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I INTRODUCTION

Under contract to NASA, Ames Research Laboratories, Stanford Research
Institute (SRI) conducted the passenger compartment detector phase of a
program which 1s developing and testing economically feasible fire-resistant
materials for interior furnishings and finishes of aircraft and also de-
veloping active on~board fire protection measures including early
detection of incipient fires in passenger and cargo compartments. The
tasks of our phase of the program were to:

(1) Determine the sensitivity of contemporary gas and smoke

detectors to pyrolysis and combustion products from
materials commonly used 1n aircraft interiors and from

materials that may be used i1n the future. NASA selected
the materials to be tested.

(2) Assess environmental limitations to detector sensitivity and
reliability.

(3) Evaluate the compatibility of the tested detectors with the
passenger cabins of commercial aircraft.

(4) Select and i1nstall the optimum detectors in full-scale
lavatory modules during burnout tests at the University
of California Fire Testing Facility at Richmond, California.
In mutual agreement with NASA, Task 3 was excluded from the scope of

this part of the investigation. It may be the subject of a proposal for

continued work in the future.

After evaluation of the test conditions during the lavatory module
burn-out tests at the University of California Fire Testing Facility,
NASA representatives, SRI staff, and U.C. personnel concluded that the
data received from participation in these tests, as described in Task 4,

would be of questionable value. Consequently, Task 4 was not conducted.



Task 2 was done samultaneously with the Task 1 testaing program. Both
tasks have been completed and are discussed in more detail later in the

report.

The tests were conducted on three groups of materials by exposure to
three sources of ignition. The materials were divided according to
those that were easily obtainable and advanced materials not readily

avallable. The three sources of exposure used to test the materials are-

@ Radiant and Meeker burner flame
@ Heated co1l

¢ Radiant source only,

Table 1 lists the three groups of materials tested by the source of

exposure

The first test series used radiant heat and flame exposures on
easlly obtained test material. In the second test series, four materials
were selected from the first group and exposed to an incandescent coil to
provide the conditions for smoldering combustion. Only cellulose-based

materials were coil-~tested because only they would reproducibly respond

in a smoldering mode.

The third test series used only radiant heat exposures on advanced
materials that were not readily available. A significant time period was
required to collect sufficient quantities for replicate testing. Despite
the time expended, some of the materials were so scarce or expens:ve that

only enough were allotted for testing in one exposure



Table 1

MATERIAES GROUPED FOR DETECIOR TESTIMG BY EXFOSURE SOURCE

Group I  Radiant Heat Scurce and Meeker Burner Flame
Polyurethane foam ¢ 048 gfemS
Polyurethane foam O 032 glcm3
Polyechylene foam O 032 g/cm3
1007 Cotton fabric
1607 Wool fabrie
507 cm::ctmlsm' raycn fabric
100% Waol carpet with latex backing
Modacrylic carpet with latex backing
Acrylonitrile butadiene styrene (molded)
Lexan {clear)

Paper towel

Eleenex

Polyethylene (£Llm)
Polyethylene (cast) .
Polyester glass laminate
Polystyrene (easc)

Polystyrene cups

Group II  Heared Coll
1007 Cotton fabric
507 Cotton/S50% rayon fa‘hric*
Paper towel

Kleenex

Group IIE Radiant Heat Source Qnly
Acrylonitrile butadiene styrene (ABS)
Chlorinated polyvinyl chloride (PVC)
Polycarbonate
Polybenzimidazol fabric (PBI)

Kynol cloth

Polyethex sulione

Wew L 5 polycarbonate F-6000
Hodified polyphenylene oxide (Noryl)
Hetron

Hodified Polysulfone

Polyphenylene sulfide

Nomex fabric (RT40-00)

Silicone elastomer

Epoty glass faces, Nomex core
Tedlar-coated phenolic glass faces, Nomex core
Tedlar-¢oated phenolic glass laminate
Tedlar, FVC film

Fire-retardant polyurethane foam

Neoprene with cord filler

*
Material subjected to elevated humidity and reduced pressure
environments

\ 5
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II DETECTOR SELECTION AND DESIGN

Detector Selection Criteria

Because of the cratical need to detect the incipient fire as soon
as possible after initiation, only detectors that sense combustion gases
or aeroscols were selected for comparative evaluation, Our inztial
approach was to identify smoke detectors that major airlines currently
use for cargo hold and galley fire protection. This effort was not
fruitful because of a lack of information (see Appendix B). Therefore,
detectors were chosen from the generic classes of 1onization, photo-
electric, and gas-sensing instruments currently available as off-the-
shelf units. Detector selection procedures required that the unait be
marketed by the manufacturer or have an established record of reliability
and sensitivity. Before an instrument was purchased or borrowed from a
manufacturer, 1ts characteristics and capabilities were discussed with

national experts on fire detectors,

We are aware that this selection procedure appears to be somewhat
arbitrary. To complete the goals of the program within the cost con-
straints of the contract, however, this part of the effort had to be
completed as expeditiously as possible. We believe that the results
obtained with the selected detectors can be transiated to the response
of samilar, first quality detectors, not included in these tests, but of
the same generic class. That 1s, all i1onization detectors should be
reliable 1n detecting fire gases sensed by the selected 1onization

detectors used in these tests.

The detectors selected for the survey and the numbers used to identify

them during testing are listed on Table 2. Before the third series of



Table 2

DETECTORS SELECTED FOR EVALUATION

Assigned
Number Name Manufaecturer Type
Dl Save-A-lafe (No, 525) KF Industries Gas sensor
D2 Guardion (FRU-1) Pyrotronics Ionization
TORu
D3 Smoke and Heat Detector Pyrotggﬁgﬁs Photoelectric
(30~-290-9)
D4 724-1, Detector Electro-Signal Photoelectric
Laboratory
D5 824-1, Detector Electro-Signal Photoelectric
Laboratory
] -6 Detector Cerberus Ionization
D7 BRM-6 Detector Cerberus Photoelectiric
*
D8 Smoke and Heat Detector| Pyrotector Photoelectric
(30-231-30)
DQT Smoke Detector Celesco/Pyrotronics| Ionization
*

Detector added for Group 1 flame exposure tests and Group III tests
Detector has two alarms (rate and
level) denoted in tables that follow as DOR {(rate) DI9L (level).

Detector added for Group III tests




tests were undertaken, NASA requested that the Celesco detector be added

to the set of detectors initially selected.

Apparatus Desaign

Recording the response of nine smoke detectors exposed to products
from up to forty different materials with sufficient replications of each
material exposure to provide statistical significance 1s formidable. The
complexity of the task was increased by the requirement that detector
response be appraised for pyrolysis and for both flaming and smoldering
ignition modes. Thus, the testing apparatus had to provide uniform and
repeatable conditions during exposures and had to be simple enough that

the test recycle time would be relatively short.

The apparatus shown schematiecally in Figure 1 was designed and con-
structed with these constraints in mind. This design i1s baged on one that
Factory Mutual used to compare detectors for a HUD progect.l In these
inrtial tests, smoke from radiantly heated, pyrolizing material is
accelerated through a smoke pipe by an air ejector jet to the center of
the cerling of the test enclosure, where 1t spreads radially from the
pipe. The detectors are located in a circular array equidistant from
the center. A meter to measure the light trnasmission across a 30.5-cm
path i1n line with the smoke flow and several thermocouples complete the
sensor array. The schematic identifies the locations of the sensors and
their circult path to the recording instruments and power supplies.
Figure 2 detaills the detector configuration for the tests with the
Group III materials. Photographs of the test enclosure and attendant

electronics are shown in Figure 3.

