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EXECUTIVE SUMMARY

Full-scale tests conducted by the FAA have shown aircraft seat cushion blocking
layers to be an effective means of delaying fire and flame spread during exposure
to a large external fuel fire. Similar findings were also made by Douglas Air-
craft Company conducting large-scale tests in the Cabin Fire Simulator (CFS).

An interlaboratory study of various test devices was conducted to develop and
determine comparability with the full-scale results. The participants in the
study were NASA AMES, FAA, Boeing, Lockheed, and Douglas. The participation of
the latter three airframe manufacturers was accomplished through an Aerospace
Industries Association (AIA) Transport Airworthiness Requirements Committee (TARC)
project. The Ohio State University Rate of Heat Helease Apparatus (0SU), ASTM
E-YUb was selected by Boeing, Douglas, and the FAA as the test method best suited
tor blocking layer evaluation. In addition to the OSU, the FAA pursued as an
alternate test method the Standard Two Gallon/Hour Burner. Lockheed chose the
Meeker burner and NASA AMES selected a modified NBS smoke chamber. Eleven test
materials were selected and distributed to the laboratory participants. They
consisted of four types of foam cushioning, three types of foam blocking layer,
three types ot fabric blocking layer, and a typical upholstery tabric cover. These
materials were assembled in eleven different configurations.

Due to the variety of methods and end point measurements employed by the partic-
ipants of the interlaboratory study and the uncertain relationship between each,
it was difficult to meaningfully compare the test results obtained with every
device. Instead, it was more desirable to perform a non-parametric study of the
relative rankings ot the measurements and compare these results with the results
from the CFS tests weight loss and percent weight loss data.

As a result ot this study, it was concluded that: (1) The Ohio State University
Rate of Heat Release Apparatus 1is a suitable device to measure aircraft seat
blocking layer effectiveness. Several test measurement rankings for tne OSU
operated at a 5.0 W/cm? heat flux level showed comparability with larger scale CFS
weight loss and percent weight loss rankings, (2) The "Standard” FAA Two Gallon/
Hour Burner test 1is a suitable device to measure aircraft seat blocking laver
eftectiveness. Of all the laboratory devices, the Two Gallon/Hour Burner most
resembled the larger scale CFS tests, Comparability was shown for burner test
measurement rankings with CFS percent weight loss ranking, (3) The Lockheed Meeker
Burner test is a suitable device to measure aircraft seat blocking layer effective-
ness. [wo test measurement rankings showed comparability with larger CFS weight
loss and percent weight loss rankings and (4) Results from the laboratory study
contirm the effectiveness of the aircraft seat blocking layer concept.
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INTRODUCTILON

PUKPOSL.

The purpose of this project was to evaluate the adaptability of existing laboratory
test devices to measure aircraft seat cushion fire blocking layer effectiveness.
This was accomplished by determining the comparability of data rankings between
laboratory test results from a number of organizations with results from larger
scale fire tests on a series of candidate blocking layers or improved cushioning
materials.

BACKGROUND.

A new concept to limit fire involvement of the urethane foam used in aircraft seat
cushions has prompted extensive testing to determine the eftectiveness of the many
types of seat blocking layers (references 1, 2, and 3). An aircraft seat exposed
to large intense radiation from a large fuel fire will contribute to the attainment
or flashover conditions within an aircraft cabin. To delay or reduce the intensity
of this phenomenon would increase available egress time of passengers. Full-scale
tests (reference 1) of a conventional wide-body cabin interior have shown a flash-
over time ot 140 seconds. By contrast, full-scale tests of an interior furnished
with seats protected with a blocking layer delayed the onset of flashover by 60
seconds tor Vonar” wrapped cushions and by 43 seconds for Norfab™ wrapped cushions.
Results from both simulated in-flight and ramp fire tests show that blocking layers
can prevent fires which would become out of control with conventional seats
(retference 2). Although full-scale tests are necessary to demonstrate realistic
performance of candidate materials, it is more practical to base the evaluation and
selection of materials on a laboratory fire test method. Therefore, an inter-
laboratory study was conducted to evaluate various existing test methods as to
their adaptability for such testing. The participants in the study were National
Aeronautic and Space Administration (NASA)-AMES, Federal Aviation Administration
(FAA), bBoeing, Lockheed, and Douglas. The participation of the latter three
airframe manufacturers was accomplished through an Aerospace Industries Association
(AIA) Transport Airwortniness Requirements Committee (TARC) project (reference 3).
The vhio State University Rate of Heat Release Apparatus (OSU), ASTM E-9U6 (refer-
ence 4), was selected by poeing, Douglas, and the FAA as the test method best
suited for blocking layer evaiuation. In addition to the OSU, the FAA pursued as
an alternate test method the standard Two Gallon/Hour Burner (reference 5). As the
original Lennox Burner was no longer commercially available, it was necessary to
find an acceptable replacement. Lockheed chose the Meeker Burner (reference 3) and
NASA-AMES selected a modified NBS Smoke Chamber (reference 3). Laboratory results
were compared with larger scale tests, which were conducted in the Douglas Cabin
Fire Simulator (CFS) (reference 6), to determine comparability of material
rankings.

TEST MATERIALS.

Eleven test materials were selected and distributed to the laboratory participants.
They consisted of four types of foam cushioning, three types of foam-blocking
layer, tuaree types of fabric-blocking layer, and a typical upholstery fabric cover.
These materials were assembled in 1l different contigurations (table 1). A
detailed description of these materials is found in appendix A.
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DISCUSSION

FAA 0SU riODIFICATIONS.

The OSU Rate of Heat Release (RHR) was used in a "standard” configuration (tigure
1) with tne following exceptions:

(1) The sample holder was enlarged to accommodate a thicker sample and the
holding rack was accordingly reduced in depth to maintain the proper radiant heat
source to sample face distance.

(2) The upper pilot light was exclusively selected because of its simiiarity
to the tlashback phenomenon observed in full-scale C-133 tests (reference 1).

{3) A three—channel tuermocouple receptacle was mounted in the sample holder
rack to tacilitate connection of foam backface thermocouples.

Fabric blocking layer samples were fabricated as shown in figure 2., The dimensions
of the samples were as follows:

(1) Core foam, 6 inches by 6 inches by l-inch thick
(2) Foam blocking layer, 8 inches by 8 inches

(3) Fabric blocking layer, 8 inches by l6 inches

In order to reduce the sample thickness, the foam—-blocking layers were not wrapped
entirely around the core foam (front faces and sides only). The samples were then
wrapped in aluminum ftoil.

