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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 Aviation Administration (FAA), acting on this recommendation,
evaluated Vonar , a neoprene foam blocking layer, in a full-scale cabin
fire test facility wo 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 we19ht
absociated with the use of Vonar-3, with a weight of 0.91E kg/m {27.0
0z/vd 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 Agreement with the FAA, wars charged with the responsibility of
optimization of the seat blocking layer design with regard to fire
performance, wear, comfort, and cost.

1 achieve the above goal, various £fire blockuing materials were
characterized in terms of their (a) fire protection, (b) wear, (c) camfort,
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 firaworthy 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 Vnar-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 bhetter fire protection when used with non-fire
retarded urethane. Thus, it 13 possible to use non-fire retarded urethane
with a density of 19.2 kg/m3 (1.2 1lb/ft3) with the Norfab 1IHT-26-Al at
a cost of only $7,880,000 over the bhaseline. This represents a fourfold
improvement over the cost with the Vonar-3 material.

‘his report is presented in two parts - Sections l-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 mark of E.I. du Pont de Nemours Co., Inc.

Norfab? is a registered trademark of the Norfab Corp.
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EXECUTIVE SUMMARY

The purpose of this study, conducted under an intergency agreement between the
Jederal Aviation Administration (FAA) and the National Aeronautics and Space
Administration (NASA), was to select and evaluate low-welght fire blocking layers
for aircraft seat cushlions 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 ~nd manufacturing cost of each candidate
system as well as the 1lmpact on airline operating costs for the U.S5. Fleet over a
period of 10 years. From this work, a number of blocking layver configurations,
optimized for fire hazard reduction and minimal welght penalty, have been derived
for full-scale fire tesf evaluation at the FAA Technical Center.

A series of eleven seat fire blocksd 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 materlals 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

Aoty existing eommercially usad cushioning polymers, there is probably no
better miverial fran mechanical aspects and cost (ca. $0.15 per board foot)
than conventionel flexible polyurethane foams, and, unfortunately, none more
thermally sensitive. These polymers, because of their easily pyrolyzed wre-
thane groups and thermally oxidizable aliphatic linkages, exhibit polymer
decanposition temperatures of ca. 250° C (508° F), maximum pyrolysis rates
at 300° C (598° F), with a totul yield of pyrolysis vapor of about 95%, most
nf which is combustible. One would expect these materials to ignite easily
withh 1 low power energy source, and when ignited, effect sustained flame
propagation even after ramoval of the heat source.

This report examines the possihbility of increasing the svailable egress time
for passengers from aircraft exposed to a large fire, vy providing fire
protection for the pnlyurethune cushioning.

At the present time, all cammercial transport aircraft are fitted with fire
retarded flexible polyurethane seat cushions (bottams, backs, and head
rests) with an average Joam density of 29.9 kg/m3 (1.87 lbs/fta). With
average scat 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 9.1,000 kg (2 million 1bs) of flexible polyurethane foam in use. The op-
ti- ., one might consider as seating alternativec to effect improvement in
the fireworthiness of aircraft interiors, and their limitations, are use of
the followling:
§ 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 compromises will
have to be made in the choice of an FBL with
respect to ultimate performmance 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 components) such as phenolics, polyimides, and poly-
benzimidazoles (I81), can be made fire resistant enough to inhibit both
propagation and flash-over when used as replacements for polyurethare in
seats. However, when so designed, they all suffer seriocus limitations be-
cause of cost, processability, camfort, and durability (brittleness).
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No fire retardant additive known to date can suppress production of conhus-
Libie vapor from polyurethane 1os .5 under sustained heat fluxes. The only
roal option that exists at present with cammercially available camponents
scoms to be the fire blocking approach; that .5, to provide cost and weight
optimized ablative mauterials in the formm of foams, or fabrics, which will
expoernd and dissipate the heat flux incident on the seats by producing non-
toxic non-camtustible residues., Eventually, however, the ablating FBL will
he consumed, and attack on the polyurethane foam wili occur. The time
neaded for ablation of the FBL, which is then the protection interval for
the polyurethiane foam, should be optimized as a function of cost, weight,
durahility, and other contribuiing factors, to provide the requisite egress
Ltime for aircraft passengers.

One of the larzest contributors to the development of a hostile environment
inside an aireraft cabin during a fire is the production of flammable and
toxic vapors from soft ::ibrics and furnishings, the tulk of which are con-
tained in the seats. ‘e flaumwmable vapors produced by thermal decomposit-
ion of the urethane foam cushicnhs are assumed 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 studiex (Reference 2) have
shown that Vonar-3, 0.48 an (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 blocldng performance than
0.48 em (3/16 in) chick Voner.

The main purpose of this investigation is to evaluate the fire hazard char-
acteristics and mechanical properties of a series of candidate seat cusn on
FBLs, to accurately campute tne weight differential and manufacturing costs
of each candidate system, and to provide a quantitative assesament 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 e recammended in rank for full-srale Ffire test evaluation at the
Fer':ral Aviation Administration (FAA) Technical Center.

Initial interest 1n this problem of passenger survivahility time, and the
development of severely hostile cabin environments, began when it was shown
that a Vonar-3 FBL over nomal polyurethane foam cusnioned 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 from
the FAA Technical Center indicated that the Vonar-3 blocking layer, when en--
cwsing & conventional fire retardant (FR) urethane cushion, appeared egquiva-
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 om (3/8 1in) L3-200 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 funl costs, the Vonar-3 blocking layer may not be cost effective
(sece Appeniix E~1). An FBL is then needed which affords fire protection as
well as cost effectivennss (both in tems of weight penalties and intrinsic
costs of mnufacturing and assembly) for the U.S. fleet.

With this background, a work statement and interagency agreement was devel-
opad hetween the Federal Aviation Administration and the National Aeronaut-
ites 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 comfortable, and

fourth, it must have reasonable manufacturing and

processing coste via normal cammercial sources.