Instrumentation

The measurements for each test were recorded on a 36-channel recorder.
Sighals were measured from thermocouples, detector alarm event markers,
the smoke density meter, and an electronic load cell that measured

specimen weight loss during exposure.

6
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The thermocouples are denoted as TCl, TC2, and TC3. The first two
thermocouples measure the temperature at the following locations: TC1
at the detector circle and TC2 at the smoke pipe exhaust. The third
thermocouple, TC3, was placed close to the radiant source in the smoke
generator to obtain on-off time. Thermocouples TCl and TC2 were calibrated
electrically by applying known mV signals in series with the thermocouple
and galvanometric circuit. Thermocouple, TC3 was not calibrated because
it was used only as an event marker to establish a zero time reference.

o
Thermocouple reference junctions were all maintained at O C.

Smoke density was measured by using a photovoltaic cell in conjunction
with a foot-candle meter and light source. The output from the cell was
applied to the foot-candle meter and recorded by the oscillograph. The
intensity of the light source was adjusted so that 100 foot-candles
represented 100% transmission, 50 foot-candles represented 50% transmission,

and so on. The response of the photocell is linear.

The weight loss of the tested materials was obtained with an elec-
tronic load cell. Potential errors caused by heat absorption from the
radiant heat and flame sources were eliminated by mounting the load cell
unit in an insulated container as illustrated in the right-hand picture
of Figure 4. The output signal of the load cell was applied to a bucking

voltage circuit to offset the platform and sample holder weight.

Figure 5 is a schematic of the smoke generator showing the relative
positions of the radiant heat source, the specimen exposure plane, the
load cell, and the air ejector. Photographs of the generator are shown
in Figure 4. Also visible in these pictures are some of the detectors in

their normal positions on the detector ring.

Figure 6 is a schematic of the radiant heat source used fof the
pyrolysis studies. Figure 7 shows the radiant energy variation with

distance.

10
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Flame exposures were conducted with a Meeker burner located in place
of the radiant heat source. The burner flame (premixed natural gas at a
flow rate of 1.0 CFM) was directed to contact the test specimen in the

gsame orientation as the radiant heat exposure tests.

To ensure that the combustion producis of the burner flame would not
alarm the detectors, the burner was positioned approximately 5 to 6 cm
directly beneath each detector. None of the detectors indicated an alarm
state. It was noted that D1 alarmed on unburned natural gas; however,

1t was the only detector to exhibit this response.

Smoldering exposures were made by placing selected test specimens
(those that would smolder easily) on a glowing heating corl until the
speeimens started smoldering. No weight loss data were obtained during
these tests since the mass of fuel was small relative to the weight of

the heating coils, and the entire system was beyond the range of the

load cell.

15



ITI TESTING

Test Procedure

The detectors were exposed to the pyrolysis products from 36 materials,
the combustion products from 17 materials, and the smoldering combustion
products from 4 materaials. 7o ensure uniformity of test conditions, the
testing day began and ended with a calibration test using a standard
flexible polyurethane foam (density 0.048 g/cmg) that would aciuate all
detectors on pyrolysis. Each material, except those difficult to obtain,
was tested three or more times to obtain some statistical relevance 1n
the response data. A pattern for preexposure conditioning and post-

exposure cleaning was repeated for each exposure.

Results and Discussion

Figure 8 shows an oscillograph record tor Test 57 in which polyester
glass laminate was exposed to an irradiance of 2,15 cal cm-z sec_1
{approximately 8 W). The individual galvanometer traces are identified,
and the time increments for data reduction are included at the bottom of
the record. TFigure 9 gives the reduced data from the record shown in
Figure 8. The data from each test are reduced to this form. These

figures contain essentially all the information recorded during the test

except the environmental conditions.

The reduced data curves for a flame exposure of polyester glass
laminate (Test 106) are shown in Figure 10, and those for a radiant
exposure for a composite panel consisting of epoxy glass faces with a
Nomex honeycomb core (Test 195) are shown in Figure 11  These data
1llustrate the response characteristics common to different exposure modes

and material design. Essentially, the test durations are shorter for

16
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flame exposures because the thermal level 1s greater. This i1s apparent
when the rate of smoke obscuration and detector response are compared 1n

Figurez 9 and 10,

Figure 11 shows the typical response of a fire-retarded composite
material. The release of smoke from the composite 1s not apparent until
some critical temperature or thermal level 1s reached. Beyond this level,

the material expels smoke and loses weight at an accelerated rate.

4

In Figures 9 through 11 directly under the time scale for the test
duration 1s a row of data that differentrate the incremental 10 sec mass
loss during the detector alarm period. In Figure 9 both the time of
material ignition (tf) and the power-~off time for the radianti heat source
are identified on the time scale Across the top of the fipure are the
detector actuation rdentifiers., The near-second alarm time and the re-~
latzonship of detector alarm to optical transmission, mass loss, and

temperature variration also are shown.

The behavior of the optical transmission curves in Figures 9 and 11
are typical for the radiant exposure tests; i1f the material ignites,
most of the volatile components have been pyrolyzed. Furthermore, after

the source 1s shut off, the generation of airborne effluent is drastically

reduced.

Table 3 summarizes the activation times for detectors exposed to the
calibration polyurethane foam for the first series of radiant heat exposure
tests. These data are derived from nine exposures that included both
preliminary i1nstrumentation tests and daily calibration tests For
Tests 2, 3, 25, and 43, the detectors were moved 180° from their normal
position This change of position combined with measurements of ceirling

arr velocities was made to deteyxmine 1f any asymmetry existed in the

21



Table 3

DETECTOR ACTUATION SUMMARY
[Times to Actuation (Sec) of Calibration
Polyurethane Foam, O 048 g/em>]

(44

Dl D2 D3 D4 D5 D6 D7
Pyrotronics ESL 724 | ESL 824 | Cerberus Cerberus _
Gas Guardion |Pyrotector | Visible | Infrared FM6 RM6 m ¢
Cell Ionxzation Scatter Scatter | Scatter | Ionization | Scatter H MAXOD | 4=10 sec ¥

Test 1 6l 38 113 60 42 44 21 11 0 824 143 61
Test 2 (180) 51 36 123 68 19 28 18 11 0 456 114 54
Test 3 (180) 45 5 36 112 56 28 33 21 11 0 481 1 40 48
Test & 88 44 131 60 22 47 22 11 0 495 1 07 94
Test 5 58 37 57 20 17 28 23 11 0.638 1121 124
Test 6 35 32 123 67 18 7 27 33 038 0 638 163 48
Test 25 (180) 30 40 66 83 FA 26 19 08 0 602 0.94 No
Test 26 53 39 No 79 Fa 36 33 038 0 769 133 67
Test 42 83 59 20 67 FA 51 27 08 0 553 12 52
Test 43 (180) 40 36 No 72 32 29 34 11 0 958 155 61
Er (m1n) 30 32 57 60 19 26 18 0 958 0 94 48
Er (max) 88 59 131 83 42 31 34 0 456 1.63 124
tr(ava) 54 5 39 7 1ol 9 70 2 24 5 34 9 25 1 0 638 129 60 9
% 19 75 27.8 10.9 9.4 92 6 2 80 21 7 25 4
Headaing and symbol nomenclature

H Irradiance in units of cal cm“2 sec_1

MAXOD Maximum optical density

m Average mass loss of foam per l0-second period over the detector activation duration

tp Time to flaming combustion

{180) Foxr tests 2, 3, 23, and 43, the detectors were moved 180° from the positions occupied during
tests 1, &, 5, 6, 26, and 42

£ Time and duration from rvadiant panel to flamang agnition of foam (min, max, ave indicate minimum, maximum,
and average times, respectively

S¢ Standard deviation

Fa Instrument malfunctuon

No No detection or detector activation




system. The randomness of the data and the uniformity of the airflow

at the ceiling confirm that there i1s no discernible asymmetry.

