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NOTICE 

These tests were performed under controlled laboratory conditions 
and the results should not be arbitrarily extrapolated to other test 
conditions or full-scale fire scenarios. It should be understood that 
the toxicity of smoke is not an inherent property of a material, but can 
be highly dependent on the fire test conditions. 
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SUMMARY 

A room-size calo rimeter was used to quantify the heat and smoke 

release characteristics of composite aircraft seat cushions. The 

729 ft 3 chamber was instrumented to monitor the rate of heat release, 

cumulative energy release, rate of weight loss, and evolution of visible 

smoke and fire gases. 

Eight "advanced" design seats and five commercial airlines salvage 

seats were tested under conditions of high radiant heat flux ignition. 

All of the advanced materials showed substantially lower heat and energy 

release characteristics than the commercial salvage seats, and lower 

evolution of smoke. 

Of the advanced materials, Seats 6, 7 and 8 (polyimide foam 

cushions) had the lower rates of heat release and total energy release. 

Seat 7 was the lowest of all the cushion composites in terms of visible 

smoke and carbon monoxide evolution. 

An assessment of the toxic gas evolution of the eight advanced 

materials indicated that none of the specimens evolved a high enough 

concentration of toxic gases under these test conditions to permit 

differentiation among the specimens. This is not to suggest that these 

materials could not produce significant toxic insults under other test 

scenarios or actual fire conditions. A recommendation for future 

studies includes a proposal for more extensive comparative studies using 

the rOom calo rimeter . 
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I. INTRODUCTION 

A. Definitions 

The following definitions ( from ANSI / ASTM E176-80 ) are pertinent to 

this report: 

a) smoke - the airborne solid and liquid particulates and 
gases evolved when a material undergoes pyrolysis or com
bustionj 

b) fir e gases - the airborne products emitted by a material 
undergoing pyrolysis or combustion, which at the relevant 
temperature exist in the gas phase; 

c) combustion - any chemical process that produces light and 
heat either as glow or flamesj* 

d) pyrolysis - irreversible chemical decompos ition caused by 
heat, usually without oxidation; 

e) smoldering - combustion of a solid without flame, often 
evidenced by visible smoke. 

B. Scope of Work 

The primary objective of this study was to compare the performance 

of a series of seat cushion composites (Table I), consisting of uphol-

stery, fire blocking (in some cases), cushion reinforcement and cushion. 

Most of these composites represent "advanced" designs for future air-

craft fire safety needs. A preliminary series of tests was performed on 

commercial airlines salvage seats, as a baseline for comparison with the 

more advanced materials. 

The primary result of these tests was a comparison of the heat 

release of these specimens induced by ignition at high heat flux. Both 

the "rate of heat release" and the "cumulative energy" were determined 

as functions of time. Fire gas release ( carbon monoxide, carbon dioxide, 

* A proposed revision of this definition within ASTM presently is worded, 
"a chemical process of oxidation that occurs at a rate fast enough to 
produce heat and usually light either as a gl ow or flame. " 
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TABI.E I 

SEAT DES I(-;N TEST CONFf GURATI ON 

Cushion 
Test Reinforcement 

No . lIpho lst ery fire Blocldng (Ad hesi ve R2382 N/f) Cushion Remurks 
---.-.-- ----

I ST4727 - 11 2 SIln None Cotton Muslin 2043FA Urethune Baseline 
Eclips e I~oo l / Nylou 44 / 40 Cnt (22 8) 
( \ Oil) 

2 ST4 727 - 11 2 SIIU 400- 11 Dllrette Nomex III ( 22 \ ) 2043FA Uret llilne Fire Burrier 
Eclips e Woo l / Ny l on BlItt ( 216) 
( 104 ) 

----
N 3 ST4 7 27 - I 12 SitU Vonur 3/PS (2 29) Cotton Muslin 2043FA Uret hune fire Barrier 

Ec lip se l~ oo l/tJ y l o n 44/40 Cnt ( 22 8) 
( I 04 ) 

---'--'-
II 20787 f.:el'lll c I / I~oo I Nomex I I I (22 1) None 2043FA II ret hane Fire Barrier and 

IIl enJ (\0\) 1/2 in . I.S-200 Foam \vi th A i rex F.\otation 
Neo prene (317) (414) Core 

-

5 20787 Kel'me i / Woo l Nomex Iff (22 1) None 2043FA Urethune Fire !larri er 
In enu ( 10 I ) 1/2 in, I.S -2 00 

Neo prene (3\7) 
- ~--

() 20787 Kermc I / I~oo I None Nomex II] (221 ) ]/ 2 in . LS -200/ Lightwei ght Combi ned 
lll cnd (101) Polyimide Pou m Cushion 

-~--

7 Sede I I i a Blue 3177 None Cotton Muslin Polyimitie Foam Fire-Retardant Cushion 
I ()O ~v I~ o() \ ( I 17) 44 /40 Cnt (228) 

----
B Scdcllia lllue 3177 None Cotton Mu s I in Polyimide Foum w/ Fire - Retardant CIl s hion 

I OO ~o Woo I ( II 7) 44 /4 0 Cnt (228) Airex (414) Core with Flotation 
------

,~---- --- ---- ----
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Test 2 
Number 

9 

l OW-l 

l OW-2 

I OW-3 

SW 

TABLE IA 

SEAT TEST CONFIGURATIONS 

COMMERCIAL AIRLINES SALVAGE SEATS I 

Number Spacing Between 
of Seats Seats Remarks 

2 3 in. Same Set-Up as Nos. 
1 through 8 

3 I -ft table be- Full Triple Seat as 
tween 1st & 2nd Received 

3 3 in. Analog Seat Mock-Up 

3 3 in. Same as lOW- 2 

3 3 in. 5 Watts / cmz 

Notes : 1. Test 9 was pe"rformed along with Tests 1 through 8, others 
were part of the preliminary series of tests. 

2. Tests 9, lOW- I, lOW- 2, and lOW-3 run at nominal lOW/ cm2 heat 
flux, Test SW run at nominal 5 W/ cm2 . 
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and hydrocarbons ) , oxygen consumption and visible smoke evolution were 

determined over the course of the experiment. 

The experimental design included animal exposure in orde r to pro-

vide a toxicological assessment of the smoke. This asse s sment was 

planned as a significant parameter in the seat cushion evaluations; 

however, experimental constraints precluded making meaningful compar-

isons of the materials. Relative toxicological hazards of the materials 

will be discussed, based on the animal experiments and the analysis of 

combustion gases. A proposal for a more comprehensive assessment of the 

toxicological effects of smoke is also presented in this report. 

Two additional seat cushions (duplicates of ones already tested) 

were received too late to be included in this study. In the interest of 

the overall obj ectives of this program, these seats will be run under 

the same test conditions as the others in order to provide additional 

information on Seat No.3, which was incompletely evaluated in the first 

series, and on the repeatability of the technique . These addi tional 

tests will be reported in an "addendum" to the present report. 

C. Principles of Heat Releas e Calorimetry and Assessment of 
Fire Hazard 

Generally, ignitability, "flame spread, heat release, and release of 

smoke ( including toxic gases) are thought to comprise the overall fire 

hazard of a material. When igni tabili ty and flame spread under usual 

test conditions are good ( i.e . , low ) , such as with these advanced seat 

compositions, heat and smoke release become more significant parameters. 

Under high heat flux , the release of heat by anyone material (e.g., a 

seat cushion ) may determine whether or not neighboring materials (walls, 

carpeting or ad j oining seats ) ignite and propagate the flame. The rate 

4 
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of heat relea se and the total energy released by materials under con-

trolled fire conditions may be the most important criteria in a fire 

hazard analysis of modern, fire-resistant materials. 

An additional advantage to heat release measurement is in the 

quantitation of fire hazard analysis. Photographic documentation of the 

spread of flame in a full-scale test is spectacular, but often not of 

much use in the scientific pursuit of safer materials . Also, the com-

plex data from full-scale tests are difficult to interpret and must be 

preceded by carefully controlled smaller-scale experiments. 

Laboratory scale tests suffer from size and shape limitations that 

prevent testing composite materials as they exist in a real environment. 

The Southwest Research Institute room calorimeter permits testing of 

full-s ize configurations in a medium-scale experimental set-up. Since 

the release of heat and smoke are not inherent properties of a material, 

but are dependent on the mode of combustion, it is critical to test 

materials under controlled conditions. 

Heat release in any calorimeter is calculated from the measured 

temperature rise of a heat sink (usually air or water ) within the calor-

imeter. For a static heat sink (e.g., a laboratory "bomb" calorimeter ) , 

the total heat released, Q, is proportional to the temperature rise, ~T, 

of the heat sink, 

Q = k ~T . 
s 

For a flowing heat sink (e.g., the room calorimeter ) , it is the 

rate of heat release, Q, that is proportional to the temperature rise of 

the heat sink (air ) , 

Q = k f ~T. 

5 I 
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The total heat released is the integral of the heat release rate over 

time. The proportionality constant kf contains the heat capacity of the 

heat sink (a ir ), the mass flow rate of the heat sink , and systematic 

heat losses of the calorimeter (e.g., through the walls). 

Fitzgerald (Reference 1) has described this concept more thoroughly 

and traces the development of the more complex relationship between heat 

r e lease rate and the actual measured temperatures in the room calori meter. 

6 



II. EXPERIMENTAL WORK 

A. Description of Calorimeter 

The Southwest Research Institute "room calorimeter" is pictured 

schematically in Figure 1. Its construction and operation are described 

below. 

The room calorimeter was a 9 x 9 x 9-ft chamber (729 ft 3 ) con

structed of 1/2-in. Marinite® on wood studs. An air flow of 550 cfm was 

distributed across the floor of the room and exited through a 12-in. 

square exhaust stack in the center of the ceiling. Below the exhaust 

stack entrance was a distribution baffle. A load cell in the floor of 

the room provided cons tant measurement of the weight of the specimen. 

Chromel-Alumel thermocouples were built into the walls, at the 

f f h M . . ® sur ace 0 t e llarJ.n1.te , at heights of 6 in., 3 ft, 6 ft, and 8 ft 

9 in . ( three thermocouples per wall at each height); and in the ceiling 

3 in. and 3 ft away from the walls. Thermocouples were also built into 

the stack, above the baffle, and into the room airspace. The thermo-

couples at the same relative location (e.g., all thermocouples in the 

walls at 3 in. from the floor) were tied together in a parallel arrange-

ment in order to give a single, "average" output. In all, more than 70 

thermocouples were located in the room. 

Provision was made for the measurement of smoke density and fire 

gas concentration and examination of the toxicological effects of the 

combustion products. Smoke density was measured continuously using a 

photometer located in the exhaust stack ( 12 in. effective path length ) . 

Fire gases were sampled through a stainless steel probe located over the 

seats at a 5-ft height above the floor . Gas sampling was intermittent 

i n o rder to provide analysis of both the room atmosphere and that of the 

7 
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Figure 1. Southwest Researc h Institute Room Calor imeter 
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animal chamber. Sampling was controlled by a timed switching valve. 

A sample of the combustion atmosphere was continuously circulated 

through an animal chamber in order t.o measure toxicological effects. 

The flow rate was 8 dm through a 2-in. diameter pipe into a 300 Q 

acrylic chamber containing rats in either a rotorod apparatus (Figure 2) 

or a leg-flexion incapacitation set-up (Figure 3). 

Radiant heat was supplied by a quartz lamp radiant panel of special 

design (Figure 4) . The panel permitted irradiation of the entire seat 

from the front. The arrangement of the radiant panel, the seat cushions 

on a solid metal "analog" frame, and the load cell are also shown sche-

matically in the figure. A small propane igniter was located near the 

intersection of the back and bottom cushions (not in contact with the 

seats ) . The distribution of rOadiant heat flux over the surface of the 

seat (Figure 5) was not even; however, it was reproducible and was the 

best of several arrangements tried . For a nominal 10 W/cm2 heat flux, 
. 

the range was 3.1 - 9.9 W/cm2 . 

B. Calibration 

Calibration of the room calorimeter for heat release measurements 

was performed by means of a ribbon burner and propane / air mixture. The 

propane and air were delivered through a venturi, and the air adjusted 

t o produce a clean-burning flame . 

The known rates of heat release of the propane (f r om the several 

propane flow rates and heat of combustion ), were used to develop a 

multiple linear equation where Y was the rate of heat release and the 

X' s were cwnulative thermocouple responses ( see Appendix B for more 

de t ail s ). A regressi on analysis on all of the cal i brat ion data a t 

9 
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several heat release rates generated constants for the equation 

A X ). In order to test the equation , 
n n 

t he raw data from the calibration test were used to calculate the heat 

r elease rate (as though it were unknown ). The results of this calcu-

l ation are shown in Figure 6 (Rate of Heat Release vs. Time for the 

ca l ibrat i on run ) and in Appendix B, Table B-1. 

C. Experimental Procedure 

The seat cushions ( two seats and two backs ) were wired to an 

"analog '1 seat frame . This analog design was a solid metal right-angle 

f rame with room for three seats across and a spacing of 3 in . between 

seats . Such a design was necessary because the cushions were experi-

men tal and were not part of an actual airline seat configuration. The 

seats were tested in the upright position. 

The seat cushions and analog frame were positioned on the load cell 

and the radiant panel was situated directly opposite one of the seats 

( the left seat as viewed from the front ) . The pilot flame was ignited 

(not i n contact with the test materials ). The load cell had been pre-

viously balanced to a ccount for the weight of t he seat frame and the air 

supply was flowing (part o f the air was necessary to cool the load 

ce ll) . The door t o the room was closed immediately prior to the start 

of t he test. 

Data co l l ection began a t 1'0" time i n o rder to establish a baseline . 

At 1.0 minute i nto the test, the r adiant panel was turned on. The 

r adi ant pane l was left on for fi ve minutes (until 6. 0 minutes i nto the 

t est ), then it was turned off and withdrawn f rom the seats i n o r der t o 

r educ e i nterfe renc e with the burning o r damage t o the pane l lamps . 

14 



The test continued until all evidence of burning and smoldering had 

ceased ( this was established by visual observation, and load cell and 

gas response ) . In some cases, combustion appeared to slow down or stop 

and then restart. "Before" and "after" photographs of Tests 1 - 9 are 

in Appendix A. 

"Raw data" consisted of run time, 12 channels of thermocouple 

output ( converted to degrees Fahrenheit), and 10 channels of "other" 

data ( load cell in pounds, CO and CO 2 gas concentrations in percent in 

both the room and the animal exposure chamber, hydrocarbon concentra

tions in ppm in both the room and animal chamber, oxygen depletion in 

percent in both locations, and smoke as % Transmission in the 12-in. 

square stack). The raw data for all the "advanced" materials tests are 

in Appendices D and E (the room gas concentrations are listed under 

"cube"). 

Data were recorded directly onto a floppy disk on the Wang l1VP 

Computer system, through a Fluidyne scanner and AID converter. Tempera-

ture data were recorded every 15 seconds. Gas and smoke data were 

recorded every 30 seconds; however, due to the switching arrangement to 

monitor both the room and the animal chamber, concentrations in anyone 

location ( the "cube " or the "chamber") are reported only once each 

minute . Thirty seconds were adequate for gaseous equilibration of the 

analysis system. 

D. Animal Exposure 

In order to assess toxicological effects, smoke ( see definition ) 

from the room was continuously transported to a remote animal exposure 

chamber. Concentrations of the primary gases (CO, CO 2 ) O2 , and hydro

carbons ) were determined bo th in the room and in the animal chamber. 

15 

__ J 



Two techniques were used to determine behavioral incapacitation, the 

leg- flexion avoidance response (Reference 2 ) and a rotorod procedure 

(References 3 and 4). The leg flexion technique was used more often 

than the rotorod procedure because the former required little training 

time for the animals. In two test runs, both the rotorod and the leg 

flexion procedures were used. 

The rotorod task is an established technique for measuring sensori-

motor dysfunction in rats and has previously been successfully employed 

in combustion toxicology studies (Reference 4). The rotorod unit con-

sisted of three independent compartments (each 15 x 25 x 43 cm ) con-

structed of aluminum sheet and brass rods and housed inside a 300 2, 

acrylic chamber (Figure 2). Smoke flowed freely through the chamber and 

into all compartments. A 1.27-cm diameter wood rod was positioned 

horizontally 25 cm above the apparatus floor and was driven at 4.0 rpm 

by an externally-mounted motor. All metal surfaces of the apparatus 

were connected to electric shock devices to provide the incentive for 

the rats to remain balanced on the rotating rod. Falls from the 

rotating rod were recorded by a sensing mechanism connected to the 

floor. 

