extinguished
9 Kevlar 99 same Delayed Halon
11 mil firing for one
celling minute after
detection. Large
hole burned in
liner. Open
flaming in
compartment
after 40 minutes,
Y Second Halon dis-
L. charge did not
b suppress fire. |
r. 10 Kevliar 76 same Delayed Halon
. 11 mil firing for one
o ceiling minute after
- detection. Large
L - hole burned in g
. liner. Fire ;
}:T-' continued to !
L smolder but
® no flames were i
I observed |
: 1" Fiberglass 59 same Delayed Halon
13 mil firing for one
ceiling minute after
detection. Fire
) was suppressed :
e but not extin- !
F . guished. !
- i
- 4
p-
b
k.
.
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5‘ .

17

18

TABLE 1. SUMMARY OF TESTS {(Contviaed)

Kevlar 162
17 mil ceiling
27 mii sidewall

Kevlar 250
11 mil
ceiling

Kevlar 119
11 mil
cerling

Kevlar 214
17 mil
ceiling

Kevliar 116
17 mil
ceiling

Kevlar 93
17 mil
ceiling

Fiterglass 178
13 mil
cerling

&)
2]
71
S

Box filled
with fcam,
newspaper
and matches

" inside

cargo con-
tairner,

RBox filleu
with foam,
newsgparer
and matcnes:
inside
Carge corn-
tairner

same

same

same

Celayea Halon
fi~ing for one
minute after
datection. Fire
wds fuppressed
Ly not extin-
suithed. No burn
thrzugh.

Fire was
contained
in aluminum
[[D-3 with
pelvester
SPVC door
cavering

Fire wurned
throucrn
polvester/FVC
c¢ocr covering at
apout the same
time as detec-
tion. Halon
surrressed the
fire. No liner
burn through

Smcke and flames
were visible in
overnead cabin
tefore detection
=0 Halon was
firea early, at
147 seconds.
kalon suppressed

the fire.

Fire burned
through liner at
approximately the
same time as
detecticn. Fire
was suppressed
but not extin-
guisned,.

Fire burned
through liner at
aproximately the
same time as
detection., New
detectors were
veed for this
test. Open
flaming in com-
rartment at 80
.nutes. Flames
visible in cabin

Fire was sup-
pressed but not
extinguicshed.
Some smcke in
cabin.,
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19

20

21

22

23

TABLE 1,

Fiberglass 185
13 il
ceiling

Fiberglass 140
13 mil
ceiling

Fiberglass 10
13 mil
ceiling

Kevlar : 58
17 mil
ceiling

Kevlar 186
17 mil
ceiling

- - S TmY el e - A VI e A R
SUMMARY OF TESTS (Continued)
cloth tag First Halon
with rags, discharge extin-
newsgaper, guished fire.
matches
and pne
quart methyl
alcohol.
same First Halon
discharge extin-
guished fire.
boxes, Incendiary device
suitcases in suitcase.
First Halon dis-
charge extin-
guished fire.
cloth bag Fire was sup-
with rags, pressed but
newspaper, not extinguished.
metches, No burn through
and one
quart methyl
alcohol.
same as 22, Fire was sup-
except bag pressed but not
zipped extinguished.
close No burn through.
6 |
|
[
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in tests 1 through 12,  The only difference 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 of methyl alcohol was used in tests 19 through 23. This
liquid was put in plastic bags inside the gym bag and was arranged to rupture at
the start of the test. This was done to simulate the potentially damaging type of
cargo fire that ignites quickly with very little smoke initially. A partially
loaded cargo compartment was simulated by filling approximately forty percent of
the compartment volume with cardboard boxes filled with packing foam. These boxes
were only used to displace the air in the compartment and were not involved in any
fires. Galvanzied steel, 0.013-inch fiberglass/polyester and 0.0ll-inch and
0.017-inch Kevlar/epoxy ceiling liners were used in the tests. These liners were
installed in a section of the ceiling, covering an area approximately 72 inches by
90 inches with the fire source centered under that section. Test 12 also used a
0.027-inch Keviar/epoxy sidewall liner in addition to the ceiling liner. The fire
for test 12 was ignited approximately one foot away from the cargo compartment
sidewall, adjacent to the Kevlar/epoxy test section.

The procedure used in these tests was to operate the pet air system at its full
capacity of 260 cubic feet per minute at the start of the test. When both photo-
electric smoke detectors signaled the presence of smoke, and after a predetermined
delay time, the pet air fan was turned off and 50 pounds (lbs) of extinguishing
agent was discharged into the cargo compartment, The conditions in the cargo
compartment were then monitored for up to two hours. If the fire was not extin-
guished by the initial agent discharge, the backup bottle of 25 lbs of halon was
discharged 54 minutes after the initial discharge.