A chromel-alumel thermocouple was placed in the sample holder backing board and a
I-inch by l-inch rear window was cut in the sample to allow the thermocouple tou
just touch the foam core (figure 3). This provided for the continuous measurement
of toam backface temperature. The thermocouple was connected to a digital readout,
which was recorded on video tape through a split screen generator along with a
camera view of the sample through the observat.on window in the side of the USU. A
series of tests, using three thermocouples, placed diagonally across the backing
board were evaluated. It was determined that one thermocouple located on the
center backtace of the sample was sufficient in that the outer two thermocouples
produced inconsistent results due to heat sink effects of the sample nholder. Heat
and s:2ke release rate data were recorded on a Honeywell Strip Chart Recorder,
Model 196, with integrator pen feature.

ey
4

FAA TWO GALLON/HOUR BURNER MODIFICATIONS.

The Lennox Burner used in the original "Standard” burner design is no longer
commercially available. An attempt to purchase a Carlin 200 CRD Burner, which was
1 shown to be an appropriate replacement (reference 7), proved futile as it also is
being phased out of production. A suitable replacement burner was tabricated by
Park 0Oil Burner, Atlantic City, New Jersey, to the "Standard” burner specification
F. (appendix B). The burner was adjusted to produce a temperature pattern through a
’ horizontal line, a minimum of 1850° F for a distance of not less than 7 inches and
at 4 inches from the end of tne burner cone (figure 4). This temperature pattern
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FIGURE 4. BURNER TEMPERATURE PROFILE - FAA TWO-GALLON/HOUR BURNER

was measured with a thermocouple rake consisting of eleven 1/l6-inch, type K,
grounded Ceramocouples™ with a nominal 30 American wire gage (AWG)-size conductor,
manufactured by the Thermo-Electric Company, mounted on a traverse mechanism l-inch
apart, and remotely controlled to provide 6 3/4 inches of vertical movement. A
double seat metal frame was fabricated to which the samples were attached (figure
5). Samples were fabricated with the following dimensions:

1. Seat bottoms, 18 inches by 20 inches by 4 inches thick
2. Seat backs, 17 inches by 25 inches by 2 inches thick

Tests were documented by lémm movies, 35mm motorized photographs and video tape.
Tests were conducted in a well-ventilated room. A series of 1 and 2 minute
tests were conducted with the burner flame impinging on the side of the seat bottom
cushion (figure 5). The burner was then turned off and the sample allowed to burn
until it self-extinguished or became fully consumed. Flame time after the burner
was removed and estimated burn lengtn were measured.

Another series of burner tests were conducted with weight loss monitoring,
utilizing a Weigh-Tronix, Model WI-110, load platform. Ten of the eleven contiy-
urations (fiberglass excluded) were tested with a Z2-minute burner expousure.
Flame time atter burner was removed, estimated burn distance, weight loss, and
percent weight loss were calculated for these tests.

In both the 0SU and Two Gallon/Hour Burner tests, all aluminized surtaces ot
fabric-blocking layers faced the outer fabric cover except when Norfab was wrapped
over tire retardant uretnane foam. Norfab, in this case, is wrapped with the

-
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aluminum surface facing the inner foam cushion to prevent the fire retardant
additives released during the foam decomposition process from attacking the Nortab
fibers.

A brief description of the laboratory test methods employed by the participants and
the larger scale CFS tests is included in appendix C.

TEST RESULTS AND ANALYSIS

FAA OSU tests were conducted in both piloted and nonpiloted modes at 2.5, 5.V, and
7.5 watts/cm? for a total of 132 S5-minute tests. The nonpiloted mode reters to
exposure to radiant heat only; whereas, the piloted mode refers to exposure to
radiant: heat and a flaming ignition source. Piloted tests were performed with the
standard three-flame buiner positioned horizontally above the sample holder. It
was decided to use the upper pilot burner system exclusively, since the lower pilot
burner produced a highly localized ignition source at the lower edge of the sample,
which produced conditions too severe for comparative testing.

Ilnitially, one test of each configuration was performed for each exposure condi-
tion. The data were then analyzed and it was determined that the following three
exposure conditions gave the most consistent results in terms of sample ignltlon.
2.5 W/cm? nonpiloted, 5.0 W/cm? piloted, and 7.5 W/cm? piloted. The 2.5 W/cm?
piloted exposure produced erratic flashdown from the pilot source and resultant
ignition of the sample, and appeared to be near the minimum heat flux level for
sustained piloted ignition. Some of the samples produced flashdown and some
samples did not (tabLe 2). The 2.5 W/cm? nonpiloted exposure produced no autoigni-
tion. The 5.0 W/cm? nonpiloted exposure produced a range of autoignition times
making comparison of heat and smoke release rates difficult. The 5.0 w/cm piloted
exposure produced consistent flashdown around 12 seconds. The 7.5 W/cm? nonpiloted
exposure also produced a range of aut01gn1t10n times making comparison of heat and
smoke release rates difficult. The 7.5 W/cm? piloted exposure produced a consis-
tent tlashdown around 6 seconds. It was concluded that the most consistent
exposure conditions would produce the most repeatable results. Therefore, erratic
flashdown at 2.5 W/cm? piloted exposure and a range of autoignition times for 5.0
and 7.5 W/cm? nonpiloted exposures were regarded as good reasons for discarding
these conditions.

Cummulative heat and smoke release data at 1, 3, and 5 minutes are presented for
2.5, 5.0, and 7.5 W/cm? heat flux levels in tables 3 through 5, respectively.,
Maximum heat and smoke release rates are also presented.

Figure 6 is a graphical representation of the above parameters. As can be seen in
these tables, the data for the three replicate tests at the 5.0 W/cm? heat flux
level appears to give the best discrimination among the 11 configurations tested.
At the 7.5 W/cm? heat flux level, the cummulative heat and smoke release data
appears to have leveled off at slightly apbove the 3-minute data, probably because
total consumption of the sample occurred near the 3-minute mark. Had there been
sufficient material remaining of sample number 1, better discrimination might have
been found.