Prior to testing, rats were trained to mount and remain balanced on 

the rotating rod. Ten 60 -minute sessions of training were employed for 

each animal. When unstressed by exposure to combustion products , the 

rats would not voluntarily dismount from the rod, and were easily able 

to remount within 3 seconds if deliberately dislodged . For this test 

seri es, an animal was considered incapacitated if, upon falling from the 

rod, i t was unable to remount within 15 seconds. 

16 
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For the leg-flexion behavioral paradigm, each rat was positioned to 

receive an electrical shock (4.6 rna ) through its leg upon contact with a 

metal platform connected to a constant current shocking system. The 

animal rapidly learned to avoid the shock by flexing its leg and a 

satisfactory baseline performance level was readily attained. The 

animal was considered incapacitated when it no longer effectively 

responded to the shock by flexion of its leg. A strip chart system 

recorded each animal's responses and the time of each response. The 

mean time to incapacitation was obtained by averaging the incapacitation 

times of the five animals. The five test animals were observed for 

lethality and any other toxicological symptoms during the exposure and 

for 14 days post-exposure. 

17 
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III. RESULTS 

A. Heat Release 

Heat release data are tabulated in Appendix C. Plots of rate of 

heat release (RHR ) in kilowatts (kW) and cumulative energy in megajoules 

(MJ) versus time are shown in Figures 7 - 19 (Test 3 is not included 

since it was incomplete). A comparison of Tests 1, 5 and 7 is shown in 

Figure 14. Table II is a summary of maximum rate of heat release and 

cumulative energy released for all tests except No.3 . 

Comparisons among the "advanced" seat compositions, Tests 1 - 8 

(Fi gures 7 - 13), reveal that Seat 1 ("baseline" composition) had the 

highest maximum rate of heat release (1 07 kW) and the highest cumulated 

energy at all stages of the test. Of the other compositions, Seats 2 

and 5 had the highest rates of heat release (90 and 86 kW, respective-

1y). The lowest rates of heat release were exhibited by Seats 6, 7 and 

8 ( 62, 65 and 62 kW, respectively). These seats also showed the lowest 

total cumulated energy release . Seat 7 reached its maximum RHR sooner 

than comparable materials ( this can be seen from the data in Table II 

and also from the initial slope of the RHR versus time curve for Seat 7, 

Figure 12 ) . Figure 14 illustrates the comparison among Seats 1, 5 

and 7. 

The commercial salvage sea ts (Table IA ) were run under several 

different sets of conditions. Te st 9 was run at the same time as 

Tests 1 - 8, and under the same conditions. Four other tests were run 

previously and had been reported in an Interim Progress Report 

(Harch31,1980). However, these results have been revised based on 

newer methods of calculation and the new values are reported in 

Table II. Plots of rate of heat release are in Figures 15 - 19. 

18 



TABLE II 

HEAT RELEASE SUMMARY 

AIRCRAFT SEAT TESTS 

SwRI ROON CALORIMETER 

Seat Naximum (Time, Cumulated Energy Release (NJ) 
No. RHR (kW) min. ) 10 min. 20 min. Total (Time , min. ) 

1 107 (6 . 0) 38 44 44 (38) 

2 90 (5.0 ) 30 34 36 (40) 

4 70 (5.25 ) 24 30 34 (39 ) 

5 86 (5 .75 ) 26 31 38 (56) 

6 62 (5. 2S) 21 26 26 (34) 

7 65 (3 .5) 21 23 23 (34) 

8 62 (5.0 ) 23 28 30 (34) 

9 128 (3.0) 49 68 75 (53 ) 

10W-1 93 (4.0 ) 40 50 50 (21) 

10W- 2 138 (4 .0 ) 49 77 92 (36) 

10W-3 101 (5.0 ) 41 64 95 (59 ) 

5W 127 (4.0) 47 68 72 (37) 

19 
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Tests 10W-2 and 10W- 3 are in reasonable agreement with Test 9 with 

respect to maximum rate of heat release (138, 101 and 128 kW, respec

tively). Likewise , the cumulative energies for the first 10 minutes are 

in reasonable agreement (49, 41 and 49 MJ). However, the total energy 

evolved in Tests 10W-2 and -3 were higher than Test 9 because there were 

three seats used instead of two. Test 10W-1 involved only one seat (due 

to a one-foot wide tray between the seats). Test SW was run at 5 W/cm2; 

however, the heat release data and short-term cumulative energy release 

were similar to the tests run at 10 W/cm2 . It seems r easonab le to 

conclude that, once ignited, these seats maintained combustion indepen

dent of any external heat flux. 

B. Gas and Smoke Release 

Maximum carbon monoxide concentrations and smoke densities are 

summarized in Tables III (Tests 1 - 8) and IlIA. Smoke densities were 

recorded as percent transmission (%T) , then converted to Optical Density 

[O.D . = log (100/%T)). Optical Density is proportional to the concen-

tration of smoke particles, whereas percent transmission is simply a 

measure of light attenuation across a distance. Experimental da ta on 

weight loss; CO, CO 2 , O2 and hydrocarbon concentrations; and smoke 

density are located in Appendix D. 

Carbon monoxide concentration and smoke density are, in addition to 

tempera ture , the mos t important measurements in terms of relevance to 

l i fe safety in fires. Rates of release of gases have not been calcu

lated from the raw data because gas measurements were made in the room 

environment rather than in the stack (smoke density was measured in the 

stack ) . In the room, convective mixing and dilution by the air flow 

20 
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TABLE II I 

GAS AND S~~KE DATA 

AIRCRArT SEAT TESTS 

'vei ght, Pounds 
Percent 

Sca t Run Tillie , rlarne Out, Initial Neight CO, ppm Smok e 
No . ~1i nut es ~1i nut es Weight Loss Maxi mum (Time) ~1i n. %T 0.0. 

38 22 7 .9 53 1800 (3: 30) 17 0 . 8 

2 38 16 (33)1 10. 6 34 800 (7:30) 28 0.6 

3 (in compl e t e dn a) 14.1 52 (>1400) «9) (>1.0) 

4 LIO 26 14 .6 33 2100 (6:30) 10 1.0 
IV 
>--' 

5 57 32 15.3 33 22 00 (5:30) 5 1. 3 

6 34 1 1 8.7 29 1200 (8:15) 17 0.8 

7 35 10 5.4 33 800 (7:30) 76 0.1 

8 34 10 (21)1 6.5 49 1100 (7:30) 6 1. 2 

No t es: I ) Sa mpl es reignited 

I 
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r -.- . -- ~-.. --... ---------.---.. -" --'''-~' -"- '''-'---' ------.. ... ----~-- -.---
-_ .. _-- -, 

TABLE IrIA 

GAS AND SMOKE DATA (Cont inued ) 

Weight 

• Test Run Time, Loss, CO, ppm Smoke 
No_ Minutes Ibs . Maximum (Time) Min. %T O.D. 

9 54 10.2 5600 (3: 30) 0.7 2.1 

10W-l 21 6 . 8 6700 (4:30) 0.7 2.1 

10W-2 36 8 . 6 7100 ( 4: 15 ) 1.2 1.9 

10W-3 59 9 . 8 1.0 2.0 

5W 37 7.3 5600 (4 :30) 0 . 8 2.1 
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make calculation of rate of release less reliable. However, for com

parison purposes, the relative room concentrations of the fire gases 

should suffice. 

Under the conditions of these tests, carbon monoxide concentrations 

from the advanced seat materials never exceeded 2200 ppm in the room . 

The lowest CO values (800 ppm) were produced by Seats 2 and 7. Smoke 

optical densities were similar for all materials except Seat 7, which 

was notably low (O.D. = 0.2, compared to 0.6 - 1.3). The total mass 

loss of Seat 7 was the lowest of any material tested (due to the combi

nation of low initial weight and low percentage weight loss). 

Carbon monoxide concentrations for the commerical salvage seats 

were substantially higher than for the advanced materials. The range of 

maximum CO levels was 5600 - 7100 ppm. The smoke optical densities of 

around 2 probably reflect the detection limit of the smoke meter (1% 

Transmission ) . 

C. Toxicological Assessment 

The experimental set-up for assessing the toxicological effects of 

smoke in these tests has been described. The rate of circulation of 

smoke to the 300.Q. animal chamber was 8 cfm (226 .2./min.). It was 

assumed at the outset that this rate of circulation would thoroughly mix 

and transport the gases into the animal chamber. Af ter several experi

ments, it became apparent tha t this was not the case. Gaseous equili

bration was not being achieved and this was not due simply to the 

expected time delay when using a flow-through system (where concentra

tions a re exponential functions of time ). A further complicating factor 

was that CO 2 concentrations were not being properly entered into the 

23 



computer (however, they were recorded on a back-up recorder ), making it 

appear as though CO 2 was not undergoing dilution in the animal chamber. 

The problem was caused by the recirculating pump being unable to 

effectively draw against restrictions in the line and therefore bringing 

i n outside air. This was resolved by altering the recirculation loop to 

eliminate all restrictions. However, only two of the eight tests 

(Tests 4 and 8) were run with the proper circulation of gases. 

Gas concentrations in the cube and in the animal exposure chamber 

are listed under the appropriate test number in Appendix D. The dilu

tion of the gases from the cube to the animal chamber is apparent, for 

all tests except Tests 4 and 8. Plots of CO concentration (in the cube ) 

versus time for Tests 1 - 8 are shown in Figures 20 - 26 . 

No animal incapacitation or death occurred in Tests 4 or 8. In 

Test 4, the CO concentrations for the duration of the run were equal to 

or greater than any of the other "advanced" cushio n compositions 

(Tests 1 - 8). This seat was composed of a urethane cushion, neoprene 

fir e blocking and Kermel / wool upholstery. It seems reasonable to expect 

that the composition of noxious or toxic fire gases, in addition to CO, 

from this seat would be as high as for any of the other seat cushions. 

Si milar ly, Seat 8 was composed of wool upholstery on a polyimide 

cushion, a composition that could produce different toxicants than 

neoprene or urethane. Thus, it is believed that the animal r esponse 

data from Seats 4 and 8 were representative of the rest of the seat 

cushion composites . 
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IV. CONCLUSIONS AND RE COMMENDATIONS 

A. Heat Release 

Among the advanced cushioning materials, the lowest rates of heat 

release and total energy release were exhibited by Seats 6, 7 and 8. 

The cushion in each of these cases was polyimide foam. 

The "baseline" for the advanced seat cushion tests, Seat 1, had a 

higher heat release than the other seats, but the magnitude of the 

difference cannot be assessed at this time . Seats 1 - 8, as a group, 

showed distinctly improved heat release characteristics over the commer

cial salvage seats. 

B. Smoke Toxicity 

Ai though animal data were available only for Tes ts 4 and 8, a 

reasonable conclusion can be drawn on the toxicological effects of smoke 

for this series of tests . Seats 4 and 8 produced fire gas concentra

tions comparable to the other seats, and no animal incapacitation or 

de ath resulted from either test . Thus, under these test conditions, it 

appears likely that none of the seat compositions produced sufficient 

fire gas levels to permit differentiation from o thers in the series. 

This is not to suggest that these seats could not produce signifi cant 

toxic i nsults under o ther test scenarios or actual fire conditions. 

Seat 7 was notably lower than the other materials in these tests 

with respect to weight loss, carbon monox ide evolution, visible smoke 

production, and burn time. 

C. Recommendat ions 

Fire testing of full -s ize composite mater ials is still in a devel 

opmenta l stage. There are numerous med i um t o full -s ize tes ts available; 
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however, none of them are standardized either in procedure or in quanti

tation of the data. The ignition source, air flow, total volume of the 

apparat.us , and 

different test 

configuration of adj acent materials are different for 

scenarios. Some effort must be made to tie together the 

test results on similar materials from various procedures. 

The key to making comparisons among different test procedures and 

being able to "s cale" the results of one test to another is quant itation 

of the results . It is virtually impossible to take a battery of inde

pendent measurements (e . g., temperature or gas concentrations ) at arbi-

trary locations and relate them to another test procedure. However, 

measurement of a property of a material (e .g., heat release ), in quanti

tative terms, provides information that will be useful in a mathematical 

correlation among test procedures . The results of the room calorimeter 

tests, for example, can be useful in prediction of auto-ignition of 

adjacent materials, and the transport of heat and smoke to remote areas 

(e . g . , down an airplane fuselage ) in order to describe human tenab ility 

limits in a r ea l fire situation. 

Further tests need to be run . The effect of different air flow 

rates, different ignition ' sources and different orientations of radiant 

heat to the test material need to be examined. Smoke measurement and 

toxicity assessment must be done under more rigo r ous conditions ( i.e., 

genera te a higher concentrat ion of smoke ) in order to be able t o compare 

and contrast materia l s . 

A change i n experimental design and an expansion of the scope of 

future experimental programs will answer most of the questions listed 

above , using the apparatus described in this r eport. Planned expansion 
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of the room calorimeter to make it more ve rs atile and to allow a more 

complete and realistic assessment of smoke toxicity is underway. 
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r-

CONVERSION FACTORS 

The following conversion factors may be useful in interpretation 
of data in this report: 

1 ft 3 = 28.317 liters 

1 kilowatt (kW) = 56.907 Btu/min. 

1 Mega joule eMJ ) = 10 3 kW - sec . 

1 lb = 0.45359 kg 

51 
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APPENDIX B 

CALIBRATION 

Calib ration of the room calorimeter has been described in the text. 

The development of the mUltiple linear equation which describes rate of 

heat release as a function of thermocouple response is described in 

Reference 1. The interrelationship of the thermocouple outputs, and the 

constants developed for use in this study are listed below. 

The mUltiple linear equation was of the form: 

Y = A + Al Xl + A2 X2 + A3 X3 + Aq Xq + As Xs + A6 X6 · o 

"Y" was rate of heat release. The X' s were comprised of the same combi-

nations of thermocouple responses as that used by Fitzgerald.! However, 

several other variations were tried before settling on these. The X' s 

a re lis ted below; T is temperature above ambient i n of, T is the rate of 

ris e of temperature (i. e . , 6.T/6.t for a time segment 6.t) . 

Xl = T (stack ) 

X2 = T2 (stack ) 

X3 = rr (walls and ceiling ) 

Xq = rr (walls and ceiling ) 

Xs = rr2 (walls and ceiling ) 

X6 = ~TT (walls and ceiling ) 

The sums of the temperature terms were "weighted" to attempt to account 

for the geometric shape of the room and the loca tion of the thermo-

couples . Thus, 

rr = [T (1) ; T(5 ) + T(2) + T(3)J ,', 4/3 + 

[ T(6) ; T(7) J ' 

where T( l ) was the average temperature of the walls at 6 in . from the 

floor, T(2) was 3 ft fro m the floor, T(3) wa s 6 ft, T(5 ) wa s 8 ft 9 in., 

(1 ) 

( 2 ) 
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and T(6) and T(7) were in the ceiling. The other sums were calculated 

similarly. The stack temperature was the average of the thermocouples 

in the stack. 

The rates of heat release used in the mUltiple linear regression 

analysis are listed in Table B-1. Arbitrarily, the first five minutes 

of each step change in propane flow rate were ignored ( in an effort to 

use "equil ib rium" values ) . For each 10 -minute segment, 40 Y' s and 40 

sets of six X's (one value every 15 seconds) were input into the com-

puter program. The values Y = 0 and all X's = 0 were also entered and 

weighted to the equivalent of 40 points . 

The results of the multiple linear regression analysis were as 

follows: Ao = - 9 . 277 (Btu/ min. ) 

Al = 15.88 

A2 = 0.01476 

A3 = -4.627 

A4 = - 0.9186 

As = - 0.002395 

A6 = 0.01312 

Coefficient of Multiple Determination = 0.99623 

Coefficient of Correlation = 0.99811 

Standard Error of Estimate = 152.4 

The fit of the data was very good, based on the coefficients of 

determination and correlation and the standard error. The A term wa s 
o 

very small ( the Y's ranged from 4280 to 8570)_ The temperatures of the 

stack (Xl and X2) were very significant. The negative constants for the 

temperatures of the walls reflect systematic heat losses through the 

walls. 



For the "unknown" samples , rate of heat release wa s calculated 

using equa t ion ( 1) , with the constants listed above. The thermocouple 

respons es we re treated exactly like the calibration da t a [i.e., using 

equation ( 2 ) ) . The combinations of temperatures are listed in Appendix C 

along with the cal culated rate s of heat release for each test run. 



TABLE B-1. CALIBRATION DATA - PROPANE 

Propane Apparent 
Time Flow Rate, RHR, RHR, Calculated RHR Error, 

(min. ) cfm Btu/ min . kW kW ± S.D . Percent 

0-15 1.8 4280 75.2 76.8 ± 1.1 +2 

15-30 2.4 5710 100 95.7 ± 1.1 -5 

30-45 3.0 7140 126 127 ± 1.5 +2 

45 - 60 3.6 8570 151 151 ± 2.7 <l 

60-75 3.0 7140 126 124 ± 1.4 - 1 

75-90 2 . 4 5710 100 99.1 ± 1.2 - 1 

90-105 1.8 4280 75.2 78.3 ± 0.8 +4 
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APPENDIX D 

GAS AND SMOKE DATA 

I 

I . 



