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PREFACE

The Special Aviation Fire and Explosion Reduction Advisory Cammittee (SAFER)
(Reference 1), recognized that aircraft seat cushions represented a
potentially important fire soucce. The SAFER cammittee recammended that
fire blocking layers should be evaluated for seat construction.

The Federal Avigtion Administration (FBAA), acting on this recommendation,
evaluated Vonar , a neoprene foam blocking layer, in a full-scale cabin
fire test facility to examine its effect on postcrash fire propagation in
the aircraft (Reference 2). The use of a Vonar fire blocking layer with
conventional seats significantly decreased the flammability of the seats and
increased the survivability time (Reference 2). The additional weight
assocjated with the use of Vonar-3, with a weight of 0.918 kg/m3 (27.0
0z/yd3), in the U.S. fleet, amounted to a cost of approximately
$31,000,000 per year averaged over a 10 year period (see Appendix E-1).

The Chemical Research Projects Office, Ames Research Center, under an
Interagency Agceement with the FAA, was charged with the responsibility of
optimization of the seat blocking layer design with regard to fire
per formance, wear, comfort, and cost.

To achieve the above goal, various fire blocking materials were
characterized in terms of their (a) fire protection, (b) wear, (c) comfort,
and (d) cost as compared with currently used seats.

Fron our studies (see Appendices B and C), it has been shown that a number
of improved fireworthy seats can be made by protecting the cushion with a
variety of fire blocking layers.

The optimum material is Norfab® 11HT-26-Al, an aluminized fabric which
will cost $11,600,000 over the baseline cushion and provide approximately
similar fire performance as the Vonar-3 wrapped seat under small-scale fire
test conditions (Appendices B-1 and C-1).

This optimization program showed that some fire blocking layers such as
Norfab 11HT-26-Al1 gave better fire protection when used with non-fire
retarded urethane. Thus, it _is possible to use non-fire retarded urethane
with a density of 19.2 kg/m3 (1.2 lb/ft3) with the Norfab 11HT-26-Al at
a cost of only $7,880,000 over the baseline. This represents a fourfold
improvement over the cost with the Vonar-3 material.

This report is presented in two parts - Sections 1-7 which describe the work
completed under the Interagency Agreement, and Section 8, the Appendices,
where individual studies may be found.

Vonar® is registered trade mack of E.I. du Pont de Nemours Co., Inc.

Norfab® is a registered trademark of the Norfab Corm.
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EXECUTIVE SUMMARY

The purpose of this study, conducted under an intergency agreement between the
Federal Aviation Administration (FAA) and the National Aeronautics and Space
Administration (NASA), was to select and evaluate low-weight fire blocking layers

for aircraft seat cushions to minimize the cabin hazards created by a postcrash
fire.

The general approach was to evaluate the fire hazard characteristics and mechanical
properties of a series of candidate seat cushion fire blocking layers, and
accurately compute the weight differential and manufacturing cost of each candidate
system as well as the impact on airline operating costs for the U.S. Fleet over a
period of 10 years. From this work, a number of blocking layer configurations,
optimized for fire hazard reduction and minimal weight penalty, have been derived
for full-scale fire test evaluation at the FAA Technical Center.

A series of eleven seat fire blocked configurations was evaluated using various
fire test methods and laboratory tests. From these tests, it was concluded that
seat cushions constructed with such fire blocking materials as Norfab 11HT-26-Al
in combination with non-fire retarded urethane foam provided a definite reduction
in the fire hazards with a minimum weight penalty.



1. INTRODUCTION

Amorg, existing commercially used cushioning polymers, there is probably no
better material fran mechanical aspects and cost (ca. $0.15 per board foot)
than conventional flexible polyurethane foams, and, unfortunately, none more
thermally sensitive. These polymers, because of their easily pyrolyzed ure-
thane groups and thermally oxidizable aliphatic linkages, exhibit polymer
deconposition temperatures of ca. 250° C (508° F), maximum pyrolysis rates
at 300° C (598° F), with a total yield of pyrolysis vapor of about 95%, most
of which is canbustible. One would expect these materials to ignite easily
with 2 low power energy source, and when ignited, effect sustained flame
propagation even after ramoval of the heat source.

This report examines the possibility of increasing the available egress time
for passengers from aircraft exposed to a large fire, by providing fire
protection for the polyurethane cushioning.

At the present time, all cammercial transport aircraft are fitted with fire
retarded flexible polyurethane seat cushions (bottoms, backs, and head
rests) with an average foam density of 29.9 kg/m3 (1.87 1bs/ft3). With
average seat construction, there are about 2.72 kg (6 1bs) of foam per seat.
For 2,000 aircraft with an average of 200 seats per aircraft, this amounts
to 921,000 kg (2 million 1bs) of flexible polyurethane foam in use. The op-
tions one might consider as seating alternatives to effect improvament in
the fireworthiness of aircraft interiors, and their limitations, are use of
the following:
§ fire resistant non-metallic (polymeric) materials
limitations: high cost, difficult processability, low
durability and comfort factors

§ plastics and elastomers with fire retardant additives
limitations: not effective for postcrash fires

§ fire blocking layers (FBL)
limitations: essentially none; although campromises will
have to be made in the choice of an FBL with
respect to ultimate performance as a function
of cost and weight, and the costs of labor
involved in assembling a camposite seat cushion.

The same classes of high char yield polymers that are known to be outstand-
ing ablative materials (sacrificial materials designed to be consumed in
order to protect other camponents) such as phenolics, polyimides, and poly-
benzimidazoles (PBI), can be made fire resistant enough to inhibit both
propagation and flash-over when used as replacements for polyurethane in
seats. However, when so designed, they all suffer serious limitations be-
cause of cost, processability, canfort, and durability (brittleness).
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No fire retardant additive known to date can suppress production of canbus-
tible vapor [rom polyurethane foams under sustained heat fluxes. The only
real option that exists at present with canmercially available caomponents
seems to be the fire blocking approach; that is, to provide cost and weight
optimized ablative materials in the form of foams, or fabrics, which will
expend and dissipate the heat flux incident on the seats by producing non-
toxic non-canbustible residues. Eventually, however, the ablating FBL will
be consumed, and attack on the polyurethane foam will occur. The time
needed for ablation of the FBL, which is then the protection interval for
the polyurethane foam, should be optimized as a function of cost, weight,
durability, and other contributing factors, to provide the requisite egress
time for aircraft passengers.

One of the largest contributors to the development of a hostile environment
inside an aircraft cabin during a fire is the production of flammable and
toxic vapors fraom soft fabrics and furnishings, the bulk of which are con-
tained in the seats. The flammable vapors produced by thermal decomposit-
iton of the urethane foam cushions are assuned to be the largest single
factor contributing overtly to this hostility factor during such a fire.
Thus, it is deemed necessary to find an FBL to minimize the hazards created
in the post-crash aircraft fire. Preliminary studies (Reference 2) have
shown that Vonar-3, 0.48 cem (3/16 in) thick, is a good ablative FBL, but it
carries a heavy weight penalty producing significantly increased operating
costs. This study was performed to find an FBL which will provide greater
cost benefits and comparable, if not better, heat blocking performance than
0.48 an (3/16 in) thick Vonar.

The main purpose of this investigation is to evaluate the fire hazard char-
acteristics and mechanical properties of a series of candidate seat cushion
I'Blis, to accurately compute the weight differential and manufacturing costs
of each candidate system, and to provide a quantitative assessment of the
effect of these factors on airline operating costs for the U.S. fleet over a
period of ten years. From these data, FBL configurations will be character-
ized and ranked for fire hazard reduction and minimal weight penalty, and
will be recanmended in rank for full-scale fire test evaluation at the
Federal Aviation Administration (FAA) Technical Center.

Initial interest in this problem of passenger survivability time, and the
development of severely hostile cabin environments, began when it was shown
that a Vonar-3 I'BL over normal polyurethane foam cushioned seats provided a
significant reduction in fire hazard in a full-scale fire test (the C-133
wide-body test facility at the FAA Technical Center). Preliminary data fram
the FAA Technical Center indicated that the Vonar-3 blocking layer, when en-—
casing a conventional fire retardant (FR) urethane cushion, appeared equiva-
lent in fire protective performance to full-cushion LS-200 neoprene, and
superior in performance to full-cushion polyimide, full-cushion FR urethane,
and 0.48 an (3/8 in) LS-200 neoprene blocking layer over FR urethane
(Reference 5). However, use of a Vonar-3 blocking layer resulted in an
estimated weight penalty of 1.8 kg (4 1bs) per seat. Thus, due to ever



increasing fuel costs, the Vonar-3 blocking layer may not be cost effective
(see Appendix E-1). An FBL is then needed which af fords fire protection as
well as cost effectiveness (both in temms of weight penalties and intrinsic
costs of manufacturing and assembly) for the U.S. fleet.

With this background, a work statement and interagency agreement was devel-
oped between the Federal Aviation Administration and the National Aeronaut-
ics and Space Administration (NASA). The studies described above indicated
that an FBL configuration must be found which best fits four often con-
flicting criteria:

first, it must be a suitable F3L;

second, it must be light-weight to minimize fuel costs;

third, it must be camfortable, and

fourth, it must have reasonable manufacturing and

processing costs via normal commercial sources.

The work statament in the interagency agreement between the FAA and NASA de-
lineates three specific tasks aimed at accomplishing this goal:

1. Selection and fire tests of candidate FBL materials

2. Development of a weight and economics algorithm for aircraft
seat cushion configurations to detemine cost effectiveness

3. Mechanical tests of optimum FBL confizurations.

This report is the culmination of a group effort to accomplish these goals.
In the following section of this report, each of these three tasks will be
defined in detail, with results and discussion of the work performed in ac-
complishing these tasks. Individual contributions may be found in the
Appendices at the end of this report.



2. SELECTION AND FIRE TESTING OF CANDIDATE FIRE BLOCKING LAYERS

2.1 MEQIANISTIC ASPHECTS OF FIRE BLOCKING BEHAVIOR: There are various fire
blocking mechanisms thought to occur with existing materials that are pos-
sible candidates for blocking layers. These are described briefly below:

Transpirational cooling occurs via emission of water vapor to cool the
heated zone. Vonar, a family of low density and high char yield foams, usu-
ally doped with Al(OH)q powder, contains a large fraction of water of
hydration, and is one of the best candidates in this class. It is available
in three thicknesses, Vonar-1 0.16 cm (1/16 in), Vonar-2 0.32 am (2/16 in),
and Vonar-3 0.48 cm (3/16 in). Materials which depend on transpirational
cooling by mass injection into the environment can be very efficient at high
heat fluxes. Unfortunately, these systems are less efficient on a weight
basis than those using other fire protection mechanisms.

High temperature resistant fabrics such as PBI and Preox® (registered
tradanark of Gentex Corporation), with char yields in excess of 60%, are ex-
cellent candidates that utilize a re-radiative fire protection mechanism.
Suitable felt fabrics, which are also good insulators, have been prepared
from these polymers in fiber form. These potential fire blocking materials
exhibit high temperature stability with low thermal conductivity. Fabrics,
felts, and mats with excellent high temperature insulation properties can
also be obtained from inorganic materials such as silica and alumina. Also
o be considered are the highly reflective continuous surfaces, such as
aluninum foils, which function by distributing the incident radiant energy
and thus reducing local heat loads.

Mother mechanism which may be important in controlling the effective
mass injection rate is the ability of the material to initiate vapor phase
cracking of the combustible vapor species generated by the low temperature
pyrolysis of the polyurethane substrate. The action of the FBL itself in
inducing these endothermic processes can be a very important contribution to
overall fire protection abilities. All of these materials in sufficient
thicknesses, in combination or individually, can provide the required degree
of thermal protection necessary for fire safe polyurethane cushioning.

Fxamination of the heat conduction and thermal radiation properties of the
seat cushion materials has led to the development of a simple cushion model
sed on six identifiable layers. This model cushion consists of the fol-
lowing six layers:

1. the wool-nylon decorative fabric layer

2. the re-radiative char layer (formmed fram the heat
blocking layer by thermal degradation of a suitable
fabric or foam)
the transpiration layer (allowing vapor exchange)
the air gap layer
the reflective laver (to assist in controlling
radiant energy)
6. the cushioning foam (the primary component which

requi res thermal protection).

Tk W2
P



In some cases, for example LS-200 neoprene and polyimide, the FBL and cush-
ion are a single substance, with no need for any additional FBL component.
Re-radiation can be effected by either reflection from an enissive surface
of aluminum or from a hot char surface formed. The use of aluminun cover-—
ing on high temperature stable and/or char foming interlayers is important
in redistributing the local incident radiation, and the hot char or carbon-
ized layers formed can dominate the re-radiation process. Thus, aluminized
char forming high temperature materials, such as Preox 11004 or Norfab
1UIT-26-A1, provide the best combination of mechanisms. Nevertheless, it
should be noted at this point that efficient FBLs are by no means limited to
these kinds of materials.

A major danger in aircraft fires is what is temmed '"flash-over'", where flam-
mable vapors trapped high up towards the ceiling of the cabin will suddenly
ignite and propagate the fire across the whole upper interior of the air-
craft like a wave. A suspected major source of flammable vapors leading to
this condition is the decomposition of polyurethane foam.

[n ablative (sacrificial) protection of a flammable substrate such as the
flexible polyurethane foam, wherein a limited amount of controlled pyrolysis
by the FBL is not only allowable but encouraged, secondary internal char
formation by thermal cracking of the urethane pyrolysis vapor is additional-
ly beneficial. Firstly, that part of the evolving cambustible gas which is
fixed as a char cannot participate in the external flame spread and the
flash—-over process. Secondly, the additional char layer assists in insulat-
ing the remainder of the foam from further pyrolysis. Venting of the seat
cushion is necessary to prevent sudden release of combustible gases, and can
allow additional cooling via mass exchange processes.

2.2 RATIONALE FOR THE SELECTION OF TEST MATERIALS: In delineating the
rationale for mterials selection, one must remember that there is a wide
range in radiant heating rates to which the seat sections are exposed in an
aircraft fire. In exposing the seats in the C-133 test aircraft to a large
pool fire through an opening the size of a door in zero wind conditions, one
encounters an actual heating rate of 14 W/cmz (12.3 Btu/ftz'sec). This
decays to 1.7 W/anz (1.5 Btu/ft“*sec) at the center line of the aircraft
(Reference 6). Thus, one of the apparent problems in trying to define the
thermal environment, which is necessary before one can consider the materi-
als response, is the highly geometrically variable distribution of heating
rates, ranging f{rom values as high as 14 to as little as 1.7 W/:::mz. One
must recognize also that the seat presents an oblique and irregular view an-
gle to the incoming radiation. Under such fixed wind conditions, the seat
will undergo pyrolysis to generate a 90% (by weight) yield of combustible
gases from the urethane cushion core. At nominal heating rates of 1-2
W/(_&m‘)‘, this pyrolysis rate is not influenced by the presence of contempor-
ary incorporated chemical fire retardants. The possibility of modifying the
standard state-of-the-art polyurethane seats via the incorporation of chemi-
cal fire retardants was eliminated from further consideration. Bricker




(Reference 4), using tests in the 737 at NASA-Johnson Space Center, showed
clearly that at heating rates above 4-5 ‘-'r'/cmz there was little or no dif-
ference in suppression of fire propagation from seat to seat for chemically
retarded polyurethane compared to untreated polyurethane.

The primary objective in modifying the seats to increase their fire resist-
ance is simply to reduce the rate of production of flammable vapors from the
urethane core cushion, and prevent the injection of such flammable gases
into the passenger enviromment - a critical issue. Under the conditions
that exist in postcrash fires, it is quite clear that nothing can be done to
influence vapor production from the polyurethane. An alternate option is to
replace the polyurethane with mterials that do not yield flammable vapors
on pyrolysis. Under the enormous heat fluxes that exist, such materials
will still pyrolyze, however, the pyrolysis process should produce a non-
flammable char, leading to self-protection of the remaining foam. The poly-
imide foams represent an example of this kind, providing a high char yield
on pyrolysis, and not releasing flammable vapors into the environment. Un-
fortunately, the cross-link density and aromaticity required to achieve the
level of char yield was inconsistent with the mechanical properties, canfort
factors, resiliency, and durability of the seat, and these materials were
eliminated from further consideration.

Thus, since we cannot replace the polyurethane core itself with another foam
that will not pyrolyze to a flammable vapor, then we must use an insulating
layer to provide the requisite protection. This FBL will provide ablative
(sacrificial) protection of the polyurethane foam core. Even with the FBL
present, it is still deemed necessary to prevent localized attack on the
polyurethane cushion, necessitating some form of secondary protection (or
protective layer) that will allow dissipation of the heat flux over as large
an area as possible. The obvious method is to use a "wrap" made from highly
conductive aluminum sheet (aluminum minimizes any weight penalty, and has
one of the best thermal conductivity coefficients available for any canmon
metal), such that the lateral conduction capabilities will reduce local hot
spots, and further enhance the action of the FBL. There are several of
these heat resistant, not easily pyrolyzed, low volatility woven fabric
miterials:  Nanex® and Kevlar® (registered trademarks of the E. I. du Pont
de Nemours Corporation), and Kynol® (registered trademark of American Kynol
Corporation). Two that are commercially available as aluminized carbon-
fibre based fabries are Panox® (regzistered trademark of RK Textiles Com-
posite Fibres, Ltd.) and Celiox® (registered trademark of Celanese Cor-
poration), and the aluminized-Norfab materials containing Kynol, Kevlar, and
Nomex.