The actuation times in Table 3 are compared with the irradiance,
%
the maximum optical density, the average weight loss rate as a function
of alarm time, and the time~to-flaming ignition., Also included are the

minimum, maximum, and average actuation times, pertinent test parameters,

and the standard deviations of the response—-time data.

The quantity of tests done with the calibration polyurethane foam
permitted a simple statistical analysis of these data. By computing
the standard Aev1at10n of the set of detector response data, we can
appraise the dispersion of the individual detector response times to the
pyrolysis products. The dispersion 1s probably a more valid measure of
detector precision than 1s the relative time of actuation between
detectors because the sensitivity of the detectors 1s set to prescribed
levels of optical density or gas concentration during fabrication.
Since sensitivity and false alarm frequency usually are inversely related,
practical experience dictates the optimal setting for the different
detectors. Consequently, 1f an instrument 1s relatively slow 1in response
to the smoke from a particular material, we can assume that the detection
cell 1abyr1nth_I§_iong or tortuous and/or the sensirtivity setiing is low.
If the detector's repeatability 1s high, however, the precision of the
instrument 1s not compromised; rather, 1t may be a more reliable
detector than one that usually actuates early during the exposure, but

that lacks good repeatability.

Radiant Heat Exposure of Group I Materials

Table 4 summarizes the test parameters and detector response times
for the set of detectors to the pyrolysis products from the first group

of tested materzals which were exposed to radiant heat.

* 1
Optical density = QD = loglo(T) where T 1s optical (visible light)
transmittance expressed in percent over a 30.5-cm (1 £t) path length.
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Table 4

GROUP I RADIANT HEAT EAPOSURE
DETECTOR RESPONSE DA'IA*

D) D2 K] 4 D5 Db hyj
Guardian Pyrotronics Pyrotector ESL 724 Visible | ESL 824 Infrared Cerberus FHé6 Cerberuvs RM6
KF Gas Scnsor Ionization Scatter Scatter Scatter Icnization Scatter
t
Color " c o /T(min) tl‘(am t’:(mux) tr(ave) r'rgnm'{! 1:r(ave) l::4'(m:uc) tr(ave) trgmax! tr(ave) trgma}q tr(ave) tr(mut) I-'x-(m.:'e) T (max)
E {HAXOD) Sy Lx (min) Sx Ly (min) Sy e (min) Sx e {nin) 5% e {min) Sx r(min) S« & (min)
Flexible polyurcthane | Grey | 1+0 1| 61 129 24 2 56 5 88 37 59 102 131 70 83 26 5 42 35 51 25 34
foam, 0 048 glcm3 (0 616) 19 30 75 a2 28 37 1L 60 94 19 92 26 62 18
Flexible polyurethane | Black | O 81 Ko 06l 42 0 . - 34 3B 5 g6 126 89 94 & eat 26 1 3l 4 26 8 32 6
Eoam, 0 032 g/fem (0 38) 28 5 6L &4 85 22 6 21 0
Flexible polyechylene | White | 1 5 47 0 32 64 - -- 50 7 54 - - 84 96 F& 41 0 47 48 49
Foam, 0 032 g/cm (0 194) 49 76 7 335 47
Polyethylene f£ilm Clear | 15 74 0 27 74 - -- 827 87 -- - 97 5 100 5 4% 5 53 0 64 4 73 4 55 56 7
[ K20 78 5 92 7 45 57 8 520
Holded pelyethylene White | 2 15 79 015 78 -- - 51 55 - - 111 4 112 25 2 b 6 37 & 43 6 74 0 74 0
(¢ 108) 47 110 23 8 312 74 0
Molded 4BS Black 15 Neo ¢ 805 23 5 -- - 39 5 41 83 8 84 0 98 2 114 4 FA 34 3 39 2 3T 4 43 9
{0 629) 37 83 6 88 6 00 29 6
Lexan Clear | 2 15 | 115 043 25 138 8 81 9% 4 151 159 0 137 3 150 Fa 62 4 72 0 | 107 120 6
(0 602) oF 64 6 @ 146 7 122 6 44
Polyester-glass White | 2 15 54 142 18 40 2 42 49 4 515 96 3 98 1 86 6 87 0 40 0 43 0 390 39 5 329 333
laminate (0 745) 38 48 0 @ 9% 4 734 36 7 380 325
Holded potystyrene Clear | 2 15 Ho 0 45 37 5 - - 77 2 37 & 140 146 114 4 131 82 G 87 54 65 7 76 84 8
(0 426) 68 8 130 8 102 4 77 4 357 1 0
Styrofoam cups White { 15 No 0 215 46 5 - -- 70 3 76 8 147 2 148 7 106 4 110 64 3 69 6 71 79 2 55 2 58 8
(0 333) 61 7 145 8 103 57 4 61 4 515
1004 Cotten fabric White | O 81 68 105 94 5 -- -- 7 82 8 - - - - FA 83 4 88 - -
(0 025) 52 7
507 Cotton/507 wayen | white | O 81 74 126 97 -- -- 83 3 86 6 -- - -- - FA 8l 6 83 8 - -
fabric (0 013) 78 2 79 7
Paper towels White | O 81 65 112 97 - - 82 ¢ 91 7 - - - - 74 6 79 4 70 3 86 1 7z 6 17 1
{0 013} 67 69 370 @ 68
Kleenex White | O 81 56 Q¢ 85 97 -~ -- 80 5 84 1 -- - - -~ 87 1 106 735 8L 4 111 O ——
(0 013} 75 @ 68 3 68 0 Q@
1007 Wool fabric Black/f O 81 Ho 0 64 30 - - 42 5 44 3 770 17 8 8L 7 84 0 FA 38 7 48 9 36 6 39 6
White {0 523} 41 8 756 79 0 29 5 34 0
1007 Wool carpet Brown | 1 1 No 0 64 28 - -- 38 ¢ 4L 5 68 Q 80 0 85 7 92 7 FA 23 34 4 37 35 2
{0 553} 3% 6 48 8 78 0 303 326
Modacrylic carpet Green | 1+0 1| Ho 07 15 707 95 8 39 7 47 6 104 5 145 0 857 89 2 FA 390 389 4 0 53 9
{0 824) 47 0 34 6 47 79 0 29 0 356
*lleading nomenclature H  Irradiance in units of cal em 2 see~l MAXOD Maximum optical density
Lr Time te flaming combustion Lr(ave) Average detector actuation time
m  Average mass loss of feam per l0-se¢ond period over the N Standard deviation (calibration polyurcthane foam only)
detector alarm duration Ly (max) Maximum detector actuation time
/T Optical transmission, linear from 0 to 100/ tr(min) Hinimum detector actuatlon time

Jrl;'-'A indicates false alarming during the period that D5 became erratic

k)
@, ¥=1 or 2, three or more tests were made with cach material
three times, t, is modified by N

For detectors that respond to each exposure, the average £ is 1isced

If the detector does not respend during any exposure, the data boxes are left blank

ALl filled data boxes are from measurements with a replacement detector

If the detector responds less than




The response time data are presented in terms of the average, maximum,

and minimum actuation times for three or more repllcatlons.* Empty spaces
1n the columns indicate that the detector wag unresponsive to the pyrolysis
products 1n that test. Only the two 1onization detectors responded to all
materials. In general, the photoelectric detectors responded to every-
thing except the products from light celluleosic material, whereas the

gas sensor was sensitive to only four of the materials. Each detector

that did not respond was checked with tobacco smoke after the failure.