----- ---- - --- - --- - --

NOTES ON DATA IN APPENDIX D 

1. Load cell weights are pounds (not including weight of seat frame ) . 

2. Seat No. 7 - A piece of asbestos-cement board from the radiant panel 
fell onto the seat at 2:00 minutes, increasing the weight by 
1.6 pounds. This was removed at the end of the test (30 minutes) 
so that the final weight reflects the true weight loss of the seat. 
It is felt that the board did not significantly affect the outcome 
of the test. 

3. Seat No. 8 - The smoke transmittance meter never returned to 100-
percent transmittance. However, the minimum value of % T should 
still be correct. 
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TEST DATE; 11/24/80 

TIME 
alin sec 

o 30 
1 0 
1 30 
2 0 
2 30 
3 0 
3 30 
4 0 
4 30 
5 0 
5 30 
6 0 
6 30 
7 0 
7 30 
8 0 
8 30 
9 0 
9 30 

10 0 
10 30 
11 0 
11 30· 
12 0 
12 30 
13 0 
13 30 
14 0 
14 30 
15 0 
15 30 
16 0 
16 30 
17 0 
17 30 
18 0 
18 30 
19 0 
19 30 
20 0 
20 30 
21 0 
21 30 

LOAD 
CELL 

7.9 
7. 9 
7.7 
7.0 
6.5 
6.0 
5. 7 
5.5 
5.2 
4.S 
4.5 
4.3 
4.0 
4.0 
3.9 
3.7 
3. 7 
3.6 
3.6 
3.5 
3.5 
3.4 
3.4 
3.4 
3.4 
3.3 
3.4 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

3.3 
3.3 

3.3 

3.3 
3.2 

NASA SEAT **.1. 

PROJECT NUMBER: 01 :584 - 001 

% C02 
CIJ3E CHAMBER 

0.013 
0.265 

0.055 
0.171 

1.S18 
0.264 

2.661 
0.337 

2.319 
0.400 

2.434 
0.313 

2.493 
0.312 

1.886 
0.278 

1.572 
0.295 

1.070 
0.237 

0.953 . 
0.172 

0.495 
0.141 

0.366 
0.112 

0.264 
0.094 

0.219 
0.124 

0.179 
0.089 

0.123 
0.102 

0.143 
0.109 

0.112 
0.094 

0.083 
0.082 

o. 0S4 
0.074 

0.056 

% CO 
CLSE CHAMBER 

O.OOS 
0.015 

0.008 
0.011 

0.096 
0.022 

0.176 
0.029 

0.103 
0.030 

0.079 
0.027 

0.080 
0.030 

0.079 
0.030 

0.079 
0.029 

0.OS9 
0.025 

0.065 
0.028 

0.047 
0.022 

0.045 
0.028 

0.043 
0.032 

0.042 
0.032 

0.041 
0.030 

0.036 
0.031 

0.037 
0.030 

0.035 
0.031 

0.033 
0.030 

0.029 
0.028 

0.031 

PPlI HCx 
CUBE CHAMBER 

81 

16 
o 

81 
80 

387 
51 

262 
70 

58 
4 

60 
26 

178 
53 

101 
30 

180 
110 

161 
as 

150 
o 

37 
o 

80 
86 

129 
o 

112 
106 

128 
9S 

96 
78 

113 
5 

103 
o 

23 
as 

3 

FILE; NSEATSl 

02 DEPl , % SMOKE CEL~ 

CI.1BE CHAMBER Z TRANS 

0.0 

0.0 

1.7 

3.3 

2.9 

3.2 

3.7 

2.6 

2.1 

1.4 

1.1 

0.8 

o. 7 

0.5 

0.4 

0.3 

0.3 

0.2 

0.1 

0.1 

0.1 

0.0 

0.2 

0.1 

0.2 

0.4 

0.5 

0.6 

0.5 

0.5 

0.5 

0.5 

0.4 

0.4 

0.3 

0.3 

0.2 

0.2 

0.1 

0.1 

0.1 

91.8 
S8. 9 
58.3 
26.9 
18.1 
16.8 
25. 2 
40.3 
40.1 
48.0 
S. 7 
56.0 
59.5 
59.3 
65.2 
71. 7 
78.0 
78.8 
78. 7 
83.4 
81.6 
80.8 
76. 3 
81.1 
80.4 
83.6 
87.8 
88.6 
89.5 
83.8 
88.3 
91.6 
87. 1 
92. 3 
89. 5 
90. 1 
92. 7 
97.3 
94. 8 
92.8 
97.5 
93.5 
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NASA SEAT #1 

TEST DATE: llJ24/S0 PROJECT NUMBER: 01-5584-001 FILE: NSEATSl 

TIME LOAD - % CO2 % CO pp~ HCx 02 DEPL, % SMOKE C£U 
alin sec CELL ClEE CHAMBER CUBE CHAMBER CUBE CHAMBER CUBE CHAMBER % TRANS 

22 0 ~ ~ 
..:> • .:> 0.078 0.031 83 0.0 96.0 

22 30 ., ., 
w • ..:> 0.055 0.032 76 0.0 94.1 

23 0 3.3 0.078 0.031 74 0.0 97.5 
23 30 3.2 0.048 0.033 37 0.0 96.4 
24 0 3.3 0.071 0.034 94 0.0 94.4 
24 30 " " .:> • .:> 0.059 0.034 73 0.0 92.8 
2S 0 3.3 0.076 0.033 0 0.0 92.3 
25 30 3.3 0.057 0.032 0 0.0 97.0 
26 0 3.2 0.085 0.030 1 0.0 95.9 
26 30 3.3 0.049 0.031 0 0.0 98.4 
27 0 " " .:> • .;:. 0.093 0.034 84 0.0 98.5 
27 30 " .., w .... 0.048 0.030 87 0.0 91.9 
28 0 3.3 0.083 0.031 0 0.0 99.9 
28 30 3.3 0.036 0.028 97 0.0 94.4 
29 0 3.3 0.070 0.030 0 0.0 95.7 
29 30 ~ .... 

..:> • .:> 0.031 0.029 0 0.0 94. 1 
30 0 3.3 0.067 0.031 92 0.0 94. 7 
30 30 " ... .:> • .:> 0.032 0.028 95 0.0 97.1 
31 0 3.2 0.071 0.029 50 0.0 100.0 
31 30 ~ .... 

.:> • .:> O.02S 0.027 5 O~O 100.0 
32 0 -3.3 0.066 0.030 44 0.0 100.0 
32 30 3.3 0.031 0.026 68 0.0 100.0 
33 0 3.3 0.085 0.032 0 0.0 100. 0 
33 30 3.3 0.040 0.029 95 0.0 97.7 
34 0 .., .... 

.:> • .:> 0.106 0.032 S 0.0 100.0 
34 30 3.3 0.038 0.029 0 0.0 100.0 
3S 0 3.3 0.099 0.029 4 0.0 100.0 
3S 30 ., ., ...... 0.054 0.029 0 0.0 98.5 
36 0 ........ 0.108 0.030 30 0.0 100.0 .j.~ 

36 30 ~ .... 0.091 0.029 0 0.0 100.0 .:> • .:> 

37 0 3.3 0.149 0.029 Q... 0.0 94.6 
37 30 3.3 0.082 O.02S 77 0.0 96.S 
38 0 3.3 0.159 0.030 0 0.0 92.9 
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NASA SEAT **2 

TEST DATE; 11/21/80 PROJECT NUMBER; 01 :584-001 FILE: NSEATS2 

TIME LOAD % CO2 % CO PPlll Hex 02 DEPL, % S?10KE CE:!..~ 

lin sec CELL CUBE CHAM8ER CUBE CHAMBER CUBE CHAMBER CUBE CHAM8ER % TRANS 

----- ----- -------
o :::0 10.6 0.000 0.003 0 0.0 98.5 
1 0 10.6 0.179 0.0i2 32 0.0 97. 0 
1 :::0 10.5 O.OOS 0.007 93 0.0 s:::. 0 
2 0 10.1 0.044 0.010 0 0.0 48.6 
2 30 9.8 O. 707 0.037 60 O. 7 32.6 
'" 0 9.S 0.060 0.014 5 0.0 27.9 .;) 

3 30 9.1 1. 683 0.069 69 2.0 31. 7 
4 0 8.9 0.100 0.016 0 0.1 35.4 
4 30 8.6 2. OS; 0.075 157 2.2 36.2 
5 0 7. 9 0.163 0.019 101 0.2 41.0 
5 30 7.6 2.352 0.069 165 2. 7 43.6 
6 0 7.8 0.194 0.019 0 0.3 45.2 
6 30 7.7 1. 764 0.069 171 2.2 61.2 
7 0 7.6 0.187 0.017 0 0.4 63.8 
7 30 7.6 1.331 0.080 203 2.0 72.7 
8 0 7.4 0.155 0.021 0 0.4 75. 4 
8 30 7.4 1.155 0.082 88 1.6 n.3 
9 0 7.4 0.123 0.022 92 0.3 78. 0 
9 30 7.4 0.691 0.066 67 1.0 83.4 

10 0 7.4 O • .t.23 0.022 B5 0.3 84.6 
10 30 7.3 0.4n 0.053 116 0.6 81.4 
11 0 7.3 0.100 0.022 0 0.3 87.1 
U 30 7.3 0.304 0.044 140 O.S 88.3 
12 0 7.3 0.076 0.023 16 0.2 89. 8 
12 30 7.3 0.187 0.036 68 0.4 89. 8 
.13 0 7.3 0.060 0.020 95 0.2 91.3 
13 30 7.2 0.163 0.036 49 0.3 86.2 
14 0 7.2 O. 0S2 0.024 0 0.1 87.6 
14 30 7.2 0.147 0.037 124 0.2 89.8 
15 0 7.2 0.044 0.023 53 0.1 88.S 
15 30 7.2 0.U6 0.037 128 0.2 94. 7 
16 0 7.1 0.060 0.027 23 0.1 91. 7 
16 30 7.2 0.131 0.039 58 0.1 91. 0 
17 0 7.2 0.076 0.025 78 0.1 91.1 
17 30 7.1 0.108 0.037 77 0.1 91.2 
18 0 7.1 0.068 0.026 5 0.0 91.1 
18 30 · 7.1 0. 084 0.035 146 0.1 97.1 
19 0 7.1 0.044 0.028 28 0.0 91. 7 
19 30 7.1 O. 0S2 0.035 144 0.0 95.5 
20 0 7.1 0.0.13 0.028 

,., 
0.0 95.9 ,J 

20 30 7.1 0.021 0.035 38 0.0 96.1 
21 0 7.1 O.OOS 0.029 29 0.0 93.5 
21 30 7.1 O.O OS 0.034 113 0. 0 95.3 



PAGE 2 

NASA SEAT **2 

TEST DATE: U / 21/ 80 PROJECT NUMBER: 01-584-001 FILE: NSEATS2 

TIME LOAD % CO2 % CO PPUI HCx 02 DEPL, % SMOKE CELL 
min sec CELL CU8E CHAMBER CU8E CHAMBER CUSE CHAMBER CUSE CHAMBER % TRANS 

-----
22 0 7.1 0.005 0.028 104 0.0 98.9 
22 30 7.1 0.028 0.032 124 0.0 100.8 
23 0 7.1 0.044 0.031 0 0.0 94. 7 
23 ~O 7.1 0.02 O.~ 90 0.0 98. 2 
24 0 7.1 0.044 0.031 102 0.0 98. 4 
24 30 7.1 0.044 0.034 ill 0.0 %.3 
25 0 7.0 0.044 0.029 0 0.0 94.9 
25 30 7.1 0.021 0.033 126 0.0 100. 0 
26 0 7.0 0.013 0.029 0 0.0 98. 1 
26 30 7.0 0.013 0.035 5 0.0 100.8 
27 0 7.0 0.000 0.029 0 0.0 100.0 
27 30 7.0 0.000 0.032 0 0.0 98.8 
28 0 7.0 0.000 0.031 U 0.0 98.1 
28 30 7.0 0.000 0.035 76 0.0 94.S 
29 0 7.0 0.000 0.029 58 0.0 97.4 
29 30 7.0 0.000 0.037 14 0.0 100.0 
30 0 7.0 0.000 0.029 55 0.0 99.6 
30 30 7.0 0.000 0.035 89 0.0 100.9 
31 0 7.0 0.000 0.030 0 0.0 103.9 
31 30 7.0 0.000 0.035 100 0.0 104 . 9 
32 0 7.0 0.000 0.030 42 0.0 97.2 
32 30 7.0 0.000 0.034 0 0.0 101.4 
33 0 7.0 0.000 0.029 9S 0.0 l 05.S 
33 30 7.0 0.000 0.033 102 0.0 104.4 
34 0 7.0 0.000 0.029 55 0.0 100. 0 
34 30 7.0 0.000 0.032 0 0.0 100. 0 
3S 0 7.0 0.000 0.031 0 0.0 102.2 
3S 30 7.0 0.000 0.031 19 0.0 96.3 
36 0 7.0 0.000 0.029 39 0.0 97.1 
36 30 7.0 0.000 0.029 98 0.0 100.S 
37 0 7.0 0.000 0.031 58 0.0 98. 4 
37 30 7.0 0.000 0.030 0 0.0 101.1 
38 0 7.0 0.000 0.033 0 0.0 99. 3 
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NASA SEATS **4 
TEST DATE: 11/ 25/ 80 PROJECT NUMBER: 01-5584-001 F IL£: NSEATS4 

TIME LOAD % CO2 % CO PPlI Hex 02 DEPL, 7- Sl'10~ CEU 
min sec CELL CU8E CHAMBER CU8E CHAMBER CU8E CHAMBER CUBE CHAMBER % TRANS 

-----
o 30 14.6 0.001 0.004 37 0.0 100.0 
1 0 14.6 0.051 0.008 73 0.0 100.0 
1 30 14.4 0.000 0.006 0 0.0 94.9 
2 0 14.3 0.024 0.007 0 0.0 73.0 
2 30 14.1 0.273 0.023 117 0.2 45. 3 
~, 0 13.9 0.205 0.021 30 0.2 28. 0 ;, 

3 30 13.5 0.589 0.047 75 O. 7 13.2 
4 0 12.8 0.553 0.045 65 0.6 14.6 
4 30 1.2.3 1.245 0.146 445 1.8 11.8 
5 0 1.2.0 1.108 0.1.23 443 1.3 10. 3 
5 30 11.6 1.353 0.189 762 1.7 11.4 
6 0 11.2 1.265 0.164 573 1.6 12.6 
6 30 10. 7 1.503 0.211 809 2.0 19.1 
7 0 10.6 1.22 0.163 598 1. 7 26.4 
7 30 10.4 1.011 0.148 5as 1.5 31.6 
8 0 10.4 1.173 0.168 625 1.6 34.4 
B 30 10.3 0.740 0.120 481 1.3 41.S 
9 0 10.3 0.842 0.1.29 493 1.3 43.3 
9 30 10.2 0.598 0.110 S3S 0.9 48.9 

10 0 10.2 0.754 0.1.27 55 1.1 51.5 
10 30 10.1 0.487 0.103 397 O. 7 41.9 
11 0 10.1 0.27 0.098 427 O.B 49.1 
11 30 10.0 0.485 0.107 499 0.6 49.2 
12 0 10.0 0.434 0.084 442 0.6 55.3 
1.2 30 10.0 0.335 0.071 419 0.4 51. 4 
13 0 9.9 0.398 0.075 447 0.5 57.5 
13 30 9.9 0.370 0.081 478 0.4 60.0 
14 0 9.8 0.~6 0.078 351 0.4 51.6 
14 30 9.8 0.280 0.071 330 0.3 58. 0 
15 0 9.B 0.283 0.070 315 0.3 66.6 
15 30 9.8 0.245 0.067 333 0.3 66.9 
16 0 9.7 0.241 0.060 357 0.3 72.1 
16 30 9. 7 0.201 0.055 266 0.2 68.0 
17 0 9. 7 0.255 0.063 303 0.3 71. 7 
17 30 9. 7 0.190 0.049 218 0.2 74 . 4 
18 0 9.8 0.216 0.049 293 0.2 76. 4 
18 30 9.7 0.245 0.062 224 0.2 77.3 
19 0 9. 7 0.220 0.047 256 0.1 81.5 
19 30 9. 7 0.208 0.052 195 0.1 82.9 
20 0 9. 7 0.252 0.055 207 0.1 83. 7 
20 30 9. 7 0.263 0.045 171 0.0 86.4 
21 0 9. 7 0.278 0.046 132 0.1 87.9 
21 30 9.8 0.253 0.060 229 0.1 82.2 
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NASA SEATS #4 