The vork statement in the interagency agreement between the FAA and NASA de-
Tineates 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 cptimum FUL configurations.

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 SUOCKING LAYERS

2.1 MECHANISTIC ASPHCTS OF FIRE BLOCKINC 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 vie emission of water vapor to cool the
heitod zone. Vonar, a family of low density and high char yield toams, usu-
ally doped with Al("H)3 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-l 0.16 em (1/16 in), Vonar-2 0.32 om (2/16 in),
and Vonar-3 0.48 om (3/16 in). Materials which depend on transpirational
cooling by mass injection into the enviromment can be very efficient at high
heat Fluxes. Unfortunately, these systems are less efficient on a weight
basis than those using other fire protection mechaniams.

High temperature resistant fabrics such as PBI and Preox® (registered
trudemark of Gentex Corporation)}, witn char yields in excess of 60%, are ex-
cellent candidates that utilize a re-radiative fire protection mechanism.
Suituble felt fabrics, which are alsc good insulators, have been prepared
from these polymers in fiber form. These potential fire blocking materials

ibit high temperature stability with low thermal conductivity. Fabrics,
tenty, and mats with excellent high temperature insulation properties can
ilso be obtained from inorganic materials such as silica and alumina. Also
to he considered are the highly reflective continuous surfaces, such as
aluninum foils, which function by distributing the incident radiant energy
and thus reducing local heat lcads.

Another 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 comhustible vapor species generated by the low temperature
pymlysis »f the polyurethane substrate. The action of the FBL itself in
inducing these endothermic processes can be a very important contribution to
overall fire protection abilitiex., All of these materials in sufficient
thicknesses, in canbination 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
seal cushion materials has led to the development of a simple cushion model
hased on s'x identifiable layers. This model ~ushion consists of the fol-
lowing six layers:
1. the wool-nylon decorative falbric layer
2. the re-radiative char layer (formmed fran the heat
blocking layer hy thermal degradation of a suitable
fabric or foam)
3. the transpiration layer (allowing vapor exchange)
4. the air gap layer
H5. the reflective layer (to assist in controlling
radiant energy)
6. the cushioning foam (the primary component which
requi res thermal proteoction).



In =g cases, tor eawnple 1LS-200 neoprene and polyimide, the FBL and cush-
ion are a& siugl~ substance, with no need for any additional FBL component.
R -radiution can be offected by either reflection from an emissive surface
of aluninum or from a not char surface formed. The use of alwninum cover--
irgt n high temperature stable and/or ~har forming interlayers is important
in redistributing the local incident radiation, and the hot char or carbon-
i2d layers formed can dominate the re-radiation process. Thus, aluminized
char forming high temperature materials, such as Preox 1100~4 or Norfab
i T-264A1 provide the best combination of mechanigms. Nevertheless, it
should be noted 2t this point that efficient FBLs are by no means limited to
these kinds of materials.

A major danger in aircraft fires is what is termed "flash-over", where flam-
mible vapors trapped high up towards the ceiling of the cahin will suddenly
Liznite and propagate the fire across the w#hole upper interior of the air-
craft like a wave. A suspected major source of flammable cipors leading to
this condition is the decomposition ot polyurethane foam.

'n ablative (sacrificial) protection of a flammable substrate such as the
flexible polyurethane foam, wherein a limted 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 benceficial. Firstly, that part of the evolving cumbustibie 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 combucstible gases, and can
allow additional eooling via mass exchange processes.

2.2 RATION.' & FOR THE SELECTION OF TEST MATERIALS: In delineating the
rationale for materials selection, one must remember that there is a wide
range in radiant heating rates to which the seat sections are exposed in an
aivcraft fire. In exposine e seats in the C-133 test aircraft to a large
oool fire through an opening the size of a door_in zero wind conditions, one
encounters an actual heating rate of 14 W/am? (12.3 Btu/ft2'sec). This
decays o 1.7 W/cm2 (1.5 Btu/ftz'sec) at the center line of the airecraft
(Refarence B8). Thus, one of the apparent problems in trying to define the
thermel environment, which is necessary before one can consider the materi-
als response, is the highly geametrically variable distribution of heating
rates, ranging from values as high as 14 to as little as 1.7 W/cmz. One
mst recognize also that the sea. 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 comubustible
gases from the urethane cushion core. At nominal heating rates of 1-2
W/cm'a, this pyrolysis rate 1ls not influenced by the presence of contempor-
ary incorporated chemical fire retardants. The possibility of modifying the
standard state-of-the-art polyurethare seats via the incorporation of chemi-
cal fire retardants was eliminated fronm further consideration. Bricker




(Reforence 4), using tests in the 7737 at NASA-Johnson Space Center, showed
clearly that at heatirg rates aluve 1-5 W/ am? there was little or no dif-
ference in suppression of fire propagation from seat to seat for chemically
retarded polyurethane conipared to untreated polyurethane.

The primry objective in modifying the seats to increase their fire resist-
ance 1S Simply to reduce the rate of production of flammable vapors fram the
urethane core cushion, and prevent the injection of such flammable guses
into the passenger environment - a critical issue. Under the conditions
that exist in postcrash fires, it is quite clear that nothing can he done to
influence vapor production fram the polyurethane. An alternate option is to
replace the polyurethane with materials thit do not yield flammable vapors
ot pyrolysis. Under the enommous heat fluxes that exist, such materials
will still pyrolyze, however, the pyrolysis process should produce a non-
f lammable char, leading to self-protection of the ramaining foam. The poly-
imide foams represent an example of this kind, providing a high char yield
on pyrolysis, and not releasing flammahle vapors into the enviromment. Un-
fortunately, the cross-link density and aromaticity required to achieve the
level of char yield was inconsistent with ihe mechanical properties, camfort
factors, vresiliency, and durability of the seat, and these materials were
eliminated from turther consideration.