This procedure always succeeded in tripping the alarm circuits. In
addition, the gas cell gemnerally was triggered by vapors from solvents

uged to clean the test chamber.

The color of the material and the rate of radiant exposure are
somewhat interdependent because the optical properties of the material
partially control the fraction of energy absorbed. The thermal constants,
thickness, and density determine how fast the material heats up; for
example, black polyurethane foam requires much less enersgy to pyrolyze
than does Lexan, which 1s a water-clear solid. Regardless of the higher
irradiance (2 15 cal em sechl), the heat-up time for the Lexan 1is
st11l far longexr_than that for the foam, as reflected by the actuation

times of the detfectors.

The order in whaich the detectors actuated for each Group I material
1s shown in Table 5, along with the average actuation time and the

average optical density at detector actuation. If the detector actuated

This number of tests provided insufficient data to compute a standard
deviation for each detector. Hence, standard deviations are given
only for the calibration foam.
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Table 5

GROUP I RADIANT HEAT EXPOSURE
ORDER OF DETEGTOR AGTUATICN

Material Firsc Second Third Fourth Fifth Siveh Seventh v Mt
aceria i3 EMAXOD
2% 5% 25 33 39 7 54 5 70 102 0 616
Flexible polgutethane foam, D5 0 119 D7 o125 +13 0 328 b2 2 357 Dl 0 553 Dé A%0D HAYOD 61 %0
0 048 glem
26 1 26 8 34 8¢ 6 89 0 380
—_— i
Flexible polgurcthane foam, D6 O 125 b7 7125 D2 o187 D3 HANOD D HAXOD [] 76
0 032 glem
41 48 30 7 84 0 194
Flexible polgeChylene foam, D6 0073 D? o145 D2 0 174 D4 HAXOD &7 50
0 032 g/em
49 5 55 64 4 82 7 97 5 g 131
Polyethylene ££lm D5 S ois D? 0 026 p6 0 058 D2 HAROD D& HAOD 74 78
25 2 315 51 74 L1 @ 108
Melded polyethylene b5 0 004 ] o 007 D2 b 009 D7 0 098 D& FAROD 79 3 20
34 8 a7 h 395 83 6 98 2 0 629
Molded ABRS D6 3076 D7 0 099 D2 0 125 D3 D 530 D4 D No 20
62 4 8L 107 137 3 138 8 151 g 602
Fexan D6 3 007 D2 T o3 D7 3 o3z D4 HA%0D DL faxop P3 fanoD 1t5 130
32 39 40 40 2 49 4 86 6 96 3 0 745
Polyester-glass laminate Dn? o 114 Dé o 222 D5 0 250 1 2 256 D2 3 420 D4 HAX0D B3 HAYOD 54 5 —SB
54 16 i1 2 826 114 4 140 0 428
& e — —=
Molded polyscyrene D6 o007 n? 3015 D2 7 0s6 5 0 086 D4 o 342 p3 ) He 120
53 2 64 3 03 71 106 4 147 2 0 333
Styrofoam cups 7 3 015 B3 3 o26 D2 5 030 96 57033 D4 o a1 B3 yaxop Ko 123 5
71 7 83 4 0 025
tt fabrt — —_— —_—
1604 Cotton fabric 02 D D6 D 68 6 v
8L 6 81 3 0 013
507 cotton/504 rayen fabric D6 b D2 heon 74 75
70 3 72 & 74 & 82 0 0 013
Paper towels D6 > D7 MAXOD D5 HAXOD D2 ) 65 6 70
735 80 5 87 1 111 0 0 013
Klecnrex i1} HA—XOD D2 HAYOD D5 1AXOD b7 MAXOD 56 3 60
36 6 38 7 42 5 77 0 8l 7 0 523
1004 Waol fabrie LT b6 3 15T LN b3 578 D4 Tase No a0
32 3 36 6 38 0 68 0 85 7 0 553
100% Wool -1 back —— —ane _—
% Wool carpet-latex bac Dé 3086 D7 703 D2 R D3 D &30 D4 0 545 No 0
33 0 39 7 44 70 7 85 7 104 5 0 824
100% modacrylic carpet-latex back Dé o o0Le D2 0 051 7 0 180 DL G 639 D4 AETA D3 HAROD No a7

*
Average time to flame (sec)

THAXO!) _ maximum optical density

tMAXOD ~ efme to maximum optical density
¥ 24 5

average actuation time (sec)

D5 o 10 = designated detector

He means no flaming ignition

optical density at average accuation time




after maximum optical density (MAXOD) was achieved, the abbreviation
MAXOD 1s used in place of the numerical value for optical density. The
time-to-flaming ignition, MAXOD, and the time-to-MAXOD are repeated
from Table 4 to facilitate comparison with the detector response charac-
teristics. The data 1n Table 5 yield the following observations
& No detectors responded to pyrolysis products from
cellulosic fuels until the material ignited.

a JIonization detectors usually actuated before photo-
electric detectors.

o The detectors that were last to actuate usually
triggered well after MAXOD This was probably due
to the impedance to smoke concentration buildup in
the sensing chamber of the detector -

& The time delay to first detector actuation is more
likely a characteristic of the material than of the
detector and probably reflects differences in the
absorption of radiant heat by the material rather
than differences in composition.

Figure 12 contains a collection of averaged smoke transmission
curves for a variety of material and i1llustrates the last point regarding
time delay to first detector actuation., These curves show the effect of
radiant energy- absorption and thermal response of the material on the
smoke procuction rate and the eventual detector actuation. For example,
the materials that exhibit the earliest evidence of smoke production
also indicate the earliest first detector actuation times. Materials
that effectively reflect or transmit the exposure radiation have signi-
ficantly longer first detector response times. However, the optical
transmission of the smoke of the latter class of materials at detector
actuation 1s significantly higher than the actuation optical trans-

migsion for the good absorbers.

1
Hegkestad's relationship between outer and inner detection chamber

product concentrations may give insight into the role of detector flow
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FIGURE 12 COMPQOSITE AVERAGED OPTICAL TRANSMISSION FOR VARIOUS GROUP I



impedance and the environmental product concentration required for
detector alarm. More data 1s required, however, before we can adequately

test his theory for both ionization and photoelectric detectors.