A comparison of the piloted versus nonpiloted heat and smoke release data are
presented in tables 6 through 8. Where replicate tests were performed, the average
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N TABLE 2. TIME TO SAMPLE IGNITION
TIME TO SAMPLE IGHITION (SECOMOS )
SANFLE NG, HEATING RATE
2.8 HNocn? S a Hocm? S Woem2
N.F. P. N.P. F. N.P P
[
3 1 NI NI 42 12 11 €
E - 2 138 | 11
& z 30 14
4 NI 22 9
{ 5 29 2 11
& 3 Ja 13
hd 71 NI 18
8 39 25 13
Q NI 184 15
18 NI 14
W' \r \,
11 NI NI NI 12 9 &

NI=NG IGNITION
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valuce is used tor comparison, AU the J.o wWeemr neat tlux level, the piloted
exposure  appedred to o be a4 more  severe condition,  provided tlasndown ocenned,
Samples aumber Ho6,8,9, and 11 displaved signiticantly higsher maximam heat release
rates tor the })il\ll\’(l Case dt o the oo 'w’cnrf CXposure, e ditterences between the
o0 Woon- piloted versus nonpiloted data are attributed to the ranpe ot autoiyni-
tion times tor the nenpiloted exposure (22 to 8q seconds with three samples not
ypniting at oall)e AL the ., W/em® heat 1 luy level, the ditterences between the
piloted nd nonpiloted exposure are less evident. This 1s due to the carly
autoignition times (Y to 18 seconds) ot all samples tested.  Hence, siwilar results
dare obtoined tor buoth exposure conditions at /7.n Wiome .

Backtace ditterentiat lemperature medasurements are presented tor the Lirst test at
each heat  tlux exposure condition (tiyures /7 through 1.2). At 9.0 W/«'m"{, t he
aluninized tabric and toam blockinyg lavers tall into distinct proups, and the
toam—blocking lavers had better pertormance than the aluminized tabrics.  oOverall,
the LS=200 "tull”™ (sawple number 1U) was the most eftective means ot reducing the
amount ot temperdature rise over the duration ot these S-minute tests.

Twenty—tour Two—Gailon nour Burner tests were conducted with actual size seat
cusnions situated in a double seat netal trame. Tne end ot the burner nozzice was

placed + inches trom the side or the scat bottom cushion (tigure bH). Iwo sets
ot tne tollowing contipgurations were prepared and tested at - and 2-minute
expusures: auabers ly,4,0,n,7,10, and 11. The l-minute exposure was sutticient to

discriminate between FR Urethane and blocking laver seats, but was insutticient to
discrimionate between individual blocking lavers., The 2-minute exposure appearced
to give better discrimination between individual blocking layers. Another series
of lu sets ot the 1l contigurations trom table 1 (sample number 7 omitted) were
prepared  and tested tor a Z-minute exposure to the burner. Flame time after
the burner was removed wis recorded and is presented in figure 13. An estimate of
Lhe tlame spread distance across the bottom cushion adjacent to the burner was made
and is preseated In ripure 14, For this series ot tests, continuous weight loss
data were recorded.  These results are also included in tigure 13. The Two-Gallon/
Hour surner tests were more qualitative than quantitative, but produced a clear—-cut
passy/tail evaluation ot the eftectiveness ol the test materials as shown in tigure
i, it photopraphs shown in tigure 1) were taken immediately after the burner was
removed ot 0 ninutes into the tests. Noteworthy, is the dramatic ditterence ot
Lhie pasedine Hite-retarded urethane seat when compared with any ot the improved
sedl cuntilaoprs, Anotner advantape ot the Two-Gallon/Hour Burner was  that  the
compli-te cusnion assembly could be tested (seams, stitching, ete.) to show actual
perttoraance in these critical areas.

L bwo-tal bonsdour Burner test can be tikened to o larpe bunsen burner Lype ot
Lest (rar Uauead), with approximately the same paraneters being measured.

STATTSTTOAN, ANALYS TS v I ERLASORATORY Siton,

Duce Lo the variety of acthods and cnd porat weasurements employed by the partic-
Ppants o Cie intetbabot alory study aad the ancettarn relationstip between each, it
is ditticalt o meanintually conpare tine test resaits obtained with every device,
Insteat, 10 1« aore destrable to pertonn o pon-paranef ric studvo ol the relative
FAnK 1L - Clotdes 4 thronth 100 ot the measurcitent s and compare these results with the
results trod toe ey tests Toss and petcent weisht Do datae s was accomplished
throw:h valcualstion o tae cortelalion coclliiolent hetween the parameter rankiag ol
CVvery o best coanda Dhen, eere e nt o and the Crapas g s terms ob weiyht boss aad
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percent weight loss. The correlation coetficient "r" is a measure of the linear
relationship between two variables ("x" and "
is expressed as follows:

y") for "n" pairs of measurements and

nIxy - (Ix)(Ly)

r = =
J lnzx? - (z0?](nzy? - (2y)?]

The computational formula for the correlation coefficient known as the Pearson Rank
Formula is detined so that "r"” will always assume a value from -1 to +] (reference
8). A value of r=-1 represents perfect negative correlation and a value of r=+I
represents perfect positive correlation. A value of "r"” close to zero represents
little or no correlation. Hence, the closer a particular ranking is to that of the
CFs tests, the closer the "r" value is to +l. It is assumed for purposes of
attempted correlation that any test method measurement that did not show sample
number 1 as the worst configuration would not be a suitable test method and is
therefore not included in the correlation analysis. Tables 13 through 16 include
the correlation data from the measurements. Table |7 is drawn trom reference 3
and is commonly found in all statistic references. The degree of certainty for
the Pearson Correlation calculation is determined by the size or number in the
statistical sample population. It can be shown that when sample population is
greater, i.e. n=lU, a lower "r" value is necessary to show the same degree of
certainty. Sample number 7 was omitted from the correlation calculation because it
was not tested in the Douglas CFS. A 90-percent degree of certainty is chosen to
define comparability between ranked measurements, Table 18 contains the list of
rankings showing comparability with the weight loss and percent weignt loss data
from the CFS tests. Based on the comparability analysis several observations were
made. They are (1) A number of test conditions/measurements exhibited compar-
ability with CFS weight loss and percent weight loss rankings. (2) FAA, Boeing,
and Lockheed tests exhibited comparability with CFS rankings but NASA and Douglas
tests did not. (3) The good correlation with OSU smoke measurements cannot be
explained physically. (4) Rankings of OSU tests conducted at 2.5 W/cm? did not
show comparability with CFS test rankings. (5) The 5.0 W/cm? heat flux level
seems to be the condition to use for testing blocking layer materials io an OSU.