TEST RESULTS AND ANALYSIS.

The test fires penetrated and burned away sections of ceiling cargo liners in five

of the tests conducted,
The following are the test numbers and conditions when the burn~throughs occurred.

TEST 9. The fire was ignited in a cloth bag filled with rags, newspaper, and

matches and placed approximately 18 inches below the 0.0ll-inch thick Kevlar

ceiling liner. Halon was discharged into the cargo compartment approximately one
minute after the detection of smoke. Approximately 40 minutes after the initial
discharge, flaming combustion was visible in the cargo compartment. The backup
Halon bottle was discharged at 43 minutes when the overhead cabin filed with smoke
and flames were observed coming through cracks in the cabin flooring. The fire
melted some of the aluminum structure to which the cargo liners were attached and
charred the underside of the cabin flooring. The fire did not burn through
the cabin flooring but some flames did come through the cracks where the cabin
floor was attached to the seat tracks. There was no combustable materials such as
carpets or seats in the cabin that could possibly have ignited. The backup bottle
of halon did not suppress the fire. The facility CO02 fire extinguishing system
was used to terminate the test at 44 minutes. A hole approximately 40 inches by 28
inches was left in the ceiling liner.

TEST 10. The fire was ignited in a cloth bag filled with rags, newspaper, and

matches and placed approximately 18 inches below the 0.0ll-inch thick Kevlar

ceiling liner. Halon was discharged into the cargo compartment approximately one
minute after the detection of smoke. The backup halon bottle was discharged 54
minutes after the initial discharge. A hole approximately 31 inches by 20 inches

was left in the ceiling liner,
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TEST 15. The fire was ignited in a4 cloth bay filled with rags, newspaper, matches,
aag one trfth o of a gallon ot rum and placed opproximately 18 inches below the
gl -uinen thick Kevliar ceiling iiner. Halon was discharged into the cargo
commg o tment at o approximately two and a half minutes when flame and smoke were
vistble 1n tne cabin.  Smoke detection did not occur until approximately three and
4 half minutes.  The initial halon discharge extinguished the fire., A hole
approxiwat oy Uh inches In diametor was left in the ceiling liner.

TEST lb. The tire was ignited in a cloch bag filled with rags, newspaper, matches,
and one fiith of a gallon of rum and placed approximazely 18 inches below the
0.017-1nch thick Kevlar cellinyg liner. Halon was discharged into the cargo
compartment approximately 25 seconds after smoke detection. This discharge
suppressed the {1ames but did not extinguish the fire. The backup bottle of halon
wis dlsctarged )4 minutes after the initial discharge. No flames were observed but
the fire continved to smolder. A hcie approximately 12 inches in diameter was left
tn the ceiling liner.

TEST 17. ‘the fire was ignited in a cloth bag f{i1lled with rags, newspaper, matches,
and one fifth of a gallon of ruw and placed approximately 18 inches below the
0.017-10ch thick Keviar ceiling iiner. Helon was discharged into the cargo
compartment approximately 14 seconds after smoke detection. The backup bottle of
Halon was discharged at approximateiv 36 minutes. At approximately 80 minutes into
the test, flaming ombustion was visible in tne cargo compartment. The test was
terminated at 352 minutes with the facilityv $02 extinguishing system, A hole
approximately 2 bv i85 inches was left 1n the ceiling liner.

The fibergluss anad Keviar carg. liners used In this test program passed the
vertical and 457 bPansen burner tests speciiied in FAR 25.853 and 25.855. The
Peviar cargo liners di1d not pass the test propased in report DOT/FAA/ CT-83/44
Creterence 20, This test utilizes a 2-24.lon per hour kerosene burner and has been
mroposed ds 4 dew o0 tor L lass D ocarge comportment liners. Using this test, the
0.0ll-1nch and 0.017=1ach Kevlar carge liners burned through in 13 and 15 seconds,
tespecttully, I w.ul3 1ach fiberglass was oxposed to the burner for 5 minutes
with no burn—thro e,
Ihe —ttectivencss ot tae tiverglass and Keviar argo liners as fire barriers can be
Senodn tlgures booond ii. Figure iU is a plot of the highest temperature measured
below ad oabove the Kevlar ceirling liser for test 9, The temperature above the
Piaer soceeden the temperature below the ltine:, carlv o in the test, as burn-through
o rend, Haloa woas tischarged and the fire wis suppressed for approximately 40
s before it {lared up again. The temperature above the liner again exceeded
S cemperature Soiow the liaer when the Yive ceiznited. Figure 11 ds a plot of
Sohest tenp raters measured bhelow are! aboeve the Diberglass ceiling liaer for
Con eI Fhe ey oratiure below the oraer enceeded 16007 F before hainn was
pwocareed but  tne temaerdatare  above thyee liger rewasiacd  less than 490° tor the