Table 6 summarizes the average optical densities at which the
detectors actuated for each tested material, In this table, the notation,
Past Maximum Optical Density (PMOD), shows that the detector did actuate,
but that the time of actuation occurred after MAXOD. In these cases,
since actuation occurred during descending optical density, there 18 no
gimple correlation between detector actuation and smoke density, and

thus, the optical density value has questionable meaning

Table 6 was compiled in an attempt to i1dentify relative levels of
product concentrations required for individual detector actuation. Even
though the optical density values are listed for the lonization and gas
detectors, they obviocusly bear 1little relation to the mechanism of de-
tection. However, we should be able to delimit the range of ambient
optical density for photoelectric detector response. The following list
gives the average and range of optical densities of detector actuation

*
from radiant heat exposure for the photoelectric detectors.

Detector Average Maximum Mzinimum

D3 0.536 0.824 0.432
D4 0.448 0.824 0.211
D5 0.066 0.250 0.004
D7 0,073 0.149 0.015

Flame Exposure of Group I Materials

Before commencing the flame exposure tests, we assumed a need to
survey the response for the Group I materials to the flame source to

aid in the selection of recording instrumentation and to gain experience

*
For detectors that actuated after the time of maximum optical density,

the MAXOD value 1s used both i1n the averaging and as the maximum value.
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Table 6

GROUP T RADIANT HEAT EXPOSURE
OPTICAL DENSITY AT DETECTOR ACTUATION

Average Optical Density at which Detector Activated

Material D1 D2 D3 D& D5* -Dé D7 Maxop T
Flexible polyurethane foam, .048 g/cm3 0 553 0.357 PMOD:F PMOD 0 119 0 328 0.125 0.616
Flexaible polyurethane foam, .032 g/cm3 0 187 PMOD PMOD FA 0 125 0.125 0.380
Flexible polyethylene foam, 032 g/cm3 0.174 PMOD FA 0 073 0.149 0 194
Polyethylene film PMOD PMOD 0.015 | 0 058 0 026 | 0.131
Molded polyethylene 0,009 PMOD 0.004 0 007 0 099 0.108
Molded ABS 0 125 0.530 PMOD FA 0 076 0.099 0.629
Lexan PMOD 0.013 PMOD PMOD FA 0.007 0 032 0.602
Polyester-glass laminate 0 256 0.420 PMOD FMOD 0 250 0 220 0.114 0 745
Molded polystyrene 0.056 PMGD 0 342 0.086 0 007 0.015 0 426
Styrofoam cups 0.030 PMOD 0 211 0.026 0 033 0 015 0.333
100% Cotton fabric PMOD FA PMOD 0.025
50% Cotton/50% rayon fabric PMOD TA PMOD 0 013
Paper towels PMOD PMOD PMOD PMOD 0.013
Kleenex PMOD PMOD PMOD PMOD 0.013
100% Wool Fabric 0,171 0 478 0 494 FA 0.131 0 111 0.523
100% Wool carpet-latex back 0.149 0 432 0 545 FA | 0 086 0.102 | 0.553
100% Modacrylic carpet-latex back 0 699 0.051 PMOD | 0.824 FA | 0.018 0 051 0.824

%

FA 1ndicates false alarming Detector D3 was imitially functionming, but became erratic and was replaced roughly
halfway through the test series

TM.AXOD = maximum optical density.

S

PMOD = detector actuates past the time of maximum optical density (for those materials that ignite, FMOD wmplies
past ignition time also)



pertaining to the smoke production dynamics of the flame-exposed material.
Table 7 summarizes the results of this survey. The only interesting
results from this table are derived from comparison of the burning rate
data with the detector response data contained in Table 8. In general,
materials with high burning rates would be expected to produce voluminous
combustion products that would result in quick alarm response from the
detectors, and the reverse response would be expected from slow burners
or those materials that do not self-sustain combustion. To the contrary,
the data in Tables 7 and 8 indicate that such generalizations would be
unwise because the response of detectors to the various combustion

products 1s independent of the burning rate.

Comparison of Tables 8 and 9 with Tables 5 and 6 (order of detector
activation and optical density at detector activation) yields no unusual
inconsistencies, however, all detectors generally respond approximately
20% faster during the flame exposures. This increased response could
result from either the greater combustion product generation or the
enhanced convection potential of the flame source--that is the air
velocities are approximately 10% faster for the flame exposure in the
region of the detector ring. The data trends are similar for both the
radiant heat panel and flame exposure tests. Thus, detectors D2, D5,

D6 and D7 all compete for first through third place in terms of detector
actuation times. The optical density at the time of detector actuation
appears to be slightly less than in the radiant heat exposure tests for
211 detectors for gsome materials and more for others, (motably larger

for polyester- and folystyrene—based materials and less for polyurethane-

and polyethylene~based materials). Comparison of the maximiun, MITIMUM,

and average values of optical densities from flame and smoldering
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Table 7

GROUP I MATERTAIS+ PRELIMINARY FLAME TESTS

Average
Burning Rate Self-Sustaining
Material (g/m1in) Flame

Polyurethane foam, 0 048 g/cm3 5.17 Yes
100% Wool fahric 2.07 No
100% Cotton fabric 3.35 Yes
50% Cotton/50% Rayon fabric 3.36 Yes
Paper towel 2,31 Yes
Polyethylene f1lm 1.36 Yes
Polyethylene foam 1.55 Yes
Polyurethane foam, 0.032 g/cm3 2.72 No#
100% Wool carpet with latex backing 1.31 No®d
Modacrylic carpet with latex backing 1,93 N'o6
Polyethylene cast 0.94 Yes
Polystyrene cast 1.00 Yes
Lexan 0.66 No
ABS 1.52 Yes
Styrofoam cups 2.01 No
Fire-retardant polyurethane foam 1,30 No

*Inltlal sample weight approximately 10 g.
Sample maintained flame without aid of Meeker burner.
Flame self-sustaining when sample melted.
Sample will self-sustain when flame reaches backing.
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GROYP T FLAME EXPOSURE

Table 8

AND GROUP EI HEATED COIL EXPOSURE
GRDER OF DETECTOR ACTUATION

_HAKODT
Material First Second Third Fourth Fifth Sicth Seventh Eightix TAAXOD
Group I - Flame
o o, o228 m B mZL oBI 2L mgs .
glem
N A . I BT BT B
0 032 gfem
Polyethylene foam o6 : 1;02 D2z 380]6: D7 09 80294 D5 (1)0332 D4 105;2 = B - 21_23%8_
0 032 g/fcm
S— mAL WD S e e o mu pse iy
T WIS e witr mue nme o gm
Polyester-glass laminate DG Dz 53169 5 25 4:; p? 02 94353 b2 z%g; D3 03 2:4 D3 05 ‘;510 2;0? - 0_28(;.0
50% Cotton/S0% rayon fabric [D2 ;8051 pé -(%TJ% - - - - - - U_ggq
100% Cotton fabric b2 :20001 D& % - - = - = - 5 224
Paper tonel D2 ;90081 D6 ;80;1 - - = - - - -0—%:.)—
kleenex 2 ; 10:1 % :10;)4 - - - - " h - 224
petmimesin [n BT e S mST gl o mes o mee
100% Wool fabric D2 300991 D6 % - - - - - - < 224
Hodaorylic carpet b 22L ppEE sE L6 - - - - a5
WIS miRI el nimr onlEe e - g
Polyethylene cast pe ;1202 D2 tzgog D7 (2)0212 D5 z:zui D4 ;SSDO - = = 2622:
Palystyrene pé : a(']:S b2 : 805?3 s : 00657 b7 36029 na (1)125: b4 :)2:82 s }113;33 - 23282
Fi::a;et.nrdant polyurethane (D2 (:.90833 D7 ;90:3 al3 ;90888 D5 025127;, b8 04?}.8582 D4 (:81559 D3 ;;’DZ - D_r,_?:g
Neoprene with cord filler D2 :10139 D6 530:0 D7 0570361 b5 290:2 b4 :11:0 bz ;::DE - - ggigi
85, molded %o Zowr Yams  Tams oms Todw ™o ¥
Group II - Smoldering
100% Cotton fabric D2 3732: b5 (1]73031 6 38333 n7 ![']8:;3,8? Dl §8:23 D3 f:!gn - - 03;;?.
50% Rayon/50% cotton fabric |D5 34221 D2 (1)6;: D7 2623: l:] 37; qj D4 f,f[;; b3 2:;: - - 02236
Papor tonel wim ®iem Yiem i e - - - e
Kioonex be %)sgzi b7 ?269 ?241 2 iang - 3 - Osigg
o8 25+ cotctor dnstgnstion SEEE St o 09
*MAXOD _ maximum optical density