SUMMARY OF RESULTS

1. Several test measurement rankings from various laboratory devices for the
materials tested in the interlaboratory study showed comparability with larger
scale CFS weight loss and percent weight loss rankings. These devices were the FAA
OSU, the Boeing 0SU, the Lockheed Meeker Burner and the FAA Two-Gallon/Hour Burner.

2. For the materials tested, the NASA AMES Modified NBS Smoke Chamber test
measurement rankings did not show cowmparability with larger CFS weight loss or

percent weight loss rankings.

3. For the materials tested, tne vouglas 0OSU test measurement rankings did not
show comparability with larger CFS weight loss or percent weight loss rankings.

4, No 2.5 w/cm2 0SU test measurement rankings showed comparability with larger
CFS weight loss or percent weight loss rankings.
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TABLE 13. FAA OSU - CFS CORKRELATION COEFFICLENTS

METHOD METHOD

HEAT SMALL SCALE 'r! LARGE SCALE e
v, 0W/CHT | SMORE  MAX L7872 LFS WEIGHT L.OSS
7.5 . . ] .733 ] . »
7.5 ° . 1MIN .709 . . .
7.5 » . MAX .709 CFS % WEIGHT LOSS
5.0 . . . -648 . . [ .
5.0 ° HEAT IMIN .624 s . .
5.0 ° SMOKE 1MIN . 4600 L . .
5.0 ° HEAT IMIN .586 CFS WEIGHT LOSS
5.0 °* . SMIN .564 CFS % WEIGHT LOSS
5.0 ° . . .552 CFS WEIGHT LOSS
7.5 ° SMOKE 1MIN .552 CFS % WEIGHT LOSS__________ COMFARAKRILITY AAAA
2.5 .* HEAT BFT. .485 * . . '
7.5 . IMIN .442 CFS WEIGHT LDSS
7.5 * . . .418 CFS % WEIGHT LOSS
5.0 ° . EKFT. .224 . . . .
5.0 °* . .- .188 CFS WEIGHT LOSS
7.5 . . .139 J . .
7.5 * . . 127 CFS % WEIGHT LOSS
2.5 ° SMOKE  SMIN .067 v e . .
2.5 . MAX -.006 . e . .
.5 . IMIN [~-.018 * e . .
o5 ot . SMIN [-.042 CFS WEIGHT LOSS
oLyt HEAT KFT. |~.115 . . .
2.5 ° SMOKE 3MIN |-.127 . . .
2.5 0t . MAX -.188 . . .

Note: BFT = Backside Flame Temperature

TABLE 14. BOEING 08U - CFS CORRELATIUON COEFFICIENTS

METHOD _ METHOD
HEAT SMALL SCALE 'p! LARGE SCALE
[ 5.0W/CM2| SMOKE MAX .576 CFS WEIGH1 LOSS__________ COMFARARILITYAAAA -
5.0 ° . . .430 CFS % WEIGHT LOSS
' 2.5 ¢ HEAT  SMIN .358 CFS WEIGHT 7.3
\ 0.5 ot . . L2172 CFS % WEIGHT LOSS
he 2.5 . 3MIN .139 .o . .
‘ 2.5 o . . .103 CFS WEIGHT LOSS
f 5.0 °* . 1.SMIN| .103 . . .
» 5.0 ¢ . . .055 NFS % WEIGHT LOS
4 2-5 [ ] ” . _'030 [ ] [ ] [ ] 2
[ 2.5 °* . . -.188 CFS WEIGHT LOSS
3 N
3
E.
S
S
I
b
[N
. 34
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TABLE 15. NASA NBS CHAMBER-CKFS AND DOUGLAS USU - CFS CURKELATION COEFFICLENTS :
Pi
NASA )
METHOD METHOD 1
HEAT SMALL SCALE ipt LARGE SCALE j
2.5W/CM2| THERMAL EFFICIENCY .467 CFS % WEIGHT LOSS _
5.0 °* . . .333 CFS WEIGHT LOSS <
5.0 °* . . .285 CFS % WEIGHT LOSS 4
2.5 ¢ . . .224 CFS WEIGHT LOSS
LUUGLAY METHOD
HEAT TIME . . Tyt LARGE SCALE:
2.5U/CM2 HEAT 1.SMIN -.143 CFS % WEIGHT LUSS : >
2.5 ¢ . 1.9MIN -.179 CFS~WEIGHT LOSS ‘ ' ]
]
4
TABLE 16. LOCKHEED MEEKER BURNER-CFS AND FAA TWO GALLON/HOUR 4
BURNEK-CFS CORRELATLON COEFFICLENTS 4
METHOD . METHOD
SMALL SCALE L' LARGE SCALE
UFHOLSTERY KURN LENGTH .685 CFS % WEIGHT LOSS 5
KURN INTENSITY .612 » e . ' COMFARABRILITYAAA
UFHOLSTERY RURN LENGTH .406 CFS WEIGHT LOSS 3
FURN INTENSITY .370 . . . .
AFTERFLAME TIME .333 * % WEIGHT LOSS
. . .248 *  WEIGHT LOSS
OAM ERUFRN LENGTH L2034 * % WEIGHT LOSS
. . . .152 " WEIGHT LOSS 1
FAA 2 GALLON/HOUR BURNER - CFS CORRELATION COEFFICIENTS ]
. . W
METHOD ’ METHOD _ '
SMALL SCALE tpt LARGE SCALE s ]
AFTERFLAME TIME .746 CFS WEIGHT LOSS ]
. . .648 * % WEIGHT LOSS
CUSHION WEIGHT LOSS .552 e . . 1
CUSHION % WEIGHT LDSS .552 v . * COMFARAKILITYAAAA




TABLE 17. CORRELATION COEFFICIENT VERSUS SAMPLE SIZE
DEGREE OF CERTAINTY CHART

No. of Samples 8U% Y04 954 997 99.9% Degree of Certainty
7

Douglas usU .551 . 669 «755 875 .951
v Minimum

FAA 0SU Correlation

Boeing USU Coetficient

Lockheed Burner .433 . 549 .632 . 765 .872
NASA Smoke Chamber
FAA Burner

TABLE 18. LIST OF RANKINGS SHOWING COMPARABILITY WITH CFS WEIGHT LOSS
AND PERCENT WELGHT LOSS RANKINGS

oSu CFS
FAA 5 w/em? 3 Min/H WL WL
5 w/em? 5 Min/H WL WL
5 w/cm?¢  Max/S %WL WL
5 w/em? 1 Min/s WL
7.5 w/cmé Max/S #WL WL
7.5 w/cw? 1 Min/s WL WL
2 G/H Burner %WL and WL ZWL
After Burn Tiwme ZWL WL
BOEING osu
5 w/cmé WL
LOUKKHEED Meeker Burner
Uphols. Burn Lth ZWL

Burn latensity AWL
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5. The Two-Gallon/Hour Burner Test is a laboratory test which exposes actual seat
cushions to a large laboratory fire source. Because of its physical charac-
teristics, the Two Gallon/Hour Burner resembles the larger scale CFS tests more
closely than the remaining laboratory devices examined.