One surprising factor emerged on examination of these aluminum protected
fabric FBL systems. Since they are thin, it was not possible to maintain a
zero temperature change hetween front and back face of the FBL, and thus
necessarily some degradation of the surface of the polyurethane foam cushion
will occur. However, the back-surface of these FBL systems behaves as an
efficient (and hol) catalytic surface, producing rapid pyrolysis of the



potentially flammable vapor (and thus curtailment of their escape into the
environment). Secondly, this endothermic pyrolysis action produces an in-
trinsic fire ablation mechanism, and finally, yet a third protective mechan-
ism ensues, in that the pyrolysis process produces a thin (but effective)
char layer from the polyurethane itself, strengtheningz the overall ablative
mechanism from the FBL, and further protecting the remainder of the foam.
This three-fold bonus action, which is non-operative in the absence of the
FBL, itself, provides a considerable degree of synergism between FBL and cen-
tral foam cushion. More interestingly, this synergisn seans to be stronger
with NF foam (a lighter and more desirable core cushion) than with FR foam!
Finally, a fourth advantage is apparent, since it should be noted that the
aluninum layer provides a degree of impermeability to the FBL wrapped around
the foam core. This helps to prevent liquefied urethane vapor fram dripping
out of the cushion onto the floor, and forming small secondary pool fires
underneath the banks of seats. This in itself is a valuable contributing
factor in preventing the attainment of a lethal environment in the passenger
cabin of an aircraft.

We may summarize the various factors contributing to our rationale for
materials selection, and limiting the cushion configurations tested:

(1) Chemical modification of polyurethanes to provide fire retardant
properties was eliminated based on Bricker's work which showed
lack of effectiveness in suppressing the pyrolysis rate.

(2) There are no cammercially available foam cushion systems which
have all the qualities needed for a seat such as canfort and
durability and yetprovide sufficient fire protection.

(3) The most efficient method for ablative protection at high heat-
ing rates (5-14 W/cm2) is to use a transpirational mechanism
ablater. The most efficient transpirational ablater we know is
neoprene highly loaded with Al(OH)g, which gives about 50% (by
weight) injection rate of water into the environment (essen-
tially, the ablater is spent completely before the foam cushion
hbegins to decompose at all).

[t has been determined previously (Reference 2) that seat arrays heat block-
ed with a neoprene FBL transpirational ablater at 1.0 kg/m° (30 oz,fydg)
was able to effect an increase of approximately 1 minute in the egress time
when tested under large scale conditions. The major problem was that use of
such an FBL produced an increase of 1.8 kg (4 1bs) in the seat, and is con-
siderably more expensive to use.

2.3 MATERTALS SELECTED: [n formulating our restricted set of cushion con-
figurations, the following components were selected:

2.3.1 DECORATIVE COVER MATERIALS: The upholstery material selected was a
blue—colored standard wool/nylon blended fabric currently in use by a com-
mercial airline company.



9.3.2  FOAM CUSHIONING MATERIALS: Two types of cushioning foam were used in
these studies, a fire-retarded polyurethane (FR, with density of 29.9
k;.;/m-‘, 1.87 lb/ft‘-‘) and a non-fire retarded polyurethane (NF, density of
23.2 kg;’m'i, 1.45 lb/ft:}). A second form of NF foam was used for one
test, involving a low density foam (16.1 kg/mS, 1.0 lb/ft3).
Composition of the NF polyurethane is given in Table 1. Composition of the
R polyurethane 1is not known (commercially controlled proprietary
information), but it is assumed to contain chemically incorporated
orzano-halide and/or organo-phosphorus components as the fire retardant.

Table 1: Contents of Non-Fire Retarded Polyurethane Foam

Component Parts by Weight
Polyoxypropylene glycol (3000 M.W.) 100.0
Toluene diisocyanate (80:20 isomers) 105.0
Water 2.9
Silicone surfactant 1.0
Triethylenediamine 0.25
Stannous octoate 0.35

2.3.3  FIRE BLOCKING LAYERS (F8L): This is not a materials development
study, but merely an experimental comparison of "off the shelf" materials.
Potential candidates are listed in Table 2 and are all commercially avail-
able.  As stated above, the optimum fire blocking seat should give equival-
ent or better fire blocking performance than Vonar-3 with no increase in
contemporary seat weight or price.

Criteria were cstablished to screen potential fire blocking materials
prior to inclusion in this study. These criteria included:

(a) fire blocking efficiency as it relates to weight,

(b) mechanical properties with respect to comfort,

(c)y wear of the F3L, and

(d) cost.
Any FBL that did not performn adequately in each of the above categories was
disqualified. Several FBLs possessing optimum fire blocking efficiency
ander laboratory tests were also tested by the FAA in full-scale tests
(C-133) to determine fire propagation under the simulated postcrash fire
conditions. Wear properties were not evaluated in detail and only prelimi-
nary and partial results are given in the report. Complete test results
will be provided in a separate report.



TABLE 2: SEAT CUSHION CONFIGURATIONS SELECTED FOR EVALUATION

Config- Fire-Blocking FBL Veight Suppliers of
uration Foam' Layer (FBL) kg/m2 oz/yd?2 Fire Blocking layers
FR urethane* none
2 FR urethane®* Vonar-3, 0.48 cm (3/16 in) 0.81 27.07 Chris Craft Industries
1980 East State St.
Trenton, NJ 0B619
k] FR urethane® Vonar-2, 0.32 em (2/16 in) 0.87 19.97 Chris Craft Industries
1980 East State St.
Trenton, NJ 0B619
4 FR urethane LS-200 neoprene 0.95 cm (3/8 in) 3.0 B4 Toyad Corporation
16 Creocle Drive
Pittsburg, PA 15239
5 FR urethane Preox 1100-4 0.39 11.53 Gentex Corporation
aluminized Preox fabric, P.0. Box 315
plain weave, neoprene Carbondale, PA 18407
CTD, P/N 1289013
6 FR urethane Norfab 11HT-26-A1 0.40 11.8 Amatex Corporation
aluminized on one side, 1032 Stonebridge St.
25% Nomex, 70% Kevlar Norristown, PA 19404
5% Kynol, weave structure
1x1 plain
7 FR urethane 181 E~Glass, Satin Weave 0.30 9.2 Uniglass Industries
Statesville, NC
| NF urethane®* Vonar-3, 0.48 cm (3/16 in) 0.92 27.07 Chris Craft Industries
1980 East State St.
Trenton, NJ D0BE19
9 NF urethane Norfab 11HT-26-Al 0.40 11.8 Amatex Corporation
1032 Stonebridge St.
Norristown, PA 19404
10 L38-200 Neoprene none
11 Polyimide none
12 NF urethane light Norfab 11HT-26-Al 0.40 11.8 Amatex Corporation

1032 Stonebridge 5t.
Norristown, PA, 19404

Notes on Table 2:

All decorative upholstery is a wool/nylon blend fabric (R76423 Sun Eclipse, Azure Blue, 78-3880)

by Collins & Aikman, Albemarle, NC.

Suppliers of Foams:

FR urethane (No. 2043 FA foam, density of 29.9 kgfma or 1.87 lh{tta):
North Carolina Foam, P.O. Box 1112, Mt. Alry, NC 27030.

NF urethane (medium firm, ILD32, density of 23.2 kgfm3 or 1.45 lhlfts):

Foam Craft, Inc., 11110 Business Circle Dr., Cerritos, CA 80701.
NF urethane light (16.1 kg/m3 or 1.0 1b/ft3):
Foam Craft, Inc., 11110 Business Circle Dr., Cerritos, CA 90701

Polyimide foam (19.2 kg/m3 or 1.2 1b/ft3):
International Harvester, 701 Fargo Ave., Elk Grove Village,

L3-200 neoprene foam: Toyad Corporatlion.

IL 80007

These polyurethane foams were covered by a cotton/muslin fire-retarded scrim cloth, weighing

0.08 kg/m? (2.6 oz/yd2).
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2. _”E___F_I_’)‘_‘,._EPIU_\EL (OF CANDIDATIE SEAT CUSHION CONFIGURATIONS: The second task
described in the agreement was to evaluate candidate seat—cushion/FBL con-
Figurations using a series of fire tests ranging fran small sample tests to

large scale tests on full banks of seats.

2.4.1 NASA-AMESS T-3 BURNER TEST RESULTS: A series of initial screening
tests for potential candidate blocking layers was conducted by Scientific
Services, Inc. (Redwood City, CA) for NASA. The objective of these tests
was to compare the effects of thermal exposure on the standard seat cushion
(the baseline reference seat was taken to be FR polyurethane covered by a
wool-nylon blended decorative fabric) and a number of candidate FBL config-
urations, by measuring the time that it took to raise the temperature of the
surface of the foam material in each sample to the degradation temperature
(typically 300° C or 598° F). The test procedures used are delineated in
Appendix A-1. Basically, 22.9 x 22.9 cm (9 x 9 in) areas of the Varmus
seal cushion configurations were exponed to heat fluxes of 11.3 chm
(9.95 Btu/ft /sec) and 8.5 ’H/cm (7.49 Btu/ftz—sec) in the NASA-Ames
T-3 brick furnace. Thermocouples were placed at various depths in the foam.
The FBLs tested are listed in order of descending time for the foam to reach
300° C.

LS=200 neoprene - 0.95 an (3/8 in) thickness

Vonar-3 - 0.48 em (3/16 in) thickness

Vonar-2 - 0.32 om (2/16 in) thickness

Norfab 1IHT-26-A1

Preox 11004

181 E-Glass

no FiBL

Unfortunately, the heat flux in the T-3 burner test is too high to dis-
criminate between small differences in test results.

oA THERMAL CHARACTERIZATION OF MATHRIALS:  'The physical characteristics
under  thermal stress of  the candidate cushions were determined using
thermogravimetric analysis (TGA), differential scanning calorimetry (DSC),
and the NASA-Ames NBS Snoke Density Chamber. The NBS smoke chamber gave the
most conclusive data.  In TGA, the samples are heated at a constant heating
rate, usually under a nitrogen atmosphere, and the weight loss recorded as a
function of temperature.  The polymer decanposition temperature (PDT), the
tomperature where the mass loss rate is the highest, the temperature of
canplete pyrolysis, and the final char yield in percent, are determined as
characteristic paraneters. In IBC, the electrical energy required to
maintain thermal equilibrium between the sample and an inert reference is
measiured as a function of temperature. By calculating the peak area on the
chart, and the direction of energy flow, the endo- or exo-thermicity of
transitions can be determined. Appendix G-1 contains more complete data on
the thermal characteristics of the materials used in these tests.
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2.4.3 MASS INJECTION STUDIES INTO THE ENVIRONMENT: The primary purpose of
these experimental determinations was to detemmine the extent with which the
polyurethane foam decomposed on pyrolysis and gave rise to mass injection
into the environment of the highly flammable urethane vapors suspected of
causing flash-over and other fire related phenomena. This investigation was
done for NASA by San Jose State University (Appendix G-1) to determine the
weight loss factors sustained by the urethane foam cushioning material, as
well as the other seat caomponents, hoth as a function of time, and as a
function of the thermal flux incident on the front face of seat cushions.

The NBS smoke chamber was mpdified to measure weight loss as well as smoke
density, as a function of time, at a ‘:-.pP(,lflC heat flux in the range fran
1.0 W/om? (0.88 I%tu:’ft-*/sec) to 7.5 W/em? (6.61 Btu/ft /sec). Two
burning conditions were simulated by the chamber:

radiant heating in the absence of ignition

flaming combustion in the presence of supporting radiation.

Test samples ("mini-cushions") are approximately 7.62 x 7.62 cm (3 x 3 in)
in size and 1.27 cn (0.5 in) to 2.54 em (1.0 in) thick, composed of urethane
foam wrapped and protected by a heat blocking layer, and wrapped and secured
by wool/nylon upholstery. Fach component of the seat configuration is
weighed individually. The samples are suspended from the lalance and
subjected to a known heat flux in the NBS chamber. Mass readings are taken
every two seconds via an automated balance. After the test, the sample
cushions are opened carefully, and the remaining urethane foam is weighed to
determine weight loss of the foam itself.

[t was assumed initially that fire protection performance for each of the
components would yield a final additive effect; this hypothesis was tested
by use of single component samples themmolyzed under identical procedures to
that used for the composite mini-cushion. No correlation was found. As
mentioned before, in some cases, use of the highly flammable NF foam (and
not FR foam) actually improved the overall performance of the sample. These
results were based on mass injection measurements. The decorative fabric
proved to have little influence on the performance of the heat blocking
layer, although previous testing established that this component contributed
mrkedly to the smoke content of the environment. After initial testing, it
was determined that the amount of gas originating fram the urethane foam
injected into the air would be the best criterion to choose in following the
thermal degradation of the seating material. However, much of the urethane
foam was seen to decompose to a liquid rather than direct vapor, seen also
in the McDonnell Douglas full scale testing procedure (see Appendix D-1),
and overall mass loss could not be partitioned between direct vapor
injection into the enviromment, and this liquid phase injection from the
polyurethane foam.



The specific mass injection rate for Vonar-3 protected seat cushions was
tound to be over half that measured for the baseline system of wool/nylon
decorative cover over FR foam alone. This in itself is a substantial
raluction, albeit with a weight penalty. However, Preox 1100-4 and Norfab
1THT-26-A1 gave lower mass injection rates than Vonar, with the added bonus
ot uan even lower weight penalty than Vonar.

The mass injection rate into the enviromment is predicated on the mass lost
by the urethane foam itself, an assumption that is empirically reasonable.
A relative Figure of Merit (FOM) is defined in terms of the mass injected
into the environment for any thermal flux, the seat cushion size (surface
area exposed) and time of exposure to the fire source.

. . [Heat Flux].[Area Exposed].[Exposure Time]
FOM = [q]/[m] = -
[Weight Toss by Polyurethane Foam)

Samples which exhibited superior perfommance have been arbitrarily defined
as those which have an FOM greater than 5 X 104 watts+sec/gram at

2.5 W/mr)‘. Thus, the larger the FOM, the greater the fire blocking
performance exhibited by the sample. Of the configurations exhibiting an
POM > 5 X 104 , 1t is important to note that 80% utilize Preox 1100-4 as
the heat blocking layer over NF foam. Moreover, samples with ventilation
holes punched through the heat blocking layer to allow "breathing'" (merely
an increased possibility of dissipative cooling effects) by the foam showed
the best heat blocking performance.

2.4.4  CABIN FIRE SIMULATOR TEST RESULTS: The Mouglas Aircraft Company
performed full scale seat bank tests on 13 different seat cushion configur-
ations (Appendix D-1). Fire blocking layers, when present, covered all
sides of the cushion. The 13 configurations used are listed in Appendix
D-1. Dimensions of the top cushions were 43.2 x 60.9 x 5.1 cm (17 x 24 x 2
in) and of the bottom cushions were 45.7 x 50.8 x 5.1 cm (18 x 20 x 2 in).
The tests were performed in a Cabin Fire Simulator (CFS) which is a double-
walled steel cylinder 365 cm (144 in) in diameter and 1219 cm (480 in) long.
A view port allowed photographs (closed circuit television) to be taken
during testing. Chromel-alumel thermocouples were placed inside the seats
to monitor temperatures, and heat flux calorimeters were installed to moni-
tor the heat flux from an array of 46 quartz heating units, which produced
10 W/em? (8.8 Btu/ftZ-sec) at 15.2 an (6 in) from the surface of the
panels. The seat cushions were weighed prior to the tests. A propane gas
lighter was ignited just as the heat flux was switched on. This ensured
reproducible ignition of the urethane vapor, and produced a severe fire test
configuration. The radiant heat panels remained on for 5 minutes. After 15
minutes, the tests were canplete. The residue was ramoved from the seat
Frame and weighod,
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Characteristically, the polyurethane foam thermally decanposes under the
extrame heat into a fluid form and subsequently to a gas. In the fluid
formm, the urethane drips fraom the seat cushion onto the floor, forming a
puddle or pool. This pool of urethane fluid gives of f gases which are ignit-
ed by burning debris falling from the seat. This results in a very hot pool
fire engulfing the seat in a matter of minutes, and must be controlled in
sane manner if realistic egress times are to be achieved.

Of the fire blocking layers tested, the ones which showed less than 25%
weight loss, and therefore gave the best performance as a fire blocking
layer are:

L3200 neoprene

polyimide with polyester

Norfab 11HT-26-A1 (FR foam)

Preox 11004 (FR foam)

Vonar-3 (NF foamn)

Detailed results may be found in Figure 1. [LS-200 neoprene and polyimide

Figure 1: WEIGHT [OSS OF VARIOUS CUSHION OONFIGURATIONS

CUSHION
CONFIGURATION
BASELINE (m | 100%
VONAR-3/FR (2) | 35.7%
VONAR-2/FR (3) | |37.4%
VONAR-3/NF (7) | 26.9%
3/8 13-200/FR  (4) ] %%
PREOX/FR (5) ] 2,6%
PBI/FR (13) | 38.8%
NORFAB-AL/FR  (6) | 24.1%
NORPAB-AL/NF  (B) | 28.6%
NORFAB/FR (12) 1 60.9%
18-200 O]
POLYIMIDE (10) | 28.7%
POLY IMIDE an[_____ e
W/ POLYESTER : N . . ; .