TEST DA IT: 11/ 25/ 80 PROJECT NUMBER: 01-5584-001 FILE: NSEATS4 

TIME LOAD % CO2 7. CO PPlD Hex 02 DEF'L, % SI10KE CEll 
min sec CELL CUBE CHAMBER CU8E CHAMBER CUSE CHAMBER CU8E CHAMBER Z TRANS 

------ --------
22 0 9. 7 0.201 0.044 216 0.0 91. 4 
22 30 9.8 0.200 0.042 158 0.0 88. 4 
23 0 9.8 0.255 0.052 228 0.0 94.5 
23 30 9.8 0.209 O. 0S3 166 0.0 93. 2 
24 0 9. 7 0.189 0.048 84 0.0 96. 2 
24 30 9.8 0.184 0.059 88 0.0 93. 9 
25 0 9.8 0.168 0.047 202 0.0 98. 2 
25 30 9.8 0.129 0.047 48 0.0 98. 5 
2S 0 9.8 0.175 0.048 125 0.0 91. 4 
25 30 9.8 0.160 0.050 1.S5 0.0 94.0 
27 0 9.8 0.164 0.048 142 0.0 98.0 
27 30 9.8 0 • .138 0.050 66 0.0 97.1 
28 0 9.8 0.143 0.048 l36 0.0 95.0 
29 30 9.8 0.146 0.056 76 0.0 99.6 
29 0 9.8 0.143 0.046 3S 0.0 100.0 
29 30 9. 8 0.121 0.044 145 0.0 100.0 
30 0 9.8 0.146 0.045 24 0.0 100. 0 
30 ~: o 9.9 0.175 0.046 67 0.0 100. 0 
31 0 9.8 0.183 0.047 30 0.0 100.0 
31 30 9.8 0.129 0.043 24 0.0 100.0 
~'2 0 9. 9 0.136 0.043 77 0.0 100.0 
32 30 9.9 0.126 0.042 137 0.0 100.0 
,..,.., 0 9.8 0.115 0.039 14 0.0 100.0 .J.:> 

33 30 9.9 0.095 0.032 124 0.0 100: 0 
34 0 9.8 0.123 0.040 19 0.0 100.0 
34 30 9.9 0.098 0.037 45 0.0 100.0 
~:S 0 9.8 0.123 0.039 19 0.0 100.0 
3S 30 9.8 0.111 0.030 120 0.0 100.0 
~:6 0 9.8 0.142 0.038 131 0.0 100.0 
36 30 9.8 0.132 0.034 20 0.0 100.0 
37 0 9.8 0.134 0.036 37 0.0 100.0 
37 30 9.8 0.113 0.026 76 0.0 100.0 
.... " 0 9.8 0 • .131 0.037 10 0.0 100.0 ';'0 

~: 8 30 9. 8 0.096 0.028 48 0.0 100. 0 
39 0 9.8 0.115 0.030 130 0.0 100. 0 
29 ~: O 9.8 0.070 0.021 17 0.0 100. 0 
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NASA SEATS #s 

TEST DA TE: 11/ 20/80 PROJECT NU/'lBER: 01-5584-001 FILE: NSEATS5 

TIME LOAD % CO2 % CO PPli Hex 02 DEF'L, % SMOKE C=:LL 
lIIin sec CELL CUBE CHAMBER CUBE CHAMBER CUBE CHAMBER CUBE CHAMBER % TRANS 

------
o 30 1S.2 0.000 0.000 0 0.0 93.4 
1 0 15 ~. • .:> 0.187 0.000 13 0.2 99.3 
1 30 1S.1 0.000 0.000 8 0.0 n.l 
2 0 1S.0 0.068 0.000 22 0.1 47.6 
2 30 14.7 0.312 0.012 0 0.4 23.5 
3 0 14.5 0.076 0.000 0 0.0 20. 6 
3 30 14.3 0.756 O. 0S2 87 1.0 17.8 
4 0 14.0 0.100 0.008 0 0.1 10. 3 
4 30 13.6 1.441 0.133 252 1.7 6.S 
5 0 13.2 0.131 0.020 3 0.2 5.1 
5 30 1.2.7 2. 010 0.220 464 2.4 5.3 
6 0 1.2.1 0.147 0.032 104 0.3 8.0 
6 30 1.1.8 2.044 0.206 4~4 2.6 14.2 
7 0 11. 7 0.147 0.035 142 0.3 19.9 
7 30 1.1.6 1.181 0.129 276 1.8 26.0 
8 0 11.S 0.131 O.O~ 87 0.3 36. 8 
8 30 11.4 0.9OE 0.114 2S6 1.4 39.0 
9 0 11.4 0.108 0.038 135 0.3 48.1 
9 30 11.3 0.756 0.102 249 1.1 52.8 

10 0 11.3 0.092 0.031 44 0.3 58.9 
10 30 11.3 0.525 0.096 369 0.9 S'l\.6 
11 0 11.2 0.060 0.032 91 0.3 62.8 
11 30 11.2 0.391 0.094 428 O. 7 60.2 
1.2 0 11.2 0.052 0.032 95 0.2 61.6 
1.2 30 11.1 0.289 0.091 414 0.6 61.3 
13 0 11.1 0.013 0.032 1.24 0.2 63.0 
13 30 11.1 0.242 0.084 338 0.5 66.3 
14 0 11.1 0.013 0.033 97 0.2 69.8 
14 30 11.0 0.210 0.091 278 0.4 67.6 
15 0 11.0 0.000 0.034 35 0.2 67.1 
15 30 11.0 0.147 0.095 384 0.4 65.9 
16 0 10.9 0.000 0.036 24 0.1 68.2 
16 30 10.9 0.155 0.101 367 0.3 66.2 
17 0 10.9 0.000 0.036 136 0.1 70 . 2 
17 30 10.8 0.218 0.109 239 0.3 67.5 
18 0 10.8 0.013 0.037 77 0.1 69. 7 
18 30 10. 7 0.163 0.104 239 0.3 6.S 
19 0 10. 7 0.000 0.039 132 0.0 72 • .1 
19 30 10. 7 0.163 O.lOS 327 0.3 72.3 
20 0 10. 7 0.000 0.037 144 0.0 70. 7 
20 30 10.6 0.1.23 0.093 196 0.2 67.9 
21 0 10.6 0.000 0.039 29 0.0 72.0 
21 30 10.6 0.147 0.101 165 0.2 72.2 
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NASA SEATS ttS 

TEST DATE: 11/20/80 PROJECT NUMBER: 01-5584-001 FILE: NSEATSS 

TIME LOAD % CO2 % eo ppm Hex 02 DEF'L, % Sl10Kt eEL: 
min sec CELL CLSE CHAMBER CU8E CHAMBER CU8£ CHAMBER ClJ8E CHAMBER % TRANS 

-----
22 0 10.6 O. 0S2 0.042 22 0.0 70.2 
22 30 10.6 0.171 0.094 285 0.2 77.6 
23 0 10.6 0.013 0.040 94 0.0 77.6 
23 30 10.5 0 • .lS5 0.102 119 0.1 75. 7 
24 0 10.5 · 0.000 0.042 84 0.0 83.0 
24 30 10.S 0.092 0.098 194 0.1 82.6 
25 0 10.4 0.000 0.039 10 0.0 78.9 
25 30 10.5 0.076 0.092 181 0.2 80.0 
26 0 10.5 0.000 0.043 121 0.0 81.3 
2S 30 10.4 0.108 0.096 112 0.1 84.8 
27 0 10.4 0.000 0.042 90 0.0 86.1 
27 30 10.4 0.108 0.103 89 0.1 85.3 
28 0 10.4 0.000 0.043 7 0.0 81.4 
28 30 10.4 0.092 0.086 140 0.1 83.4 
29 0 10.4 0.000 0.043 lOS 0.0 82.2 
29 30 10.4 0.U6 0.093 70 0.1 86.0 
30 0 10.4 0.000 0.044 64 0.0 88.2 
30 30 10.3 0.116 0.101 3S 0.1 85.3 
31 0 10.4 0.000 0.044 114 0.0 84.6 
31 30 10.4 0.108 0.093 99 0.1 89. 1 
32 0 10.3 0.000 0.043 0 0.0 87.8 
32 30 10.4 0.131 0.100 135 0.1 88.9 
"=""=, 
~ ... 0 10.3 0.000 0.045 7 0.0 92.3 
33 30 10.3 0.242 0.102 144 0.1 88.2 
~;4 0 10.3 0.092 0.042 34 0.0 92. 7 
34 30 10.3 0.179 0.095 52 0.1 90.9 
35 0 10.3 O.OOS 0.044 16 0.0 93.1 
~s 30 10.4 0.123 0.094 123 0.1 ~ 

~;6 0 10.3 0.000 0.042 0 0.0 94.3 
36 30 10.4 0.060 0.097 130 0.1 95.9 
37 0 10.4 0.000 0.041 0 0.0 92.9 
~;7 30 10.4 0.100 0.090 119 0.1 96.6 
38 0 10.4 0.000 0.041 64 0.0 96.9 
38 ~; O 10.4 0.076 0.086 102 0.1 97.8 
~;9 0 10.:;: 0.000 0.043 0 0.0 ~4. 4 
~'9 :::0 10.4 0.052 0.087 119 0.1 94.5 
40 0 10.4 0.000 0.042 100 0.0 96. 7 
40 ~: o 10.3 0.076 0.080 0 0.0 93.6 
41 0 10.4 0.000 0.041 84 0.0 94.5 
41 30 10.4 0.052 0.077 73 0.0 97.8 
42 0 10.4 0.000 0.041 27 0.0 97.9 
42 ~; O 10.3 0.060 0.076 11 0.0 94.7 
43 0 10.3 0.000 0.042 0 0.0 %.0 
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NASA SEATS #S 

TEST DATE; 11/ 20/ 80 PROJECT NUMBER: 01-5584 -001 FILE: NSEATSS 

TIME LOAD % CO2 % CO PPlll HCx 02 DEPL, % SMOKE CELL 
min sec CELL CU8E CHAMBER CUBE CHAMBER CUEE CHAMBER CL18E CHAMBER % TRANS 

------ -----
43 30 10.4 0.076 0.075 106 0.0 97. '7 
44 0 10.4 O.OOS 0.042 71 0.0 97.0 
44 30 10.3 0.052 0.075 0 0.0 ~.3 

4S 0 10.4 0.000 0.039 93 0.0 98. 7 
45 30 10.~: 0.013 0.073 21 0.0 99.3 
46 0 10.3 0.000 0.040 41 0.0 100. 0 
46 30 10.3 0.068 0.073 63 0.0 97. 1 
47 0 10.3 0.000 0.038 49 0.0 101.2 
47 30 10.3 0.013 0.068 87 0.0 97.2 
48 0 10.3 0.000 0.037 47 0.0 107.9 
48 30 10.3 0.100 0.065 0 0.0 106.1 
49 0 10.3 0.084 0.036 0 0.0 100.1 
49 30 10.3 0.116 0.067 82 0.0 100.0 
SO 0 10.3 0.000 0.038 0 0.0 102.4 
50 30 10.3 O.OOS 0.065 104 0.0 102.9 
51 0 10.3 0.000 0.039 91 0.0 105.5 
51 30 10.3 0.000 0.061 36 0.0 105. S 
52 0 10.2 0.000 0.039 0 0.0 104. 4 
52 30 10.2 0.000 0.061 76 0.0 100.0 
53 0 10.2 0.000 0.041 0 0.0 97.6 
53 30 10.2 0.000 0.062 18 0.0 103.2 
54 0 10.2 0.000 ' 0.039 36 0.0 104.5 
54 ~: O 10.2 0.000 0.058 74 0.0 105.5 
55 0 10.2 0.000 0.042 47 0.0 103.5 
55 30 10.2 0.000 0.059 67 0.0 106.5 
56 0 10.2 0.000 0.041 31 0.0 105.4 
56 30 10.2 0.000 0.056 83 0.0 100.0 
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NASA SEAT **6 

TEST DATE; 11/ 21/ 80 PROJECT NUMBER: 01~;84-001 FILE: NSEATS6 

TIME LOAD % CO2 % CO PPllI Hex 02 DEPL, % SMOKE CELL 
min sec CE:LL C1.!3E CHAMBER CUBE CHAMBER CU8E CHAMBER CUBE CHAMBER % TRANS 

------
o 30 8.7 0.000 0.000 0 0.0 96.2 
1 0 8. 7 0.257 0.004 0 0.2 108.1 
1 30 8.6 O.OOS 0.000 61 0.0 72.8 
2 0 8.4 0.131 0.000 92 0.1 54.2 
2 30 8.1 0.344 0.020 0 0.4 29.4 
.... 0 7.9 0.187 0.004 96 0.2 18.9 ., 
3 30 7.6 0.952 0.065 102 1.3 20. 1 
4 0 7.3 0.257 O.OU 67 0.2 25. 4 
4 30 6.S 1.172 0.079 231 1.4 25. 0 
5 0 6 • .1 0.234 0.013 48 0.3 37. 0 
5 30 6.0 1.216 0.075 82 1.6 48.6 
6 0 5.9 0.242 0.016 99 0.3 58.6 
6 30 6.5 1.172 O. osa 175 1.4 72.0 
7 0 5.5 0.218 O.OlS 108 0.4 68.4 
7 30 6.5 0.886 0.097 60 1.2 74.3 
8 0 6.4 0.194 0.018 0 0.3 80. 0 
8 30 6.4 0.675 0 • .1.14 168 1.0 81. 0 
9 0 6.3 0.155 0.021 116 0.3 84.6 
9 30 6.3 0.683 0 • .112 86 0.9 84.0 

10 0 6.2 0.155 0.023 lS 0.3 92.1 
10 30 6.3 0.596 0 • .108 98 O. 7 93.2 
11 0 6.3 O. L"'9 0.024 106 0.2 94. 1 
11 30 6.3 0.438 0.102 24 0.6 92. 7 
12 0 6.3 0.108 0.024 27 0.2 97. 1 
12 30 6.3 0.359 0.05; 20 0.5 94.5 
13 0 6.2 O.U6 0.023 0 0.2 100.0 
13 30 6.3 0.187 0.071 101 0.3 100.0 
14 0 6.3 O • .123 0.022 as 0 • .1 104.5 
14 30 6.2 0.171 O. OS7 0 0.2 100.6 
15 0 6.2 0.092 0.024 0 0.1 104.7 
15 30 6.2 0.131 0.048 0 0.2 104.9 
15 0 6.2 0.068 0.021 98 0.1 104.6 
16 30 6.2 0 • .1.16 0.038 4 0.1 101.1 
17 0 6.2 0.060 0.020 56 0.1 100.2 
17 30 6.3 0.068 0.038 79 0.1 109.3 
18 0 6.2 0.060 0.020 92 0.0 105. 9 
18 ~: O 6.2 0.044 0.022 0 0.0 104. 1 
19 0 6.2 0.060 0.019 31 0.0 103.3 
19 30 6.2 O. OS2 0.026 0 0.0 l OS . 7 
20 0 6.2 0.052 0.020 9S 0.0 105.3 
20 30 6.2 0.044 0.028 0 0.0 106.6 
21 0 6.2 0.OS2 0.021 0 0.0 103.7 
21 ~: O 6.2 0.060 0.024 85 0.0 108. 7 
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NASA SEAT **6 

TEST DATE: 11/ 21/80 PROJECT NUMBER: 01-$84-001 FILE: N SEA TS5 

TIME LOAD % CO2 % CO pp~ HCx 02 DEf'L, % SMOKE CEl.... 
min sec CELL CLEE CHAMBER CUBE CHAMBER CU8E CHAMBER CUBE CHAMBER Z TRANS 

----- ----- ---- ------
22 0 6.2 0.060 0.021 18 0.0 104.6 
22 30 6.2 0.044 0.021 84 0.0 107.3 
2~' .;. 0 6.2 0.050 0.020 0 0.0 103.4 
23 30 6.2 0.036 0.022 11 0.0 106.6 
24 0 6.3 0.060 0.020 88 0.0 110.4 
24 30 6.2 0.044 0.022 0 0.0 104. 9 
25 0 6.2 0.068 0.023 0 0.0 106.8 
25 30 6 ":' .... 0.044 0.021 94 0.0 107.4 
26 0 6.2 0.068 0.022 0 0.0 101.8 
26 80 6.2 O. 0S2 0.024 0 0.0 103. 7 
27 0 6.2 0.OS4 0.022 0 0.0 105.0 
27 30 6.2 0.060 0.020 54 0.0 100.3 
28 0 6.2 0.084 0.022 0 0.0 99.2 
28 30 6.2 O. 0S2 0.021 0 0.0 101.1 
29 0 6.3 0.OS4 0.023 48 0.0 100.0 
29 30 6.3 O. 0S2 0.021 76 0.0 106.6 
30 0 6.2 0.076 0.022 0 0.0 104.4 
30 30 6.3 0.060 0.022 94 0.0 107.1 
31 0 6.2 0.OS4 0.020 0 0.0 101.S 
31 30 6.2 0.044 0.019 13 0.0 102.1 
32 0 6.3 0.060 0.019 22 0.0 103.0 
32 30 6.3 0.036 0.019 89 0.0 lOS. 7 
~ ... , 0 6.2 0.044 0.022 0 0.0 107.9 .;.,.:. 