CONCLUSIONS

l. The Ohio State University Kate of Heat Release Apparatus is a suitable device
to measure aircraft seat blocking layer effectiveness. Several test measurement

rankings for the OSU operated at a 5.0 W/cm? heat flux level showed comparability
with larger scale CFS weight loss and percent weight loss rankings.

2. The "Standard”™ FAA Two-Gallon/Hour Burner test is a suitable device to measure
aircraft seat-blocking layer effectiveness. Of all the laboratory devices, the
Two-Gallon/Hour Burner most resembled the larger scale CFS tests. Comparability
was shown tor burner test measurement rankings with CFS percent weight loss
ranking.

3. The Lockheed Meeker Burner test is a suitable device to measure aircraft seat
blocking layer effectiveness. 'Two test measurement rankings showed comparability
with larger CFS weight loss and percent weight loss rankings.

4. Results from the laboratory study confirm the effectiveness of the aircraft
seat-blocking layer concept.
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MATERIAL

VDESIGNATION

wool/Nylon

LS-200 3/8

L5=200 Full

teliox™ 101

F.R. Urethane

Norfab™ 1 lHT=-
26-AL

Vonar™ 2

Vonar 3

Polyimide

MATERIAL DESCRIPTIOUN

DESCRIPTION

R76423 Sun
Eclipse, Azure
Blue, 75-3880

Neoprene Foam,

3/8" LS-200

Neoprene Foam,
L5~200

Aluminized Preox™

Fabric, Plain
Weave, Neoprene
CTb, P/N 1299013,
1100-4

No. 2043
FR Urethane Foam
Fire Retarded

Norfab Fabric,
Weave Structure
Ixl Plain,
Aluminized on
One Side, 25%

Nomex™ & 5% Kynol”

Vonar 2, 2/l6"
with Osnaburg
Cotton Scrim

Vonar 3, 3/16"
with Usnaburg
Cotton Scrim

Polyimide Foam

APPENDIX A

WELGHT/
DENSITY

13.96 0z/YDZ

34,0 0Z/YD?

7.5 LB/FT3

11.53 0z/YD2

1.87 LB/FT3

11,8 0Z/YD2

19.97 vz/YDZ

27.07 0Z/YD?

1.2 LB/FT3

SOURCE

Collins & Aikmen
P.U. Box 500
Albemarle, NC 28001

Toyad Corporation
16 Creole Drive
Pittsburgh, Pa 15239

Toyad Corporation
16 Creole Drive
Pittsburgh, Pa 15239

Gentex Corp.
P.0. Box 315
Carbondale, Pa 138407

North Carolina Foam
P.0O. Box 1112
Mt. Airy, NC 27030

Amatex Corporation
1032 Stonebridge St.
Norristown, Pa 19404

Chris Craft Industries
1980 East State St.
Trenton, NJ 08619

Chris Cratt Industries
1980 East State St.
Trenton, NJ 08619

International Harvester
2200 Pacitic Hwy.

P.0O. Box 8UY66

San Diego, CA 92138

PP W




N.F. Urethane Urethane Foam 1.45 LB/FT3 Foam Craft, Inc.
Non-Fire Retarded, 11110 Business Cr. Dr.
Medqium Firm, ILD32 Cerritos, CA 90701
181 E-Glass 181 E~Glass, 22.2 0z/YD2 Uniglass Industries
Satin wWeave Statesville, NC
3
e
!
b
@
o
L -
A-2
| @




P s Bamaan . a D T e ————" LBl mads mnd anil g P — P p——

APPENDIX B

TWO GALLON/HOUR BUKRNER SPECIFICATIONS

Fuel Flow - 2.0 Gallons/Hour
Motor - 1/4 H.P. 3450 RPM
Blower wheel - 3.5 x 5.25 Inches
Pump - Single Stage
Tube Extension - 4.125 x 11 Inches
Heat Flux - 10.0 BTU/fts. Measured with a Thermogage™ Calorimeter (reference 7)
Heat Transfer to 1/2 Inch Copper Tube - 4750 BTU/hour (reference 5)
The Park Uil Burner used in this study contains a 2.25 gallon/hour 80 degree nozzle
operated at a pressure of 85 psig, delivering 2.03 gallons/hour. Air pressure in

the air tube, or burner tube, was adjusted to produce 0.17 inches of water.

The Park 0Oil Burner is a suitable replacement for the Lennox Burner and can be
obtained from the following address:

Park 0il Burner Mfg. Co.
N. New York Ave. Absecon Blvd.
Atlantic City, New Jersey 0840l

Phone: (60U9) 344-7709

M




APPENDIX C

INTERLABORATORY PARTICIPANT DATA

BOEING USU TESTS.

Boeing used the USU Apparatus (E-906) with compensator tab for this interlaboratory
study. Tests were conducted at 2.5, 5.0 and 7.5 W/cm? neat flux levels using three
specimens of each configuration (table 1 of the text) for a total of YY tests.
Specimen sizes were 6 by 6 by 1l inch. Only vertical orientation tests were
performed. Boeing OSU test data are included in charts C-1 through C-6.

DOUGLAS 0OSU TESTS.

Douglas also used the USU Apparatus (E-Y06) but without compensator tab ftor this
interlaboratory study. Tests were conducted at 2.5 and 5.0 W/cm? heat flux levels
using three specimens of each of the following configurations: numbers 1, 2, 4, 5,
6, 8, and 9 for a total of 42 tests. Specimen sizes were 10 by 10 by 1 inch,
Only vertical orientation tests were performed. Douglas OSU test data are included
in charts C-7 through C-10.

DOUGLAS CFS TESTS.

bDouglas used their Cabin Fire Simulator (CFS) to test 13 configurations of seat
cushion materials under large-scale conditions. Full size seat cushion bottoms and
backs were positioned in a double seat metal frame and exposed to a large radiant
panel consisting of quartz lamps. Several parameters were measured for these
tests, including weight loss of the cushioning material. Douglas CFS weight loss
and percent weight loss are included in charts C-11 and C-12.