0 10 20 30 40 50 60 70 80 90 100
PERCENT WEIGHT LOSS AFTER 10 MINUTES

are advanced foams which are used as bhoth the fire blocking layer and the
central cushion itself. They are superior to the fire blocked systems
tested in fire protection performance. The major disadvantage of [LS-200
neoprene is a large weight penalty. Hgually, polyimide foam provides good
fire protection, but the foam is extremely hard and uncanfortable, and es-
sentially fails the "comfort index" criterion. This is discussed further
under "Mechanical Tests".
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When the fire blocking layer is able to contain the decomposing urethane
by-products (as in those FBL configurations using aluminized fabrics that
are impermeable to liquid products), the cushions closest to the heat source
burn with less intensity, generating a minimum of heat. More importantly,
they are unable to ignite adjacent cushions. However, when the decomposing
urcthane fluid is able to escape fram the fire blocking envelope and form a
ol on the floor, an uncontrolled fire erupts which results in total burn-
ing of all cushion materials. The aluminized fire blocking layers, both
Norfah 11IHT-26-A1 and Preox 1100-4, provide significant fire blocking both
via their aluminum reflective coating, and their non-pemmeability.  Seam
constructions significantly affected results of these tests. Had the seams
held, not allowing liquid by-products to pour out onto the floor, the
overall seat degradation process may have been even less severe. Seam
design is a factor which needs further examination.

Tests were performed with both Norfab 11HT-26-A1 and Norfab without the
aluminum backing, and indicated that aluminized materials provide a great
deal mpre fire protection, presumably (as stated before ) involving both
radiant reflective effects and obviation of localized heating effects.

The Figure of Merit comparisons derived by normalizing the efficiency of the
hblocking layers tested with respect to Vonar-3 over FR urethane are listed
in Table 3, along with other pertinent data to determine the most efficient

Table 3:  MASS LOSS DATA AS A CRITERION OF HEAT BLOCKING PERFORMANCE
AT 2.5 W/cm2

S;ECS;'HC FIGIRE RELATIVE

DESCRIPTION SURFACE OF ESTIMATED SFAT WEIGIT
Boane . e e . :-Eré“OFW MF Foam FR Foam
CODE  1AYER (HEL) em KJ‘UIB'L m sfaﬁ-ﬂec watts,sec/g /ey x 100% R (grams) (grams)
291 Hone /
Wool-Mylon/ 0,0 0.0 12107 2. 1x10" 45 7 1040 1542
NF Urethane
3 Vonar 1/
Lool-Hylon 0,152 0,055  7.3107 3,610 51 6 1721 213
NF Urethane
15 Vonar 3/
wool-Nylon/  0.463 0111 5.1x107 4.90" 104 4 2035 2426
WF Urethane
%9 100 AL(up)
Celiox/Wool- 0,089 0.039 3,307 7.6x10" 162 2 1699 2090
Nylon/tF Ure,
372 101 ALG)
Celiox-Wool- 0,071 0,053  2.8x107 8.9x10" 189 1 1528 1919
Hylon/NF Ure,
375  Morfab/
Wool-Nylon/ 0,088 0,060  4.5x107 5,5x10" 117 3 1539 19%
NF Urethane
17 Vonar 3/
Wool-Nylon/  0.463 0.111  5.307 4, 7x00% 100 5 2035 2626
FR Urethane
(o e - 87 =57 *
“ o e T oL - 0L -NYLON FABRIC: 591 seat Densities can be calculated from these
.-‘ + i:, HEAT BLOCKTNG LAYER grama pex values and the indicated HEL thickness data.
NI b il 2w IREmRE 449 grams per seat "Density - Surface Density/Thickness”
a =T Lo s | FR URETHAME: B4D grams per seat
] ERIVIRIRA B gream pe **ﬁ 1s & standard heat flux of 2.5 watts/cm’
N, T -.-’ m&aled relative to ¢, for Vonar IIT heat
AR S .:l i ..:n‘l.,.;\l ) blocklng lﬂ)l'el.' W'.Lth a ValLE Of lm.
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fire blocking layers. It is true that Vonar-3 performs better at the higher
heat flux level of 7.5 W/am? (656 Btu/ft“-sec), but at the heat level of
interest, 5.0 W/en® (4.4 Btu/ft“-sec), it was approximately equal to the
other heat blocking layers. However, complete data at 5 W/cm2 are not
available at this time. Both Preox and Norfab perform well as fire blocking
layers, with no great difference in performance between the two. It can
also be sceen fram Table 3 that Vonar performms equally well with bhoth non-
fire retarded and fire retarded flexible polyurethane foams. Plots have
been made of the FOM versus heat flux for both types of foams with various
fire blocking layers, and they may be found in Figures 2 and 3.

Frgure 2: THERMAL FFFICTENCY COMPARISON OF HEAT BLOCKING LAYERS FOR
FR URETHANE AS A FUNCTION OF HEAT FLUX AT 2 MINUTES ELAPSED TIME

—{y— WOOL-NYLON/F.R. URETHANE 7367
< O+ WOOL-NYLON/VONAR 3¥ COTTON 717
100 o= 4= WOOL-NYLON/VONAR 2% COTTON #11
—x=  WOOL-NYLON/PREOX® 1100-4 7373
Q —0O-- WOOL-NYLON/NORFAB® 11HT-26-AL #376
\ === WOOL-NYLON/181 E-GLASS 5377
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The 181-K Glass fabric exhibited the lowest fire protection at 5.0 W/cmz
(4.4 Btu,/ft2-sec) when the exposure time was averaged over a 5 minutes
period, and intuitive reasons would indicate that these inert inorganic

materials, which are unable to provide ablation protection, probably will
not. prove to be worth-while FBI, materials.

A cost/weight penalty study of the different blocking layers shows that the
re-radiation cooling systems (in general, aluminized fabrics) provide far
better cost-efficiency than the transpirational and dissipative cooling
systems such as Vonar-3. These results, and the camparability of the fire
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Figure 3: THERMAL EFFICIENCY COMPARISON OF HEAT BLOCKING LAYERS FOR
NF URETHANE AS A FUNCTION OF HEAT FLUX AT 2 MINUTES ELAPSED TIME
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protection performance shown in this study, point 1in favor of aluminized
fabrics for possible use as cost efficient heat protection systems for the
polyurethane foams.

For clarity in presentation of thermal performance as a function of weight,
the plot shown in Figure 4 is most useful. It can be seen that the Vonar
systoms do not meet the desired performance criteria. Vonar-3 is too heavy

and Vonar-1 is not sufficiently protective. Preox 11004 easily meets both
of these criteria.

Results of these studies are sunmarized in temms of a standard tourist-class
aircraft seat in Table 4. Again, these results show that on a weight basis
both candidate ablative fire blocking layers are about three times more cost
effective than Vonar-3. These figures are conservative. Seats can probably
be manufactured and used without the cotton/muslin seat cover, and other
weight savings can probably be realized in practice.

Finally, it should be stated that, although Preox 1100-4 offers slightly
superior fire protection performance when compared to Norfab 11HT-26-Al, it
i5 scen that non-fire retarded polyurethane foam with aluminized Norfab
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3. DEVELOPMENT OF WEIGHT AND BCONOMICS ALGORITHMS FOR SELECTED SEAT CUSHIONS

Amorgr the specific tasks outlined in the NASA/FAA agreement was to provide
accurate weight differentials, manufacturing and operating cost information,
pertaining to each of the seat configurations for the projected U.S. fleet
over o 10-year period. This information was to be provided by a computer
prozram developed in a suitable manner for use by the FAA.

3.1 DEVELOPMENT OF A WEIGHT ALGORITHM: The problem has heen addressed for
NASA by BN, TInc. and Informatics, Inc. (Appendices E-1 and F-1).  They
have developed a methodology to calculate estimated costs of the manufacture
and use of advanced aircraft seat cushion configurations. The primary focus
wis to evaluate the cost impact associated with manufacturing and flying
various seat configurations on the U.S. Fleet. The data has been organized
into the following groups or files which allows for great versatility by the
ProZram user:

§ cushion dimensions data: allows varying dimensions in the
seat height, width, and depth

§ cushion materials data: lists all materials used in the various
configurations and a brief description of
each miterial, including estimated costs

§ cushion configurations: defines seats comprised of six possible
layers (upholstery, scrim cover, heat blocking
layer, airgap layer, reflective layer, and
foam), taking into account the cost and weight
of each canponent

§ reference cushion configuration: allows generation of comparative costs,
as campared to absolute costs, by allowing for
changes in data on the reference cushion

§ aircraft fleet projection data: allows changes in the projected U.S.
fleet size as given by the FAA

§ 'new' aircraft delivery schedule data: allows for changes in the
estimated on-line aircrafts coming into use
in the U.S. fleet

§ fuel cost projections data: allows change in the projected fuel costs.

A detailed logical flow of the program, taking into account all of the above
parameters, is given in Appendix F-1. An outline of the algorithm for the
current cost model of these seat mpdifications is shown in Figure 5.
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Figure 5: MODEL CONFIGURATION OF THE COMPUTER ALGORITHM
FOR DETERMINING QOST/WEIGHT EFFECTIVENESS OF
SEAT CUSHION BLOCKING LAYERS

A/C FLEET PROJECTIONS
SPECIFY SEAT CUSHION CALCULATE CUSHION WTS USED TO DETERMINE
CONFIGURATION - - |COST OF NATERIALS AKD ANNUAL DEMAND FOR
) HATERIALS AND THEIR IANUFACTURING COSTS SEATS AND ANHUAL NO.
COST AND DENSITY PER SEAT OF SEATS IMN FLEET

i

CALCULATE DELTA RAW
MATERIALS AND MFG.
COSTS FOR ENTIRE FLEET
[NEW COMF [GURATION VS,
BASELINE)

CALCULATE IMPACT OF

HETGHT ON FUEL COSTS

FO2 ENTIPE FLEET
ANLAL

TOTAL

The results of applying this program to Vonar-3, Norfab 11HT-26-A1, and
Preox 1100-4 FBLs are shown in Figure 6. Average cost to manufacture and

Figure 6:  ALGORITHM COST EVALUATION OF CURRENTLY AVAIIABLE FOAMS AND FIRE
BLOCKING LAYERS AT BEQUIVALENT FIRE PERFORMANCE AND COMFORT

FBL (0Z PER SQ YD)

VONAR-3 COTTON (27.0)

i
I3

NORFAB OR PREOX (11.0)
PREOX (7.0)

TOTAL PLEET COSTS
IN MILLIONS OF DOLLARS PER YEAR

1.0 1.2 1.4 1.6 1.8 2.9
AVERAGE SEAT FOAM DENSITIES IN POUNDS PER CUBIC FOOT



fly per year for a five year period with FBLs, each with a wear life of five
years, are plotted as a function of average seat foam density. The average
seat  foan densities of fire retarded and non-fire retarded flexible
polyurethane foam have been indicated as 27.2 kg/m3 and 22.4 kg/m° (1.7
and 1.4 pounds per cubic foot), respectively. The use of non-fire retarded
polyarethane foam is considered to be a viable option for this application.

It is not certain at this point what the lower density limit is for the use
of non-fire retarded polyurethane foam while still maintaining the necessary
durability and comfort parameters.

It is shown in Figure 6 that Preox 1100-4 and Norfab 11HT-26-A1 as candidate
FBls with non-fire retarded polyurethane foam could cost as little as $6 mil-
lion dollars, whereas the Vonar-3 mopdification could amount to about five
times as much, or $S28 million dollars.

3.2 COMPARATIVE ECONOMICS OF USE FOR SELECTED SEAT CUSHION OONFIGURATIONS:
Tnformatics, Inc., (Appendix E-1) implemented the set of programs based on
the weight methodology developed by ECON, Inc., with an interactive camputer
process to compute costs to baild and fly various aircraft seat configurat-
ions. These programs allow the user to tell the camputer to store informat-
ion about costs and characteristics of seat materials, material suppliers,
fleet composition, aircraft characteristics, fuel prices, and seat designs.
The user inputs test results, costs to make the seats, seat composition, and
seat life in the camputer for each design, then directs the camputation of
seat weight and costs.  Costs are projected for ten years, based on annual
danand/use demographics for seats. The frequency and method of seat
replacement, route/usage information, as well as the composition of the
flecet cach year, determmine the overall seat demand.

The canplete program, along with the user's manual, may be found in Appendix
F-1. A typical Cost Sumwmary Report given by this program is found in Table

5 below.



Table 5:  PROJECTHD COSTS THROUG 1986 FOR THE PURCGHASE AND FLYING OF SOME
SELKCTED SEAT CONFIGURATIONS USING ONE PART ICULAR METHOD OF SEAT
REPLACEMENT

VONAR3 NORFAB NORFAB LIGHT
CODE# 981 CODE# @882 CODE# @eS CODE“ 012

METHOD GRAD GRAD GRAD GRAD
SEATLIFE 3 YRS 3 YRS 3 YRS 3 YRS
COST TO FLY(1986) 351566, 84139, 57196. 5ee89.
COST TO BUY(1986)

MATERIAL 6986. 7634. 13312. 13312.

MANUFACTURING 11799. 11799. 11799. 11799.
TOTAL COSTS(1986) 78351, 183571. 82307. 75200.
DELTA COST-FLY(1986) 8. 32572. 5630. -1477.
DELTA COST-BUY(1986) Q. 648. 6326. 6326.
DELTA COSTS(1986) a. 33228. 11936. 4849.

—————————— T —————— —— e = - — [ —————— e etk

* (Costs in Table 5 are given in thousands of dollars.
(ONE# 001 - unprotected FR urethane (used as our haseline reference cost)
QODEAZ 002 - Vonar-3 protected FR urethane
CODI 009 - Norfab protected NF urethane
(DDE# 012 - Norfab protected low—density NF urethane foam

In Appendix E-1 are cost summaries using the three replacement methods for
the 12 configurations indicated in Table 2 on page 9. Three methods of seat
replacement are used in calculating the replacement costs involved: a
"oradual" (GRAD) replacement of the seats, depicting the present attrition
rate of used seats, a "no replacement method" (NORP) which is replacement of
seats in new aircraft only, as they are introduced in the fleet, and an "im-
mediate" (IMMD) replacement of all seats in the present fleet. Table 5
gives costs for a gradual (GRAD) method of replacement of aircraft seats
over a3 year period.

Table 5 presents comparison costs (relative to baseline figures based on a
wool/nylon covered FR foam seat) of some selected seat configurations, for
one particular replacement method. It is pertinent to note the change in
(delta) costs for each configuration (purchase/manufacturing costs, and
flyingz costs associated with heavier or lighter (negative) seat configura-
IHNP) Note that configuration 12 in the column CODE# 012 is

i, 0Ln/feONF foan plus an FBL of light-weight Norfab is actually lighter
tnan anprotected FR foam, and produces a lesser operating cost (31.5 million
less) than our baseline.



4. MECHANICAL WEAR TESTING AND ASSOCIATED COMFORT FACTORS

Optimum fire blocking layers evaluated in the Cabin Fire Simulator at
Nouzlas Aircraft Company were to be further tested by a major seat
manufacturer for selected mechanical properties. The tests include wear
durability, indentation load deflection, tear resistance, and any others
selected by the seat manufacturer.

4.1 ILD TEST RESULTS: Preliminary load deflection test results are found
in Table 6. For a baseline camparison, Configuration Number 1 may be used.
Note carefully the 25% load deflection weight for polyimide foam. A figure
of 77.0 pounds to cause a deflection of only 25% points to an extremely
inflexible and, therefore, uncomfortable seat.

Table 6: SEAT CUSHION ASSEMBLIES
[pad Deflection Test Results Per ASTM-D-1564-71-Method A

Conflg- load 75% Thickness Load 25% ILD 25 load at ILD 85 1ILD 65
uration Description Prestress with 1 1b, Deflection 65% ILD 25
Number Preload (1 minute)
N.F. Urethane, 2 in. 2.038 19.0 41.0
F.R. Urethane, 2 in. 1.965 32.2 63.0
1 W/N;
F.R. Urethane, 3 in. 165 3.174 44 0.88 a1 1.82 2.07
2 W/N;, Vonar-3, 3/16";
F.R. Urethane, 3 in. 198 3.553 46 0.82 100 2.00 2.17
5 W/N; Preox 1100-4;
F.R. Urethane, 3 in. 182 3.210 55 1.1 97 1.584 1.76
8 W/N; Vonar-3, 3/18";
N.F. Urethane, 2.7 in. 135 3.248 31 0.62 69 1.38 2.23
11 Polyimide Foam, 2 in. 1.874 77.0 329.0

W/N; Preox 1100-4;

N.F. Urethane, 3 in. 100 3.096 29.5 0.59 57 1.14 1.93

W/N: Wool/Nylon Fabric
ILD: Indentation load Deflection

This factor alone disqualifies the polyimide foam seat, which otherwise is a
fine candidate, showing pronising fire protection properties as shown 1in
Figure 1, as well as being a remarkably lightweight seating material.
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All other data from the fire blocking layers tested here show acceptable
indentation load deflection. An acceptable range is considered a load 25%
deflection (1 minute) of 29 to 55.

4.2 WEAR TESTS: Preliminary wear tests were conducted by Boeing Canmercial
Airplane Company using the apparatus shown in Figure 7. Results fram these
tests are shown in Table 7. As can be seen, the Norfab 11HT-26-A1 material
showed a minimum of 50 hours of wear stress under these testing conditions.
Additional tests will be conducted in the near future to compare the 11
different seat configurations used in this study. Results of the wear
testing will be given in a later report.