33 30 6.3 0.036 0.021 90 0.0 10S. 1 
34 0 6.3 0.060 0.020 16 0.0 102.4 
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NASA SEATS #7 

TEST DA TE: 11/ 19/ 80 PROJECT NUMBER: 01~5a4-001 FILE: NSEATS7 

TIME LOAD ~ CO2 % CO ppm Hex 02 DEPl , % SMOKE CEU 
min sec CELL CUSE CHAM8ER ClEE CHAMBER ClEE CHAMBER CU8E CHAMBER 7. TRANS 

o 30 5.4 0.000 0.000 104 0.0 97.6 
1 0 5.4 0.257 O.OOS 0 0.3 98.4 
1 30 5.3 0.005 0.000 103 0.0 97.7 
2 0 6.5 0.155 0.000 82 0.2 83.1 
2 30 6.2 0.628 0.009 46 O. 7 80.0 
.... 0 5.9 0.265 0.007 SO 0.2 80.2 .:. 

3 30 5.5 1.137 0.023 73 1.3 84.3 
4 0 5.4 O.~ 0.016 59 0.5 84.8 
4 30 5.3 1.094 0.033 24 1.4 85.6 
5 0 5.3 0.344 0.022 29 0.6 89.3 
5 30 5.2 0.993 O.04S 112 1.4 94.0 
6 0 5.2 0.297 0.032 0 0.6 91.5 
6 30 5.2 0.993 0.060 68 1.4 93.6 
7 0 5.2 0.249 0.036 98 0.6 95.1 
7 30 5.2 0.620 0.078 25 1.1 93.4 
8 0 5.2 0.202 0.043 9 O.S 90.6 
8 30 5.1 0.438 0.074 108 O. 7 97.8 
9 0 5.1 0.155 0.043· 9 0.2 95. 0 
9 30 5.2 0.289 0.062 123 0.4 96.9 

10 0 5.1 0.108 0.041 41 0.2 98.3 
10 30 5.1 0.218 0.053 8 0.3 97. 7 
11 0 5.2 0.092 0.038 51 0.1 100.0 
11 30 5.1 0.131 0.046 0 0.2 97.8 
12 0 5.2 0.068 0.037 69 0.1 100. 0 
12 30 5.2 0.100 0.041 80 0.1 98.1 
13 0 5.2 0.076 0.037 14 0.0 102.7 
13 ~: O 5.1 0.060 0.038 0 0.0 103.5 
14 0 5.1 O. 0S2 0.035 0 0.0 99. 7 
14 30 5.2 0.044 0.034 6 0.0 100.2 
15 0 5.2 0.044 0.038 lOS 0.0 99. 7 
15 30 5.1 0.021 0.036 0 0.0 95. 2 
16 0 5.1 O. 0S2 0.033 0 0.0 95.5 
16 30 5.2 0.013 0.030 101 0.0 100. 0 
17 0 5.1 0.044 0.034 0 0.0 99.1 
17 30 5.2 O.OOS 0.030 0 0.0 lOS.3 
18 0 5.2 0.044 0.030 15 0.0 104. 0 
18 30 5.1 0.013 0.030 9 0.0 100. 0 
19 0 5.1 O. 0S2 0.031 0 O. O· 99.5 
19 30 5.1 O.OOS 0.031 0 0.0 101.3 
20 0 5.2 0.036 0.033 22 0.0 100. 0 
20 30 5.2 O.OOS 0.032 100 0.0 101.1 
21 0 5.2 0.028 0.034 81 0.0 95.8 
21 30 5. 1 0.000 0.030 0 0.0 97 . 0 
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NASA SEATS' **7 

TEST DATE: li/19/S0 PROJtCT NUMBER: 01 :584-001 F !LE: N SEA T57 

TIME LOAD % CO2 % CO PP1ll Hex 02 DEPL, % Sl10~ CEL.: 
min sec CELL CUEE CHAMBER ClISE CHAMBER ClISE CHAMBER CUBE CHAMBER % TRANS 

-----
22 0 5.1 0.013 0.033 0 0.0 95.6 
22 30 5.1 0.000 0.027 0 0.0 97. 9 
23 0 5.2 0.028 0.027 99 0.0 99.3 
23 30 5.1 0.000 0.023 40 0.0 101.1 
24 0 5.2 0.021 0.023 79 0.0 104 . 9 
24 30 5.1 O.OOS 0.020 60 0.0 104 . 2 
2S 0 5.2 0.036 0.023 0 0.0 99. 4 
2S 30 5.2 O.OOS 0.020 26 0.0 97.0 
26 0 5.2 O. 0S2 0.021 79 0.0 93.6 
26 30 5.2 O.OOS 0.018 20 0.0 97.9 
27 0 5.2 0.028 0.018 48 0.0 9S. ! 
27 30 5.2 0.000 0.014 69 0.0 95.S 
28 0 5.2 0.028 O.OlS 0 0.0 100.8 
28 30 5.1 0.000 0.012 0 0.0 98.7 
29 0 5.2 0.021 0.013 0 0.0 98.S 
29 30 5.1 0.000 0.010 0 0.0 93.3 
30 0 5.2 0.021 0.008 28 0.0 97. 8 
30 30 3.6 0.000 0 •. 004 0 0.0 101. 0 
31 0 3.6 0.036 O.OOS lS 0.0 100.0 
31 30 3.6 0.028 0.000 90 0.0 101. 4 
32 0 3.6 0.000 0.000 12 0.0 96.0 
32 30 3.6 0.000 0.000 2 0.0 95.2 
33 0 3.6 0.000 0.000 0 0.0 99.0 
33 30 3.6 0.000 

. 
0.000 77 0.0 95. 0 

34 0 3.6 0.000 0.000 5 0.0 97. 3 
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NASA SEAT **8 

TEST DA TE: 1.1 / 2S / 80 PROJECT HUMBER: 01-5584-001 F !LE: NSEATS8 

TIME LOAD % CO2 % CO PPlD HCx 02 DEPL, % S1'lOKE CEU 
min sec CELL Cl.J8E CHAMBER CUBE CHAMBER CUEE CHAMBER CU8E CHAMBER % TRANS 

------ ------ --------
o 30 6.5 0.000 0.000 11 0.0 100.0 
1 0 6.5 O.OSS 0.000 59 0.0 100.0 
1 30 6.3 0.107 0.002 0 0.0 21. 4 
2 0 6.0 0.046 0.000 41 0.0 16.7 
2 30 5.7 1.190 0.024 18 1.S 18.1 
3 0 5.5 0.295 0.007 64 0.3 18.4 
3 30 5.1 O. 760 0.025 42 1.0 15.2 
4 0 4.7 0.558 0.020 46 0.7 13.4 
4 30 4.6 0.821 O. OS9 97 1.2 13.9 
5 0 4.7 0.819 0.047 128 1.1 13.1 
5 30 4.9 0.969 0.065 110 1.2 8.4 
6 0 4.6 0.830 0.060 198 1.0 6.3 
6 30 4.3 1.052 0.088 326 1.4 6.9 
7 0 4.3 0.935 O.OSS 296 1.5 7.7 
7 30 4.2 0.822 0.111 244 1.3 9.7 
8 0 4.2 0.812 0.096 33S 1.3 9.7 
8 30 4.1 0.638 O. lOS 308 1.0 11.6 
9 0 4.1 0.629 0.086 329 1.0 13.9 
9 30 4.1 0.358 0.066 314 0.6 14.3 

10 0 4.0 0.554 0.086 234 0.9 15. 7 
10 30 4.0 0.248 0.044 152 0.5 17.6 
11 0 4.0 0.383 0.058 167 0.6 17.3 
11 30 4.0 0.200 0.031 108 0.4 18.4 
12 0 4.0 0.331 0.049 2S5 0.6 19.0 
12 30 4.0 0.178 0.033 203 0.3 17.9 
13 0 3.9 0.203 0.034 92 0.4 18.0 
13 30 3.9 0.129 0.018 136 0.3 17.0 
14 0 3.9 0.175 0.030 SS 0.3 18.2 
14 30 3.8 0.105 0.026 102 0.2 17.7 
15 0 3.8 0.119 0.021 189 0.3 17.4 
15 30 3.8 0.101 0.028 231 0.2 15.7 
16 0 3. 7 0.139 0.032 114 0.2 16.3 
16 30 3.6 0.146 0.032 132 0.2 16.6 
17 0 3.5 0.174 0.030 120 0.2 15.9 
17 30 3.6 0.293 0.052 . 276 0.3 17.8 
18 0 .... c: 

~.- 0.211 0.035 178 0.3 17.8 
18 30 3.S 0.234 0.039 156 o ':' .... 18.1 
19 0 3.4 0.307 0.050 147 0.4 18.2 
19 30 3.4 0.253 0.040 120 0.3 18.9 
20 0 3.4 0.290 0.047 112 0.4 20.3 
20 30 3.4 0.205 0.042 74 0.3 20.S 
21 0 3.3 0.278 0.050 86 0.4 21.0 
21 30 ~, .... 0.175 0.043 ,.,.., 0.2 2~.1 .;).~ ~, 
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NASA SEAT #8 

TEST DATE; 11/25/80 PROJECT NUMBER: 01-5584-001 FILE: NSEATsa 

TIME LOAD % CO2 % CO PPlII Hex 02 DEf'L, % SMOKE CEU 
min sec CELL CLSE CHAMBER CUBE CHAMBER CUBE CHAMBER CUBE CHAMBER % TRANS 

-----
22 0 3.4 0.211 0.044 73 0.3 22.0 
22 30 3.4 0.137 0.039 40 0.2 22.3 
2·3 0 3.4 0.164 0.038 102 0.2 21.9 
23 30 3.4 0.072 0.019 108 0.1 22.8 
24 0 3.4 0.159 0.035 92 0.2 22. 7 
24 30 3.4 0.081 0.015 24 0.0 22.8 
25 0 " ..., ~."':I 0.138 0.022 46 0.1 22.1 
25 30 3.4 0.085 O.OOS 8 0.0 22.8 
26 0 3.4 0.147 0.015 81 0.1 22.6 
26 30 3.4 0.065 0.003 0 0.0 23;6 
27 0 3.4 0.116 0.009 25 0.0 22.5 
27 30 3.3 0.101 0.000 19 0.0 22.S 
28 0 3.4 0.106 0.004 71 0.0 22.S 
28 30 '" ..., 0.030 0.000 19 0.0 22.7 ..J.~ 

29 0 3.4 0.050 0.002 104 0.0 24.1 
29 30 3.3 0.069 0.000 56 0.0 23. 1 
30 0 3.4 0.114 0.001 81 0.0 23. 7 
30 30 3.4 0.055 0.000 47 0.0 23.S 
31 0 3.4 0.053 0.000 0 0.0 25.4 
31 30 3.4 0.000 0.000 0 0.0 2S. 1 
32 0 3.4 0.000 0.000 89 0.0 24.7 
32 30 3.3 0.000 0.000 92 0.0 25.1 
33 0 '" ..., ..::..~ 0.000 0.000 97 0.0 26.0 
83 30 3.3 0.000 0.000 2 0.0 26.2 
34 0 3.3 0.000 0.000 20 0.0 25.4 

., 
I 
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NASA SEAT **9 

TEST DATE: 11/24 / 80 PROJECT NI.Ji'18ER: 01~84-001 F IL£: N SEA T 59 

TIME LOAD % CO2 % CO ppm HCx 02 DEPL , % SMOKE CEL: 
~in sec CELL CUBE CHAMBER CLSE CHAMBER CLSE CHAMBER CUBE CHAMBER % TRANS 

----- -----
o 30 1.2.8 0.043 0.002 0 0.0 99.S 
1 0 1.2.8 0.243 0.011 34 0.1 100. 0 
1 30 1.2. 7 0.041 0.002 6 0.0 36.S 
2 0 1.2.0 0 • .1S3 0.008 0 0.0 4.4 
2 30 11.1 3.191 0.427 1165 3.4 3.4 
3 0 10.4 0.271 0.030 160 0.2 0.6 
3 30 9.S 3.483 0.S7 2437 4.8 1.4 
4 0 9.1 0.323 0.045 235 0.4 O. 7 
4 30 8.6 3.021 0.455 1647 4.0 2. 0 
5 0 8.2 0.394 0.047 22 0.5 2.9 
5 30 7.8 2.688 0.372 1290 3.6 4.8 
6 0 7.4 0.333 0.044 164 O.S 4.2 
6 30 · 7.2 2.415 0.401 1799 3.3 7.2 
7 0 6.8 0.276 0.040 234 O.S 8.0 
7 30 6.5 2.389 0.392 1801 3.4 14.1 
8 0 6.3 0.247 0.041 317 O.S 1-1.2 
8 30 6.0 2.494 0.360 1611 3.4 19.2 
9 0 5.8 0.256 0.039 222 O.S 14.7 
9 30 5.6 2.316 0.419 1810 3.0 15. 0 

10 0 5.4 0.227 0.036 359 0.5 20.9 
10 30 5.2 1.800 0.294 1351 2.S 21.S 
11 0 5.1 0.197 0.030 340 O.S 23. 0 
11 30 5.0 1.378 0.220 791 1.9 21. 0 
1.2 0 4.9 0.172 0.028 277 O.S 27. 7 
1.2 30 4.8 1.270 0.202 781 1.8 32.6 
13 0 4.7 0.197 0.029 167 O.S 34.6 
13 30 4.7 1.022 0.159 628 1.S 37.7 
1-1 0 4.6 0.158 0.021 204 0.4 37.4 
14 30 4.S 0.885 0.1.23 556 1.4 34.3 
15 0 4.4 0.162 0.021 1.25 0.4 37.7 
15 30 4.3 0.774 0.114 446 1.2 39.9 
16 0 4.3 0.162 0.019 159 0.4 40.4 
16 30 4.2 0.749 0.110 366 1.1 42.0 
17 0 4.1 0.172 0.020 136 0.3 35. 6 
17 30 4.0 O. 767 0. 113 429 1.1 42.3 
18 0 3.9 0. 168 0.018 161 0.3 31. 7 
18 30 3.8 0.720 O.l1S 326 1.1 41.9 
19 0 3.8 0.154 0.021 182 0.3 38.0 
19 30 3. 7 0.551 0.091 298 0.8 38. 7 
20 0 3. 7 0.147 0.021 144 0.2 52. 7 
20 30 3. 7 0.523 0.Oe8 307 o. 7 54.5 
21 0 3.6 0.137 0.021 60 0.2 45.5 
21 30 3.6 0.473 0.087 517 O. 7 57.8 



PAGE 2 

TEST DATE; 11/ 24/80 

TIME 
min sec 

22 0 
22 30 
23 0 
23 :::0 
24 0 
24 30 
25 0 
25 30 
26 0 
2S 30 
27 0 
27 :::0 
28 0 
28 30 
29 0 
29 30 
30 0 
30 30 
31 0 
31 30 
32 0 
32 30 
3::: 0 
33 30 
34 0 
34 30 
35 0 
35 30 
36 0 
36 30 
37 0 
37 30 
38 0 
38 30 
~'9 0 
~'9 30 
40 0 
40 30 
41 0 
41 30 
42 0 
42 30 
43 0 

LO AD 
CELL 

3.6 
3.5 
3.6 
3.S 
3.5 
3.S 
3.5 
3.4 
3.4 
3 .3 
3.2 
3.1 
3.1 
3.0 
3.0 
2.9 
2.9 
2.9 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.7 
2. 7 
2. 7 
2. 7 
2. 7 
2. 7 
2. 7 
2.6 
2.5 
2.6 
2. 6 
2.6 
2. 6 
2.6 
2.6 
2.5 
2.5 

