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EXECUTIVE SUMMARY 

The purpose of this 
ments to suppress and 

ect was to evaluate the abili of class C cargo 
control cargo fires. It was determined 1n pr 

class cargo s with fire barrier liners could contain baggage 
As 
the 

of that work a more severe test method was proposed to 
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 insuffi
cient to suppress the fire for the of time ed during aircraft certifi-
ation. Some of the cargo liners used in class C cargo s do not pass 

the more severe proposed est. This s was undertaken to determine if the 
liners used in class C cargo compartments need to demonst ate the same h burn

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 

of the 
25.855 does 

ec ed o 
effective at 

material. 

or conclusions of this s LS that the test method specified in FAR 
not assure hat class C cargo liners will not burn throu when 
realistic fires. In addition class C cargo compartments are not 

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. 
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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 ificat ion 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 ventila-
tion. 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 from the cockpit to confirm the funct of the det~=ctors. 
The t from the activation of cargo smoke alarm until agent discharge v es 
crew react ion time and the emergency procedures of the particular aircraft. The 
fire suppression systems use Halon 1301 as the agent. The ial discharge bottle 
holds the amount of agent necessary to provide a concentr of 1n 
an empty cargo compartment. A backup bottle of agent is also and is used 
to maintain a concentration of at least three percent in the c fo 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 cert fication 
process. The cargo liners used in class C compartments must meet the vert al 
self-extinguishing and 45° burn through tests specified in FAR 25.853 (b and FAR 
2 5 • 8 55 ( a-1) . 
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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 
test article. these 
the area between the cargo ceil the 
to record temperatures outside of the cargo c 
the ime of burn-thr should it occur. The 
were positioned the cargo compartment. 

Four smoke meters consist of a collimated li 

were installed the 
spaced in the cheek 
cabin floor These were used 

and to help determine 
two thermoc 

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 
nches, and 96 inches above the cabin floor. 

at he s of 2 inches, 64 

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 
OMllEA 
ment 

concentration in the 
The s 

instrumentation 1.n the test article. 

TEST SERIES, 

was in 
s 7 8, 

s was measured with Beckman 
the center of the cargo 
and 9 show the at ion of the 

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 
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TEST 
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6 
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8 

9 

10 

, 1 

TABLE SUMMARY OF TESTS 

SMOKE (SECS) 
No. LINER 

Galvanized 
Steel 

Galvanized 
Steel 

Galvanized 
Steel 

Galvanized 
Steel 

1\:ev~ar 
1 mil 
ceiling 

Kevlar 
1 mil 
ceil in~ 

Kevlnr 
11 mil 
ce:il 

Kevlar 
1 mil 
ceiling 

ass 

DETECTION FIRE 

87 same 

25 same 

85 sl!!me 

206 same 

173 same 

100 same 

same 

99 same 

76 same 

59 same 

4 
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4 

5 

Kevl 
17 
27 mil 

Kevlar 
11 mil 
cei.ling 

6 Kevlar 

8 

17 mil 
iling 

Kevlar 
17 mil 
ceiling 

ceiling 

11 
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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 the cabin that could possib have ted. The 
of halon did not suppress the f The facil C02 

used to t e the test at 44 A hole 
was left in the ceil liner. 

TEST 10. The 
and aced 
liner, Halon was disch 

minute after the detect ion of smoke. 

cloth bag lled 
below the 

minutes after the initial charge. A hole 
was left in the ceil 1 
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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 back up to near 100 e 
and remained there for the duration of the test. F shows 
transmission in the cabin for two additional tests. In the test with 
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 
compartments detect the presence of smoke at levels between 84 
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 

cargo 
96 

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. The test fires were not successful suppressed and contra led 
when Kevlar ceil cargo liners were talled in the test article. 

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

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. 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. 

9 



TABLE 2. SMOKE DENSITY IN COMPARTMENT 

SMOKE SMOKE 
DENS DENSITY 

ALAl{M AT ALARM DE-ALARM AT DEALARM 
TIME (% LIGHT TIME (% LIGHT 

TEST SECS) TRANSMIS SECS) TRANSlHSS ---

71 629 lt7 
2 87 106 32 

25 863 60 
85 602 65 

5 206 * I I 
173 I I 
100 99 474 * 

8 I 
9 99 I 

10 3460 57 
11 I I 

2 1 I I 
250 I 

14 19 I I 
5 2 64 

1 119 1 21 53 
1 3430 98 
18 26 

9 35 
20 180 32 
2 1 240 n 
22 87 
23 186 80 

-al.( Smoke meter data not available 
I Detectors did not dealarm 

0 



CONCLUSIONS 

1. The halon extinguishing system effect suppressed 
effective controlled the fire provided that ceiling liner 
not occur. 

2. The smoke detection system did not of f 

and 
did 

subsequent gave false indications of the 
give ear 

level of smoke ~n the compartment. 

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. Class C cargo compartment detection/extinguish terns do not effective 
control cargo fires after liner burn-through has occurre~. 

1. Blake, D. R. and Hill, R. 
Class D C FAA 

2. Brown, L. J. and Cole, C. R., 
Containment Characteristics of Aircr 

3. Eklund, 
Ventilated 
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APPENDIX A 

CARGO COMPARTMENT CLASSIFICATION FAR 25.857 CLASSES A THROUGH E 

Class A 

A c ass A cargo or baggage c 
would be easi discovered 
part f the compartment is easi 

Class B 

is one in which 
member while at 

t. 

( ) the presence of fire 
is stat and (2) each 

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 

compartment 
ventilation and 
can control any 

Class D 

ities of smoke, flames, or ext ish from any 
by the crew or passengers; and (4) there are means to control 

drafts within the so that the ext agent used 
fire that may start within the 

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 it ies of smoke, flames, or noxious gases • from the 
fl crew compartment; and (d) the required crew emergency exits are accessible 
under any cargo load tions. 
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