LOCKHEED MEEKER BURNER TESTS.

Lockheed used a Meeker surner for this interlaboratory study. Tests were conducted
tor specimens of each configuration. The Meeker Burner is a more severe version
(larger flame) of the Vertical Bunsen Burner test method (F-501) which is specified
in FAR 25,853. Burn length and self-extinguish times are the key parameters
measured. Lockheed Meeker Burner test data is included in chart C-13.

NASA AMES MODIFLED NBS SMOKE CHAMBER.

NASA AMES used a Modified NS Smoke Chamber for this interlaboratory study. Tests
were conducted at 2.5 and 5.0 W/cm? for each material configuration. Weight loss
is continuously monitored for the 3 by 3 inch specimens. Thermal efficiency and
specific mass injection rate are calculated and a Figure of Merit is determined for
each contfiguration. NASA test data are included in charts C-14 and C-15.

Acd A Jd 4 SSMand

Al




AL e o o o e M2 o T e NSNS A L en mamesch e g | g v D SR A TP T T YT T Yy T Y vy g
TJ :
]
3 . . 1
. IR XA S00T v0L ‘9¢S ‘90¢ ﬁ
0z P8 LT tH
S7 12°¢1 616 869 6¢S A2 Ay 01
ovi BE'8 . .
S? §.°¢1 9¢LT BEET 929 62 vze 6
S0¢ 0v'S . .
7 18° 71 1 7R Svl €9 80¢ vee 8
SST 6611 . .
j 07 8/ ¢TI £861 9pST 8¢9 L9V 1 X4 L
502 L2°01 . .
7 7¢° 71 9661 6L21 6¢S LOY S02 9
0S1 [8°0T . .
7 95" 71 LL6T L09T A YA Sit S1? S
[ 00¢ 8 ¢ . . ~
M 7 62" b1 1§24 L8L 1¢s oz 61 v .
ﬁ 5.7 068 1
! S7 ve el S681 SS6 1X4] Y4 *1¢e £
[ 0.2 59°S CCTT 9 : .
¢ 10781 229 69¢ 1987 12¢ [4
06 LS LT . .
| 0S Sr' L1 L0T1¢ 8681 SeZl £S¢ £92 I
*23§ - Jwrl 1p/0p *23s 00¢ *29s QBI( '29s 06 *23s (9 *23s ¢ "ON
~ ~wWd/M - 3P/DP XYW U/ - D *914N0D
: wan  'IILSTYILIVIVHD QM S 2 FILNY ONILY3H 4
‘ ON1308 *AJNI9V NOILVNIVAI NSO A¥YWWNS
] 1-0 1L3¥VHD
'® L 4 | 4 w
.-f. e LAPSETY MDP 2 | PN P PR W Y st e,




l

i

v

e

M b e aa mn st an san L e

, i L1 ST €1 0T L m 1 H
: 57 09 |
| o Lo 91 S1 ST ‘ST 'L M o1
| o i pZ1 L11 9% *02 v e W
| a
el o 90T €5 11 ‘11 'L m 8 m
o oo 20T 88 02 ‘21 ‘9 M L M
oLt o bS T 911 ps ‘§7 "L w 9 W
oot b 9vT o1 z§ ¥ ‘9 M s
507 58 L 1 ot ‘6 s
ot ot £07 £ 02 ‘97 ‘8 s |
0et e 65 8 8 '8 'S 2
| o WM”W X3 Lyt 221 'S6 02 1
w *20s - owr] :J\waﬂ *23s 00§ ['29s 081 *23S om. *29s (9 295 ¢ | .o.z |
_ /500 X\ s [ 91dN00
axows  }I[LSTYILIVIVHI o W/MSTT 3 ONTLY3H
ON1308 * AINIOV NOTLVAIVAT NSO AYVWWAS
Z=0 I¥VHD

P

T




[ _,
_,
. . n h
o1 69°97 L8ET 8911 Zv6 tyL st 1 M
e . . u A
! o1 18T 9ts1 yoT1 AY LSS pSe ot
08 £0°91 . .
o1 '8l SL6T AWA 8OTIT Fp9 s¢ 6
071 £5°8 . . »
01 o' gl 1661 6111 A% L9S Lys 8
A
08 8102 . :
01 702 6902 bE8T 1821 £69 £6¢ L !
01t L1°8T . . m
01 €71z 9tbT 1912 2611 00¢ 6L€ 9 | |
! 56 St 81 , - .o . | 4
| o1 LT 0S+e A Lgl £LL 06¢ S _ .
091 seel s25¢ 0551 051 "BLS ‘RLE b ‘ 5 |
0T $5°02 H _
ST1 €el £L22 1691 vZL "1 Lvs g m ]
01 Pz 81 | m
. 0st £0° 21 . . . “ .
i o1 €181 92¢7 €151 £EL 295 5S¢ 2 H
b . !
S¢ 8£°97 . . :
. o1 6c 17 0£61 9081 THST 6121 66t 1 , 4
! T39S - out] 1p/0P "23s 00¢% "33s 081 | 'J9S 06 *33s 09 "23s (¢ .u:mww __ .
,UJN - IP/0P XVN . ZUS7T - 0 4! |
wan P ITLSTYILIVIVHD JUP/R075 231V ONTLY3H .
ON1704 *AJNIOY NOILVATIVA3 NSO A¥VLWAS :
€-0 L¥VHD




| i
. | . |
o1 oo 8 Ly S s¢ | 02 | o
. €1 pOT 08 89 | "1y o |
02 Fpt 7 !
08 vz PLT L91 81 5L "5§ 6
02 02'2
011 ST'2 ‘b2 022 z8 ‘6 Ty 8
ST G2
08 L0°2 . .
1 o1 0Z1 P11 01 | 165 12 L
59 €t S12 212 9T "p8 "g¢ 9
02 1572 m
09 0% < . .
0 0.t 197 651 €11 59 pe S
oyl 12 L0z 8L1 18 Y’ ‘92 b
02 95'1 |
021 uS'T b gsg bLZ 121 .18 Sy | ¢
0¢ (9"t ! i
. i |
0ST BZ 2 stz 98l 0S "89 "0€ z
07 507 _ _
%4 L' TS ¢ €S 0s 1 ‘221 1¢L I
$1 g
TS3E T BUTL 1/5qP | 995 00¢ | 095 081 | '995 06 | 985 09 535 0% “ON
/S0P xvi | sq | JT4NOD
DXONS  FITLISTYILIVUVHD LU/M 0°S P3IWY ONILY3H
ON1T08 * ADNIOV NOTL1VNIVA3 NSO AYVWWNS
¥=0 INVHD