NA SA SEAT 1*9 

PROJECT NL~8ER: 01-5584-001 

% C02 
Cl.J8E CHAMBER 

0.142 
0.419 

0.185 
0.348 

0.lS7 
0.278-

0.121 
0.303 

0.080 
0.410 

0.153 
0.526 

0.143 
0.497 

0.101 
0.493 

0.092 
0.434 

0.079 
0.388 

0.113 
0.350 

0.124 
0.237 

0.l33 
0.216 

0.104 
0.185 

0.064 
0.193 

0.066 
0.262 

0.053 
0.256 

0.036 
0.224 

0.044 
O. l lS 

0.085 
0.121 

0.067 

0.088 

% CO 
CUBE CHAMBER 

0.021 
0.066 

0.020 
0.071 

0.022 
0.066 

0.021 
0.080 

0.021 
0.143 

0.018 
0.116 

0.020 
0.110 

0.022 
0.108 

0.022 
0.088 

0.023 
0.079 

0.019 
0.063 

0.018 
0.049 

0.018 
0.044 

0.014 
0.037 

0.013 
0.044 

0.012 
0.040 

0.010 
0.039 

0.008 
0.034 

0.008 
0.019 

0.006 
O.OlS 

0.007 
0.010 

O.OOS 

pp~ Hex 
CUBE CHAMBER 

81 

87 
506 

183 
593 

104 
690 

233 
1356 

195 
790 

130 
775 

234 
514 

136 
384 

200 
296 

87 
326 

138 
311 

163 
228 

149 
234 

146 
309 

194 

106 

202 

104 
118 

84 
26 

o 

FILE: NSEATS9 

02 DEf'l, % SMOKE CELL 
CUBE CHAMBER % TRANS 

O.S 

0.4 

0.4 

0.3 

0.5 

0.6 

0.6 

0.6 

0.6 

O.S 

0.4 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.2 

0.1 

0.1 

0.0 

0.2 58.9 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

64.9 
62. 8 
63.9 
66.1 
62. 2 
62.1 
39. 4 
32. 1 
16.8 
15. 1 
20. 1 
17.6 
29.3 
30.4 
32. 7 
39.3 
44.3 
43.2 
53. 0 
60.1 
74.0 
68.9 
79.2 
75.2 
65.4 
76.2 
81.9 
78.S 
83. 7 
83.S 
88.0 
7<3.6 
82.9 
81.3 
87. 2 
88. 4 
88.6 
84. 6 
89.8 
99. 8 
98.2 
94.6 
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NASA SEAT **9 

TtST DATt: 11/ 24/80 PROJECT NUMBER: 01-S584-001 FILE: NSEATS9 

TIME LOAD % CO2 % CO PPlll Hex 02 DEf'l, " S110KE CEL: 10 

lIIin sec CELL CUBE CHAMBER C!..IE£ CHAMBER C!JE£ CHAMBER CUBE CHAMBER 7. TRANS 

---- ---------
43 30 2.6 0.095 0.008 126 0.0 98.0 
44 0 2.6 0.124 O.OOS 0 0.0 95.9 
44 30 2.6 0.149 0.007 3 0.0 99.S 
45 0 2.6 0.089 O.OOS 101 0.0 94. S 
45 30 2.6 O. OS9 0.004 117 0.0 96.0 
46 0 2.6 0.021 0.004 87 0.0 100. 0 
46 30 2.6 0.005 0.004 116 0.0 98. 4 
47 0 2.6 0.004 0.002 62 0.0 99. 4 
47 30 2.6 O.OOS 0.002 0 0.0 98.4 
48 0 2.6 0.000 0.002 10€ 0.0 96.S 
48 ~:O 2.6 0.012 0.000 110 0.0 97.3 
49 0 2.6 O.OOS 0.000 2 0.0' 100.0 
49 30 2.6 0.047 0.001 57 0.0 100.0 
SO 0 2.6 0.047 0.000 67 0.0 100.0 
SO 30 2.6 0.034 0.000 23 0.0 100.0 
51 0 2.6 0.073 0.001 18 0.0 100.0 
51 30 2.6 0.077 0.002 0 0.0 96. S 
:2 0 2.6 0.070 0.002 6 0.0 100.0 
52 ~: O 2.6 0.064 0.000 0 0.0 100.0 
53 0 2.6 0.035 0.000 0 0.0 100.0 
53 '30 2.6 0.031 0.000 60 0.0 100.0 
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F' AGE NO. 1 

NASA BASELINE SEAT TEST J::t.1. .1.0W 

TIME LOAD 02 7- SMOKE CELL 
M IN SEC CELL C02 r. CO ~ NOX F'PM CHX PPM OEP % TRANS 
--- ------------------------------------------------------------------------------

0 5 92.39 0.000 O.OlZ 0 4 0.00 99.92 
o 34 92.31 0.000 0.012 .... 49 0.00 52.91 ~ 

1 4 91.86 0.585 0.178 38 247 0.73 8.03 
133 91.36 2.152 0.~S1 128 1071 2.98 6.99 
2 .... 90.% 2.679 0.458 147 1685 3.77 5. 78 ~ 

233 90.55 3.069 0.554 156 2456 4.15 3.72 
3 2 90.09 3.303 0.610 160 2565 4.50 1.83 
332 89.69 3.487 0.6.:.'"'6 163 2910 4.82 O. 73 
4 1 B9.25 3.578 0.657 158 3086 5. OS 1.22 
4 31 88.88 3.600 0.668 169 3425 5.14 1.11 
5 0 88.50 3.478 0.635 165 3458 4.97 1.51 
5 30 88.20 3.503 0.615 165 3S05 5.08 1.69 
6 0 97.89 3.354 0.555 162 3161 4.59 2.69 
6 29 87.54 3.194 0.507 161 2672 4.34 3.88 
6 59 97.42 3.087 0.467 166 2423 4.30 S. 70 
7 28 87.22 2.976 0.431 167 2110 4.09 9.00 
7 58 87.01 2.815 0.3% 173 1979 3.89 8.82 
8 27 86.87 2.5% O.~ 171 1808 3.54 10. 74 
8 57 86.66 2.312 0.329 162 1613 3.22 9.72 
9 25 86.51 2.025 0.298 149 1510 2.87 11.45 
9 56 86.46 1.823 0.273 138 1489 2.58 13.62 

10 25 86.32 1.634 0.253 129 1417 2.37 15.26 
10 ~'S 86.29 . 1.579 0.247 127 1394 2.31 17.75 
10 S5 86.29 1.509 0.231 124 1321 2.19 18.48 
11 S 86.26 1.499 0.225 123 1289 2.17 19.61 
11 2S 86.21 1. 438 0.215 120 1240 2.11 21.67 
11 34 86.14 1.366 0.209 118 1173 2.07 24.08 
12 4 86.10 1.216 0.188 109 1075 1.85 27.40 
1283 86.10 1. 040 0.168 98 lOSS 1.68 31.31 
13 .... 85.83 0.892 0.153 92 940 1.59 31.92 .;, 

13 32 85.87 0.759 0.137 86 830 1.~"9 36.62 
14 2 85.84 0.682 0.125 78 747 1.34 41.23 
14 31 85. 74 0.693 0.119 75 629 1.31 46.54 
15 1 85. 79 0.622 0.112 71 664 1.27 51.56 
15 30 85. 74 0.551 0.106 66 612 1.19 59.98 
16 0 85.72 0.479 0.098 61 558 1.15 59.87 
16 29 as. 75 0.383 0.088 55 492 0.77 66.01 
16 59 85.68 0.215 0.082 51 412 0.7'3 66.48 
17 28 85. 73 0.378 0.077 46 477 O. 76 72.46 
17 58 85. 70 0.289 0.078 44 483 0.80 70. 70 
18 27 85.66 0.306 0.076 42 459 0.80 74.00 
18 56 85.69 0.303 0.071 39 414 0.77 74.18 
19 25 85.65 0.278 0.065 37 ~:48 O. 76 7'3.41 
19 S5 85.66 0.248 0.059 3S ~ 0.74 81.56 



PAGE NO. 2 

NASA BASELINE SEAT TEST ~1 - 10W 

TIME LOAD 02 7- SMO!<E CELL 
MIN SEC CELL CO2 7- CO 7- NOX PPM CHX PPM OEF' 7- TRANS 
----- ------------------------------------------------------
20 5 85.68 0.2~'9 0.059 34 ~:79 O. 73 84.86 
20 2S 85.68 0.194 0.057 33 338 0.71 84.91 
20 ~:4 85.68 0.177 O. OS5 32 334 O. 76 84.98 
21 ~. 85.64 0.136 0.051 30 314 0.68 89.33 ;, 
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NASA BASEL INE SEAT TEST **2 .l..OI.lJ 

TIME LOAD 02 % SMOKE CELL 
MIN SEC CELL CO2 % CO % NOX PPM CHX PPM DEP i. TRANS 
------ ----------------------------------.---.--------------------

o :::0 %.01 0.000 0.007 17 47 0.00 34.06 
1 0 95.64 0.000 0.017 16 151 0.11 7.33 
1 30 5'5.05 2.023 0.264 111 %'6 2.28 3. 78 
2 0 94.60 3.032 0.492 156 1706 4.11 2.90 
2 30 94.11 3.335 0.530 189 1989 4.68 1. 87 .., 

0 93.60 3.611 0.592 202 2487 5.17 1.18 ,;, 

3 30 93.17 3.729 0.630 210 2883 5.46 1.64 
4 0 92.7S 3 .. 802 O. 701 193 3072 5.72 1.60 
4 30 91.66 3.906 O. 700 171 3083 6.10 2.93 
5 0 91.54 3.390 0.602 144 2716 5.S3 5.42 
5 30 91.30 2.940 0.545 123 2557 5.06 7. s::: 
6 0 91.11 2.429 0.442 ill 2ZZE :::.67 11.54 
6 30 91.03 2.393 0.400 109 1936 3.58 17.67 
7 0 90.80 2.542 0.386 1.15 1714 3.7S 24.16 
7 30 90.62 2.570 0.360 120 1422 3.41 20.12 
8 0 90.46 2.326 0.354 l.lS 1484 3.39 16.38 
8 30 90.32 2.236 0.348 l.l1 1587 3.36 16.00 
9 0 90.23 2.015 0.327 107 1632 2.9~: 14.51 
9 30 90.06 1.993 0.331 107 1642 3.01 15.20 

10 0 89.94 1.917 0.310 111 1542 3.06 15.56 
10 30 89.84 1.823 0.302 109 1529 2.92 16.02 
11 0 89.73 1.726 0.294 103 1430 2.74 17.71 
11 30 89.65 1.612 0.279 97 1325 2.29 14.57 
12 0 89.48 1.662 0.297 98 1320 2.48 15.15 
12 30 87.92 1. 870 0.290 106 1319 2.80 21.91 
1~' .;, 0 87.15 2.365 0.325 117 1303 3.26 20.00 
13 30 87.57 2.492 0.336 121 1281 3.47 21.31 
14 0 87.37 2.5% 0.355 122 1366 3.64 24.62 
14 30 87.26 2.360 0.334 114 1284 3.54 25.10 
l.S 0 87.16 2.220 0.331 109 1235 3.30 21.79 
15 30 87.03 2.120 0.319 106 1247 3.26 25.73 
16 0 86.% 2. OS8 0.302 lOS 1215 2.47 25.93 
16 30 86.88 1.811 0.279 95 1087 2.33 28.51 
17 0 86.87 1.660 0.254 90 1095 2.29 25.73 
17 30 86.74 1.479 0.255 84 1088 2.16 27.73 
18 0 86.67 1.369 0.237 79 1053 2.04 27.29 
18 ~: O 86.57 1.376 0.244 83 1.12.S 2.10 22.94 
19 0 86.50 1.388 0.250 82 1218 2.18 19.76 
1.9 30 86.42 1.331 0.247 78 1245 2.12 21.52 
20 0 86.36 1.::18 0.24 8 15 1251 2.06 18.32 
20 30 86.::1 1.345 0.242 72 1294 2. OS 19.77 
21 0 86.24 1.334 0.242 69 1278 2.03 19.17 
21 ::0 86.25 1.299 0.239 68 1254 1. 96 19.68 
2= 0 86.14 1.313 0.225 68 1171 2.09 20.34 



PAGE NO. " c: 

NASA BASELINE SEAT TEST #2 .:LOW 

TIME LOAD 02 7- SMOKE CELL 
M IN SEC CELL C02 Z CO Z NOX F'P,", CHX PPM DEF' Z TRANS 
------ -------------.--------------------.------------------------

22 30 86.10 1.254 0.209 69 971 1.82 20.89 
23 0 86.00 1.203 0.202 71 1021 1.~S 21.7S 
23 30 86.02 1.143 0.197 64 821 1.41 24.96 
24 0 85.86 1. 046 0.185 59 770 1.41 24~57 
24 30 85.86 0.973 0.180 56 811 1.45 28.25 
25 0 85.76 0.933 0.168 55 786 1.61 31.83 
25 30 85.77 0.210 0.064 27 89S 0.54 ~S.32 

26 0 85.76 0 • .357 0.095 33 492 O. 71 42.09 
26 30 85.66 0.430 0.099 37 427 1.06 46.51 
27 0 85.68 0.592 0.111 39 491 1.27 47.74 
27 30 85.66 0.513 0.103 36 550 1. 01 55.91 
28 0 85.68 0.483 0.105 ...... 

.:>.:> 494 0.26 56.67 
28 30 85.59 0.626 0 • .l.2S 38 523 0.53 59.63 
29 0 85.59 0.583 0.119 37 544 0.60 62.71 
29 30 85.57 0.488 0.113 3S 567 0.49 68.11 
30 0 85.55 0.382 0.107 32 525 0.44 68.62 
30 30 85.55 0.275 0.101 29 538 0.38 71.36 
31 0 85.51 0.23'9 0.093 27 498 0.32 74.72 
31 30 85.48 0.209 0.088 25 446 0.25 73.80 
32 0 85.47 0.2:9 0.0.76 22 400 0.08 74.20 
32 30 85.49 0.141 0.058 17 355 0.14 70.24 
~ 0 85.47 0.158 0.056 17 363 0.13 76.58 ,J..;, 

33 30 85.45 0.125 O. 0S2 16 329 0.09 78.54 
34 0 85.41 0.077 0.047 14 292 0.07 82.01 
34 30 85.44 0.053 0.045 14 295 0.06 88.02 
3S 0 85.42 0.042 0.043 13 294 0.08 88.17 
35 30 85.42 0.053 0.047 13 284 0.13 90.48 
36 0 85.41 0.076 0.041 13 276 0.10 89.76 
36 30 85.3'9 0.074 0.036 11 252 0.00 94.31 



PAGE NO. 1 

NASA BASEL INE SEAT TEST *t-. .=;. - ~OW 

Tll1E LOAD 02 Z SMOKE CELL 
/'lIN SEC CELL CO2 I. CO % NOX PPM CHX F'PM DE? % TRANS 
----- -.---------------------------- ----------------

a 30 92.07 0.000 0.000 0 26 0.00 39.43 
1 0 91.74 0.321 0.091 13 290 0.33 11.54 
1 30 90.97 2.237 0.399 100 879 2.87 2.10 
2 0 90.38 4.247 0.638 176 2551 6.25 1.04 
2 30 90.01 3.791 0.607 146 1951 5.38 1.35 
3 0 89.69 2.~S8 0.350 107 1337 ........... 2.30 ~ . .;.,) 
3 30 89.32 3.399 0.480 133 1520 4.92 3.55 
4 0 89.02 2.525 0.402 97 986 3.52 S.16 
4 30 88.73 2.652 0.378 112 1296 3.26 4.17 
5 0 88.46 3.1S9 0.482 107 1193 4.71 6.76 
5 30 88.26 2.067 0.337 73 986 2.60 8.18 
6 1 88~10 2.578 0.386 88 1446 3.68 10.27 
6 31 87.97 1.937 0.330 62 971 2.80 13.Z2 
7 1 87.83 1.~""'6 0.258 65 U90 2.41 18.13 
7 31 87.69 2.127 0.349 70 1256 3.18 21.11 . 
9 1 97.51 1.453 0.258 58 1122 2.03 20.09 
8 31 87.34 2.250 0.353 87 1721 3.44 31.47 
9 1 87.18 1. 713 0.303 65 1270 2.44 29.06 
9 31 87.03 1.656 0.255 75 1483 2.45 37.63 

10 1 86.88 2.289 0.322 86 1223 ........... 
.J • .J.:> 28.75 

10 31 86.75 1. 422 0.220 62 921 1.45 32.04 
11 1 86.64 1.833 0.296 76 1283 2.47 26.38 
11 31 86.52 1.3'34 0.255 51 1054 1.60 23.87 
12 2 86.43 1.137 0.205 51 1264 1.10 20.32 
1232 86.33 1.441 0.270 51 '1251 2.23 17.64 
13 .2 86.25 1. 014 0.200 40 981 1.30 19.91 
13 32 86.19 1.324 0.244 52 1230 2.10 24.39 
14 2 86.13 0.975 0.200 36 830 1.32 27.85 
14 32 86.09 0.950 0.179 40 966 0.98 34.57 
15 2 86.03 0.890 0.182 32 719 0.80 33.47 
1532 85.94 1. 0.13 0.195 37 728 1. 03 21.90 
16 2 85.86 1.213 0.216 47 778 1. 78 27.1.7 
16 ~~ 85.78 1.033 0.167 46 725 1.40 28.30 
17 2 85.S8 1.102 0.198 46 ~'"'2 1.47 29.73 
17 32 85.61 1.271 0.224 55 791 1. 78 25.21 
18 2 85.46 1..;90 0.233 60 798 1.91 24.56 
18 32 85.34 1.396 0.242 63 90S 2.01 24.30 
19 2 85.18 1.518 0.256 71 10:;'6 2.21 17.72 
19 32 85.02 1.685 0.276 80 1161 2.48 16.45 
20 ~, 84.87 1. 854 0.295 . 84 l333 2.67 18.13 .:; 