Thus, since we cannot repluce the polyurethane core itself with another foam
that will not pyrolyze to a flammable vapor, then we must use an insulating
iayer to provide the reqrisite protection. This FBL will provide ablative
(sacrificial) protection of the polyurethane foam core. Even with the FBL
prosent, it is still deemed necessary to prevent localized attack on the
polyurethane cushion, necessitating some fom of secondary protection (or
protective layer) that will allow dissipation of the hest flux over as large
an area as possible. The obvious method is to use a "wap" 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 conduct.ion capabilities will reduce local hot
smots, and further enhance the action of the FBL. There are several of
these heat resistant, not easily pyrolyzed, low volatility woven fabric
miterials:  Noamex® and Kev.ar® (registered trademarks of the E. I. du Pont
de Nemours Corporation), and Kynol® (registered trademark of American Ky..ol
rporation).  Two that are camnmercially available as aluminized carbon-
fibre based fabrics are Panox® (registered trademark of RK Textiles Com-
posite Fibres, Ltd.) and Celiox® (registered trademark orf Celaness Cor-
poration), and the aluminized-Norfab materials containing Kynol, Kevlar, and
Neme,;

One surprising tactor emerged on examination of these aluminum protected
fabric FBL systems. Since they are thin, it was not possible to maintain a
sero temperature change bhetween front and back face of the FBL, and thus
necessarily some degrudation of the surface of the polyurethane foam cushion
w111 oceur.  However, the mck-surface of tnese FBL systems behaves as an
efltciont (and hot) catspwytic surface, producing rapid pyrolysis of the



potentially {lammble vapor (and thus curtailment of their escape into the
environment). Secondly, this endothermmic pyrolysis action produces an in-
trinsic fire ablation mechanism, and tinally, yet a third protective mechan-
ism onsues, in that the pyrolysis process produces a thin (but effective)
char layer trom the polyurethane itself, strengthening the overall ablative
mechanism from the FB8lL, and further protecting the remeinder of the foam.
This three-fold bonus act.-n, which is non-operative in the absence of the
FBI, itself, provides a considerable degree of synergism between FBL and cen-
tral foam cushion. More interestingly, this synergiom seeans 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 shculd be noted that the
aluminum 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 tanks 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 summrize the various factors contributing to our rationale for
mterials 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.

{2y There are no camnercially available foam cushion systems which
have all the qualities needed for a seat such as comfort and
durability and yetprovide sufficient fire protection.

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

[t has been detemmined previously (Reference 2) that seat a.rrags heat hlcek-
ed with a n-2oprene FBL transpirational ablater at 1.0 kg/m° (30 oz/yd)
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 SELKCTED:  In formulating our restricted set of cushion con-

figurations, the following components were rlacted:

2.3.1  DEOORATIVE OOVER MATERIALS: The upho. y material selected was a
bluc—colored standard wool/nylon blended fabsic currently in use by a com-
mercial airline company.



SO FOAM CUSH L INTNG MATERIALS:  Two types of cushioninz foam were usad in
these  studies, a fire-retarded polyurethare (FR, with density of 29.9
Iq;/m‘, 1.87 lb/t't") ki a non-fire retarded polyurethane (NF, density of
8.2 kg/m?, 1,45 Lb/€t3). A second form of NF foum was used for one
tost,  invouwving  a  low  density  foam  (16.1  kg/m3, 1.0 1lbh/red).
Ompessition of the NF polyurethane is given in Table 1. Composition of the
FIi polyirethana i3 not  known  (commercially oontrolled proprietary
information), but Lt is 4ssumed to  contain  chemically incorporated
oriano-halide and/or orngano-rhosphorus components as the fire retardant.

Table 1. Contents of Non-Fire Retarded Polyurethane Foam

Component Parts by Weight
M lyoxypropylene giyeol (3000 M.W.) 10n.0
Toluen: diisocyanate (R0:20 isomers) 1¢H.0
Water 2.9
3ilicone surfactant 1.0
Triethylenediomine 0.25
Stannous octoats: 0.35
2.3.3  FIRE BLCKING LAYERS (FdL): This is not a materials development

study, hut merely an experimental comparison of "off the shelf" materials.
Motential cardidates are ilsted in Table 2 and are all commercially avail.-
able. As stated above, the optimum [ire blocking seut should give eguival-
ent or better fire bLlocking performance than Vonar-3 with no increase in
contemporary seut weipght or price.

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

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

(h) mechanical properties with respect to comfort,

(c) wear of the Fil, and

(d) cost.
Any FBL that did not perform adequately in each of the above categories was
disqualified. Several FBlLs possessing optimum fire blocking efriciency
dander  laboratory tests were also tested by the FAA in full-scale tests
(C~-133) to determine fire propagation under the simulated postcrash fire
comlitions. Wear properties were not evaluated in detail and only prelimi-
niry and parcial results are given in the report. Complete iest results
will be provided in a separate report.



TABLE 2. SEAT CUSHION OONFIGURATIONS SELBCTED FOR EVALUATTON
Contig- Fire-Blocking FBL Waight Buppliers of
uration roam! Layer (FBL) rg/md on/yad rire Blocking lLayers
1 FR urethane* none
2 FR urethane* Vonar-3, O0.48 cm (3/18 in) a.Mm ar.o7 Chrie Craflt Industriss
1980 Eget State 3t.
Trenton, NJ O881%
3 fR urethane* Yonar-2, 0.32 cm {2/16 in) 0.87 18.87 Chrig Craft Industrieas
1980 Eaat State 3t.
Trenton, NJ 086819
4 FR urethane L8-200 neoprene 0.@5 cm (3/A in) 2.0 .11 Toyad Corporation
18 Creole Drive
Pittsburg, PA 15238
5 PH urethane Preox 11004 0.389 11.58) Gentes Corporation
aluminized Preox fabric, P.0. Boz 35
plain weave, neopraone Carbondale, PA 18407
CTD, P/N 1289013
8 FR urethane Nortab 11IHT-36-A1 0,40 11.8 Amstex Corporation
sluminized on ons wide, 1032 Stonebridgo 8t.
25% Nomex, 70% Kevlar Norristown, Pi 19404
5% Xynol, weave wtructura
1x1 plain
7 7R urethane 181 E-Olasn, Batin VYeave 0.30 0.2 Uniglase Industries
Statesville, NC
8 NF urethane® Vorar-y, 0.48 cm (3/16 Ln) 0.92 27.07 Curis Craft Industries
1980 East State 8t.
Trenton, NJ 08519
2] NF urethane Norfab 11HT-26~A1 0,40 11.8 Amsten Corporation
1032 Btonebridge Bt.
Norristown, PA 10404
10 L8-300 Heoprene none
11 Polyimids none
12 NF urethans light HNorfab LIHT-26-A1 0.40 11.8 Amatex Corporation