Figure 7: WEAR TESTING APPARATUS USED BY THE BOEING COMMERCIAL
ATRPLANE COMPANY TO TEST WEAR DURABILITY OF SEATING
MATERTALS

Actuating mechanlsm

Seat weight-

140 Ibs

63.5 Kg
Pants fabric-
100% polyester/

Rocking motlon- 13.
2 bar trlicot knit g motlon- 13.5 cpm

25%arc
% e w
« 2 minute cycle W Cushlon rotation- 18 cpm
+ 1 minute 40 seconds contact on cushion 35%arc

= 20 seconds in up position



Table 7:

WEAR DURABILITY OF VARIOUS SEAT CONFIGURATIONS

MATERIAL DESCRIPTION WEIGHT SEAT WEAR TEST RESULTS
oz/sq yd kg/m?2
Norfab (aluminum up) 11 0.37 50 hours minimum wear
Preox (aluminum up) 18 0.61 25 hours, incipient falilure
Preox (aluminum up) 23 0.78 No test performed
plus 5 oz PBI
Firotex (bonded to 6 0.20 50 hours, very poor
decorative upholstery)
Firotex (bonded to decorative 11 0.37 No test performed
upholstery) plus 5 oz PBI ’
Dunlop Ferex 191-9 mm 28 0.95 50 hours minimum wear
L5200 - 3/8 in a8 1.29 50 hours minimum wear
Vonar-3 (cotton) 24 0.81 50 hours minimum wear
9 oz PBI 9 0.31 No test performed
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SUMMARY

5.

Maj
$

or accomplishments fraom this program are listed below.

A complete model and computer based algorithm have been developed to de-
termine the cost/weight effectiveness of the foams and fire blocking
layers tested. Detailed reports are given in Appendices E-1 and F-1,

The NASA T-3 burner test results described in Appendix A-1 were
inconclusive in determining the fire protection afforded by various fire
blocking layers and foams, and does not appear to offer a viable small-
scale testing procedure for these purposes.

Full scale laboratory testing has been performmed at Douglas Aircraft, and
is shown to be a viable test methodology for comparison of the fire
performance of camplete seat banks. This testing is described in Ap-
pendix D-1. '

A convenient and accurate laboratory based test method of measuring the
fire performance of seat configurations has been developed. This test
has been graphically described in Appendices C-1 and G-1.

Fran these studies, the two most effective methods of seat cushion fire
protection have been examined and are described below.

(1)

(2)

Those which use transpirational cooling, typically composed of
A1(OH)3, perform best in high heat fluxes. The doped neoprene foams
work by dehydrating in the case of a fire, cooling by dissipative emis-
sion of water vapor. Their major drawback is the weight needed in such
ablative materials. Due to this weight penalty, they would be quite
costly for use by the U.S. fleet.

Aluminized thermally stable fabrics work by re-radiation and/or lateral
conduction of the heat produced by the fire and provide excellent high
temperature insulation. These are the most desirable types of blocking
layers to use for these purposes because they show satisfactory fire
performance and carry very little weight penalty.



26

6. CONCLUSIONS

Re-examining the experimental facts given in Section 2.4, we may
draw some meaningful conclusions concerning the best choices for
fire protection of aircraft seats following a postcrash fire.

In order to increase survivability of passengers, best described
quantitatively in terms of the available egress time needed to va-
cate the passenger cabin in the event of a fire, the seat surfaces
must be protected from the intense radiant heat fluxes. It has
already been shown that no present technology is available to protect
the polyurethane foam by internal chemical molecular modifications,
thus, external physical protection is the only viable method. The
following points need delineation:

* No outstanding improvements are seen in fire blocking layer
protection capabilities when fire retarded urethane foams are
used. In fact, FR foam actually is inferior in performance to
NF foam when used in conjunction with some FBL materials under
certain test conditions.

* NF foam has distinct beneficial weight saving attributes.

* All requirements are presently met with Norfab 11HT-26-Al at
0.38 kg/m?2 (11 oz/yd2). This material provides equivalent, if
not better, thermal protection performance based on small scale
tests to Vonar-3, and improves the weight penalty aspects by
more than 4-fold. 1In small scale testing of aluminized fabrics,
no differences were noted in seat cushion fire protection with
the aluminized coating turned inward towards the foam or outward

towards the wool/nylon fabric. However, significant differences
were noted when aluminized FBL materials were used with NF versus
FR urethane foam. This is shown in Appendix G-1.

* Vent holes may be required on the under side of the seat cushions
to permit venting of the pyrolysis gases produced from the
urethane foam, thus reducing the risk of a sudden and immediate
release of these gases and larger flame propagation.
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NASA BURN TESTS OF SEAT CUSHIONS

INTRODUCTION

This report presents the results of a series of tests on candidate aircraft seat
bloeking layers condueted by Scientific Service, Ine., for the NASA-Ames Research
Center, under Contract No. NAS2-11064. A total of 109 tests on 19 candidate
NASA-supplied samples were performed.

The objective of these tests was to compare the effects of thermal exposure on
the standard seat cushion (which uses a wool-nylon blend fabric covering and an FR
urethane filler) and on a number of candidate seat cushion configurations by
measuring the time that it took to raise the temperature of the surface of the foam
material in each sample to the value that could cause degradation of the foam
(typically less than 300° Celsius).

TEST ARRANGEMENT AND INSTRUMENTATION

This test series was conducted using the NASA-Ames T-3 furnace (see Fig. 1).
The furnace, which has been in use for many years at NASA, is a firebrick-lined box
that uses a forced air JP-4 fueled burner. See sketeh in Fig. 2. This furnace is
coupled to an air serubber and filter system to prevent the combustion produets from
being released into the atmosphere. A schematic of the filter system is shown in
Fig. 3.

Since fhe T-3 furnace had not been used for several months, a calibration was
performed to determine the length of burn time required to achieve a steady-state
condition. Approximately 1% hours were required to obtain this steady-state
condition, which was defined as a constant flux reading (using a slug calorimeter)

maintained over a period of 15 minutes.



Fig.

2

petail of T-3 Furnace.
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During the test program the furnace was allowed to reach this steady-state
condition at the desired flux prior to insertion of the samples. Two exposures were
used —— 11.3 W/cm2 (10 Btu/’ftzs) and 8.47 ‘W/cm2 (7.5 Btu/t‘tzs) —— that are typical
of what might be expected in an aircraft cabin fire. The materials were placed in a
steel frame that prevented edge effects from influencing the tests and also
furnished support for the test objects so that they could be inserted and removed
from the furnace safely and easily. (Fig. 4 presents photographs of the frame with
a sample ready to test and one posttest.) The candidate materials were put into the
support frame with the wool-nylon blend material* first, and then the other
materials were layered according to the specific test case. The area of the samples
exposed to the fire was 22.8 em x 22.8 em (9 inches x 9 inches), and they were
burned from the bottom because of the nature of the T-3 furnace.

The instrumentation included the slug calorimeter, noted above, and from one
to three thermocouples on the samples. On samples using Fiberfrax, one
thermocouple was placed on the surface of the Fibgrfrax. On samples containing
foam, three thermocouples were used, one at the surface of the foam, and one each
at depths of 4.7 mm (3/16 inches) and 7.9 mm (5/16 inches) from the surface toward
the exposure. Fig. 5 shows the thermocouple locations for the various sample
configurations.

The procedures for a typical test were as follows: Once the furn.ace reached a
steady-state condition with a flux reading within + 5 per cent of the required value,
the frame containing the test sample was moved next to the lid of the furnace.
This lid was moved quickly to the side and replaced with the sample. The sample
was left in the furnace until the thermocouple at the foam (or Fiberfrax) interface
reached 300°C. The sample was then placed on top of the furnace lid because, in
most cases, there was still smoke and flame coming from the sample and the hood
above the furnace captured the smoke and put it through the filter system. After

the sample extinguished itself and cooled, it was removed and photographed.

* In this case the material used by Pan American Airlines, which is similar to the

the seat covering of all commercial aircraft.
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Fig. 3. Schematic of Filter System.
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Fig. 5. Placement of Thermocouples.

TABLE 1: HESULTS OF THE CANDIDATE HEAT-BLOCKING MATERIALS

[ Fire block Filler Test § Test § Time Range (s)
1 | 113 Wiem? 8.5 Wiem? @ 300 °C
H | 11.3 8.5
— R . S —
|
L5200 3/8" Frax : 104,105,106 | T5-85
Vonar 3 Frax i 10,11,12,17 71,72,73 | 51-71 95-110 |
Vonar 3 FR Foam | 32,38,39,40 84,85 43-80 57-66
Vonar 3 NF Foam | 47,48,49 94,95 50-63 B5-86
| |
Vonar 2 Frax 22,23,24,25 74,75 52-68 5B-84
Vonar 2 FR Foam 14,35,36 86,87 | 41-50 45-47 |
| Vaonar 2 | NF Foam | 50,51,52 96,07 60-78 57-7
i 5 _
Norfaty Frux | §5,5R,67 76,11 | n-3i6 28-30
Norfal FR Foam | 53,54,55 BE,89 18-20 31-31
| Norfab NF Foam | 62,63,64 98,99 20-25 31-34
| Al Celiox 101 Frax | 2,7,8,9 80,81 20-26 22-30
| Al Celiox 101 FR Foam | 56,57,58 92,93 23-24 24-25
LAl Celiox 101 NF Foam I 102,103 25-27 |
| | |
1 |
| E-Glass 181 Frax | 29,30,31 78,79 19-23 35-31 |
| E-Glass 181 FR Foam | 41,42,43 90,91 17-24 23-27
E-iilass 181 NF Foam | 100,101 25-30
None Frax ‘ 1,26,27,28 £8,69,70 10-17 16-17
None FR Foam | 44,4546 82,83 10-13 23-24
None (Note 1) LS-200 1 107,108,109 46-93

Nate 1@ Show temperature range 316" from surface of foam
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TEST RESULTS

A summary of the test results is presented in Table 1. The various blocking
materials investigated are listed in this table in order of descending time to reach
300°C at the filler interface. Time-temperature plots for each test are presented
in Appendix A.

It had originally been planned to make weight measurements of the samples
and to measure char thickness. Since many of the samples continued to burn after
removal from the furnace it was decided that such measurements would be of little

value.

Photographs were taken of each test and these have been delivered to NASA

separately.
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APPENDIX B-1

"Optimization of Fire Blocking Layers for Aircraft Seating"
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The use of ablative materials in various forms, such as cellular structures,
coatings and films to provide thermal protection for heat sensitive substrates
against the action of large jet fuel fires is well established (1). Low density
foam polymers with low thermal conductivity, high temperature stability and high
thermochemical char yields or high transpirational cooling rates, such as those
foams fabricated from isocyanurates, phenolics, imides and hydrated chloroprenes,
all have been found to be effective in extending the times required for fuel tank
cook off and fire penetration to the structures of transport aircraft immersed in
large fuel fires. Char forming ablative coatings, are widely used in extending
the time before detonation of military ordinance exposed to similar fire threats.
The use of functional fabrics as ablatives is new.

Among existing, commercial polymers, one would be hard pressed to find a
more thermally sensitive substrate than conventional flexible polyurethane foams,
and probably from a mechanical point of view no better cushioning material with
a cost of something like $0.15 per board foot., These polymers because of their
easily pyrolyzed urethane groups and thermally oxidizable aliphatic linkages exhibit
polymer decomposition temperatures of the order of 250°C, and encounter a maximum
pyrolysis rate at 300°C with a total yield of pyrolysis vapor of about 95%, most
of which is combustible. One should expect these materials to ignite easily with
low power energy sources of 2.5 watts/cm“ or less and when ignited effect sustained
flame propagation even after removal of heat source. To be sure all non-fire
retarded flexible urethane foams that we have examined to date confirm these
expectations. From thermogravimetric studies (2), it is evident that the addition
of standard fire retardant additives have little or no effect on the maximum decom-
position rate, the temperature at which it occurs or the vapor production yield.
In fact, one observes the same average mass injection rates of combustible gases
under a sustained radiant heating rate from flexible polyurethane foams whether _
fire retardeg or not. This gas production rate can amounf to as much as 10-20x10
grams per cm per second at heating rates of 2.5 watts/cm~ even when covered
with contemporary upholstery., Kourtides has shown that this flammable gas pro-
duction rate.increases almost linearly with the applied heating rate up to about
six watts/cm”, heating rates which are fairly typical of the usual trash or jet
fuel fire, A value of 4x10-%g/cm?/sec for hydrocarbon injection at surfaces has
been found to effect sustained propagation and flame spread.

A sustained heating rate of approximately 5 wattslcm2 applied to one seat of
a three seat transport array comprising flexible polyurethane foam, fire retarded or
not, will produce flame spread and ignition to the adjacent seat in less than one
minute, resulting in sufficient fire growth to permit flames to impinge on the
aircraft ceiling in less than two minutes. The time required to produce these
events and the resulting increases in cabin air temperatures should be expected
to fix the allowable egress times for passengers attempting to escape the aircraft
in a post crash fuel fire.

This paper then examines the question of the possibility of increasing the
available egress time for passengers, from a transport aircraft, in which the
flexible polyurethane seating is exposed to the action of a large pool fire which
we must assume can provide at least 5 wattsf'cm2 radiant heat flux to the seats,
by providing sufficient ablative protection for polyurethane cushioning. These
fire blocking layers must suppress the combustible mass injection rates of the
polyurethane below the somewhat critical values of 4x10~% gm}cmzfsec at 5 watts/cm
as a performance criteria to prevent flame spread and subsequent flashover.



45

All commercial transport aircraft are, at this moment, fitted with fire
retarded flexible polyurethane seat cushions, bottoms, backs and head rests with
an average foam density of 1.7 lbs/cu ft. With average seat construction, there
are about five pounds o” foam per seat. For 2000 aircraft with an average of
200 seats per aircraft, this amounts to about two million pounds of flexible
polyurethane foam in use,

The options that one might consider as seating alternatives to effect
improvement in the fireworthiness of aircraft interiors through modifications of
existing cushioning materials are outlined in Figure 1. The same classes of high
char yield polymers that are known to be outstanding ablative materials such as
phenolics, imides, polybenzimidazoles, etc., can be made fire resistant enough to
prevent propagation and flashover as replacements for polyurethane in seats. As
indicated, when they are designed to be fire resistant enough, they all suffer in
varying degrees from serious limitations because of cost, processability, comfort
and durability (brittleness). For example, polyimides in general are about 50
to 100 times more expensive than basic flexible polyurethanes which might result
in a replacement cost of 50 to 100 million dollars for the existing U. S. fleet.

There may be some fire retardant additives for flexible polyurethane foams
that could improve their thermal stability and suppress the combustible gas
production rates at sustained high heating rates., We do not know of any.

The only real option that exists at present with commercially available
components seems to be the fire blocking approach that is to provide cost and
weight optimized ablative foams, coatings or fahrics. It is believed that the
limitations in comfort, decore, durability, & increases:inship set weight penalty
may be overcome by the approach taken in this study.

The objectives for this study are re-stated specifically in Figure 2.
The key property requirements for an acceptable blocking layer for aircraft
seating fall into two important categories as shown in the figure, namely fire
performance objectives, and seating performance requirements, In this study,
only those materials that possessed only the fire blocking efficiency necessary
to prevent fire propagation from seat to seat under the simulated post crash
fire conditions conducted by the FAA in full scale tests in a C-133 fuselage
were evaluated for durability, comfort, wear and manufacturability. Only those
cushion systems that approached state-of-the-art performance in seating performance
were evaluated with regard to cost. These screening gates, the controlling
algorithms and materials data base have been reported separately (3).

The various ablative or fire blocking mechanisms available from existing
materials systems that are possible candidates for blocking layer design are
outlined in Figure 3, Vonars, a family of low density, high char yield foams
containing a large fraction of water of hydration is perhaps the best candidate
of this class currently available, It is available 1in two practical thicknesses
from 3/16" to 1/16"., The high temperature resistant polymers with decomposition
temperatures in excess of 400°C, and high char yield polymers such as the PBI's,
Celiox, & Kynol with char yields in excess of 60% are excellent candidates for re-
radiation protection, Suitable ablative felt fabrics which are also good
insulators have been prepared from these polymers in fiber form.
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The action of the ablative matrix to induce vapor phase cracking of the
combustible gas generated from the slow pyrolyses at low temperature of the
substrate can be very important especially in applying ablative materials as
fire blocking layers, All of these materials in sufficient thicknesses in
combination or individually can provide the required degree of thermal protection
necessary for fire safe polyurethane cushioning. The question to be answered
is which combination provides the correct amount of protection to keep the vapor
production rate of polyurethane foam somewhat less than 10-20x10-5 gramsfcmzfsec
under an incident heating rate of 2.5 watts!cmz.

Fabrics, felts and mats with excellent high temperature insulation properties
can be obtained as indicated from non-ablative, inorganic, dielectrics such as
silica and Fiberfrax., Highly reflective continuous surfaces, which also function
to distribute the incident radiant energy and thus reduce the local heat loads,
such as aluminum folls must also be considered.

Another ablative mechanism which becomes exceedingly important in controlling
the effective mass injection rate, is the ability of the ablative matrix to
initiate vapor phase cracking of the combustible vapor species generated by the
low temperature pyrolysis of the polyurethane substrate.

All of the mechanisms listed and any of the material examples indicated can
alone or in combination provide the required degree of thermal protection necessary
for securing fire safe polyurethane cushioning capable of defeating the action of
large aircraft fuel fires when used in sufficient thickness. The first question
that the research reported here attempts to answer is what mechanism and material
or combination provide just the amount of protection required at a minimum weight
of ablative material per unit area,

Materials which depend on transpiration cooling by mass injection can be
very efficient at high heating rates. Their efficiency increases monotonically with
the incident heating rate above 7 wattsfcmz. As will be shown, transpirational
systems are less efficient on a weight basis than systems based on the other
mechanisms discussed, in the fire environment of the post crash aircraft fuel fire.
To date, material systems that combine one or more combinations of heat
rejection mechanisms, such as 2, 3, 4 and 5 provide the most efficient ablation
systems for designing blocking layers for contemporary polyurethane seats.