20 ~:3 84.69 1.992 0.301 89 1314 2.96 17 .38 
21 ~. 84 .54 1. 454 0.205 77 1087 2.0::: 19.54 .:' 

21 ~3 84.41 1. 716 0.240 82 oc:':' 
J_.,.J 2.34 21.5.1 

22 -:. 84.27 1.5% 0.240 82 982 2.37 25.43 ~, 



PAGE NO. 2 

NASA BASEL INE SEAT TEST n'=' -' - .1. OW 

TIME LOAD 02 7. SMOKE CELL 
MIN SEC CELL C02 % CO % NOX PPM CHX PPM DE? % TRANS 
------ ----------------------------------------------

22 33 84.16 1.531 0.2;''9 78 995 2.30 32.58 
23 ... 84.05 1.579 0.227 74 972 2.20 33.20 ,;, 

23 33 83.96 1.482 0.223 69 894 2.10 30.93 
24 3 83.89 1.355 0.215 64 956 1.96 30.96 
24 33 83.78 1.203 0.203 57 882 1. 79 25. 73 
25 ... 83.71 0.993 0.189 SO 892 1.59 19.93 .:> 

25 Z3 83.65 0.966 0.180 46 901 1.51 20.90 
25 3 83.59 0~961 0.168 43 842 1.41 25.94 
25 :''3 83.52 0.898 0.159 40 817 1.32 27.04 
27 4 83.48 0.801 0.147 37 784 1.24 30.24 
27 34 83.45 0.737 0.134 33 688 1.11 S'9.38 
28 4 83.42 O. 714 0.127 30 717 1.04 38.43 
28 34 83.38 0.656 0.119 28 536 0.97 34.04 
29 4 83.33 0.576 0.114 27 659 0.92 42.41 
29 34 83.31 0.495 0.111 28 ~:4 0.92 43.10 
30 4 83.28 0.449 0.108 29 597 0.91 39.31 
30 34 83.24 0.460 O.lOS 28 577 0.87 45. as 
31 4 83.21 0.390 0.099 26 576 0.82 48.32 
31 34 83.19 0.344 0.0% 25 527 o. n 55.66 
32 4 83.15 0.341 0.091 24 524 0.75 48.65 
3234 83.13 0.435 0.094 26 S3S 0.77 48.99 
33 4 83.11 0.399 0.092 27 537 0.75 52.20 
33 34 83.07 0.368 0.090 25 464 O. 71 53.21. 
34 4 83.05 0.388 0.092 23 446 0.68 47.30 
3435 83.04 0.372 0.092 20 499 0.69 5.3.13 
~;S 5 83.01 0.317 0.088 18 456 0.64 51. 76 
353S 83.00 0.309 0.086 17 425 0.61 56.37 
36 5 82.98 0.345 0.083 15 426 0.59 52.50 
36 3S 82.95 0.333 0.083 14 402 0.59 55.96 
37 5 82.94 0.304 0.075 13 380 0.54 64.16 
37 3S 82.94 0.285 0.069 12 322 0.51 75.37 
38 5 82.92 0.266 0.065 11 311 0.47 71.85 
38 3S 82.93 0.253 0.060 10 305 0.43 80.97 
39 5 82.90 0.223 0.053 9 260 0.39 78.42 
:;'9 3S a2.92 0.206 0.052 8 259 0.38 76.33 
40 5 82.89 0.186 0.049 7 205 0.35 87.93 
40 3S 82.90 0.167 0.044 6 253 0.32 85.07 
41 5 82.90 0.136 0.042 6 254 0.31 91.94 
41 3S 82.89 0.103 0.040 5 239 0.29 88.46 
42 5 82.89 0.080 0.038 5 298 0.27 84.16 
42 35 82.87 . 0.070 0.036 5 296 0.26 87.99 
43 5 a2.88 0.060 0.035 5 273 0.26 83.56 
43 :;S 82.87 0.040 0.0:;:4 5 285 0.24 87.13 
44 5 82.85 0.063 0.033 5 262 0.24 84.60 
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~' 

NASA BASEL INE SEAT TEST **~: - ~OlU 

TIME LOAD 02 Z SMOKE CELL 
MIN SEC CELL C02 % CO % NOX PPM CHX F'PM DEP 7. TRANS 
----- -----------------.------------.------.------------

44 35 BE. 85 0.050 0.03-4 5 298 0.23 83.65 
4S 5 BE. 82 0.083 0.033 4 289 0.24 82.43 
45 35 82.83 0.082 0.032 4 252 0.23 84.68 
46 5 82.83 0.073 0.030 4 267 0.23 85.24 
46 35 82.81 0.051 0.027 ... 207 0.20 84.20 oJ 

47 5 82.59 0.054 0.026 3 203 0.21 86.70 
47 35 e::.03 0.025 0.024 3 244 0.21 85.07 



_ _ __ .~ J _____ ~_~ __ ---.-.-.---.-.... -."---. . - .. ~ _.- --- --- ~~ -----~.-- .. -~- ..... --.----.--... -.-. - -- .--~ 

PAGE NO. 1 

NASA BASELINE SEAT TEST #4 Sld 

TIME LOAD 02 7- SMOKE CELL 
MIN SEC CELL C02 7- CO 7. NOX PPM CHX PPM DEF' 7. TRAN S 
---- ---------.------------------------------------------

1 0 92.15 0.010 0.029 6 79 0.15 29.81 
1 30 91. 49 1.346 0.226 77 374 1.98 7.43 
2 0 90.92 2.720 0.408 124 1176 3.93 2.40 
2 30 90.40 2.897 0.426 121 1496 4.14 2.06 
", ;, 0 89.96 2.852 0.441 lJ2 15BS 4.20 1.58 
3 30 89.12 2.981 0.S02 108 1982 4.42 0.84 
4 0 88.96 3. OSO 0.522 102 2286 4.59 1. 87 
4 30 88.58 3.117 0.561 93 2347 4.65 1.35 
5 0 88.21 3.060 0.547 85 2511 4.53 2.19 
5 30 87.81 2.805 0.478 78 2153 4.23 3.47 
6 0 87.68 2.429 0.405 73 1851 3.57 7.17 
6 30 87.45 2.224 0.360 70 14% 3.26 7.87 
7 0 87.~ 2.022 0.318 66 1375 2.97 12.80 
7 30 87.11 1.841 0.290 64 1169 2.70 11.13 
8 0 86.~ 1. 730 0.272 62 1120 2.54 11.06 
8 30 86.91 1.662 0.268 60 1111 2.43 15.67 
9 0 86.72 1.522 0.254 58 1084 2.25 14.17 
9 30 86.62 1.485 0.246 57 1038 2.19 14.67 

10 0 86.61 1.433 0.228 56 970 2.11 17.63 
10 30 86.41 1.409 0.219 57 802 2.10 15.16 
11 0 86.35 1.371 0.210 56 871 2.04 18.88 
11 30 86.22 1.317 0.203 54 765 1.98 19. OS 
12 0 BS.97 1.291 0.201 51 684 1.92 19.30 
1.3 0 85.7S 1.145 0.179 45 618 1.69 26.38 
13 31 85.64 1.063 0.171 42 621 1.56 25.15 
14 1 85.60 0.957 0.161 37 594 1.41 26.99 
14 31 85.55 0.887 0.152 ~S 616 1.32 29.93 
15 1 85.47 0.807 0.139 32 506 1.23 36.01 
15 31 85.50 O. 742 0.128 30 522 1.15 40.72 
16 1 SS.45 0.657 0.115 27 435 LOS 43.65 
16 31 85.3S 0.620 0.110 25 372 1. 02 49.49 
17 1 SS.32 0.608 0.101 2S 347 0.98 47.54 
17 31 SS.28 0.550 0.091 23 309 0.90 52.67 
18 1 85.29 0.495 O.OSS 21 295 0.82 57.94 
18 31 85.25 0.463 0.081 20 33S O. 76 60.38 
19 1 85.23 0.388 0.070 18 217 0.68 66.23 
19 31 85.27 0.351 0.066 16 297 0.61 71.31 
20 1 85.24 0.332 0.057 14 244 0.53 73.88 
21 1 85.22 0.244 0.047 11 185 0.44 79.21 
21 31 85.20 0.181 0.041 11 210 0.39 81. 73 
22 1 85.20 0.128 0.038 9 117 0.34 82.31 
22 31 85.20 0.127 0.032 8 214 0.31 78.22 
2" ;, 1 85.18 0.133 0.030 7 113 0.28 82.90 
23 :.;1 85.16 0.087 0. 026 6 207 0.25 84.58 
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NASA BASEL INE SEAT TEST #4 SW 

TIME LOAD 02 % SMOKE CELL 
MIN SEC CELL C02 % CO %. NOX PPM CHX PPM OEF' % TRANS 
---- ------------------------------------------------

24 1 85.12 0.077 0.024 6 109 0.23 86.06 
2S 1 85.13 0.034 0.021 5 90 0.20 89. OS 
2S 31 85.17 0.007 0.017 4 96 0.19 87.80 
26 1 85.19 0.024 0.015 3 116 0.18 89.38 
26 31 85.15 O.OOS 0.014 " 123 0.17 92.S4 
27 1 85.16 0.000 0.013 ':I 133 0.15 . 92.39 ... 
27 31 85.13 0.000 0.010 '" 77 0.14 93.22 oJ 

28 1 85.11 0.000 0.008 ? 
~, 65 0.13 93.31 

28 31 85.16 0.000 0.007 2 106 0.12 93.69 
29 1 85.12 0.000 O.OOS 2 58 0.11 100.20 
29 31 85.15 0.000 0.004 2 32 0.10 96.19 
30 1 85.11 0.000 O.OOS 2 46 0.09 101.73 
80 31 85.10 0.000 0.001 2 73 0.08 101.44 
31 1 85.14 0.000 0.001 1 96 0.08 99.63 
31 31 85.11 0.000 0.004 2 137 0.07 98.01 
82 1 85.17 0.000 0.000 1 122 0.07 99.10 
32 31 85.16 0.000 0.000 1 142 0.06 96.93 
33 1 85.17 0.000 0.000 1 150 0.06 100. 76 
33 31 85.18 0.000 0.000 1 90 O. OS 103.93 
34 1 85.09 0.000 0.000 1 28 O. OS lOS. 64 
34 31 85.08 0.000 0.000 1 13 0.05 98.65 
3S 1 85.12 0.000 0.000 1 130 0.04 97.53 
3S 31 85.16 0.000 0.000 1 1.15 0.04 99.15 
36 1 85.17 0.000 0.000 1 54 0.04 96.53 
37 1 85.16 0.000 0.000 0 31 0.03 95.17 
37 31 85.10 0.000 0.000 1 104 0.03 96.16 
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~\O 

62 
t,3 
62 
62 
t,1 
61 
6] 
6 2 

6 " .. 
63 
6) 
63 
64 
62 
63 

6" 
6'\ 
6'\ 
6'\ 
66 
6ft 
66 
64 
63 
6 '\ 
6'\ 
6'\ 
t,S 
6S 
64 
. ,' 0.' 
64 
65 
6f} 
6 " .. 
64 
65 
65 
6t, 

67 
6 /..\ 
f,J\ 
65 

---.~ 



F"toLE 2 

TES T flA1 E: 1L":~ I\ / [J(I 

1] ii I: 
tHH SI:C 

9 0 
9 15 
~, 3\1 
9 1\5 

10 0 
10 15 
10 30 
JO 45 
11 0 
11 15 
11 30 
11 45 
1 2 0 
12 IS 
12 30 
12 45 
13 0 
13 IS 
13 30 
13 1\6 
14 0 
11\ 15 
14 30 
1~ ~5 

IS 0 
15 15 
IS 30 
J5 45 
16 0 
16 IS 
t 6 3 0 
16 ~S 

1 7 0 
17 15 
1 7 30 
17 1\5 
19 0 
10 IS 
10 30 
10 ~S 
19 0 
19 15 

Cllf.! 

7 9 
00 
00 
BO 
flO 
Bl 
no 
79 
7 9 
7 9 
7 9 
79 
7 0 
78 
7 0 
77 
77 
77 
77 
76 
77 
77 
~'7 
76 
- II 
" .... 
7 6 
77 
76 
7 5 
7 5 
-'I" , .. 
-71 ' , .. 
75 
75 
76 
7 1\ 
7 5 
n 
7 ,\ 

7 '\ 
73 
?3 

N~,)E'.,) B I.::: AT B ".:t 

nH. :~ 

139 
LP 
137 
136 
137 
135 
135 
135 
13'\ 
133 
13:-! 
132 
1 :.12 
130 
131 
1 ;!9 
1 2 9 
1 " ·-' .. :. .. 
12!. 
127 
1 2 '\ 
121\ 
123 
123 
1 23 
121 
119 
118 
liB 
liB 
116 
11 6 
11 f. 
113 
113 
113 
111 
111 
JfO 
109 
Hl 9 
107 

f'fWJ ECT NI.IMI.IE./( : 01 -- !, !ilH ·- (I01 

L II [I [ T [ H f·' E " A r LJ I< E S 
CII!,3 ells·\ cm,s [IHi 6 CII!' 7 

.If>! 
1 ,· '. .' .... 
1!i 1 
1 !,O 
1 !.o 
10\9 
1'\9 
H 7 
1 '\6 
11\/.., 
H5 
10\2 
1 '10 
HI 
D7 
13B 
136 
13t. 
13'\ 
133 
133 
132 
131 
12'l 
1 :: fI 
1 ~'8 
l :a 
127 
126 
J :0 'I 
1 :!-\ 
I ~ ' ~I 

1:'3 
1 "'j .... ~ 
120 
1 2 0 
II c~ 
I lEI 
1 HI 
116 
115 
116 

2B'I 
~ -1~ 
L .. Q 

2 6[' 
2 6 1 
253 
240 
2~0 

235 
2 2 9 
~~ r) r ) 
~.~.~. 

217 
212 
209 
202 
199 
194 
191 
107 
184 
180 
176 
11 3 
170 
169 
166 
163 
161 
15B 
ISh 
155 
151-
151 
1~'l 

147 
1'1 7 
1~~ 

143 
1~ 2 

139 
139 
13B 
136 

l!i1 
150 
ISO 
150 
lHI 
140 
149 
146 
10\7 
145 
144 
144 
HI 
141 
1 riO 
140 
13fl 
138 
D6 
1]6 
136 
D5 
134 
132 
132 
132 
DO 
1 ~~O 
129 
12 7 
127 
126 
1 -, -, 

L . " 

126 
124 
126 
1 2 3 
1')" 
~ .L. 

1"') 
, • .L. 

1 :~ o 

12 0 
12 0 

160 
1 toO 
15U 
H.7 
H,5 
155 
152 
1!>2 
1!'O 
150 
149 
146 
147 
1'15 
143 
HI 
140 
138 
140 
1]7 
135 
134 
133 
133 
1:51 
1 2 9 
130 
129 
128 
127 
126 
I ') ,. 