1032 3tonebridge 3t.
“>eristown, PA, 18404

Notes on Table 2:

All decorative upholatery is & wool/nylon blend tabric (R78423 Bun Iclipse, Afure Blue, 78-3880)
by Collina & Alkman, Albemarla, NC.

Suppliers of Foams:

FR urethaos (No. 2043 PA foam, density of 19.9 nlua aor 1.87 lbl!ta):
North Carcling Foam, P.O, Box 1113, Mt. Airy, ®C 27030.

NF L ethane fmedium firm, ILD32, denaity of 23.4 kg/md or 1.45 ib/fe?d):
Foam Cr.ft, Inc., 11110 Buainess Circle Dr., Cerrites, C*

NP urethane light (18.1 kg/m? or 1 0 1b/fed):

Foam Craft, Ine., 11110 Business Circle Dr., Cerritos, CA

Folyimide foam (19.2 kg/md or 1.2 Lb/fed):

Internationsl Harvester, 701 Pargo Ave., Elk Grove Village, IL 60007

L3-200 nepprane foam: Toyed Corporation.

These pol!urotluno toama wors covaered

0.02 kg/m® (2.8 ox/yddy,

807U,

80701

by a cotten/muslin fire-retarded scrim cloth, weighing
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4 FIRE TESTING OF CANDIDATE SHAT CUSHION CONFIGURATIONS: ‘The second task
d«w ribed in the agreoment wis to evaluate candidate seat-cushion/FBL. con-
Pirnrations using 1 series of fire tests ransing fran small sample tests to

Lirge senle tests on full banks of seats.

D04 NASA-AMES T=3 BUBNER TEST RESULTS: A series of initial screening
tessts for potential candidate blocking layers was conducted by Scientific
Services, Inc. (Redwnod City, CA) for NASA. The objective of these tests
way Lo compare the eftects of thermal exposure on the standard seat cushion
{the: haseline reference seat wus taken to be FR polyurethane covered by a
wool-nylon blended decorative fabric) and a number of candidate FBL config-
uriations, 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 5I8° F). The test procedures used are delineated in
Apprnedix A-1. Aasically, 22.9 x 22.9 oam (9 x 9 in) areas of the various
seil cushion mnflgtw'itmnb were exposed to heat fluxes of 11.3 W/ an
(9,95 llfu/ft /sec) and R.5 W/cm2 (7.49 Btu/ftzasec) in the NASA-Ames
T-3 brick furnace. Thermocouples were placed at varinous depths in the foam.
The Fils tested are listed in order of descending time for the foam to reach
A00° (.

L3-200 neoprene - 0.85 an (3/8 in) thickness

Vonar-3} - .48 om (/16 in) thickness

Vonar-2 - 0,32 om (2/16 in) thickness

Norfab LIHT-26-A1

Preox 1100-4

181 E{ilass

no FI3L

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

Seh THERMAL COHARACTERUAATION OF MATHRIALS:  The pliysical charactertstics
under thermmal  stress of  the candidate cushions were determined using
thermogravimetric analysis (TGA), differential scanning calorimetry (DSC),
arel the NASA-Ames NBS Snoke Density Chamber. The NBS smoke chamber gave the
mest conclusive data.  In TGA, the samples are heated at a constant heating
rate, ustally ander a nitrogen atmosphere, and the weight loss recorded as u
Minetion of temparaturae. The polymer decanposition temperature (P), the
tunmperature where the mass loss rate is the highest, the temperature of
canplete pyrolysis, and the final char yield in percent, are detemined as
characteristic paraneters. In IBC, the electrical energy required to
maintain thermal equilibrium between the sample and an inert reference is
measured 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 bhe determined. Appendix G-l contains more complete data on
tie: thermal characteristics of the materials used in these tests.
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2.4.3 MASS INJECTION STUDIES INTD THE ENVIRONMENT: ‘The primary purpose of
these: experimental determinations was to detemine the extent with which tne
polytirethane foam decomposed on pyrolysis and gave rise to mass injection
into the environment of the highly flammable urethane wvapors suspected of
causing flash-over and other fire related phenomena. This investigation was
rdone for NASA by San .Jose State University (Appendix G-") to determine “he
weight loss factors sustained by the urethane foam cushioning material, as
well as the other seat components, both as a function of time, and as a
function of the thermal flux incident on the front face of seat cushions.

The NBS amoke chamber was modified to measure weight loss as well as smoke
density, as a function of time, at a specifi¢ heut flux in the range fram
1.0 W/an® (0.88 Btu/ft%/sec) to 7.5 W/ (6.61 Btu/ft%/sec). Two
hurning conditions were simulated by the chamber:

radiant heating in the absence of ignition

[laming cumbustion in the presence of supporting radiation.

Test samples ("mini—-cushions") are approximately 7.62 x 7.62 om (3 x 3 in)
in size and 1.27 on (0.5 in) to 2.54 om (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 balance and
subjected to a known heat flux in the NBS chamber. Mass readings are taken
every two seconds via an automated halance. After the test, the sample
cushions are opened carefully, and the remaining urethane foam is weighed to
determine weight loss of the foam itself.