ek e a am m Y. . IR W U 1 S I SR S




vy daiaisassnes Benanas s messsins o - - by , ™ : 4 y )y : py
. . - 986 L83 £LL LL9 "tS6 11 %
& 01 m g g7 89¢ 81L 95§ 1LY a2y 01 m
5 o 0041 9051 S1Z1 ‘818 tor | G M
| 28 NMHMN SHET £271 £0L ‘96 ‘15§ 8 m
| Mh mwumw 8YLT pSoT 8051 "S6L o0t L |
58 S £102 L7871 ottt | 289 ‘15g o M
o ve St6T 62.1 LSV ‘1901 Tre | S m
| 20t rebs 5981 £591 £§L "6bS ‘98¢ t m
3 Mm”ww 5981 01¢L1 856 ‘LbS “rog ¢ M
ot e8] 6581 8101 189 S ‘Lss : W
:z ot £091 9551 boS T ‘LT 119 1 W
305 - oWT] 1P/0p "3:S 0(¢ |'J9s 081 395 06 308 09 | "00s 0% TN

ZW5/K - 1P/00 XVN o CE ‘OL4NOD »

VAT PTISTYIL2VUVH) JUO/MSTL P WY ONTLY3H

ONTH04 *AINI9Y : NOTLVNIYAT NSO AYV.LNS

=D INVHD

cadhnadinibadiathon




4.i44;441|1.111.J\<J1<1 " ISR Audt s it e dvn Ak dus fae 2. " ol . M B . Saeass T YTy ) ASLEL L Chating chma e i et aries, , | "o

3
)
v ﬁ . . ﬂ T
| o1 o7 89 | 29 85 95 9¢ 1 W
! ; | . . “ i
, | e o 881 | 891 A% 06 - 95 ot
| 0p TR ! L . | t
w o1 SO 281 8L1 Lo o | 95 | 6 |
3 | . j i . .
, 08 0 ¢ | ﬁ . _, . _, __
. M o1 b8s 508 | g0 027 28T 1w 8
: ! 59 , 15°¢ ! . . W . _
[ w o 067 | 85T 851 €51 POT O L
i . ; : ' + ;
. 06 0§z _ . _ . “
| > goty | 917 | 912 181 (T £y 9
, 1 -
! 0y ! 19 ‘ ! ) | . :
ol | 0 S ST 60T 621 M Sy 3
‘ 001 ! 90"y ! . M . | !
o e ST 0ps 261 2| 89| b >
08 21y ‘ . w . |
$: ooy 15 625 9v2 S9T | 8L ¢
001 99" ¢ L. m . ! .
. = 076 vmm\>L 2s¢ 26T | 121 | 99 | 2 ,
i 52 00 'S ! . X | A
o ey o1 £yl vl 191 86 | 1
D95 - oul] | 1p/sgp 335 Q¢ |'23s 081 “33s (6 *23s Q9 335 0§ | TON ,
] /S0P XYW | , SO T 914N0D |
: pows  ITLSTHILIVYVHY AU/M ST S3IWY ONTLV3H
[ :
. IN1304 ' AINTOY NOTLYNIVAZ NSO A¥¥WWNS
9-0 INVHD
b, d b . i - -
t[»}- P amd_ I‘ L ﬁ I PO OIS SUP I NP | !




LEaE Saugs saame

t—

£~D I¥VHD

et m = e —— e e - e 1 —— - —— - —ra ..
001 LS 181 LYl 801 H4 6
15 6¢ Z11 oS 9¢ o€ 8
e —— . —_— - . —— —_— e e ] e
001 oL zze 9L1 9z1 oY 9
L8 09 %61 551 %01 94 S
912 LY z61 801 LS 1€ 9
B — — _ — _ . ‘
15 LS sZ1 v €¢ LT z
LS S/ 181 ¢l Z01 zs 1
. I e ] _ e — - — e
MECINEEETTE & 30,00 “09s (009 | 095 (O¢ “09s (081 | ‘995 (06 “ON
/M - 36/00 XV S Tu/uTueAy ‘ ITdNTS |
LVaH :DILSI¥ALOVIVHD ZU9/M §°¢ :3LVY ONILVAH
SVIONOd : ADNIOV NOILVNIVAZ NSO XIVWWAS

Cc-8

VSR Y RN S S W OO S S S SN




- —

- —

r———— TETTTTTTTT M Tar e G SIS AAOMAIO - MMM AU 4 - AR
’ 1
] A,
P 4
|
| I Bl —————— T
w. ] _
f - _
‘ A
o o e _ N o . |
“ 6L $¢ 9°LS s¢ 9°¢¢ L1 6
S R T e [t e [ . — R
88¢ ¢y <6 9% Syl §°9 8 \
58 8¢ LS 15 9% 81 9 |
-— — . A A
LT LZ 8T 9z zZe $°6 g
—_— - - —_—— - —_—— - — o ——— o ——— - - —_— <4
012 €y S %9 AL z°z b ;
ovs gh 99 61 0% (4 4 ~
8y 62 ve ze 0c 8°11 1
' SRR T & A foas-LW/ISS ~ |7995 009 |99 (0¢ |°095 081 “293s 06 .f.m%‘ _
: | T99S-,W/NSS  ENOWS XVW - gwnss . | dTdWVS |
) ANOWS  : OLLSIWALOVAVHD ZU9/M §°Z  :3IVY ONILVIH J
M SY19010d : AONIOV NOILVATIVAE NSO X4VIWWANS ]
R-0 IVVHD
L P .V‘LP o P p.i,.b.h[». PP .;ru g e L h’hlh \rf. . LL.» b.‘lb»b L. »b.zh N W» » g - Lr”b ., .LL‘