ire test,

ability ot the Keviar and fiberglass 'iners to control drafts and ventilation
Heooseen in o tiguie 32, That tipgure i3 o plat of the halon concentration in the

o5 article versus time, In the test witt a Keviar Diner in which burn-through
catred, the halon concentration was malst aaged above 3 percent  for only 20
Cautes. In the tost with a fibersiass liser, the halon comcentraton was main-

aned above 3 oeroont for apoaroximanc s &0 omiaates,




The ability of the Kevlar and fiberglass liners to limit the amount of smoke
introduced into the cabin can be seen in figures 13 and 14. Figure 13 shows that
in the test with the Kevlar liner in which burn-through occurred, the smoke in the
cabin became dense enough to reduce light transmission to approximately 50 percent
of that of clear air. This occurred twice, once during the initial burn-through
and again when the fire reignited. In the test with a fiberglass liner, the
light transmission in the cabin was reduced to approximately 70 percent of that
of clear air. This occurred early in the test and was probably due to the burning
of the polyester resin on the back face of the cargo liner. The light trans-
mission in the cabin came back up to near 100 percent in approximately 10 minutes
and remained there for the duration of the test. Figure 14 shows the light
transmission in the cabin for two additional tests. In the test with the Kevlar
liner in which burn through occurred the light transmission in the cabin was
reduced to approximately 90 percent but returned to near 100 percent in approxi-
mately 5 minutes. In the test with the fiberglass liner the light transmission was
reduced by approximately 2 percent and then returned to near 100 percent shortly
after. Again, this was probably due to the burning of the polyester resin on the
back face of the cargo liner,

The photoelectric smoke detectors were calibrated by the manufacturer to alarm at
approximately 93 percent light transmission over 1 foot. One of the requirements
of Technical Standard Order (TSO) Clb, which covers the detectors used in cargo
compartments 1s that they detect the presence of smoke at levels between 84 and 96

percent light transmission. Table 2 gives the percent light transmission 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 necessarily the same level of smoke in the smoke detector chamber. On three
occastons, the smoke meter measured levels of smoke significantly below the

required 84 percent when the smoke detectors alarmed. This occurred in tests 6,
15, and 19. There were 14 tests in which the smoke detectors dealarmed and smoke
meter data were available. 1In 13 of those 14 tests, there was significant levels

of smoke in the compartment when the detectors dealarmed. The smoke meter measured
light transmission ranging from 26 to 87 percent for those 13 tests at the times
that the detectors dealarmed.

SUMMARY OF RESULTS

l. The test fires were not successfully suppressed and controlled in all cases
when Kevlar ceiling cargo liners were installed in the test article.

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

3. The smoke detectors did not alarm for several minutes during many of the tests
and dealarmed when there was still significant levels of smoke in the compartment.

4. Smoke was present in the overhead cabin during several tests. This occurred
in tests using Kevlar/epoxy liners and in tests using fiberglass/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.
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TABLE 2. SMOKE DENSITY IN COMPARTMENT

L SMOKE SMOKE
o DENSITY DENSITY
o ALARM AT ALARM DE-ALARM AT DEALARM
TIME (% LIGHT TIME (% LIGHT
TEST (SECS) TRANSMISSION) (SECS) TRANSMISSION)
e
s 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 / /
9 99 99 / /
o 10 76 99 3460 57
3 11 59 99 / /
i 12 162 90 / /
4N 13 250 92 / /
ey 14 119 99 / /
- 15 214 62 490 64
16 119 100 2130 53
17 93 96 3430 98
18 178 84 230 26
L 19 185 66 210 35
S 20 140 94 180 32
lf_ 21 10 100 240 72
= , 22 58 99 207 87
? 23 186 95 270 80
[ft" *  Smoke meter data not available
. / Detectors did not dealarm
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CONCLUSIONS
1. The halon extinguishing system effectively suppressed the initial flames and
effectively controlled the fire provided that ceiling liner burn-through did

not occur.