It 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 themolyzed 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 flammabie 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 camponent contributed
mrkedly to the smoke content of the environment. After initial testing, it
was determined that the amount of gas originating from the urethane foam
injected into the air would be the best criterion to choose in following the
thermal degradation of the scating 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 fram the
polyurethane foam,



The: specific mass injection rate for Vonar-3 protected seat cushions was
tfound 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
rajuction, albeit with a weight penalty. However, Preox 1100-4 and Norfab
1HT-26-Al1 gave lower mass injection rates than Vonar, with the added bonus
ot an oven lower weight penalty than Vonar.

e mass injection rate into the environment is predicated on che mass lost
by th2 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 .or any thermal flux, the seat cushion size (surface
aren exposed) and time of exposure to the fire source.

.. [Heat Flux].[Area Exposed].[Exposure Time)
FOM = [ql/(m] = -

{Weight Ioss by Polyurethane Foam]

Sampless which exhibited superior performance have been arbitrarily defined
as those which have an FOM greater than 5 X 104 watts:sec/gram at

2.5 W/an®. Thus, the larger the FOM, the greater the fire blocking
perfornmance exhibited by the sample. Of the configurations exhibiting an
FOM > 5 X 104 |, it 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 perfommance.

2.4.4 CABIN FIRE SIMULATOR TEST RESULTS: The Mouglas Aircraft Company
perfonned full scale seat bank tests on 13 different seat cushion configur-
ations (Appendix D-1). Fire blocking layers, when present, cove~ed 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 om (17 x 24 x 2
in) and of the hottom cushions were 45.7 x 50.8 x 5.1 em (18 x 20 x 2 in).
The tests were performed in a Cabin Fire Simulator (CFS) which is a double-
walled steel cylinder 365 on (144 in) in diameter and 1219 om (480 in) long.
A view port allowed photographs (closed circuit television) to be taken
during testing. Chranel-alumel themmocouples were placed inside the seats
to monitor temperatures, and heat flux calorimeters were installed to moni-
tor the heat flux fr an array of 46 quartz heating units, which produced
10 W/m2 (8.8 Btu/ft“-sec) at 15.2 on (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 remined on for 5 minutes. After 15
minntes, the tosts were camplete. The residue was ramoved from the seat
Frame and we2ighed,
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Characteristically, the polyurethane foam themally decanposes under the
extreme heat invo a fluid form and subseguently to a gas. In the fluid
fom, the urethane drips from the seat cushion cnto the floor, forming a
ptddle or pool. This pool of urethane fluld gives off gases which are ignit-
ad by burning debris falling from the seat. This results in & very hot pool
fire engulfing the seat in a matter of minutes, and must be controlled in
same manner Lf realistic egress times are to be achieved.

0Of the fire blocking layers tested, the ones which showed less than 25%
weright loss, and therefore gave the best performance as a fire blocking
layer are:

[53-200 neoprene

polyimide with polyester

Morfab 11HT-26-A1 (FR foam)

Prenx 11001 (FR foam)

Vonar-3 (NF foam)

Mmtailed results may be found in Figure 1. [S-200 neoprene and polyimide

Figure 1. WEIHT LSS OF VARIOUS CUSHION OONFIGURATIONS

CUSHIDN
COMFIGURATION

BASELINE m Jrom
VONAR-3/FR {2) ] B.n
VONAR-2Z/PR 3 {3.a%
VONAR-3/¥4P m ] %
3/8 18-200/FR () ] %.7%
PREOX/PFR & | 24,6%
PBI/FR (13) LK
NORPAB-AL/YR  (B) ] 2412
NORPAB-AL/NP  (B) YK
NORPAB/FR (12) ~ 1 60.9%
13-200 {9 1.2
POLYINIDE {10) ] 8.7
POLYIMIDE an|______Jue

W/ POLYESTER . . . . . R i . —_

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

are advanced foams which are used as both the fire blocking layer and the
central cushion itself. They are superior to the fire blocked systems
tested in fire protection perfommance. The major disadvantage of 1.S-200
neoprene is a large weight penalty. Fqually, polyimide foam provides good
fire protection, but the foam is extremely hard and uncanfortable, and es-
sentially rfails the "comfort tandex" 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 contigurations using aluminized fabrics that
are impermeahls to liquid pmducts), the cushions closest to the heat source
hiarn 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 from the fire blocking envelope and foon a
ol nn the floor, an uncontrolled fire erupts which results in total burn-
ing of all cushion materials. e aluminized fire blocking lavers, both
Norfah LIHT-26-Al1 and Preox 1100-4, provide significant fire blocking both
via their aluminum reflective coating, and their non-permeebility. Seam
constructions significantly affected results of these tests. Had the scams
held, not allowing liquid ly-products to pour out onto the floor, the
overall seat degradation process may have been even less severe, Seam
design 1s a factor which needs further examination.

Tests were perfomed with both Norfab 11HT-26-A1 and Norfab without the
aluminum backing, and indicated that aluminized materials provide a great
deul more fire protection, presumably (as stated before ) involving hoth
radiant reflective ef fects and obviation of localived heating effects,

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

Tabto 3 MASS LOSS DATA AS A CRITERION OF HEAT BLOCKING PERFORMANCE
AT 2.5 W/em?