L .o 

124 
12 .3 
12:1 
12 1 
I '0'1 

L-'-

1 " '1 
.L.~ 

1 20 
12 0 
1 HI 
11 7 

15[, 
Hi3 
152 
HI 
1 !,O 
U,O 
150 
149 
149 
147 
1016 
1 -\6 
1 -\<\ 
1,\3 
1-\2 
HI 
1·)(1 
1 '\0 
137 
130 
136 
J:.I5 
1 :5<\ 
J:.I3 
1 J3 
J J7 
130 
129 
12 E! 
.t 27 
1 26 
1 :! 6 
I ,·,,· 

..:. ... ) 
12 3 
12:5 
1 23 
1 2 1 
12 0 
1 20 
11'1 
lIS' 
117 

e llS(I 

~l2 

268 
~!bl 

255 
249 
244 
23El 
233 
227 
223 
219 
:!13 

, 209 
206 
201 
19B 
194 
190 
IHB 
lBI\ 
183 
179 
177 
174 
170 
169 
16B 
l{'S 
1 ' ' I V ~ 

160 
U , 9 
156 
lH 
lS3 
151 
1 HI 
ISO 
14[1 
1-\t, 
145 
143 
14 2 

FILE : Uf:i EAf S t 

Cl159 

2 72 
264 
2 S7 
25J 
21\" 
238 
232 
226 ")., ..... 
4 .... L 

215 
211 
:!07 
2(12 
197 
194 
190 
IB6 
lEl3 
179 
177 
174 
171 
168 
166 
163 · 
H,l 
1S9 
156 
1S3 
1 t.· 2 
150 
150 
14U 
146 
1'15 
IH 
11\2 
JoIl 
13B 
137 
137 
134 

[ 11 6 0 

246 
2 '\0 
236 
2.H 
"'1 '" I .... L V 

219 
215 
:~OU 

20-\ 
200 
196 
190 
I B'I 
lB3 
177 
17!' 
172 
169 
165 
163 
161 
H.B 
156 
151 
1 50 
1 !iO 
H7 
Hh 
145 
J4(1 
HO 
137 
130 
135 
1 .. 13 
1."J : ' 
130 
120 
1 ~! 9 
I ' ll· ...... ) 
12 3 
1 2~1 

[X I 'OHum,: 
f.tMln E In CII11i1L'lEF: 

61 
61 
61 
61 
59 
61 
59 
61 
60 
61 
61 
60 
6J 
61 
61 
60 
61 
61 
62 
61 
1>9 
59 
60 
63 
62 
61 
6 :~ 
• 'I o £. 
6 '·, ~ 
64 
62 
62 
61 
6 2 
6 2 
60 
6 2 
6 '1 

£ . 

61 
63 
63 
61 

66 
6\~ 

66 
66 
66 
66 
6t, 
66 
t)B 
66 
"6 
Ml 
66 
67 
67 
68 
6 7 
6? 
65 
6? 
68 
60 
60 
6.7 
l., ? 
6~~ 

t , } 
6 ? 
68 
6 7 
to :! 
6 7 
1"1 ." 
6 ? 
6 7 
6 ~1 

6 ~" 

6 :1 
6 fl 
6t.) 
6B 
6 0 



I ·f',I .1. .' 

IF !:i r (I("IF : 

Ilr'll' 
/'I1i·1 SFf 

1'( 3 0 
.1? ",5 
:~<I 0 
2 ':' 1 r, 
2 (1 30 
:~.: 1 Ii !~ 

~ :.t 0 
::-: t 1 f,. 

:: 1 3('1 
2 J 'tS 
~ : 2 0 
2 :-~ 1~ . 

2 :'~ .3( ' 
22 (t ~~ 

~ : .3 (\ 
::] 15 
';'3 :EI 
~~3 .) r; 
2'\ 0 
;~ 1\ 1!) 
2 ·\ 3':1 
:~ ,'J "I [." 

" H : .. _ .J () 

~~ F. 1 f, 
;~[) 3(l 

~s lib 

2t! (\ 
L. t f, 
6 30 
6 ItS 

o 
;~ =' J £1 
: , 7 3(1 

~.~ .7 ,', f, 
~' a 0 
~: n H. 
2:.1 3(1 
·.~~r, ,', f, 
T? 0 
:'';' 1 r. 
: !'} 3 0 
~9 .. t~, 

11 /:"\ / 11(1 

CWi 1 

7 '\ 
l it 
7] 
/ ] 
-' ''. /.;. 

:.'3 
7 3 
72 
71 
7 :! 
- ,''") 
" ..:. 

7 1 
73 
7~'~ 

7 1 
7 1 
71 
7 1 
7 1 
7t 
7 1 
70 
7 0 
70 
7 (1 
;t o 
t.? 
t...9 
6'/ 
f.y 
6'1 
69 
6:' 
t,7 
6B 
bE; 
MJ 
67 
6 0 ...., 
t- .. 

6} 
i, ? 

t ··, .~'Io ! .. ' A 

(''' b : ~ 

107 
1(16 
t (I? 

106 
lOG 
I(1S 
102 
103 
1(13 
.t (I] 
102 
102 
100 

99 
9~ 

98 
90 
9' . ~ 

96 
96 
95 
9f, 
~,I i, 
9;', 
,:;.!;; 

9·' 
4/5 

t,i 1 

93 
9" , .. 
91 
92 
9(\ 

~; 1 
~.· 1 

';.(1 

B<;' 
~I, .:'I 

O~II 

9,:" 
n rl 

H? 

- -- - -- ' ----~---

U E . • ") '1 U tI I 

"I ·; O.JEL1 ,411,11 ,11:1 :; : ('1\ -· f· 5~i't -' (,I(" 1 

, , C II [I E T E i1 f r f·; ,; r Il " E S 
UI5 3 t:llfi ,'1 Cl(!iS ["!.6 CII!.? 

1 1 !, 
lD 
1 1 ::! 
JJ3 
1 11 
1 1 I 
UO 
10 :-.' 
1 O ~;. 

10 } 
1 (10 

.1(1 7 

.I O ~' 
lO t... 
1(16 
1 (IS 

H"\ 
1(1'\ 

1(.1'\ 
102 
HI 2 
102 
1(11) 

99 
98 
99 
98 
99 
98 
97 
97 
96 
96 
9 5 
?J 
S' •• 
~\I ~; 

'i :,~ 
~/ 2 

~I) 1 
91 
<11 

n.s 
L5:I 
l.B 
130 
DO 
129 
120 
1 " -, .' , 
12!., 
1 2F.. 

1 23 
1 : :3 
1 :'!2 
1 :,~ 1 
119 
11 <) 

110 
l.P 
US 
116 ,1[, 
.113 
lJ4 
113 
11] 
1 I 1 
11 {I 
lO t;> 
110 
109 
10 ? 
lOB 
1 (16 

10':· 
10~, 

H'h 
1 (1 :1 
1(1 :S 
1 (to, 

1 <'2 
1 ()~~ 
102 

1 2 ('1 
119 
1 HI 
119 
U6 
lIB 
116 
110\ 
115 
JJ4 
lU; 
114 
113 . 
112 
113 
110 
111 
109 
109 
107 
lOB 
107 
HI6 
106 
1 (I [. 
10'\ 
1(1!> 

104 
102 
102 
11.t4 
Hll 
102 
1 (12 

1 ('11 
99 

100 
1(.10 

9B 
9U 
tiO 

'lB 

116 
11 !, 
n~ 

1 U 
114 
11:! 
11'3 
113 
1 t 1 
11 (I 
1 1 (I 
1(19 

HI9 
109 
10? 
11.t7 
105 
106 
lOS 
106 
10'\ 
1(11) 
10.S 
1(12 

1<12 

HI3 
Hll 
101 
Hll 
100 

'iff:) 

99 
9fl 
9 :.' 
90 
90 
~J t, 
9[) 

9 1' . ... J 

~r'S 

fJS 
,." 
:rOo) 

11 ~I 
116 
I1b 
11 b 
114 
11 '\ 
1.12 
112 
113 
112 
1 ,10 
111 
HI9 
HI8 
1\.19 
107 
HI8 
106 
1 (.16 

• 1 tIS 

10'\ 
1 (I.) 

1{H 
1 (13 
1{13 

1 (11 
J ('2 
1 {IO 
1 (10 

99 
1 (10 

9~i 

90 
~)B 

~10 

~/6 

~l ~.\ 

97 
9<" 
~' 6 

~" !:' 
Cl[' ,' .. ) 

- '- --- ---~ ~---- ,-------

CII!, !) 

140 
140 
13(1 
1:57 
13S 
1:54 
130\ 
133 
130 
130 
130 
1 27 
1 ~'8 
1 ~:7 
1' ''' L" 
l '·e .... 
123 
1 ~!3 
121 
121 
1 2 1 
1 ;~O 
11B 
116 
116 
lll.. 
114 
115 
113 
113 
112 
112 
111 
109 
1(19 
1 (IS' 
,100 
106 
106 
lOt. 
lOS 
1 {If, 

-- - -- .--~ -, - - ----

F.II E : U~;[:t',Tf;1 

CII~.9 

1 .5 .S 
132 
1 ] ~~ 

1 .HI 
1 : !9 
12B 
1 27 
126 
125 
124 
1 2.5 
I n 
1 2 1 . 
1 2 0 
119 
11 7 
11:1 
116 
114 
114 
113 
11 2 
113 
11 ~l 
111 
109 
109 
HI7 
HIS 
107 
10? 
HI6 
lOS 
lOS 
10'\ 
103 
102 
102 
102 
101 
1 (\ ~l 
100 

L:llbO 

123 
120 
118 
12 0 
lJ l' 
11 7 
116 
114 
113 
111 
J13 
1 1 {I 
109 
HI9 
1(1f.l 

107 
106 
106 
lOS 
103 
HI3 
1(14 
1 (1(1 

9 ~~ 

S'9 
~19 

'n 
YEl 
90 
9.1 
9B 
n,' Y.J 

9t, 
~,1 !; 
9·j 
9" , ., 
':,'S 
93 

"" . L 

~,) ::! 
91 
~n 

MIB1EIH 

60 
61 
61 
59 
63 

'bO 
62 
63 
61 
61 
60 
61 
62 
61 
59 
b1 
60 
61 
t.0 
61 
61 
61 
, " '-';I.. 

6('1 

62 
61 
bl 
bl 
62 
62 
5B 
62 
[,0 
6(1 

60 
6(\ 
6{) 

61 
61 
~, 1 
61 
61 

F ,l( I·(,mJr:1: 
['IIMII,C[ [ ': 

6B 
60 
68 
t'~I) 

t·? 
7 (1 

bEl , -, 
,, '.' 
60 
!.oO 
69 
t .. ~~ 
('f.l 

bB 
7/) 

69 
t .9 
69 
69 
b7 
loB 
69 
MJ 
i..'} 

6'] 
613 
t.} ~I 
69 , -, 
0, 

67 
:t1 
69 
69 
69 
t ,9 
60 
f.,~lj 

69 
6S' 
69 
69 
7 0 

----. 



, ' ,)1 :[ 1\ 

" ·U~BA Ul:'::- ATH til 

rLSI" (IIHE: 11 /~!"I / OO 

I J fit 
i11rl SEC 

-............. -- ... - ...... _ ... - ell 1.1 E 

3':1 (I 

3,;) t!. 
3.:) 30 
3 -:) 4[. 
3 1 0 
31 H. 
31 30 
3 .t ·\5 
32 0 
32 1S 
3::~ 3'~1 
32 ·\5 
]] 0 
33 15 
33 3(1 

]3 -Hi 
3-\ (\ 
3-\ 15 
3·\ 3-:) 
:3<1 '15 
3[. 0 
35 1 S 
35 3(1 
3 f. 45 
] ,; () 

3t, 1 S 
3f. 30 
J!. ,i s 
37 () 
37 15 
37 30 
:.n '15 
311 (I 

e llb1 

68 , ., 
0 .-

6 7 
b ? 
67 
6l 
6? , -, 
-" 
bB 
67 
67 
65 
!,7 
67 
/.. 7 
i.. 6 
t\6 
6f, 
66 
66 
6t.) 
t\S 
t,5 
65 
65 
66 
6 5 
66 
6S 
6-\ 
t.t, 
64 
b5 

·cm'2 CII!,3 

06 
06 
06 
0 7 
06 
8 6 
86 
Or 
~ 

04 
05 
04 
05 
04 
02 
03 
03 
03 
03 
OJ 
01 
0 2 
8J 
aJ 
01 
81 
DO 
00 
00 
01 
00 
7 9 
80 
U1 

--------

~/3 

O"' ~ 'i .... 

5'2 
9(1 

90 
90 
6 9 
90 
09 
89 
00 
0 7 
8 7 
BO 
UO 
06 
06 
86 
Or 
~ 

0 7 
t:oc 
O ~ 

04 
04 
04 
04 
04 
OJ 
04 
8 2 
83 
83 
03 
Ot 

ClI5-\ 

1(10 
99 
90 

.too 
~,o 

97 
9B 
~'6 
9:.' 
(l6 
~JS 

'"I!; 
96 
9-\ 
9 -\ 
9 ,· 
~, 

9-\ 
S'3 
94 
92 
y3 
92 
91 
91 
91 
91 
91 
08 
90 
09 
fly 
UO 
flEi 

"fWJECl IlUimH:: 01 ·· t;~.rH -· (I(11 

E N P E ~ A T U R E 9 
CI155 £:1156 t ll5 7 

9 7 
9 7 
9 7 
y!, 
97 
9 7 
y -\ 
95 
91\ 
Yb 
9S 
9>\ 
93 
92 
93 
92 
91 
92 
9(1 

91 
B9 
91 
91 
yl 
9(1 

00 
OB 
89 
1:J9 
BO 
0 7 
OS 
0 7 

9 ,· .. 
9-\ 
93 
9 -\ 
91 
92 
93 
91 
9 2 
9(1 
90 
90 
9(1 

90 
90 
90 
90 
8U 
09 
flU 
El'~ 

Ol 
07 
El6 
06 
El7 
0 7 
86 
Ob 
05 
86 
[H 
85 

9 4 
94 
93 
93 
93 
93 
"91 
uri 
7 <. 

91 
"1'1 • <. 

'11 
91 
91 
fr9 
09 
·itl 
flO 
90 
£17 
07 
0 7 
00 
OB 
00 
El l 
06 
Oi, 
B' .. 
B6 
n6 
ft4 
fl6 
85 

[:1158 

105 
10>\ 
1()3 
103 
HI2 
102 
102 
102 
102 

99 
99 
98 
90 
99 
90 
97 
97 
95 
96 
96 
95 
94 
9'\ 
94 
94 
94 
9 '3 
93 
91 
91 
93 
91 
9(1 

Cltb? 

98 
90 
97 
90 
97 
9 7 
96 
96 
9 " .. 
'IS 
95 
9'\ 
'IS 
92 
91 
9-\ 
93 
9 2 
92 
90 
91 
91 
9(1 
90 
BY 
a~, 

El9 
ElO 
90 
Of! 
a:1 
87 
87 

FILE: tHlEAI"Sl 

D:!·-ommE 
Cllb O AHBIEtH CIIAtm H: 

9 1 
92 
9 1 
£19 
B9 
90 
89 
9(1 

Otl 
ElB 
ElB 
B7 
87 
0 :1 
0 7 
IV 
06 
8b 
EI5 
El5 
H4 
B5 
BI\ 
8>\ 
03 
H3 
1:.12 
El3 
B3 
82 
02 
02 
02 

61 
61 
61 
£'3 
61 
59 
62 
!'~9 

62 
61 
59 
61 
61 
61 
61 
61 
62 
60 
62 
61 
63 
61 
b1 
£'0 
60 
61 
63 
60 
61 
61 
61 
60 
61 

69 
70 
69 
t .ft 
:.' 1 
:to 
t.fl 
b9 
6B 
:.'0 
:to 
613 
68 
60 
6[-1 

6B 
66 
MI 
66 
67 
6t, 
67 
67 
61:.1 
69 
66 
66 
6 l 
67 
67 
67 
bB 
67 

l 
I 
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Cli f. ....... ST,-,Ct: IWH: r.I ;[ 
f.l1 Sti . • .. WAIl.. '" Fl. IIWi1 rUJOf: U HI . ,.,:;OM C[H.HH;) 
CII t-.:.. . . . CEl U i~G '- _ .. 3 HlLIIE B 1 'u r r 1·:C!i1 WI',l .. L 

Cit 5 7 •••• L[ HJi~[; «(HIM) ; 3 Fr. x 3 FT. FlWi1 W,; I..U 
CII !.;B. ... ['(',f ' rtE 
Cit 5 9 •••• All, lIPF·[1.. 1..[1)[ 1.. 

Cit 60 • ••• AlH tOWH: 1..1: 1)[ 1.. 
Cit 6.t.. . . AHIH nn 
t il 6 2 .... ,',in 11t.L E:~F'OSIJf·:[ CIIAr1LiEI< 

TES l ("; r E : t 1 .... 2 J / B'~' r-rWJE C r tHH1I:OH: : 01 -- ~,5f:1'1 - 0(ll FJ I.E: NSEA·r 5 2 

lIr'IE 
i 'lln S EC 

(I .\f.; 
(I ](1 

(l ... f. 
j (l 

1 J f. 
1 3':.0 
J ' is 
2 (I 

2 15 
2 3(1 
'2 '15 
3 () 
3 1 f. 
3 30 
3 45 
.\ 0 
1\ 15 
" 3(1 

.\ H . 
5 (I 

5 1 r, 
5 30 
5 45 
6 0 
6 15 
6 30 
:. It~; 

l (, 
lIS 
.7 3(0 
7 4S 
f' () 
a H. 
o :HI 
fI .\ t., 

CIISl 

59 
6() 

59 
£.9 
so 
60 
62 
6] 
6 '1 
b6 
66 
t ·O 
7 0 
71 
71 
7 4 
75 
75 
7 B 
77 
00 
a2 
03 
06 
flO 
87 
07 
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