2. The smoke detecticn system did not always give early warning of fire and
subsequently gave false indications of the level of smoke in the compartment.

3. The test method specified in FAR 25.855 does not assure that class C cargo
liners will not burn through when subjected to realistic fires.

4. Class C cargo compartment detection/extinguishing systems do not effectively
control cargo fires after liner burn-through has occurred.

REFERENCES

1. Blake, D. R. and Hill, R. G., Fire Containment Characteristics of Aircraft
Class D Cargo Compartments, FAA Technical Report No. DOT/FAA/82-156, March 1983,

2. Brown, L. J. and Cole, C. R., A Laboratory Test for Evaluating the Fire
Containment Characteristics of Aircraft Class D Cargo Compartment Lining Material,

FAA Technical Report No. DOT/FAA/CT-83/44, Oct. 1983,

3. Eklund, T. 1I., Analysis of Dissipation of Gaseous Extinguisher Agents in
Ventilated Compartments, FAA Technical Report No. DOT/FAA/CT-83/1, May 1983,

11

. . '.."..'~
R N L O L A : P S
i LA WA A N PRl SO SR, SIS U WY O SR G D Dy L s S LN SRR W WA S VC IS WSS .




et

¢
3

R ANty

raunyoy

owiaeduoy [rjo]

cleenl

LNAWLYVAWOD 09¥VD 14V 01-04 1 F¥N9T4 e

*HION




TR

[l of

WILSAS NOILVIIINAA NIGVD ¢ 2NO14

HINOTY

_ MOTINTV

Cdal) 1530 01 ey

SN Ay WO TYNHTIXT

JOI¥IINT N14v)

40074 NIgvd

tatuoa s e ML o4 aTa L.

13

o
L
’
e
&
e
b
;
[

E
1

- Yo



FIGURE 3. CARGO VENTILATION SYSTEM
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CEILING CARGO
LINER TEST SECTION

SIDEWALL
CARGO LINER
TEST SECTION
(TEST 12)

KEY

- Smoke meter

. ~Thermocouples outside
cargo compartment

o - Thermocouples inside
cargc compartment

@ -Halon analyzer probes

.-Oxygen analyzer probe

FIGURE 7. INSTRUMENTATION LOCATION END VIEW
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APPENDIX A
CARGO COMPARTMENT CLASSIFICATION FAR 25.857 CLASSES A THROUGH E
Class A

A class A cargo or baggage compartment is one in which (1) the presence of fire
would be easily discovered by a crew member while at his station; and (2) each
part of the compartment is easily accessible in-flight.

Class B

A class B cargo or baggage compartment is one in which (a) there is sufficient
access in flight to enable a crew member to effectively reach any part of the
compartment with the contents of a hand-held fire extinguisher; (b) when the access
provisions are being used, no hazardous quantity of smoke, flame, or extinguishing
agent will enter any compartment occupied by the crew and passengers; and (c) there
is a separate approved smoke detector or fire detector system to give warning at
the pilot or flight engineer station,

Class C

A class C cargo or baggage compartment is one not meeting the requirements for
either a class A or B compartment but in which (1) there is a separate approved
smoke detector or fire detector system to give warning at the pilot or flight
engineer station; (2) there is an approved built-in fire extinguishing system
controllable from the pilot or flight engineers station; (3) there are means to
exclude hazardous quantities of smoke, flames, or extinguishing agent from any
compartment occupied by the crew or passengers; and (4) there are means to control
ventilation and drafts within the compartment so that the extinguishing agent used
can control any fire that may start within the compartment.

Class D

A class D cargo or baggage compartment is one in which (a) a fire occuring in it
will be completely confined without endangering the safety of the airplane or the
occupants; (b) there are means to exclude hazardous quantities of smoke, flames or
other noxious gases, from any compartment occupied by the crew or passengers; (c)
ventilation and drafts are controlled within each compartment so that any fire
likely to occur in the compartment will not progress beyond safe limits; and
(d) consideration is given to the effect of heat within the compartment on adjacent
critical parts of the airplane. For compartments of 500 cubic feet or less,
an airflow of 1500 cubic feet per hour is acceptable,

Class E

A class E cargo compartment is one on airplanes used only for the carriage of cargo
and in which (a) there is separate approved smoke or fire detector system to give
warning at the pilot or flight 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 flight crew in the crew compartment; (c) there are
means to exclude hazardous quantities of smoke, flames, or noxious gases, from the
flight crew compartment; and (d) the required crew emergency exits are accessible
under any cargo loading conditions.
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