A generealized schematic for the kinds of optimum fire blocking layers to
be discussed in this paper, indicating the main heat blocking mechanisms is
shown in Figure 4, Earlier studies on the internal isotherm recession rates of
char forming ablative foams (4) exposed to the typical aircraft fuel fire environ-
ment demonstrated that re-radiation from the non-receeding fire stable char surface
and the low thermal diffusivity of virgin foam dominated the minimization of the
pyrolysg¢s isotherm rate. Re-radiation can be effected by either reflection with
an emissive surface of aluminum or a hot char surface. At present, we understand
that the use of aluminum surfacing on high temperature stable and or char forming
interlayers is important in redistributing the local incident radiation, and the
hot char or carbonized interlayers dominates the re-radiation process. Thus,
aluminized char forming high temperature materials such as Gentex's Celiox or
Amatex's Norfab , provide the best combination of mechanisms, Efficient fire
blocking layers are by no means limited to these kinds of materials.
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In the case of the ablative protection of a flammable substrate, such as
a flexible polyurethane, wherein a limited amount of controlled pyrolysis is
allowable, internal char formation by thermal cracking of the urethane pyrolysis
vapor is extremely beneficial., That part of the evolving combustible gas which
is fixed as char does of course not participate in the external flame spread and
the flashover processes. To avoid rupture of the fire blocking layer, it is safe
to provide some venting as indicated to manage the pressure drop within the
cushion structure,

The results obtained with mini test cushions at 4 minutes and 2.5 watts;"cm2
incident thermal flux are shown in Figure 5. It can be seen that the anerobic
pyrolysis of the flexible polyurethane foam has produced a stable char residue
from the virgin foam and also hy thermal cracking on the hot surface of the
aluminum layer. When the aluminum layer is external to the blocking inner layer,
it still forms inside the porous blocking layer.

Based on the results obtained to date, the two commercial products shown
in Figure 6 provide the required degree of fire protection, to prevent propagation
due to aircraft seats in a simulated post crash fire at the lowest weight penalty
and lower blocking layer costs. It is our opinion that these blocking layers can
be used with any weight effective resilient cushioning foam without regard to
the foam's inherent flammability,

It is of interest to examine a means of quantitatively characterizing the
efficiency of fire blocking layers in laboratory fire durability tests to predict
their performance in full scale tests.

In Figure 7, the efficiency of any fire blocking layer has been defined
as the ratio of the incident radiant heating rate, to the rate of production
of combustible gas produced per unit area per second, generated by the pyrolysis
of the substrate polyurethane foam, This efficiency should be able to be measured
experimentally by any one of three methods indicated in equation two by the
recession rate of the pyrolysis isotherm into the substrate, by equation three
by measuring the actual amount of gas generated per unit area per unit time and
finally with a knowledge of the heat of combustion of the specific gases generated
from the substrate, from heat release calorimeter measurements. Measurement of
recession velocities is extremely difficult experimentally, Both methods 3 and
4 give good reproducible results and efficiencies measured by both methods give
acceptable agreement. One should note, as pointed out above, that the mass
injection rate of the substrate increases monotonically with heating rate, and that
the efficiency as defined here should decrease with increased heating rate up to
about 7 watts/cm?., This has been found to be the case as reported by Kourtides (2).
It is clear that heat blocking efficiencies must be compared at identical heating
rates,

An empirical relationship between these laboratory measured efficiencies
and the thermal performance of a particular kind of fire blocking system is shown
in Figure 8, An allowable egress time in minutes has been plotted as a function
of the fire blocking efficiency as defined for three different fire conditions used
in the C-133 full scale test article, a zero wind, 2 mph and 3 mph. The fire
severity as measured by the average heating rate in the vicinity of seats
increasing accordingly. With the Vonar converted seats, the average heating rate
of seats_1s about 5 watts/cm“ at zero condition, and could amount up to 10-12
watts/em® in the most severe conditions with 3 mph wind.
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It is clear from this figure that either Vonar 3 or LS-200 both non-metallized
components which provide protection by ablative transpirational cooling alone give
as much as 5 minutes of available egress time. The unprotected flexible polyurethane
seat gave something less than two minutes whereas the empty aircraft gave survival
times in terms of temperature only well in excess of ten minutes, One pressing
matter these preliminary results put to rest is the question of the role of interior
materials in the postcrash fire, namely that the interior materials flammability,
in this case the seat array exposed to the post crash fire, is a major factor in
post crash fire survivability under the conditions of FAA's average design fire
(5). These of course are seat only tests. These test results permit one to cali-
brate fire performance in terms of Vonar 3, a performance that is considered to
provide an acceptable benefit in the post crash fire. In these tests, Vonar 3
with a cotton skrim replacing the usual cotton batting gave an increase of about
26 oz per sq yd of seat covering material. It is the primary objective of this
investigation to see if it is possible to achieve equivalent fire blocking layer
performance from other materials at reduced weight and hence costs.

In Figure 9, a simple relationship has been developed between the allowable
egress time and the efficiency and density of a fire blocking layer. Equation 8
approximates the allowable egress time in terms of the specific fire blocking layer
efficiency, the aerial density and the applied heating rates., Of course, this
determines weight of the fire blocking layer per seat by equation 10. It should
be clear that the higher the efficiency of the fire blocking layer (specific),
the longer the available egress time, The design equation 8 permits one to
select a predetermined egress time and tailor the ablative to give a maximum
efficiency at a2 minimum aerial density.

Since this is not a materials development study but rather a short term
comparison of off the shelf items, we have elected to compare fire blocking
efficiencies of candidate materials with Vonar 3's performance, as a standard
of comparison, and then compute the effect of their use on the average seat
weight, Ideally, the optimum fire blocked seat should give equivalent fire
blocking performance to Vonar 3 with no increase in contemporary seat weight.

The specific mass injection rates obtained for both fire retarded and
non-fire retarded flexible polyurethane foams in the form of mini cushions
described by Kourtides are shown in Figure 10, These values were obtained at
2.5 watts/cm“, It can be seen that the mass injection rate for the Vonar 3
covered foams is about one-half the value for that of the unprotected sample, and
also these configurations with Vonar gave acceptable performance in the C-133
test, It can also be seen that both Gentex's Celiox and Norfab gave lower mass
injection rates than the Vonar at much lower aerial densities,

This amounts to a weight penalty of something less than half of that for
the ablative fire-blockers as compared with the Vonar 3 system. Also in Figure
10, a relative figure of merit for the ablative fire blocking layers has been
developed by normalizing the efficiency of the fire blocking layers with respect
to Vonar 3, a relationship which seems to hold up to applied heating rates of as
much as seven wattsfcmz, at which rate Vonar begins to be somewhat more efficient,
It can also be seen that the low density Celiox (six ounces per sq yd), is the
most efficient fire blocker stuided so far,

It can also be deduced from Figure 10 that the fire blockers perform equally
well with both non-fire retarded and fire-retarded flexible polyurethane foam
as predicted.
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The non-fire retarded polyurethane foam with Celiox 100, in this test comes
very close to meeting the target goals of this study, namely equivalent fire
performance and the smallest increase in seat weight, It can also be seen it
is about twice as efficient as it needs to be even at this low aerial density.

The mass injection rates as a function of fire blocking layer thickness are
plotted in Figure 11. Again these reaults have been base-lined with respect to
Vonar 3's performance at 2.5 watts/cm®, at 5x10-2 grams per cm? per sec., It can
be seen that the efficiency of Vonar decreases monatomically with thickness,
whereas the ablative fire blocking layers increase with decreasing thickness,
However, at present durability and wear become limiting factors for currently
available fabrics at thickness much less than 0,1 c¢m, It is believed that a
lower limit of about 6 oz per sq yd is the lower thermal limit for that class of
fabrics, and one should expect a rapid loss in thermal efficiency below this value.

For convenience of optimization with respect to thermal performance and
weight, a plot as shown in Figure 12 is useful, Here we have plotted the
relative figure of merit as defined with respect to Vonar 3 as a function of
average seat weight, It can be seen that the Vonar systems do not meet the
desired performance criteria. Vonar 3 1s too heavy and Vonar 1 is not sufficiently
protective, Both the Norfab and Celiox's easily meet both of these criteria.
The Celiox based system can be seen to give a somewhat better fire performance
margin than the Norfab.

These results are summarized in terms of a standard tourist class aircraft
seat in Figure 13. Again these results show that on a weight basis both of the
candidate ablative fire blocking layers are about three times more cost effective
than the Vonar's on a cost to fly basis. The figures are conservative because
the seats can probably be manufactured and used without the cotton muslin seat
cover,

The outline of the algorithm for the current cost model of these seat
modifications is shown in Figure 14. In this paper only the element which
addresses the calculation of relative increase in costs to manufacture and fly
these new heat blocked seats for an average U.S. fleet of 2000 aircraft with
an average of 200 seats per aircraft will be discussed.

This program searches the data base for candidate heat blocking layers, with
the minimum, thermal protection values, and the wear and comfort limits shown in
Figure 15, The algorithm then requires the inputs as outlined and outputs the
cost difference to fabricate and fly a fire blocked seat per one year compared to
the standard seat.

The results of applying this program to Vonar 3 and the ablative fire blocking
layers now considered optimum are shown in Figure 16, Cost to manufacture and
fly per year for a five year period with fire blocking layers, each with a wear
life of five years are plotted as a function of average seat foam density and
the aerial density of acceptable fire blocking layers. The average seat foam
densities of fire retarded and non fire retarded flexible polyurethane foam
have been indicated as 1,7 and 1,4 pounds per cubic foot, The use of non-fire
retarded flexible polyurethane foam is considered to be a viable option for this
application.



In Figure 16, it can be seen that currently available ablative fire blockine
layers with non-fire retarded polyurethane foam amount to about 6x10° dollars
per year whereas ghe Vonar 3 modification could amount to about five times as
much, about 28x10° million dollars.

Further optimization is also indicated in Figure 16, if a 6-7 oz per sq
Celliox based fabric could be developed with a five year wear. This could amount
to as little as 1.5x10° million dollar per year for five years.

Concluding Remarks

All known flexible polyurethane foams suitable as aircraft seating are
about equally flammable and provide approximately the same thermal risk to
survivability under the conditions of the design fire established for the
post crash simulation scenario in the C-133 full scale tests,

All presently known and acceptable flexible cushioning foams require about
the same degree of fire blocking protection to suppress this threat.

Adequate fire blocking protection can be achieved through replacement of
cotton batting slip covers with a wide variety of fire blocking layers.

0f all of the known fire blocking layers investigated, the Vonar series 1s
the least efficient on a cost/weight basis for fire protection of domestic
transport aircraft,

Among the known fire blocking layers the metallized high temperature resistant
char forming ablatives appear to be optimum. At the present this practical opti-
mization is limited to aerial densities in the range of 10-12 oz per sq yd.

Further developmental work could drive these down to 4 to 6 oz per sq yd which
might provide an equivalent cost to build and fly to current seats.

On the basis of both radiant panel testing, heat release calorimetric tests
and limited C-133 tests, (correlation among these laboratory test methods and
with limited full scale tests in the FAA's C-133 are good to excellent), show
that both Norfab and Gentex Celiox are far superior to Vonars and provide a
cost effective degree of fire protection for polyurethane products heretofore
not available,
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CURRENT MATERIALS OPTIONS FOR IMPROVEMENT OF THE FIREWORTHINESS OF
DOMESTIC TRANSPORT AIRCRAFT INTERIORS IN POSTCRASH FUEL FIRES

1. FIRE RESISTANT NON-METALLIC (PCLYMERIC) MATERIAL
COMPONENTS LIMITATIONS: HIGH COSTS, DIFFICULT
PROCESSALILITY, BRITTLE,

POBTEECATTONS 0F SEATE OF  THE ART COMBUSTIREL PLASTTC .
ANL LLASTUMERS WITH FIRE RETARDANT ADDITIVES,

LIMITATIONS: HWOT EFFECTIVE UNDER CONDITIONS OF POST
CRASH FIRE,

3, COVERING FIRE SENSITIVE SUBSTRATE (PANELS, SEATS, ETr,)
WITH ABLATIVE COATINGS OR FIRE BLOCKING LAYERS
LIMITATIONS: DECORE, DURABILITY (WEAR), & INCRESSE IN Su1pSET,

!E}GHT PENALTY

FIGURE 1

SHORT TERM
OPTIMIZATION OF POST CRASH FIRE PERFORMANCE AND
COSTS OF TRANSPORT AIRCRAFT SEATING

- PROJECT OBJECTIVES -

1, PROVIDE EFFICIENT HEATING BLOCKING MATERIAL COMPONENTS FOR CONTEMPORARY
AIRCRAFT CUSHIONING:

(A) To REDUCE THE RATE OF FIRE SPREAD THROUGH CONTEMPORARY
CABIN INTERIORS INITIATED BY A FULLY DEVELOPED POST CRASH
FUEL FIRE

(8) To INCREASE THE EGRESS TIME LIMITED BY CONTEMPORARY INTERIORS

IN SUCH FIRES

2, PROVIDE A MINIMUM INCREASE IN SHIP SET WEIGHT FOR CONTEMPORARY
TRANSPORT AIRCRAFT

(A) To MAINTAIN EQUIVALENT CUSHIONING EFFICIENCY
(8) To UTILIZE COMMERCIALLY AVAILABLE MEAT BLOCKING MATERIAL

AND REASONMABLE CONSTRUCTION METHODS AND MANUFACTURING COSTS

Froure 2
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FIRE BLOCKING MECHANISMS
AVATLABLE FOR PRODUCT DESIGH

1, TRanspiraTION CooLins (VoNARS)
R y T s PEIs
AERADIATION { IGHC EMPERATURE STABLE CEL10X
Low ConpucTivITY K¥NoL
INSULATION Low DensiTy SILICA, Panox
Crosep CELL FieerFax, HoMeEx
THERMALLY STABLE PHENOL1C-MICROBALLOONS
4, ReFLECTION HiGHLY REFLECTIVE
SURFACES ALUMINUM

5. VAPOR PHASE- DeNsE ALUMINUM
CRACKING To LHAR Non-Porous CeLrox
CATALYTIC SURFACES PEI

CarRON | .DADED

PoLymERS /
/

[E]

=

2, 3, 4 anp 5 - MoST EFFICIENT COMBINATIONS FOR FIRE BLOCKING

Fieure 3

GENERAL 17ED OPTIMUM FIRE BLOCKING LAYER

-
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o - PRESSURE DROP (HO
3 6AS FLOM LTy (OFBUSTIBLE GASES)
i DIRECTION cT)
] (!}
L Crl
INTERKAL CHAR N
2N 1]
/F’ ’ _'" E—— f-r]-]
REFLECTIVE ALLMI '\\I‘_FLELT
SURFACE OR
IVE SURFACE SUPPORT,
. MDIATIVE SURFAcE FOXED. LOW CONDUCITIVITY,

HIGH TEMPERATURE RE{STMT,
CATALYTIC SURFACE

A MOVEL ABLATION MECHANISM
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TYPICAL EXAMPLES
OF
OPTIMUM FIRE BLOCKING LAYER

BGENTEX COMMERCIALLY AVAILABLE EXAMPLES
ALuminuM CeLtox -- 11-16 gz/ype -- CosT $15-18/sa vD

NorFaB (ALUMINUM-SILICA *) 11-12 oz!v02 -- CosT $20 +/sa YD

Many OTHER ANALOGS SYSTEMS POSSIBLE
AT SIMILAR COST, WEIGHT & PERFORMANCE

ALUMINUM-PANDX }
ALuminum-KynoL ; ANY HIGH ABLATIVE EFFICIENCY SUPPORT FOR
)

Auuminum-PBI _ GOOD ALUMINUM WEAR SURFACE
ALuMINUM-CARBON FILLED MOLYURETHANE

(CAN BE USED WITH ANY WEIGHT EFFECTIVE RESILIENT WITHOUT REGARD TO FLEXIBLE
FOAM FLAMMARILITY)

Fisure 6

GOVERNMENT EQUATIONS
T0 EVALUATE THERMAL PERFORMANCE

1, E= INPUT ENERGY (Bastic EFFiciEncY EQuATION)

Mass MATERIAL REACTED

2. Erriciency fFrom T1-3 TesT (Foam RECESSION VELOCITY)

El = qRrAD QRAD = Input HEATING RATE

xe X = Recession VELOCITY
€ = Foam DensITY
3. EFFICIENCY FROM RADIATION-MAss-Loss TesT

RAD

Ez .—_LZ_._
e '
M o Mass InJECTION RATE

4y, ErFiciency FroM HEAT RELEASE CALORIMETER TEST

£z - qraoh P = speciric Heat CoMBUSTION

M
it
ALL TESTS COMPARABLE BY E)-Eo-Es

Flcure 7
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= ESPTY ALRCRAFT
3= cONTEFPORARY MATERIALS 11 (-133
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S-= POLYIMIDE SEAT
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FIRE BLOCKING EFFICIENCY OF SEAT SYSTEM, _E

Yigure 8

GOVERNING EQUATIONS FOR EMPIRICAL CORRELATION WITH C-133 TEST

(1) re Avallable egress rime desired (time propagation flashover
with blocking layer time or 500°--10° at ceiling)
*
vy re Available egress Lime with non-blocking layer
()] qr Average inpur heatlng rate Lo seat
3 Fy Density of heat blocking layer
(&3] i of heat blocking layer
(5] Poio= By o= Avriul Density
'y I Frant tactor [or test configuratien
(8) .
14 FA = vad = Welght blocking/unit area
Ly Wi LERENE At Beat Area

Fipure 9



MASS LOSS DATA AS A CRITERION OF HEAT BLOCKING PERFURMANCE

SPECIFIC  FIGRE
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Abstract

Aircraft seat materials were evaluated in terms of their
thermal performance. The materials were evaluated using (a)
thermogravimetric analysis, (b) differential scanning calorimetry,
(¢) a modified NBS smoke chamber to determine the rate of mass
loss and (d) the NASA T-3 apparatus to determine the thermal
efficiency. 1In this paper, the modified NBS smoke chamber will
be described in detail since it provided the most conclusive
results. The NBS smoke chamber was modified to measure the weight
loss of materials when exposed to a radiant heat source over the
range of 2.5 to 7.5 W/cm?. This chamber has been utilized to
evaluate the thermal performance of various heat blocking layers
utilized to protect the polyurethane cushioning foam used in
aircraft seats. Various kinds of heat blocking layers were
evaluated by monitoring the weight loss of miniature seat cushions
when exposed to the radiant heat. The effectiveness of aluminized
heat blocking systems was demonstrated when compared to conventional
heat blocking layers such as neoprene, All heat blocking systems
showed good fire protection capabilities when compared to the
state-of-the-art, i.e., wool-nylon over polyurethane foam.