tHAXOD ~ time to maximum optical density

*Alarm on one of three tests
1

ORIGINAL PAGE IS
OF POOR QUALITY
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Table 9

GROUP I FIAME EXPOSURE AND GROUP II HEATED COIL EXPOSURE
OPTICAL DENSITY AT DETECTOR ACTUATION

Average Optacal Density at which Detector Activated

Materaial b1 b2 D3 D4 D5 Dé D7 D8 MAXDD*
Group I - Flame
Polyurethane_foam, 0,122 0 141 0.143 0,143 0 115 0,119 0 167
0 048 g/cm
Polyurethane_foam, 0032 0237 0149 0,078 © 06 0 058 0 240 0 267
0 032 g/cm
Polyethylene foam 0 004 0140 0036 0004 O 024 0 208
Styrofoam cups 0.264 0730 0602 0284 0342 0 240 0 509 1 000
100% Wool with latex G 001 0 041 0.032 0 001 0 038 0 056
baching (carpet)
Polyester glass laminate 0 523 MAXOD PMODT 0482 0.219 0 488 0 664 0 980
50% Cotton,/50% rayon 0 001 0 001 0 004
fabric
100% Cotton fabric 0 o001 0 004 0 004
Paper towel 0 001 0 001 0 010
Kleenex ¢ 004 0 004 0 004
Polyethylene falm 0 001 PAMOD [* 3 i 0 080 0 004 0 o7 0 225
100% Wool fabric 0 001 0 001 0 004
Modacrylic (carpet) 0 012 0 015 0 012 PMOD 0 021
Lexan 0011 00629 0127 0014 © 013 O 044 0 175
Polyethylene cast 0 007 FMOD PMOD 0 006 © 018 0 028
Polystyrene cast 0 063 0630 0580 0067 0063 0079 0 456 0 886
Fire-i1etardant Poly- 0 083 PMOD 0 159 0 127 0 088 0 088 0 168 0 178
urethene foam
Neoprene with cord filler 0 077 0465 0474 0218 0021 0 178 [} 432¢ 0 490
ABS (molded)
Group 11 - Smoldering
100% Cotton fabric 0 123 0 028 FAMOD 0 031 0 0637 0 037 0 142
50% Cotton “50% rayon 0 035 PMOD BMOD 0024 0044 0 037 0 108
fabrac
Paper towel 0 029 PAOD 0 025 0 027 0 029 0 072
hleenex 0 011 0024 0041 O 036 0 019

*
MANCD - denotes maximum optacal density
fPMOD - denotes past mavaimum optical densaty
2Alarm on one of three tests

- 34
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exposure at detector actaivation for the photoelectric detectors as
shown below indicates a slight increase in all values relative to the

radiant heat exposure data previously listed.

Detector Averagg Maximum Minimum

D3 0.395 0.980 0.069
b4 0.289 0.980 0.26
D5 0.118 0.482 0.014
D6 0.107 0,488 0.018

Thais behavior undoubtedly 1s attributable to the different mechanisms
of smoke formation during pyrolysis and flaming combustion. An interesting
corollary in this respect 1s the comparison of the responses of the
photoelectric detectors between the smoke from radiant heat exposure
with that from flame exposures of 100% wool fabric. In both ecases,
the fabric does not burn, but apparently the flame source either brings
about removal of the aerosol responsible for photoelectric activation
or possibly changes the aerosol size distribution to the extent that the

particulates do not provide efficient scattering densities.

Heated Co1l Exposure of Group II Materials

During the tests that exposed the detectors to the products from
smoldering cellulosic fuels, all of the more reliable detectors responded
at essentially the same time and optical density. Note in Table 9 that
the gas sensor (detector D1) did respond (one time only) to the smoldering

~

products from 100% cotton fabric.

Radiant Heat Exposure of Group III Materials

Tables 10 and 11 list the detector response characteristics for the

Group III advanced fire-retardant materials exposed to the radiant heat
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Table 10

GROUP TIT RADIANT HEAT EXPOSURE
ORDER OF DETECTOR ACTUATION

Material First Second Third Fpurth Fifth Sixth Seventh Eighth Ninth Tenth tF ‘:;?Ax—‘(o;;r
Acrylonitrile butadiene styrene (ABS) ISR 032;.;;* D6 ::;;’ e 032:;) D5 0382:0 DL 0382:0 D2 0422;2 nl 0422:8 ng 05";9:; D4 :1131 D3 0856240 Ho 1(:]77‘:)
Chiorinated polyvinyl chlortdo (PVC) DOR 0380071 gao(: DSl 04801%, 131 062;)7‘5,‘, D2 06‘;7];_’ D7 :f:):s D5 0831:1 s ;’81:9 D4 0991488 - Ko %
o mP| mEd owi%t o iEd sl il PR n IS owiR . o
PRI fabrie DoR Dqglzﬁ ps 0580193 D7 06%123 pe 06%133 b2 0650114 pel. (;Isoﬁl o tl)zglg - - - Yo 'O?l%l'
Kynol cloth ’ n usr:mi 06 oG ::1035 Dok : 1ucplea 2 07 30099 D5 0790049 DL (;9 ‘:3161 o ;oglg - - " 8 09'? 139
R I T Y L ) R
New LS potyeasbanate P-5000 be 5T Ol pr BB 29 o 1080 oo 20D 2005 24 g, 253 390, 005
Modified pelyphenylene oxlde (Noryl) D6 %{-?5 D7 :521(:) Dl :5212(, D2 0513399 D5 0594119 D8 06{;086 D9L 0695110 D4 0?35!:6 D3 %& - No 086832
Hodified polysulfone ol %011 DR gOD:l D2 0890223 D5 09(:)215 D7 098031 DoL 30351 Dl ;037: D4 ;223: D8 ;afsg - No glégg
Polyphenylenc sulfide DG 0600019 D7 ;50;4 | 08(;315 DOSR 0880463 D2 0960523 D4 %% D8 3139; DOL ;lgg; D1 ;2392 No ?4; ig
Nomex fabric D6 0_2666-1 D2 %31 D7 ;'—1%?;—. % na % D4 ;3232 D3 %* No 5:32
Siliconc elastomer né ;—30-6:21 b2 08900(1 D7 0986:3 D4 ;425: D5 %52- D8 %)-5 Ho 08;569
Epoxy glass face, Nomex core bs 0320‘:: D7 0‘22950 Dl :3352 D2 :84;1 o} 053;5!; D5 05({15(:3 D4 % %{-:- No ‘;:6:
Tedlar -coated phenolic glass faces, Nomex core | DB ;—::)ﬁ D2 0360;7 n7 0411;7 Dl :62; D5 0‘92951 jrz:] 058321 D4 ;241(; D3 :;:3 No 08:3;
Tedlor-coated phenolie glasg laminate D5 (::_1-07321 D6 :40343 D2 04%391 D7 0590:2 Pl 0691227 D3 08619: D4 0981918 D3 (1)0:0: No 30:211;
Tedlar, PO £iin o im  Moon Maows Mows "erm Moam Moam e L
Firg-zotardant polyurethane fosm D& 0_2%595 b7 0243134 b6 0243147 b2 0263717 D 0283627 03 S:_ol:: D4 % %01%9
Neoprene with cord filler D2 % 7 :12403 b6 0422546 D5 047311 DB :64303 D3 :56820 D4 IPOM-':)IZ? 09;535
‘DBR 032“33 = detector designaticn opt:z:;ms:n:i:;mn:iztlr'u(':xe:ime :D‘J removed for remainder of materials
fMA‘(OD naxinun optical dengity Alarm on one of three tests