SPECIFIC FIARE

DESCRIPTION SURFACE  MASS oF RELATIVE
R T
CODE  LAYFRR (HEL) o uﬂ" B /ot eac :;tt--ucls efe, x 1000 RN (grane) {(grams)
9 Hone/
Wool-Wylon/ 0.0 0.0 12073 2.1a0" . 45 ' 1040 1542
WF Urethane
L) Vonar 1/
Wool-Myln 0,152 0.05  1.3a0”°  3.ac® 51 6 1721 2113
W rethane
15 Vomar 1/
Wwol-Nylen/ 0,463 ol s.x0” &.mar® 104 ‘ 2035 426
HF Urethane
m (1:2?135@1- 0,009 0.03  1.307 7.600" 162 2 1699 2090
Hylon/NF Uve, :
12100 Al(wp)
Caliox-Wpol- 0071 0.09  2,8u07° 8.5’ 189 1 1528 1919
Nylon/MF Ure.
35 Norfab/
Wol-Nylon/ 0,088 0.040 4,507 s.sx10° 17 3 1539 19%
NF lrethane
17 Vonar 3/
Wol-Mylon/ 0,463 0.1l 8307 4 pac® 100 B 2035 %26
FA Urethane
-\_',.,—-_D‘.'.,Yq.a‘.‘a - *
M T el M ST 2L B N0 FABRIC: 591 grame avat Dersicies can be calculacad from these
'- - i:, “HEAT BLOCKING LAYER & per values and che indicated HEL thicimesa data,
Aot ] Kile wenwe 449 grame por sest "Deraity - Surface Demsity/Thickness"
N ST Pt 1 FR URETHANE.: 840 grave par seat ok, 2
[ - s ‘. B q {2 a atandard heat flux of 2.5 watcs/cn
t' e
B o I AR *Scaled relative to ¢, for Vomar I10 heat
Sk e P B blocking Layer with . valus of 100,
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fire: blocking layers. [t is true that Vongr-S performs better at the higher
heat fiux level of 7.5 W/amé (6.6 Btu/ft-sec), but at the heat level of
interest, 5.0 W/cn"*' (4.4 Btu/ftzmsec), it was appro.imately equal to the
other heat blocking layers. However, camplete data at & W/ an? are rot
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 scen from Table 3 that Vonar performs equally well with hoth non-
fire retarded and fire retarded flexible polyurethane foams. Plots have
been made of the PFOM versus heat flux for both types of foams with various
fire: blocking layers, and they may be found in Figures 2 and 3.

Frgure 20 THERMAL FFFICTENCY (OMPARISON OF HEAT BLOCKING LAYERS FOR
FR URFTHANF, AS A FUNCTION OF HEAT FLUX AT 2 MINUTES ELAPSED TIME

- WOGL-NYLON/F.A, URET HANE 7387
O WOOL-NYLON/VONAR 3% COTTON #47
wer ——— WOOL-NYLONVONAR 2¥ COTTON #11
wmie  WOOL-NYLON/PREOXD 1100-4 #373
Q  —D-= WOOLNYLON/NORFAB® 11MT-26-AL #378
\ cdr= WOOLNYLON/1ST £-GLASS #377

~

™
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./
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o
T
-~
-~
.-/.'

FYGURE OF MERIT, ¢ = g 10 ~ame
-~
-
-
/

e
.

25 %0 1.5
HEAT FLUX, W/em?

The 181 Glass fabric exhibited the lowest fire protection at 5.0 W/an2
{4.4 Btu/ftz—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 he 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
Ix:tter 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 30 THERMAL FFFICIENCY COMPAKISON OF HEAT BLOCKING LAYERS FOR
NF LIRETHANE AS A FUNCTION OF HEAT FLUX AT 2 MINUTES ELAPSED TIM®

K3 —{y— WOOL-NYLON/F.R, URETHANE #1587
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protection performance shown in this study, point in favor of aluminized

fahrics for possible use as cost efficient heat protection systams 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. 1t can be seen that the Vonar
systems do not meet the desired performance criteria. Vonar-3 ic too heavy

and Vonar-1 is not sufficiently protective. Preox 1100-4 ecasily meets both
of these criteria.

Results of these studies are summarivzed in temms of a standard tourist—class
aircraft seat in Table 4. Again, these results show that on & weight basis
nth candidate ablative fire blocking layers are ahout three times more cost
elfective 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 he stated that, although Preox 11004 offers slightly
superior fire protection performance when compared to Norfab 11HT-26-Al, it
i scon that non-fire retarded polyurethane foam with aluminized Nortab
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TIHT-26-A1 as o blocking layer comes closest to meoting the target goal of
this study, numely, equivalent fire performance to Vonar-3 and the smallost
increase in seat weight.,

Figure 4;
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3. DEVELOPMENT OF WIIGHT AND ECONOMICS ALGORITHMS FOR SELECIED SEAT CUSHIONS

Amorgr the specific tasks outlined in the NASA/FAA agreement was to provide
necurate weight differentials, manufacturing and operatirg cost information,
pertaining to each of the seat configurations for the projected U.S. fleet
aver o 10-year period. Tis information was to be provided by a computer
prozeam developad in o sultable manner for use by the FaA,

3.1 DEVELOPMENT OF A WEIGHT ALGORITHM: The problem has been addressed for
NASA hy ®DN, Inec. and Intormtics, 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 evuluate the cost impact associated with manufacturing and flying
variouns 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
PrOZrum yser

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

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

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

§ reference cushion configuratir~: allows generation of compurative costs,
as cumpared to absolute costs, by allowing for
changes in data on the reference cushion

Lo

y 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 coring into use
in the UJ.5. fleet

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

A detailed lopgicil Flow of the program, thking into account all of the above
parameters, is given in Apperdix F-1. An outline of the algorithm for the
current cost mdel of these seat modifications is shown in Figure 5.



Figure H:

™Me results of applying this program to Vonar-3,
Preox 1100-4 FBls are shown in Figure 6.