Introduction
One of the major fire threat potentials in commercial passenger
aircraft is the nonmetallic components in the passenger seats, The
ma jor components of aircraft passenger seats are the polymeric
cushioning material and, to a lesser degree, the textile fabric cover-
ing; together they represent a large quantity of potentially com-
bustible material. Each aircraft coach type passenger seat consists
of about 2,37 kg of non-metallic material, the major component heing
the seat cushion, Since modern day wide-body passenger aircraft have
from 275 to 500 passenger seats, the total amount of combustible
polymeric material provides a severe threat to the environment in the
cabin in case of either on-board interior fire or post-crash type
fire which in addition involves jet fuel.

A major complication in research to develop fire resistant
aircraft passenger seats, is to assure the laboratory method chosen
simulates real life conditions in case of a fire scenario onboard
an aircraft or a post-crash fire. In this study, a non-flaming
heat radiation condition was simulated., 7.6 cm x 7.6 cm samples
made to resemble full-size seat cushions were tested for weight loss
when exposed to different heat fluxes from an electrical heater. The
measurements were conducted in a modified NBS smoke density chamber.

It has been shown (1,2,3,4) that the extremely rapid burning
of aircraft seats is due to the polyurethane cushions of the seats,
In order to protect the urethane foam from rapid degradation when
exposed to heat, three different heat blocking layers were tested.
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Two were aluminized fabrics and one was neoprene type of material
in two thicknesses. In all cases, urethane foam was enveloped in
a wool-nylon fabriec.

Fabrics and foams put under a thermal load show a very complex
behavior. Figure 1 illustrates the thermal behavior of a seat cushion
with a heat blocking layer. When a heat blocking layer is introduced
between the fabric and the foam, the complexity is expected to
increase, especially if the heat blocking layer is an aluminized one
as in some cases in this study. The protective mechanism for the
urethane foam involves both conduction of the heat along the aluminum
surface and heat re-radiation.

Description of Equipment

The test equipment for recording and processing of weight-loss
data is shown in Figure 2. It consists of an NBS smoke chamber
modified by the installation of an internal balance (ARBOR model #1206)
connected to a HP 5150A thermal printer, providing simultaneous print-
outs of weight remaining and time elapsed. Data recorded on the
printer was manually fed into a HP 9835 computer, processed and
eventually plotted on a HP 9872 plotter (i.e., weight remaining versus
time elapsed). Also used was a HP 3455A millivoltmeter for the calibra-
tion of the chamber.

The NBS smoke chamber was modified two fold: (a) to permit a heat
flux of 2.5-7.5 W/cm® and (b) to monitor weight loss of a sample on a
continuous basis.

The NBS test procedure (5) employs a nichrome wire heater to
provide a nominal exposure on the spectrum surface of 2,5 W/ cm? .
which corresponds to the radiation from a black-body at approximately
540°C. To simulate thermal radiation exposure from higher temperature
sources, a heater capable of yielding a high radiant flux on the face
of the sample was utilized. This heater is available from Deltech Inc.
This heater is capable of providing a heat flux of 2,5-10 W/em?,

Two burning conditions are simulated by the chamber: radiant
heating in the absence of ignition, and flaming combustion in the
presence of supporting radiation, During test runs, toxic effluents
may be produced; therefore an external exhaust system was connected
to the chamber. In order to provide protection against sudden
pressure increases, the chamber is equipped with a safety blowout
panel, Also, for added safety, a closed air breathing system was
installed for use while operating and cleaning the chamber,

In this study, only the radiant heating condition was being
simulated, using this electrical heater as the radiant heat source.
The heater was calibrated at least once a week using a water-cooled
calorimeter connected to a millivoltmeter, Using the calibration
curve provided by the manufacturer, the voltages which provided the
desired heat fluxes (2.5, 5.0 and ? 5 W/cm? ), were determined,
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When the chamber was heated up to the desired temperature (and
heat flux), an asbestos shield was slid in front of the heater.
This prevented the adjacent chamber wall from over-heating and thus
affecting the data. As mentioned earlier, this NBS smoke chamber
was modified for recording of weight loss data by the installation
of an electronic balance. The balance was mounted on top of the
chamber with its weighing "hook'" entering the chamber through a small
opening. The chamber was then re-sealed by enclosing the balance in
a metal container which was tightly fitted to the chamber roof. This
balance was well suited to perform this particular task, because of
several of its features. It provides a digital output to allow weigh-
ing results to be transferred to external electronic equipment (in this
case, the thermal printer), below the balance weighing, which was essen-
tial, since the severe conditions inside the chamber during test runs
were likely to corrode or otherwise destroy any weighing apparatus
mounted inside the chamber. Also, the fact that it ascertains weight
by measuring the electrical energy required to maintain equilibrium
with the weight of the mass being measured, instead of by measuring
mechanical displacement, makes it well suited to measure a continuous
weight loss.

A desktop computer was used for data acquisition and storage.
It provided an enhanced version of BASIC which includes an extensive
array of error messages to simplify programming. The computer was
equipped with an 80 by 24-character CRT (Cathode Ray Tube) display and
a lb-character thermal printer for hard-copy printouts. One program
written and used during the weight loss testing was PLOT wt. The pro-
gram collected data from any test run stored on a data-file (the computer
has a tape cartridge which reads the files from cassette tapes), calcula-
ted the weight remaining in %, and plotted the results versus time on a
plotter hooked up to the computer.

Description of Materials

The materials used in this study are shown in Tables 1 and 2.
Three types of foams were used and four types of heat blocking layers.
The densities of the foams and the fire blocker layers are also shown
in Tables 1 and 2, with an estimate of the seat weight when constructed
from these materials. Two flexible polyurethane foams were used, a
fire-retarded and a non-fire-retarded. The composition of the non-fire
retarded was as follows:

Component Parts By Weigh£
Polyoxypropylene glycol (3000 m.w.) 100.0
Tolylene diisocyanate (80:20 isomers) 105
Water 2.9
Silicone surfactant 1.0
Triethylenediamine 0.25
Stannuous octoate 0.35
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The composition of the fire retarded was not known but it may have
contained an organo-halide compound as a fire-retardant. The
composition of the polyimide foam used has been described previously

(6).

The fire blocking materials used are shown in Table 3.
R
The Norfab 11 HT-26-A is a woven mixture of poly(p-phenylene
terephthalamide), an aromatic polyamide and a modified phenolic
fabric. The fabric was aluminized on on side. The PreoxR 1100-4
was based on heat stabilized polyacrylonitrile which was woven and
aluminized on one side,

The mechanisms of fire protection of these materials depends
on heat re-radiation and thermal conduction along the aluminum
layer. The VonarR 2, and 3 layers used, are primarily transpirational-
cooling heat blocking layers. This compound is a neoprene foam with
added Al (OH;) as a fire-retardant, attached to a cotton backing.
The mechanism by which the foam works is based on the heat vaporiza-
tion of the foam absorbed, thereby cooling its surroundings.

Thermal Characterization

In order to thermally characterize the materials tested, Thermo-
gravimetric Analysis (TCA) and Differential Scanning Calorimetry (DSC)
were performed.

In TGA, the samples are heated at a constant heating rate in
either oxygen or nitrogen atmosphere and the weight loss recorded.
The polymer decomposition temperature (PDT), the temperature where
the mass loss rate is the highest (max d (wt)

), the temperature of

complete pyrolysis and the char yield in % are then determined as
shown in Figure 4. The results are shown in Table 4,

In DSC, the electrical energy required to maintain thermal
equilibrium between the sample and an inert reference, is measured.
By calculating the peak area on the chart, the endo- or exothermity
of transitions can be determined. This was done automatically on
the analyzer used which was equipped with a micro-processor and a
floppy-disc memory. One analysis is shown in Figure 5 and the results
in Table 5.

Both TGA's and DSC'- were performed on DuPont thermal analyzers.

Radiant Panel Test Results

All of the configurations shown in Table 1 were tested in the
modified NBS smoke chamber to determine the rate of mass loss. Prior
to performing the weight loss experiments (radiant panel tests) on
the complete sandwich cushions, weight loss experiments on individual
components such as fabric, heat blocking layer and foam, were made.
No detailed results of these tests will be reported in this paper,
but a few observations might be worthwhile to report.
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When, assuming that fire performance of the components were
additive phenomena, the total weight loss of the components were
added together and compared with a sandwich tested under the same
conditions, no correlation was found, In some cases, testing
with the highly flammable foam actually improved the performance
of the sample compared to testing the heat blocking layer alone.
The decorative fabric proved to have little influence on the per-
formance of the heat blocking layer, Heat readily went through
and the fabric burned off rapidly.

After performing these initial experiments, it was clear
that the weight loss profile of the samples could not alone
provide a good criteria to determine the efficiency of the heat
block,., The criteria chosen was the amount of gas originating from
the urethane foam injected into the air, The possible steps for
the thermal degradation of the flexible urethane foam are shown in
Figure 6,

After extensive initial testing, it was determined to test
the sandwich configurations shown in Tables 1 and 2. Configuration
#367 represents the state-of-the-art, i.e., the seat configuration
presently used in the commercial fleet,

All samples shown in Tables 1 and 2, were sandwich structures
made up as miniature seat cushions. The sandwiches consisted of a
cushioning foam inside a wrapping of a heat blocking layer and a
wool-nylon fabric as shown in Figure 3., To simplify the assembly,
the heat blocking layer and the fabric were fixed together with a
stapler followed by wrapping them around the foam and then fixed
in place by sewing the edges together with thread,

Prior to assembly, the individual components were weighed on
an external balance and the results, together with other relevant
data were recorded. The samples were mounted in the chamber as shown
in Figure 3. 1In order to prevent the heat from the heater from
reaching the sample before the start of the test, a special asbestos
shield was made. The shield slides on a steel bar and can be moved
with a handle from the outside, which also enables the operator to
terminate the test without opening the chamber door and exposing
himself to the toxic effluents,

The test was initiated by pushing the asbestos shield into its
far position, thus exposing the sample to the heat flux from the
heater and by starting the thermal printer. The test then ran for
the decided length of time (1, 2, 3, 4 or 5 minutes) and was termi-
nated by pulling the asbestos shield in front of the sample. When
a stable reading on the printer was obtained (indicating that no
more gases originating from the foam were injected into the chamber
from the sample), the printer was shut off. After the chamber was
completely purged from smoke the sample was taken out and allowed
to cool down to room temperature.
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The burned area on the side of the sample facing the heater
was subsequently measured in order to standardize the test, This
area was normally around 5 cm x 5 cm and since the sample size was
7.5 em x 7.5 cm, this was thought to minimize edge effects (that is,
changes in the heat spread pattern through the sample caused by the
heat blocking layer folded around the sides of the foam cushion).

Finally, the sample was cut open and the remainder of the foam
scraped free from the heat blocking layer and weighed on the
external balance. This was done to determine the amount of foam
that had been vaporized and injected into the surroundings.

Results and Discussion

The samples shown in Tables 1 and 2 were exposed to heat flux
levels of 2.5, 5,0 and 7.5 W/cm?. After the weight loss of the
urethane foam was determined, as described previously, the specific
mass injection rate was calculated as follows:

. (weight loss) === g __
(area of sample exposed to heat) x (time elapsed) cm?, s

The area exposed to heat was brought into the equation in an
effort to standardize the test runs in terms of how much radiant
energy that had actually been absorbed by the sample.

Then the figure of merit was calculated as follows:

- ____(heat flux) W,s
"~ ~ (specific mass injection rate g

The objective was to determine a heat blocking system showing
equal or better performance than the VonarR 3 system, Therefore,
the -value at every test condition for VonarR 3 was assigned to
80. Then the relative figure of merit was calculated as follows:

€ = &
rel £
o

The mass loss data for the fire retarded and non-fire retarded
urethane is shown in Tables 6 and 7, respectively,

The rationale for ranking materials at the 2 minute exposure
time is related to full scale tests conducted previously (1, 2, 3,
4) and is a critical time at which evacuation must occur in an
aircraft in case of a post crash fire.

In case of a post crash fire outside the passenger compartment
(e.g., a fire in the fuel system), the seat system inside the cabin
will be exposed to severe heat radiation. The foam cushions will
start to inject toxic gases into the cabin as simulated in this
study. 2 minutes is thought to be an accurate time limit for the
survivability of the passengers exposed to these conditions. Data at
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2 minutes are also displayed graphically in Figures 7 and 8.
Figures 9 and 10 show the figure of merit as a function of heat
flux at 2 minutes exposure, It can be seen in Figure 9 that the
figure of merit at a heat flux of 2.5 W/cm? for the aluminized
fabrics (PreoxR 1100-4 and NorfabR 11HT-26-A1) is higher than
either the VonarR 2 and 3, at 5.0 W/cm?, they are approximately
equal, and at 7.5 W/cm® that both Vonar& 2 and 3 show a higher
figure of merit than the aluminized fabric.

The method of protection for the urethane foam changes as the
heat flux increases whereby the transpirational cooling effect of
the VonarR is more effective at the higher heat flux range. The
mode of urethane protection using the aluminzed fabric is primarily
due to re-radiation and thermal conduction. At 5 W/cmz, all heat
blocking materials were approximately equally effective, but, it
should be remembered that the weight penalty of the VonarR materials
is excessive as shown in Table 1., The aluminized fabrics were
equally effective in protecting both the fire retarded and non-fire
retarded urethane foams as shown in Figures 9 and 10,

To obtain a general view of the heat blocking performance of
different heat blocking layers, the average mass injection rates of
experiments with 1, 2, 3, 4 and 5 minutes elapsed time was calculated
and is shown in Tables 8 and 9. Figures 11 and 12 show the figure
of merit as a function of heat flux at average exposure time, Essen-
tially the same results are observed as the measurements indicated
at 2 minutes.

The usage of a heat blocking layer in aircraft seats, significantly
improves the performance of the seat when exposed to heat radiation.
This is true at all heat flux ranges tested. Samples representing the
state-of-the-art (#367) were completely burned after only a short
exposure time and it was not possible to test these samples at 7.5 W/cm?.
When it comes to ranking between the different heat blocking layers,
the results are more ambiguous. It is true that VonarR R performed
better at the higher heat flux level (7.5 W/cm?) but at the heat level
of most interest (5.0 W/cm?), it was approximately equal to the other
heat blocking layers. The heat flux of 5.0 W/cm? is considered an
average heat flux level in the interior of the aircraft as shown in
simulated full scale fire tests conducted previously (2), There were
no significant differences observed in the fire blocking efficiency
of the layers whether a non-fire retarded or a fire retarded urethane
foam was used. At 5.0 WIcmz, the efficiency of the VonarR 3 was higher
with the non-fire retarded foamwhile the aluminized fabric showed a
higher efficiency with the same foam at 7.5 W/cm? as shown in Figures 9
and 10, Tt is not precisely known whether this difference is due to
the differences between the two foams or is due to the different mechan-
isms of the heat blocking layers, i.,e, transpiration or re-radiation
cooling, Neither one of the two aluminized fabrics show outstanding
performance in comparison with each other, When the complexities
of the effect of the underlying foam are taken into consideration, it
is reasonable to rank them as giving equal fire protection. For
example, in the case of the fire-retarded foam, the NorfabR gives



excellent fire protection at the low (2.5 w/cmz) heat flux in
comparison with Preox® 1100-4 fabric as shown in Figure 11. At

5.0 W/em”, they are equal and at 7.5 W/cem®, the situation is re-
versed when using the non-fire retarded urethane foam, The Norfab
11HT-26-A1 fabric exhibited better performance at all heat flux levels
when tested with the non-fire retarded foam as shown in Figure 12,

The 181-E glass fabric indicated the lowest fire protection at
5.0 W/cem? when the exposure time is averaged over 5 min as shown in
Figure 10, At the (2) minute interval, its performance was approxi-
mately the same as the other fabrics as shown in Figure 9.

A study of the cost/weight penalty of different heat blocking
systems (7) shows that the re-radiation-cooling systems or aluminized
fabrics provide far better cost-efficiency than the transpirational-
cooling systems such as Vonar® 3, These results and the equality
in fire protection performance shown in this study, points in favor
of aluminized fabrics for possible use as cost efficient heat pro-
tection system for the urethane foam.