tHAXOD - time to maximum optical density (sec)
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Table 11

GROUP IIT RADTANT HEAT EXPOSURE
OPTICAL DENSITY AT DETECTOR ACTUATION

Average Optical Density at which Detector Activated

Material D1 D2 D3 D4 D5 D6 D7 b8 DOR DL MAXOD
Aciylonitrile butadiene styrene (ABS) 0 208 0 292 0 620 O 611 0© 240 0 157 0 240 0 393 0 143 0 260 ©Q 700
Chlorinated polyvanyl chloride (PVC) 0 077 0 076 0148 0131 0 0L0 0083 0149 © 007 0 017 O 150
Polycarbonate 0 187° 0 001 puop? o0 128 0 0466 0.001 0 041 o0 134 O 001 O 001 o s04
PBI fabric 0 018 0 014 0013 © 013 ¢ 013 0012 0 014 0 021
Kynol cloth 0 004 0 00® 0009 0 005 O 017 0009 0 011 0 019
Polyether sulfone 0110 0 010 0161 0089 0008 O 057 O 141 0 083 O 167 O 300
New LS polycarbonate F—6000 0235 000L pyop 0111 o022 O 001 0 0L8 0 199 0 057 O 115 O 353
Meodified polyphenylene oxide (Noryl) 0 210 0 339 PMOD O 586 0418 0 123 0 210 0 406 0 510 O B32
Hetron 0141 0 037 PMOD 0 252 0041 © 004 O 04) 0 167 © 013 O 114 0 362
Modifred polysulfone 0 077 0 023 0138 0026 0001 o003 0153 0001 0 057 O 198
Polyphenvlene sulfide 0 095 0 053 0075 0035 0009 0024 0093 0043 0 093 0 140
Nomex fabrie 0001 pyop 0 331 © 151 O 00l o 052 O 254 & § o 438
Silicone clastomer 0 001 0056 0056 O 001 0 003 PMOD 0 158
Epoxy glass face, Nomex core 0 358 0 464 FMOD PMOD G 458 0 048 0 290 0 458 0 664
Tedlar-coated phenolic glass faces, Nomex core |0 284 0 097 © 523 0 417 o 201 0 078 © 187 0 328 0 538
Tedlar-coated phenolic glass laminate 0127y 0031 0201 0198 Q001 o0 03z 0092 O 194 0 217
Tedlar PVC falm 0084 0 130 PMOD O 143 0.001 0 001 © 059 0 244 0 377
Fire-retardant polyurethane foam 0 367 0 377 PMCD PNMOD 0 252 0 317 0O 314
Neoprene with coid filler 0 220 O 680 PBMOD 0 317 0 256 0 243 0 433

%
Alarm on one of three tests before MOD {(maximum optical density)

+PMOD indicates alarm past maximum optical density

+

Alarm on three of four tests before MOD

fatid

Removed for remainder of tests



source. In addition to the photoelectric and i1onization detectors

used 1n the preceding test series, we included the special detector
supplied by the Celesco Company and the replacement Ffor the KF indus-
tries gas sensor (Di) which was damaged during the earlier Fflame
exposure tests. The Celesco detector 1s a hybrid unit consisting of a
Pyrotronic twin ionization chamber, using Americium 241 as the 1oni-
zation source., The source 1s contained in a Celesco-designed package
that includes a pumping system for classifying and flowang the aerosol
through the ionization elements and electrical signal discriminating
circuitry. The Celesco detector generates two alarms- a concentration
(c) or level alarm and a rate alarm (dc/dt). Both of these alarms from
the detector were recorded. In addition, using a Celesco-designed
quartz crystal microbalance, Celesco personnel made measurements of the

particle mass accumulation during the tests in which they participated.

The detectors which consistently and effectively responded to the
pyrolysis products in the previous tests responded similarly in these
tests with the Group III materials. The new replacement gas detector
(D1) also gave a creditable performance during this test series,
probably because of an improvement in its design. Detectors D2, D5, D6,
and D7 responded i1n adequate time and at sufficiently modest optical
densities to all of the tested materials. Detectors D1, D4, and D8
responded to all but three of the materials; and D3 followed 1ts normal
pattern. The Celesco instrument, D9, was comparable to the better
responding photoelectric and 1onization detectors; however, the pump
portion of the detector experienced difficultres when the smoke load
was high. On both units the particulates from the smoke gradually built
up a deposit on the rotary vane to the point that the pump no longer

would function.
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The list below compares the relative response optical density data
from Group III materials exposed to radiant heat for the photoelectric

detectors.

Detector Average Maximum Minzmum

b3 0.477 0.680 0.201
D4 0.298 0.680 0.056
D5 0.139 0.458 0.001
D7 0.105 0.314 0.003
D8 0.244 0,458 0.093

Note that only D5 and D7 of the five photoelectric detectors alarmed to
all exposures (see Table 11). The trend of these data i1s similar to
that for the optical density response for both the radiant heat and
flame exposure tests conducted with the more common Group I materials.

Air Velocity, Humidity, and Ambient Pressure Effects on Detector
Performance

Time constraints disallowed a study of air velocaty effects on the
detectors tested during this program, The literature, however, offers
considerable data concerning this problem. Recent tests were made by
the Gillette Research Instltutez to ascertain flow velocity effects on
the alarm parameters of ionization and photoelectric detectors. The
next two figures are from the Gillette report, Figure 13 shows the
regponse of the ionization detector that 1s similar to detector D6 used
in our tests. Figure 14 indicates the response for a photoelectric
detector that is similar to the D5 used in our tests. Obviously, the
ionization detector 1s highly sensitive to flow, whereas the photo-
electric detector apparently hds little sensitivity to flow. For all

the exposure tests we conducted, the airflow rate at the detector ring
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was hetween 120 and 135 cm/sec. Since the reproducibility and relia-
bility of detectors D2, D5, D6, and D7 were quite good, we assume that
a relatively constant ambient airflow rate will have only a minimal

effect on first quality detectors.