—_— 1 - — - ——— - 4 C———
. ]
%9 ZL SL1 651 LZ1 18 6
I R _ -]
A4 6% 691 €¢1 L6 6% 8
69 gL 202 SL1 191 Z8 9
D
- i Bl ; - n
Z9 89 L61 651 811 19 S ©
L11 €9 102 291 S11 6% Vi
15 LS 6L1 €91 L01 8% Z
62 LL 8s1 z<1 €11 99 1
O3S STRWIL T T T TTIP/OP T 995 G09 [J9S  GOsg | 095 Q81| “09s 06 " soN
L _ g™ = 3p/0UXW = T T T T uru ey .| 3TVS | ]
IVaH :OILSI¥ALOVIVHD Z9W2/M 0°5 :3IVY ONILV3IH
SYIoNOd :ADNIOV NOILVNIVAI NSO XAVWWNS M
M
QIU .Hxsao 4
. 4
5 o : L . .
Fl»b; »_Lf- PPN Fn -.-L|myr- L!}.r'lr.i pa r“. L \»’M’lﬁ.»b.- Aod -r> [ W ‘” — i L”}F Aa 4 PWL. ”h ?.:LL“




—————w

MGl s e o

3

911

(44

9%

*09s STIWIL”
.owmwms\ﬂmm

"9 =, W/IST ~ T1IITT Y09 10T 00¢
o " 77053

IAOWS XYW~

A0S ¢

Sv1onoda

‘8¢ 9¢

88

~J93%

OILSI¥ILOVYVHT

* AONFOV

0T-D IYVHD

>£.’.P‘Pw‘ o lm.l o

5¢C 81
68T | "9°s 06

————— e — -

ZU9/M 0°S  :ILV¥ ONIIVIH

NOILVATIVAI NSO X¥YVWWNS

t

@
: PSPPI I W 5P U IV SENPGN

aan ki

| - - .AM —_———— e —_— l‘.Jv"l e e = - - b — - 14
— e ] ] -
sc L9 19 9¢ sS 8% 6
—— e el B e - - -
811 88 L01 €01 68 9¢ 8
} - SR e T i R S
1s 09 %9 09 6S 6% 9
18/ ey 18 s% Y 1¢ S
€11 ¢0T1 S11 601 L6 9¢ K4

Lo

L o ﬂl\‘q

Cc-11

| @




T p——— ) AARSESE 2w o

[ e 2ea e

)
4

(SANNOJ) LHOIIM

Sl ol

falaraen sut Nt s oa s
PR .

M

PG Uy Sy e

0

I T

431S3A10d/M

(Le) 3AIWATOd

(01) 3QIWIA10d .

(6) 00Z-51

(1) ¥4/9V44ON

(8) 4N/1V-9VIdON

(9)  ¥4/1v-9V434ON

(e1) -EVAL: L

C-14

(s) ¥4/X01N3D g

()  ¥4/00Z-S1 8/€

(£) IN/E YVNOA

(€) d44/T YVNOA

1531 431 [ r _

(z) ¥4/€ YYNOA

1531 330438 ]

L

(1) INI13Sve

SSO1 1IHOIAM

11-0 I¥VHD

NOILVHNOIANOD
NOIHSNO

- - - -
-Lb»bhAP-rfribL

-
TG VA )




W

Y

SALANIW Ol LV SSOT IHOIIM INIDYId

001 06 08 0z 09 os or og 0z ol 0 ¥3ISTATOd/M
H_ m 3QIWIA104

r (o1) 30IWIA10d

e 002Z-51

[ (z1)  ¥4/v4I0N
[ (8) dIN/IV-8VIAON

] (9) ¥4/1v-8V3INON

r 1) di/19d

[ (s) ¥4/X0113d

| (v}  ¥4/00Z-51 8/¢

[ (£} 4N/E ¥YNOA

[ (€}  ¥4/T ¥YNOA

r (Z)  ¥I/E YYNOA

() INI3Sve

SSOT LIHDIIM % NOILVYHNOI4ANOD
1531 S4D SV19N0Q NOIHSNO

¢1-D I¥VHD

: - L | ® : T @ ® ®
' . . . - . . .
. RIS G ST : —t oo ah dbba ke WP O W U O WL P PPN ahadbde didtcd bads a8 PEPUNY U ST SISV

C-13




HOOd = § ‘000D = L ALISNILNI NHNg | ]

z0 Z/L L v IAINIAT0d L1
,_ 0 8/L zL Y z WvO0d4 00Z-S1 Ol
” 9-0 b/l L S € 4N ‘8V4HON 6 *
{ 0 pIL LY z IN ‘€ HYNOA 8 ]
£ 8/LL  VYIEY z SSY19318L ¢ “
w € piLL  bIEY 4 gVIUON 9

4 L YIE ¥ € Xon3d s .

0 8/l ZiL b 4 00Z-S1 ¥

0 9L/ BILS 4 ZHUNOA € . ,
,,‘ z-0 8L bILG z € UYNOA T 0 A
: ~ +09 vIES  YIES g . asve 1 A
," ~ _ISONDJISI  WV0J AHIISIOHN ALISKIINI  NOILVHADIINOD  ~ON
v. INYY4 BILAY  SIHINI HIONIINWNE  NEnE
!
|
i _
1 .
ﬂ ERLRENN
. SL1INS3Y 1S3l Vi Auedung SruaEa.

YNIOIT =

£1-D I¥VHD

R N




) SR i M e s PP 1}-4'

[N

3%

Trrrd tvintona g

AN T ou

o | [ hC 67 t
ree a8 V/N Konl o o
<1 £ £y ne | (it
L 601 ey Q7 /7 1o

WhT CAE [ G/ 14 (]
IEEIRI ) WU ime ULy m W im LW im AU e
; . ‘ q .

[ P (3R [ f1*c (S

et o=
MIEN ot Iaaluy «sep oy oo

%1-D IYVHD

RHISIE Y R ECEVEIN

SUPIYAI0 g

St barim

AUPHINLY g Yy o

C-15




P W S |

11

LI

4

MRARE ]

3513 I

3 101
LY 11
L
< «ny
0ot o

Swa/m LW /M
V v
e e

[rEIan] Datle]oN

nez7 fra

~Wwa /M LU /M

TOUIIY Jrwaag

9¢ i
A7 {1
e [
o f

FuI /M PERN
Ay nee

QIEY No13aalu] S8

CT=D IWVHD

R0

Mt aadg

T4 'N/m
nn7E fN/M

auryl1ean
LIS TN B BN

AurYIRIN N
€7 CHOA ‘wim

AL Jera
»aotrer fwim

AuryIal ¥a
TIHTT *NOm

apdwre 10
totr priosae

AR7

nne

orf

AN
VEVN

(&3]

c-le

son aydurg
VIQON PUTION

ISy ) et Adea o o 2 A and