Several difficulties were encountered when conducting the radiant
panel tests. The major complications were: (a) the experiments were
designed to measure the amount of gas, originating from the urethane
foam, injected into the air. To really determine how much gas due to
urethane decomposition that is produced, the gases need to be analyzed
(preferably by GC-MS methods). This could not be done at the time of
this study; (b) some of the gas produced from combustion of urethane
foam may be trapped in the heat blocking layer. The amount of gas
trapped is extremely difficult to measure. The initial experiments
showed that, in some cases, the difference in the weight loss of the
HBL (with and without a urethane foam core) was greater than the
weight of foam lossed; hence the weight of gas trapped could not be
measured, This problem was corrected by perforating the fabric on
the back surface to allow venting of the gas and, (c) there was a
problem with the quenching period. At 7.5 W/cm® this might well be
the dominant mechanism for weight loss of the urethane foam for
shorter test runs, It is desirable that a method to instantly quench
the sample be developed for testing at heat fluxes of 7.5 W/cm® and
higher.

Thermal Efficiency

The NASA-Ames T-3 thermal test (8) was used to determine the
fire endurance of the seat configurations shown in Tables 1 and 2.
In this test, specimens measuring 25 cm x 25 cm x 5,0 cm thick were
mounted on the chamber and thermocoupled on the backface of the
specimen, The flames from an oil burner supplied with approximately
5 liters/hour of JP-4 jet aviation fuel provided heat f{lux to the
front face of the sample in the range of 10,4-11.9 W/cmz. The test
results were inconclusive since the temperature rise in most of the
specimens was extermely rapid and it was very difficult to determine
small differences in fire blocking efficiency of the various layers.
Additional work will be performed to reduce the level of heat flux
in the chamber in order to be able to differentiate easier among
the samples.



Conclusions

It is understood that a great number of mechanisms govern the
performance of fabrics and foams when exposed to heat radiation.
Finding these mechanisms and measuring their individual parameters,
is extremely difficult, In this study efforts were directed towards
determining the heat protection provided by different heat blocking
layers, relative to one another,

Some specific conclusions may be drawn from this study:

(a) Modified NBS smoke chamber provides a fairly accurate
method for detecting small differences in specimen weight loss over
a range of heat fluxes and time.

(b) Aluminized thermally stable fabrics provide an effective
means for providing thermal protection to flexible urethane foams.

R
(c) Vonar 2 or 3 provided approximately equal thermal pro-
tection to F,R. urethane than the aluminized fabrics but at a
significant weight penalty.

(d) No significant differences were observed in the use of
F.R. or N.F, urethane when protected with a fire blocking layer.

(e) The efficiency of the foams to absorb heat per unit mass
loss when protected with the heat blocking layer decreases signifi-
cantly in the heating range of 2.5-5.0 W/cm®, but remains unchanged
or slightly increases in the range of 5.0-7.5 W/em?,

The results showed that the heat blocking systems studied pro-
vides significant improvement of the fire protection of aircraft
seats compared to the state-of-the-art (i.e. the seats presently
used in the commercial fleet).

The results indicated that transpiration- and re-radiation-
cooling systems provided approximately equal fire protection. How-
ever, the high weight/cost penalty of the transpiration system
favored the re-radiation systems (7).

The T-3 test is not suitable at its present operation to detect
minor differences in heat blocking efficiency. Additional methods
must be utilized in evaluating these and similar materials in order
to establish a good correlation between these weight loss experiments
and other more established or standard test methodologies.



70

References

Hill, R. G., and Sarkos, C. P,, Postcrash Fuel Fire Hazard
Measurements in a Wide Body Aircraft Cabin, Journal of Fire
Flammability, Vol. II, pp. 151-163, April 1980

Hill, R. G., Johmnson, G. R., and Sarkos, C. P., Postcrash
Fuel Fire Hazard Measurements in a Wide Body Aircraft Cabin,
Federal Aviation Administration, NAFEC, Report FAA-NA-79-42,
December 1979

Brown, L. J., Cabin Hazards from a Large External Fuel Fire
Adjacent to an Aircraft Fuselage, Federal Aviation Administra-
tion, NAFEC, Report FAA-RD-79-65, August 1979

Nicholas, E. B., Johnson, R, M., and Sarkos, C. P., Flammability
Tests of Used Aircraft Interior Materials, Federal Aviation
Administration, NAFEC, Letter Report NA-78-71-LR, November 1978

Standard Test Method for Measuring the Smoke Generation by
Solid Materials, NFPA 258-1976, National Fire Protection
Association (1976)

Gagliani, G., Flexible Polyimide Foam for Aircraft Material,
NASA Technical Memorandum TMS 73144 (August 1976)

Parker, J. A. and Kourtides, D, A., Optimization of Blocking
Layers for Aircraft Seating, Presented at the 7th International

Conference on Fire Safety, San Francisco, California (January
1982)

Riccitiello, S. R., Fish, R. H,, Parker, J. A., and Gustafson,
E. J., Development and Evaluation of Modified Polyisocyanurate
Foams for Low-Heating Rate Thermal Protection, Journal of
Cellular Plastics, Vol. 7, No. 2, 91-96, March/April 1971



71
List of Figures

Fig. 1 Behavior of Aluminized Fabric/Foam Assembly under Thermal
Loads

Fig., 2 Equipment for Weight-Loss Data

Fig. 3 Sample Configuration

Fig. 4 Typical Thermogram

Fig. 5 Differential Scanning Calorimetry of VonarR 2.

Fig. 6 Thermal Degradation of Flexible Polyurethane Foams

Fig. 7 Specific Mass Injection Rate of F.R. Urethane at
Various Heat Flux Levels at 2 Min,

Fig. 8 Specific Mass Injection Rate of N.F, Urethane at
Various Heat Flux Levels at 2 Min,

Fig. 9 Figure of Merit Comparison of Heat Blocking Layers -
F.R. Urethane as a Function of Heat Flux at 2 Min.

Fig. 10 Figure of Merit Comparison of Heat Blocking Layers
of N,F. Urethane as a Function of Heat Flux at 2 Min,

Fig. 11 Figure of Merit Comparison of Heat Blocking Layers
of F.R, Urethane as a Function of Heat Flu:x Averaged
Over Time

Fig. 12 Figure of Merit Comparison of Heat Blocking Layers
of N.F. Urethane as a Function of Heat Flux Averaged
Over Time



Table

Table

Table

Table

Table

Table

Table

Table

Table

List of Tables

Composite Aircraft Seat Configurations with F,R, Urethane

Composite Aircraft Seat Configurations with N.F. Urethane
and Polyimide

Candidate Heat Blocking Layers for Seat Cushions
Thermogravimetric Analysis
Different Scanning Calorimetry

Mass Loss Data of F,R. Urethane at 2 Min. from Radiant
Panel Test

Mass Loss Data of N.F., Urethane at 2 Min, from Radiant
Panel Test

Mass Loss Data of F.R, Urethane Averaged Over Time fro
Radiant Panel Test

Mass Loss Data of N.F, Urethane Averaged Over Time from
Radiant Panel Test



INCIDENT HEAT FLUX t-'i

WOOoL

]

WHIIIIEHIEIAY.

T ALUMINUM

— FOAM

=k iR FLOw

REACTION ZONE
—— HEAT FLUX M (CHARCOAL AND TAR)

== === PYROLYSIS PRODUCTS FLOW

Figure 1: Behavior of Aluminized Fabric/
Foam Assembly Under Thermal Loads

. NBS SMOKE CHAMBER
BALANCE, ARBOR =1206
THERMAL PRINTER, HPS1504
COMPUTER, HP9835

. PLOTTER, HP9872
MILLIVOLTIMETER, HP34554

oo B R

\H

a5 .

Figure Fouipment for Weight-Loss Data



74

- POLYURETHANE FOAM

y . / ~"- FIRE BLOCKER
|r II - —

| ) S

. b 7 #7  woounvLon

N
ASBESTOS ||| [
PAD « |

Pigure 3: Sample Configuration

100
FOT [ CI
— u [wt)
Max —== [ Ci
% t
z
4
=
w
o 50
-
I
]
I}
£
COMPL. PYROLYSIS | € CHAR YIELD | C}
1 1 1 1 1 i L T

0 100 200 300 400 500 600 700 800 900
TEMPERATURE, C

Figure 4: Typical Thermogram

20r 633 C

EXOTHERMIC PEAK

666 J/g
2982 C 3547 ¢

[
o

HEAT FLOW, mW
B
(=]

60
ENDOTHERMIC PEAK

3333 ¢
100 L 1 .

" i i ;
200 240 280 320 360 400 440 480
TEMPERATURE, C

Pigure 5: Dif ferential Scanning Calorimetry
of VonarR 2



Ar - NH --C--U--CHZ

Figure

o

2l

7

——= Ar~MNH, +COy+CHy =C -0 - R
2+ €0y * CHy

CH3

|
—#= Ar-NH-CHy -CH-0-R~CO,

CHy CHy
|

~CH-0-R —= Ar—-NCO+HO-CHy;-CH-0-R 111
CHy

131

Thermal Degradation of Flexible

Polyurethane Foamg

(3
WOOL- WOOL- WOoOoL- WoOoL- WOoOoL
NYLON/ NYLON/ NYLON/ NYLON/ NYLON/  NYLON/
=367 VONAR 3 WVONAR 2 PREOX NORFAB 181
COTTON COTTON 11004 1IHT 26 AL E-GLASS
=17 =11 =373 =376

Figure 7:

<377

Specific Mass Injection Rate
of F.R.

Urethane at Various

Heat Flux Levels at 2 Min.

70 D
Wiem?
25
60 |- 5.0
s
50
"
340 r
(3]
E
8
g
b
=230
£
20
7
o -:'
m e 7. -]
WM woo WL WOOoL WO
NYLON,  NYLON'  NYLON/ NYLON,  NYLON
F.R. VONAR 3 PREOX NORFAB POLYIMIDE
URETHANE COTTON 1100-4 11HT-26-AL =289
357 =15 =372

Figure B:

of N.F.

=375

Specific Mass Injection Rate

Urethane at Various

Heat Flux Levels at 2 Min.

W.-'tmz
25
50
s



100 —_——e—
— e

9 -o-

s

ot
g 10T W sec

on

WOOL-NYLON/F R, URETHANE =367
WOOL-NYLON/VONAR 3 COTTON =17
WOOL-NYLON/VONAR 2 COTTON =11
WOOL-NYLON/PREOX 11004 =373
WOOL-NYLON/NORFAB  11HT-26-AL =376
WOOL-NYLON/1B1 E GLASS =377

FIGURE OF MERIT
P
~
-~
-
Q

o 25

50 15

HEAT FLUX, W/em?

Vigqure 9:  Figure of Merit Comparison of Heat
Blocking Layers - F.R. Urethane as
a Function of Heat Flux at 2 Min.

—{r— WOOL NYLON/F.R. URETHANE =367

0.0 -~

15

a4
am 107 W - sec
g
w
=
T
A -
. -
~ -
. -
rd
-
4
r
£

FIGURE OF MERIT, . = /M,

2

! <O o WOOL-NYLON/VONAR 3 COTTON =15
e]g == WOUL NYLON/PREOX 11004 =312

P) —=@-- WOOLNYLON/NORFAB 11HT 26 AL =378
|
*

-
5.0 75

HEAT FLUX, W/om?

Pigure 10: Figure of Merit Comparison of Heat
Rlocking Layers - N.F. Urethane as

a Fuanction of

Heat Flux at 2 Min.



77

—{r— WOOL-NYLOM/F.R URETHANE =367
© WOOL-NYLON/VONAR3 COTTON =17
11 =—+= WOOLNYLON/VONARZ2 COTTON =11
| == WOOL-NYLON/PREOX 11004 =373
—[= WOOLNYLON/NORFAB 11HT 26-AL =376
R -=f== WOOL-NYLON/181 E-GLASS ~377

10.0

0% W - see
9
A
’/

g M

NN

FIGURE OF MERIT
-
. -
o

\ N .
\ v\
sl \ -
25 \ \ \
N .
M{OHE:_.MM e
\Q\ \._____+
\ [ R—_
P ——
1 J
a 25 5.0 15
HEAT FLUX, Wiem?
Pigure 171: Figure of Merit Comparison of Heat Blocking

Layers of F.R. Urethane as a Function
of Heat Flux Averaged Over Time

—{r— WOOL-NYLONFR URETHANE -367

100 SO WOOL-NYLON VONAR 3 COTTON =15
— = WOOL NYLON PREOX 11004 =312
==®== WOOL NYLON NORFAB 11HT 26.AL ~375
©
@
N
sl N\
o 7 N
bl N
Z| = \
k] \
- \
= AN
AN
50
e R AN
o
~
w \ N
- ) R
‘ \ ——— s
L
3 N o
24 AN m
S L e
S
~a_. "
?\Q—‘_ |
u 2h ho 75
AT T LU, Woem?
Fiogure 12: Figqure of Merit Comparison of Heat Blocking

Lavers of N.F. Urethane as a Function
of Heat Flux Averaged Over Time



o AREAL | SEAT

SAMPLE FIRE BLOCKING DENSITY, | DENSITY, | WEIGHT, |

MO (1) MATERIAL KgimZ IL FOAM Kg/m3 g2 |
367 NONE R URETHANE | 29.9 2374
1 VONAR 3 ::0710&._”“”";.;1._I-.;; URETHANE | 299 | 3935 | 466

— - — 1

1 VONAR 2 COTTON 067 I F R URETHANE | 209 | 3525 | eas
33 PHEOX 11004 039 | FR URETHANE 299 3039 -28
3 WOHFAB  1IHT 26-AL | 040 FR UR}.;I;;NE‘ r _29_9 I .. -_3-;55 +29
277 | WIEGLASS | 030 | FRURETHANE 209 l' 288 | o2 |

(1) ALL CONFIGURATIONS COVERED WITH WOOL-NYLON FABRIC, 0.47 Kgim2

(2) ESTIMATED WEIGHT OF COACH SEAT CONSISTING OF BOTTOM CUSHION (50.8 - 55.9 -
10.2 em), BACK CUSHION (457 - 50.8 - 5.1 ¢cm) AND HEAD REST (45.7 - 203 - 12.7 cm}

Table 1: Composite Aircraft Seat Configquration
with F.R. Urethane
T
AREAL | SEAT
SAMPLE FIRE BLOCKING DENSITY, | FOAM DENSITY. | WEIGHT,
NO. (1) MATERIAL Kgim2 Kg/m3 gi2l %
15 | VONAR3 cOTTON 091  NF URETHANE 160 3205 | +3%
i | | (23.2) (3583} | (+51)
372 | PREOX 11004 | 039 | NF URETHANE| 16.0 2308 -27
| | (23.2) (2686) | {+13)
L ) ]
1
375 NORFAB 11HT-26-AL 0.40 | NF,URETHANE | 160 2325 | -2
i 123.2) 127031 |{+14)
I - ]
w9 | NONE | POLYIMIDE 19.2 1812 | -24
i |

{1} ALL CONFIGURATIONS COVERED WITH WOOL-NYLON FABRIC, 0.47 Kg'm

2

12) ESTIMATED WEIGHT OF COACH SEAT CONSISTING OF BOTTOM CUSHION (50.8 - 55.9
10.2 cm), BACK CUSHION (457 - 508 - 5.1 cm| AND HEAD REST (457 - 203 - 127 cm)

Table 2: Composite Aircraft Seat Configuration
with N.F. Urethane
[ anreal | !
| DENSITY, !
FIRE BLOCKER | Kg'm? COMPOSITION | TYPICAL STRUCTURE
MORFAB  11HT 26.AL | |
ALUMINIZED 040 | 70% KEVLAR POLY (p-PHENYLENE TEREPHTHALAMIDE)
| | 25% NOMEX - -
| “NH_~._.NH - CO - _.CD
| [OAE ]
I P )
i - OH OH - X
E —e@— cH, —@— cHy -
CH, -
PREOX 11004 ® . | ”_ﬁ-\&r» .
ALUMINIZED 039 | HEAT STABILIZED ’jx o de d
| POLYACRYLONITRILE BOTLNON van
: | T - o
VONAR 2 COTTON 067 ‘mucmonopnzue .y
VONAR 3 COTTON 00 HaC ¢l
3 - e ——
181 F GLASS FABRRIC
SATIN WE AL (AR Ans
Table 3: indidate Heat Blocking Lavyers
for Seat Cushions



— . i . COMPL | CHAR:IELD_
SANPLE NAME MAX - (It_ C PYROLYSIS, C s
}un ”2-- AlR N.2 AR | N2
hwom N;LUN . -405 29 538 | 440 3 23
PREE;“"I_'I;;:G - E 276 | 315 60 | 30 657 e B
[ NORFAB 11HT 26 A1 IT w0 | a0 | 590 | 560 sz | 610 | 3 &
VOMAR 2.3 ' 2m | 276 386 | 352 GO0 | 517 | 36 a7
N.F. URETHANE | o | 263 320 | 338 340 | 410 2 5
) | S o
F K. URETHANE | 268 | 280 331 | 380 3|1 | a0 1 6
POLYIMIDE ! aga | as0 563 585"_-{“—6!::;__ 596 8 a8
rable 4: Thermogravimetric Analysis
| AIR | ty
SAMPLE NAME | e FE— S —
| AH NG PEAK TEMP., C | L1H, )G PEAK TEMP., C
WOOLNYLON B i 200 ' — i 199
! 48 299 |
PREGX 11004 188 56 174 ! 351
NORFAB 11HT 26 AL - _ |
VONAR 2.3 ; 300 350 ——— 333
117 ; 377 ;o 363
N.F URETHANE | aw0 : 386 | 2108 408
F.R URETHANE | 2264 356 ' - i
POLYIMIDE '1 66 386 -