Pigure §:

TOTAL PLEET COSTS
IN MILLIONS OP DOLLARS FER YEAR
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COVEL CONFIGURATION OF THE OOMPUTER ALGORITHM
FOR DETERMINING QOR'T/WELIGHT EFFECTIVENESS OF

SEAT CUSHION BLOCKING LAYERS

—
CALCULATE CESHION W{Y
COST OF (WIERTALS AHD

SPECIFY SEAT . “HIDN
CORF [GURAT A+ -

STARY PATERIALS AND THEIR b WANUFACTURING COSTS
COST AND DENSITY PER SEAT

A/C FLEET PROJECTIONS
USED TO DETERMINE
ANNUAL DEMAWD FOR
SEATS AND ANNUAL MO .
[OF SEATS IN FLESY

b f

CALCULATE DELTA RAW
MATERIALS AND MFG,
COSTS FOR THTIRE FLEEY
{HEW CONFIGU™ TION VS.
BASEL FL }

CALCULATE PPACT OF
HEIGHT DN FUEL COSTS
FO3 EMTIRL FLEET
. ANLAL
TOTAL

P 1)
QEPTPTS

Norfab 11HT-26-41,

and

Average cost to manufacture and

ALGORITHM QOST EVALUATION OF CURRENTLY AVAILABLE FOAMS AND FIRE
BLOCKING LAYERS AT BQUIVALENT FIRE PERFORMANCE AND COMFORT

&0

FBL (0Z PER SQ YD)

VONAR-3 COTTON (27.0)

—+ NORFAB OR PREOX (11.0)

£
1.0 1.2 1.4 1.6
AVERAGE SEAT POAM DENSITIES IN FOUNDS PER CUBIC FOOT

2.0

PREQOX (7.0)
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fily per year for 1 five year period with FBLs, each with a wear life of five
vagrs, are plottad as a1 funedion of average seat foam density. The average
L foam densities of  fir- retarded and non-fire retarded flexible
miyurethane foam have been iudicated as 27.2 kg/m- and 22.4 kg/m‘j (1.7
aikl 1.4 pounds per cubic foot), respectively. The use of non-fire retarded
polyirethane 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 Norf.b 11HT-26-A) as candidate
FBLs with non-fire retarded polyurethane foam could cost as little as $6 mil-
lion dollars, whereas the Vonar-3 modification could amount to ahbout five
times s much, or %28 million dollars.

3.2 COMPARATIVE WCONOMICS OF USE FOR SELECTED SEAT CUSHION OONFIGURATIONS:
Informatics, Inc., (Appendix E-1) implemented the set of programs based on
the weight methodology developed by BOON, Inc., with an interactive camputer
process to compute costs to build and fly various aircraft seat configu.at-
ions. These programs allow the user to tell the computer to store informat-
ion about costs amnd characteristics of seat materials, material suppliers,
fleet composition, aircraft characteristics, fuel prices, and seat designs.
The user Luputs test results, costs to make the seats, seat composition, and
soat life in the camputer for each design, then directs the camputation of
seat weisht and costs.  Costs are projected for ten years, based on annual
damand/use  demographics for seats. Te frequency and method of seat
raplacement, route/usage informition, as well as the composition of the
flevt cach year, determmine the overall seat demand.

The complete program, along with the user's manval, may be found in Appendix
F-1. A typical Cost Sunmary Report given by this program is found in Table
5 helow.
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Table 50 PROJECTHD COSTS MHROUGH 1986 FOR THE PURCHASE AND FLYING OF SOME
SELMITED SEAT QONFIGURATIONS USING ONE PART [QUiaR METHOD OF SEAT
HEPLACEMENT

VONARS NORFAB NORFAD LIGHT
CODE® O@3 CODEN 882 CODE® 009 CODEs 012

ME THOD GRAD GRAD GRAD GRAD
SEATLIFE 3 YRS 3 YRS 3 YRS 3 YRS
COST TO FLY(1986) S1366. B41589. S7196. S9089.
COST TO BUY(1986)

MATERIAL 6986. 7634. 19312. 13312.

MANUFACTURING 11799. 11799. 11799, 11799,
TOTAL COSTS(1986) 70331, 1033971, a2ae7. 75208.
DELTA COST-FLY(1586) 8. azasve. 5630. -1477.
DELTA COBT-BUY(1906) e. 640, 6326. 6926.
DELTA COSTS(1986) 6. 33228. 11986. 4849.

* Costs in Table 5 are given in thousands of dollars.
UNE# 001 - unprotected FR urethene (used as our seline reference cost)
OME# 002 - Vonar-3 protected FR urethane
CODE# 009 - Norfab protected NF urethane
MDE# 012 - Norfab protected low-density NF urethane foam

In Appendix E-1 are cost sunwmries using the three replacement methods for
the 12 configurations indicated in Table 2 on page 9. Three methods of sezt
replacement are used in calculating the replacement costs involved: a
"gradual™ (GRAD) replacement of the seats, depicting the present attrition
rate of used seats, a "no replacement metind" (NORP) which is replacement of
seals Ln 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 u 3 year period.

Table 5 presents canparison 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
Flyimg costs associated with heavier or lighter (negative) seat configura-
tions). Note that configuration 12 in the column CODE# 012 1e
1.21u/fe3NF foan plus an FBL of light-weight Norfah is actually lighter
thin unprotected FR foam, and produces a lesser operating cost (31.5 million
1es:s) than our haseline.



4. MBCHANICAL WEAR TESTING AND ASSOCIATED QOMFORT FACTORS

Optimum fire blocking lavers evaluated in the Cabin Fire Simulator at
Nouglas 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 manutacturer.

4.1  [LD 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 flgure
of 77.0 pounds to cause a deflection of only 25% points to an extremely
intiexible and, therefore, uncomfortable seat.

Table 6: SEAT CUSHION ASSIMBLIES
Inad Neflection Test Results Per ASTM-D-1564-71-Method A

Config- Load 741 Thickheas Load 285% ILD 28 Load at ILD 0% ILD 65
uration Description Prastress with 1 1b. Deflectioa 65% i3 1
Number Preload {1 minute)
N.F. Urethane, 2 in. 2.718 18.0 41.0
F.R. Urethane, 2 in. 1.068 J32.2 81.0
1 w/a;
F.R. Urathane, 3 in. 145 J.174 4“4 0.88 21 1.82 2.07
2 ¥/N;, Vonar-3, 3/18";
F.R. Urethane, 3 in. 198 3.553 44 0.92 100 2.00 2.17
5 ¥/N; Preox 1100-4;
F.R. Urethaneo, 3 in. 182 3.210 55 1.1 - 1.94 1.78
8 W/N; Vonar-3d, 3/16°;
N.F. Urethane, 2.7 in. 138 3.248 1 V.82 a9 1.38 2.23
11 Polyimide Foam, 2 in. 1.874 T71.0 129.0

¥/N; Praox 1100-4;

N.F. Urethane, 3 in. 100 3.006 20.8 0.5%9 8y 1.14 1.83

¥/N. %Wool/Nylon Pabric
ILD: Indentation Load Deflection

T™is factor alone disgualifies the polyimide foam seat, which otherwise is a
fine candidate, showing pranising fire protection properties as shown in
Figure 1, as well as being a remrkably lightweight seating material.
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All other data frem the fire blocking layers tested here show acceptable
indentation load de=flection. An acceptable range is considered a load 25%
deflection (1 minute) of 29 to H5.