Tests of the effect of ambient pressure and humidity on the response
of the detectors were made by exposing both an 2onization and a photo-
electric detector (D6 and D5) to the pyrolysis products from a Group II
smoldering cellulosic fuel 1n the apparatus shown an Figure 15. The
data from these tests are presented 1n Table 12, Tests were conducted
at a pressure of 1 atm (7530 Torr) and 60% RH for the base line,

1 atm and 95.3% RH to test the effect of humidity, and 0.53 atm (480 Torr)
and 60% RH to test the effect of pressure. These tests indicate that
changes 1n relative humidity have little effect on the response of

erther of the detectors and that reduction in the pressure tends to

reduce the sensitivity of the 1onization detector only. Adjusting the
electrical potential of the reference chamber enables the sensitivity

of the 1onization detector to return to its normal level. In both cases,

the response of the photoelectric detector remained essentially constant.

Conclusions

S T ——— —Th——

The data obtained from radiant heat, flame, and heated co:l expo-

sure tests indicate that.

# Both i1onazation and photoelectric detectors are equally
capable of detecting the products of pyrolysis and com-
bustion of synthetic polymers, especially those containing
fire-retardant additives.

& No detector actuated before flaming ignition for cellulosic
basic materials, and only 1onization detectors appeared to
be sensitive to the combustion products. Both ionization
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and photoelectric detectors responded to products from
snoldering or glowing celluloesics.

Detector D7 had the best repeatability in response to
both i1ndividual materials and the actuation optical
density; 1t was also consistently more sensitive than
other scattering detectors.

Detector Db appears to have properties similar to those
of D7, particularly after the manufacturer had repaired it.

Detector D1 does not appear to be sensitive to pyrolysis
or combustion products from the majority of the materials
tested. However, the replacement detector funciioned
adequately during the radrant exposure tests with the
Group III materials.

Detector D9 appeared to function adequately during
the radzant exposure tests with Group IIT materials.
However, the detector and its replacement were both
troubled wirth clogging of the pump vane during expo-
sures 1o heavy smoke loads.

Photoelectric detectors appear to have more bolerance
in terms of exposure reliability to external pertur-
bation such as air velocity, ambient pressure, and
humidity effects. Since these detectors also are
simpler in design and have adequate sensitaivity to
products of pyrolysis and combustion, they should be
seriously considered for use in aircraft cabins.
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Appendaix A

SUGGESTED OVERALL PROGRAM FOR THE DEVELOPMENT
OF FIRE DETECTORS FOR COMMERCIAL AIRCRAFT

1. Phase I Preliminary Evaluation of Current Detectors

Phase T consists of the following tasks

*k
(1) Select contemporary smoke detectors guch as ionization

detectors, scattering-aerosol detectors, and gas analyzers
that show promise for aircraft application.

(2) Desaign and evaluate testing apparatus including-

& Stagnation-flow, radial-symmeiry enclosure.
a Test parameters

- Axr temperature

Air velocity

Air pressure

Smoke com9051t10n+
¢ Combustion mode

- Pyrolysis

~ Smoldering

- Flaming

& Apparatus stability and recycle frequency

%
We restrict this discussion to smoke detectors (with emphasis on 1oniza-

tion and aerosol scattering sensors) since both electromagnetic and
thermal detection concepts are infeasible in this application. By "smoke"
we 1mply both vapor and aerosol products of combustion and pyrolysis

This may have to be deferred during screening tests because of the
expense.
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(3) Group tested material by polymer class.
(4) Make screening tests (~ 40 materials, 3 cycles).

(5} B8elect statistics to identify optimum contemporary
detector, and install and test selected detectors in
lavatory modules at University of California Fire Test
Center, Richmond.

(6) Continue survey for contemporary commercial detector
systems compatible with the mission of project.

Phasge II Evaluation of Ambient Background of Axxrcraft Interiors

Phase II includes evaluation of aircraft ambient background in-

o Ventilation paths in aircraft caban including:*
= Intake and outlet location

~ A1y velocity spectrum (main caban, lavatories, galleys,
and same locations when occupied).

-~ Individual seat vent nozzles.

o Cabin temperature range (when occupied and unoccupied).
® Cabin pressure range
e Cabin humidity

® Ambrent arir contamination (aerosol, dusts, smoke, canned
sprays, perspiration and other body effluents, and polymer
outgassing.

Phase III Development and Testing of New Detector Concepts

Phase III should be a parallel effort with Phase II so that advan~
tages and limitations can be checked simultaneously. Phase IIT

includes*

@ Qualitative analysis of major pyrolyzates from interior materials
to assess and compare components of the pyrolyzates that could
have similar detectable potential. (Some work has been
advanced in the literature on determining toxic potential
from major polymer classes. Advantage would be taken of these
data.) A part of the NASA program 1s to ascertain biological
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response to materials degradation and both the detector and
biological response data should be i1ntegrated for study.

8 Detector developing includaing-
- Coincidence smoke scattering and ionization detection.

- Detection of individual components of pyrolysis gases
that are common to most combustion processes, such as
Cco, 002, C H , and nitrogen— halogen- and sulfer-containing
nm

gases.

- Remote sampling detectors. A conveniently located
discrimination device coupled to a simple analyzer to
trigger the alarm circuit. Sampling heads are located
at hazardous areas and transmit an aliquot of gas to
the discriminator. Examples of such discriminators
are the mass spectrometer, nondispersive spectral sensor,
catalytic conversion system, NASA heterodyne device for
high specificity gas detection, and others, to be identi-
fied as more information becomes available about the
component spectrum from smokes of interest.

- Fullscale testing at University of California Five Testing

Facility at Richmond and/or testing in the proposed NASA
Tfuselage section.

4, Phase IV Ingtallation of an Optimum Detector System on Commercial
Aircraft for Flight Testing
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Appendix B

SURVEY OF ACTUAL FIRE DETECTION
IN AIRCRAFT FUSELAGE AREAS

In attempting to document actual experience with fire or com-
bustion products detectors located in fuselage areas, we conducted an
extensive literature search3 and expended congiderable effort in per-
sonnel and telephone contacts with individuals responsible for aircraft
fire protection. We were essentially unsuccessful in uncovering any
definitive 12foprmation. Aircraft manufacturers and airline operators
admitted to the existence of primarily photoelectric smoke detectors
1n cargo areas of most aircraft and 1n cargo and galley areas of wide-
body jet airecraft, but until summer of 1975 no data were publicly
available concerning detector performance eilther i1n terms of fire

oceurrence, detector reliability, or frequency of false alarm.

The detectors that had cornered approximately 95% of the aircraft
market were those of Pyrotector used to detect scattering smoke.
Models 30-284 and 30-281-2 with alarm sensitivities set at (7-10%) and
{3-6%) transmission reduction. According to Pyrotector personnel, the
sensitivity requirements of these detectors were specified by FAA,

Their experience is summarized i1n Reference 4.

The only other iaformnation obtained about fire detection on air-
crafi are the results of tests with either optical (UV) or excess heat
detectors to determine detector performance in engine nozzels.5 Although
the test results for optical detectors were encouraging, pPrevious ex-
perrence 1in the field indicated that engine detection systems were un-

reliable and that improved systems are needed for this application.
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