COMMENTS: POSITIVE 2H VALUES INDICATE EXOTHERMIC REACTIONS {10, HEAT
EVOLVED IN THE THANSITION), NEGATIVE JH-VALUES INDICATE
ENDOTHERMIC REACTION {1, HEAT ABSORBED IN THE TRANSITION|

COINDICATES THAT NO THANSITIONS WERE OBSERVED WITHIN THE
RANGE OF THIS DSC CELL (0550 C)

Table 5:

Differential Scanning Calorimetry



T
SPECIFIC MASS | FIGURE OF RELATIVE FIGURE OF

| INJECTION RATE | MERIT MERIT (1)
R | gt Ccleg 100
m 1079 | o= gm 1070 sec 0 ’
Cll\z seC
ey - : e
CONFIGURATION DESCRIPTION 25 | 50 76 | 25 s0 | 75 | 25 | 50 15
NUMBER ] OF SAMPLE wiem? | wiem? | wiem? | woem? | wiem? | wem? | wem? | wiem? | wiem?
U . ! —— e ________..—_..__._. } ‘. |
367 | WOOL-NYLON/F R | | | i
URETHANE 12 61 - 19 08 A L3242 Na
- B —— -
7 WOOL NYLON/VONAR 3
COTTON/F R URETHANE
n WOOL NYLON/VONAR 2
COTTON/F R URETHANE
373 WOOL-NYLON/PREOX | | ] |
11004/F . URETHANE 29 59 77 17 13 128 89 48
I - - i . s S S
376 VOOL NYLON/NORFAB | 1 |
TIHT 26 AL/F R URETHANE | 2.7 24 66 | 94 21 | 155 Mmoo o4
- —_— — — SRR 4 +
T
317 WOOL-NYLON/181 £ GLASS, T | |
F.R URETHANE 40 25 < | 63 20 | Na 105 105 NA
- e I S— — B B e ]
|
|
|

(1) SCALED RELATIVE TO . g FOR VONAR 3 HEAT BLOCKING LAYER WITH A VALUE OF tg A5 100

Table 6: Mass Loss Data of F.R. Urethane
at 2 Min. from Radiant Panel Test

| | SPECIFIC MASS ! FIGURE OF RELATIVE FIGURE OF
| | INJECTION RATE MERIT MERIT (11
| | 5 g 1004
| | Wy | ot . | a
CONFIGURATION | DESCHIPTION i Mo Cegm 10T Wsee
HUMBE K | GF SAMPLE | om©ae L
| ] I [
i | 25 L s | is 25 | 50 75 |
! Pwien? | woem? ! wiem? | wem?  wem? wem? | wem? | wiem? | wiem?
In WOOL NYLONVORAR 3| |
L COTTONNF URETHANL o7 2@ 1 19 | 27
i s -+ + . : '
307 | WOOL MYLON PREOX i | |
11004/ F URETHANE |33 | m B2 77 | 25 14
t L i S S S W U E— i —
374 L WUOL NYLON NORF AR | | | | i
[ THTZ6ALNE URETHANE, 12 11 20 21 45 | 38
- . ; 1 po = s P
289 | WOOL HYLON POLYIMIDE | D o0 NA | mA HiA
t - - - - - -!- e
! |
|
i
|
+ I. 4 . 4
|
— 1 I !
(1) SCALED RELATIVE TO  FOR VONAR 3 HEAT BLOCKING LAYER WITH A VALUE OF . ;) AS 100
Table 7: Mass Toss Data of N.F. Urethane

at 2 Min. from Radiant Panel Test
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SPECIFIC MASS FIGURE OF
INJECTION RATE MERIT
s gt
CONFIGURATION DESCRIPTION m 1079 L -gim 10T Wses
NUMBER OF SAMPLE cm? sec 9
T | E—
25 | BaO 75 25 50
wiem? | wiem? | wiem? | wem? | Wiem?
S ! i I il
367 WOOL NYLON/F.R. I |
URETHANE 50 56 Ni& | 048 0.76
17 WODL NYLON/VONAR 3 |
COTTON/F R, URETHANE 4.2 23 27 5.9 22 28
" WOOL NYLON VONAR 2
COTTON/F.R. URETHANE 39 | 21 47 6.4 23 16
I S — B .
373 WOOL NYLON/PREOX
1100-4/F A URETHANE 33 7 w’ | 16 30 21
376 WOOL Y LON NORFAB |
1IHT 26-AL/F R URETHANE | 2.2 16 55 "o 31 a
- B I I SR I S
377 WOODL NYLON/ 181 E-GLASS/
F_R. URETHANE 35 33 15

(1) SCALED RELATIVE TO . FOR VONAR 3

Table 8:

Mass Loss Data of F.R.

HEAT BLOCKING LAYER WITH A VALUE OF 5 AS 100

RELATIVE FIGURE OF
MERIT {1
Wlep o 100%
25 5.0 75
| wrem? | wiem? wiem?
B an NA
100 oo | 100
- - | S— N
108 104 57
.
|
128 136 75
186 141 a0
120 68 NiA

Urethane Averaged

Over Time from Radiant Panel Test

CONFIGURATION
NUMBER

372

a1

289

DESCRIPTION
OF SAMPLE

WOOL-NYLON/VONAR 3
COTTOMN/N.F. URETHANE

WOOL NYLON/PREOX
1MO04/NF URETHANE
WOOL-NYLON/NORFAB

WOOL WY LON/POLY IMIDE

1
|
—
T
1

1

TIHT 26 AL/N.F. URETHANE | 30

SPECIFIC MASS
INJECTION RATE

. -5
™ ‘_9: _ 8
em? sec
50
\'\f.-c:n|2 Wicm
28 22 28
449 29 an
‘
|
!
@ o 19
1
0 o | o0
{

FIGURE OF
MERIT
30t W e
aim 107 W sec
25 50 75
Cwiem? | wiem? | wiem?
89 23 | 27
- 1
|
51 17 | 28
—
1
84 a1 | a9
: !
NIA NiA | HA

RELATIVE FIGURE OF

MERIT {1}
irg o 100%
25 50 75
W.-r.n|2 | W-'Lrn2 |
1
149 | 108 %6
+
.
B l 0 B9
| |
142 i 186 140
WA : NA [FIEY

(1] SCALED RELATIVE TO.  FOR VONAH 3 HEAT BLOCKING LAYER WITH A VALUE OF . o A5 100

Table 9:

Mass Loss Data of N.F. Urethane Averaged

Over Time from Radiant Panel Test
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APPENDIX D -1

Study for the Optimization of Aircraft Seat Cushion Fire Blocking
Layers - Full Scale Test Description and Results

Final Report, Contract NAS2-11095, Kenneth J. Schutter
and lFred E. Duskin, Dounglas Aircraftft Company.
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SECTION 1
INTRODUCTION

Ajrcraft passenger seats represent a high percentage of the organic
materials used in a passenger cabin. These organics can contribute

to a cabin fire if subjected to a severe ignition source such as post-
crash fuel fire. Since 1976, programs funded by NASA have been conducted
at Douglas Aircraft Company to study and develop a more fire-resistant
passenger seat. The first program dealt with laboratory screening of
individual materials (Report No. NASA CR-152056, Contract No. NAS 2-9337).
The second program continued laboratory screening of individual materials,
conducted laboratory burn tests of multilayer materials, developed a full-
scale standard fire source and prepared a preliminary fire-hardened
passenger seat guideline (Report No. NASA CR-152184, Contract No. NAS 2-9337).
The third program consisted of additional laboratory burn testing of multi-
layer materials, fabricating a fire-hardened three-abreast tourist class
passenger seat, and a design guideline for fire-resistant seats (Contract
No. NASA 2-9337, Report No. NASA CR-152408). The fourth program fabricated
and burn tested full-scale seat cushions utilizing the fire blocking concept
for protecting the inner cushion (Contract No. NASA 9-16026) .

The tests documented in this report involve a continuation of full-scale
burning of seat cushions utilizing the fire-blocking concept.



3.1

3.2
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SECTION 3
TEST ARTICLES

Test Specimens

Thirteen different seat cushion constructions were tested (Table 1).
Fire blocking, when incorporated, covered all sides of the cushion.

A1l seams were sewn with nylon thread. The overall dimensions for

the back cushions were 43 by 61 by 5 centimeters (17 by 24 by 2 inches).
The bottom cushions dimensions were 46 by 50 by 8 centimeters (18

by 20 by 3 inches).

Materials

The 13 test specimens were fabricated using a combination of materials
shown in Table 2. These materials were selected and supplied for

use in this program by NASA-AMES Research Center.

A11 cushions were fabricated by Expanded Rubber and Plastics Corporation
in Gardena, California.



Construction
Number

1

2

10
11
12

13

Decorative
Upholstery

Wool-Nylon
WooT-Nylon
Wool-Nylon
Wool-Nylon
Wool-Nylon
Wool-Nylon
Wool-Nylon
Wool-Nylon
Wool-Nylon
Wool-Nylon
Polyester

Wool-Nylon

Wool-Nylon

TABL

87

E1

SEAT CONSTRUCTIONS

Slip Cover

None
Cotton-Muslin
Cotton-MusTin
None
None
None
Cotton-Muslin
None
None
None
None
None

None

*F. R. Urethane (Fire Retarded Urethane)
N. F. Urethane (Non-Fire Retarded Urethane)

Fire Blocking

Mone

Vonar-3

Vonar-2

3/8 LS 200

Celiox 101

Norfab 11 HT-26-AL
Vonar-3

Norfab 11 HT-26-AL
None

None

None

Norfab 11 HT-26
PBI

N.

N.

F.

Foam

. Urethane*
. Urethane
. Urethane
. Urethane
. Urethane
. Urethane

. Urethane*

Urethane

LS 200 Neoprene

Polyimide

Polyimide

F. R. Urethane

F. R. Urethane



TARIC 72
TABLE 2

MATERIAL

#2043 urethane foam, fire-retardant (FR),
0.032 g/cm?® (2.0 1b/ft?) 43 ILD

Urethane foam, non-fire retardant (NF),
0.022 g/cm® (1.4 1b/ft?) 24-35 ILD

Vonar-3, 3/16-inch thick with Osnaburg
cotton scrim (23.5 oz/yd?) .079 g/cm’

Norfab 11HT26-aluminized (12.9 oz/yd?)
.044 g/cm?, aluminized one side only

Gentex preox (celiox) (10.9 oz/yd?)
.037 g/cm?, aluminized one side only

Wool nylon (0.0972 1b/ft?) .0474 g/cm?,
90% woo1/100% nylon, R76423 sun
eclipse, azure blue 78-3080
(ST7427-115, color 73/3252)

Vonar 2, 2/16 inch thick, .068 g/cm?,
(19.9 o0z/yd”?) osnaburg cotton scrim

LS-200 foam, 3/8" thick (33.7 oz/yd?)

115 g/cm?

LS-200 foam, 3-4 inches thick (7.5 1b/ft?)
0.12 g/cm®

Polyimide Foam (1.05 1b/ft’) .017 g/cm’

100% polyester _
(10.8 oz/yd”) .037 g/cwm’
4073/26

Norfab 11HTZ26 )
Approximately (11.3 oz/yd?) .038 g/cm’

PBI
Woven Cloth
Approximately (10.8 oz/yd?) .037 g/cm?

Source

North Carolina Foam Ind.
Mount Airy, NC

CPR Division of Upjohn
Torrance, Ca.

Chris Craft Industries
Trenton, NJ

Amatex Corporation
Norristown, Pa

Gentex Corporation
Carbondale, Pa

Collins and Aikem
Albermarle, NC

Chris Craft Industries
Trenton, NJ

Toyad Corporation
Latrobe, Pa

Solar
San Diego, Ca

Langenthal Corporation
Bellevue, Wa
Gentex Corporation

Carbondale, Pa

Calanese Plastic Company
Charlette, NC
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SECTION 4
TEST PROGRAM

Test Setup

A1l tests were conducted within the Cabin Fire Simulator (CFS). The
CFS is a double-walled steel cylinder 12 feet in diameter and 40
feet long, with a double-door entry airlock at one end and a full-
diameter door at the other. It is equipped with a simulated ventil-
ation system and, for environmental reasons, all exhaust products
are routed through an air scrubber and filter system. A view port
in the airlock door allows the tests to be monitored visually. The
radiant heat panels used in these tests were positioned as shown in
Figures 1 and 2.

The radiant panels consisted of 46 quartz lamps producing a 10 watt/
square centimeter heat flux at 6 inches from the surface of the panels.
Prior to testing, the heat flux upon the cushion surface was mapped
using calorimeters. Figure 3 shows the positions at which heat flux
measurements were taken and their recorded values.

Instrumentation

The relative location of instrumentation for the tests is shown in
Figure 4.

Post test still photographs were taken for each seat construction.
These photographs are located in Appendix A. In addition, a video
recording was made during each test.

Thermal Instrumentation

Temperatures were obtained using chromel-alumel thermocouples placed
within the seat constructions. The number of thermocouples varied
between 2 and 3 per cushion depending on whether or not a fire
blocking layer was used (Figure 5). In the CFS, chromel-alumel
thermocouples were located along the ceiling and at the cabin air
exhaust outlet. Two heat flux sensors were installed facing the
seat assembly. The upper calorimeter was used to monitor the heat
flux given off by the radiant panels to insure consistency among
tests. The thermocouple and calorimeter signals were fed through
a Hewlett-Packard 3052A Automatic Data Acquisition System which
provided a real-time printout of data (Fiqure 6).



FIGURE 1

90

TEST STEUP
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and by From ane emd ot a cable Tocated in the ceiling of the CFS.
The other end of the ceiling cable was attached to a load cell.
Thermocouples, heat flux sensors, and load cells were checked for
proper pperation and calibration. The computer and videc were
started, the propane gas was ignited, and then the radiant panel was
switched on. The radiant panels remained on for five minutes.

After fifteen minutes, the tests were complete and post-test photos
were taken of the cushion residue. The residue was removed from the
seat frame and weighed.
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FIGURE 6. DATA ACQUISITION



o
—

5.2

SECTION 5
TEST RESULTS

A total of 23 full-scale cushion burn tests were conducted. Each

seat construction listed in Table 1 was tested twice with the
exception of constructions 8, 11, 12 and 13. For these constructions,
only enough material for one test was available. However, when two
tests of the same construction were made, the results were identical
and therefore a third test was considered unnecessary.

The purpose of these tests was to investigate the burning character-
istics of cushion employing fire resistant designs. It was the
peculiar designs and how the materials were used which were evaluated
and not so much the individual materials themselves. To give an
example, construction number 2 was designed to employ one layer of
Vonar-3 as a fire blocking layer. The evaluation of the performance
of this cushion was not so much decided on what material was used,
Vonar-3, as the way in which it was used, one layer as fire blocking.

General

The constructions tested can be classified in four groups. These
groups are standard cushion construction, standard cushion construction
with a protective covering enveloping the urethane foam core, standard
cushion construction with a protective covering enveloping non-fire
retarded urethane foam core and standard cushion construction with

the urethane foam core replaced by an advance fire resistant foam.

The test results of these constructions is graphically provided in
plots presented in Appendix B. To aid in comparison of these
constructions, the peak values for each test and the time at which
they occurred were taken from the respective plots and are presented
in Table 3. The weight loss results are in Table 4. Post-test
photographs for each construction are located in Appendix B.

Standard Seat Construction

Construction number 1 is representative of the type of materials

most commonly used in the construction of aircraft passenger seat
cushions. These cushions were totally consumed by the fire in a

matter of minutes.

Characteristically, the fire-retarded urethane foam thermally
decomposes under the extreme heat into a fluid form and subsequently
to a gas. In the fluid form, the urethane drips from the seat
cushion onto the floor forming a puddle or pool. This pool of
urethane fluid gives off gases which are ignited by burning debris
falling from the seat. This results in a very hot pool fire
engulfing the seat in a matter of minutes.
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Protected Fire-Blocked Standard Cushions

The purpose of the fire-blocking layer surrounding the urethane
foam core is to thermally isolate the foam from the heat source
by either conducting the heat laterally away and by providing an
insulative char layer.

Aluminized Fabric

The celiox and norfab fire blocking constructions employed a
reflective aluminum coating bonded to their outer surface.

A11 three constructions resulted in identical test results. These
constructions were unable to protect the urethane foam in the
cushions closest to the radiant heat source. They were able to

slow down the burn rate of the urethane thus producing a less severe
fire. This fire was unable to penetrate the adjacent cushions also
protected by these materials.

Characteristically, in these constructions the urethane thermally
decomposes within the fire-blocking layer and produces fluids and
gases. The gas leaks through the cushion seams, ignites, burn and
continues to open the seams. This results in a small controlled
pool fire burning within the fire-blocking envelope with flames
reaching through the seam areas. The radiant heat source in
combination with the controlled pool fire, is adequate to thermally
decompose the urethane foam on the closest side of the adjacent
cushions. The heat source is not adequate to ignite these gases.

Reversing the edges at which the seams were located, i.e, placing
the seams at the bottom edge instead of the top edge of the cushion,
made no appreciable difference for the cushions adjacent to the
fire source. Placing the seam on the bottom edge of the cushions
farthest from the radiant panel helped to prevent the escaping
gases from igniting, and the seam from opening. All cushions using
this fire-blocking material were vented in the back to prevent
ballooning of the cushions by the gas generated within them.
However, the decomposed urethane tended to plug the vent and
restrict the out-gasing. The overall final appearance of the
cushion closest to the radiant panels showed a fragile, charred,
empty fire-blocking envelope with its seams burned open.

The final appearance of the cushions farthest from the radiant
panels showed a partially charred upho