4.7 WFAR TESTS: Preliminary wear tests were conducted by Boelng Canmercial
Airpilane 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
stowed a mionimum of 50 hours of wear stress under these testing conditions.
Aditional tests will be conducted in the near future to compare the 11
different seat configurations used 1in this study. Results of the wear
testiug will be given in a later report.

Figgure 7: WEAR TESTING APPARATUS USED BY THE BOEING COMMERCIAL
AIRPLANE (XIMPANY TU TEST WEAR DURABILITY OF SEATING
MATFRIALS

Actuating mechanlsm

Seat weight-

140 lbs
63.5 Kg

Pant; fabric-
100% polyesier/

2 bar tricot knit 25°arc

* 2 minute eycle SO Cushion rotation- 18 cpm
+ 1 minute 40 seconds contact un cushion 35%arc
* 20 seconds fn up pesition
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WEAR NDURABILITY OF VARIOUS SEAT QONFIGURATIONS

MATHRIAL DES"RIPTION WEIGHT SEAT YEAR TEST RESULLY
oz/eq yd kg/mé
Norfadb {aluminum up) 11 0.37 50 hours winimum wear
Preor (aluminum up; 18 0.681 38 houre, inciplent failure
Preox (aluminums up) 23 0.78 No test per foimed
plus 5 cz PBI
Pirotez {bonded to 6 0.20 50 hours, very poor
decorative upholstery)
FPirotex (bonded to Jecoratliv 11 0. 37 No test performed
upholstery) plus 5 oz PBI1
Dunlop Terex 181 0 mm a8 0.8% 80 hours ainimum wear
L3200 - 378 in a8 1.29 50 houra winimum wearg
Vonar-3 (cotton) kL] 0.81 50 houre minimum wear
9 oz PBI 9 0.11 No test perforead
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S. SUMMARY

Major accomplishments fram this program are listed below.

§ A complete model and camputer 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 P-1.

§ The NASA T-3 burner test resu.ts described 1in 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 gnall-
scale testing procedure for these purposes.

§ Full scale laboratory testing has been perfomed at Douglas Aircraft, and
is shown to be a viable test methodology for comparison of the fire
performance of complete 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) Those which use transpirational cooling, typically camposed of
Al(OH)3, perform best in high heat fluxes. The doped necoprene foams
work by dehydrating in the case of a fire, cooling by dissipative emis-
sion of water vapor. Thelr 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.

(2) Aluminized thermmally stable fabrics work by re~radiation and/or lateral
conduction of the heat produced by the fire and provide excellent high
temperature insulaticn. 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.
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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 capubilities 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 o0z/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. In small sc . testing of aluminized fabrics,
ne 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
blocking layers conducted by Scientifie 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 effeets 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 concucted 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 products from
being released into the atmosphere. A schematic of the filter system is shown in
Fig. 3.

Since the 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 steedy-state
condition, which was defined as a constant flux reading (using a slug calorimeter)

mainiained over a period of 15 minutes.
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During the test program the furnace was allowej 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 Blu/ftzs) and 8.47 W/cm2 (7.5 Btu/t‘tzs) —— that are typical
of what might be expected in an aireraft eabin 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 btlend 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 froin one
to three thermocouples on the samples. On samples using Fiberfrax, one
thermocouple was placed on the surface of the Fiberfrax. 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 proeedures 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 scmple was then placed on top of the furnace lid because, in
most cases, there was still smoke and flame ecoming 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 tnaterial used by Pan American Airlines, which is similar to the
the seat covering of all commercial aircraft.
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Fig. 5. Placement of Thermocouples.
TABLE 1: RESULTS OF THE CANDIDATE HEAT-BI OCKIMA MATERIALS
Fire blook Filler T et # Tete L ——
113 Wem? 8.5 Wiem Q 300 °C
— I 113 [ %)

L3100 3/n" Frax 104,103,108 T3-85
Yonar 3 Frax 10,11,13,17 7,718,713 sii-n 5-113
Yonar 1 FH Focm 31,30,00,40 [ TR 1Y 3-8 $1-88

. Vonar ) NF Foam [y X R (TR 0-43 a5-48
Vonar 3 Frax ; 11,23,04,25 14,79 -4 -4
Vonar 2 ¥R Foam ' 1,54 " 4i-80 45-47
Vonar 2 NF Foam 10,51,32 87 8- 76 57-17
Hertah Frax 65,584,687 ™17 10-38 18-10
Horlab FH Youm 43,534,356 ","n 14-10 31-33
Norfab NF Foam o1,03,84 " 0-13  3-34
Al C- ¢ i Frax 1,7.4,9 30,81 -8 11-3
Al T 101 FR Foam 58,47,54 nn 13- 4-15
Al Ca. o 101 NF Foam 108,108 5-17
E-Glass 181 Frax 19,3031 78,10 19-13 8-37
E-Glass 181 IR Foam AL "9 17-4 B-77
E-Glaws 181 RF Foam 104,101 1%-30
None Prax 118,27,18 09,0970 18-17  18-17
None FR Foam 4,48 51,02 18-13 -4
None (Note )} L 18- 200 107,108,108 46-8)

Nate 1

Shuw terperalures range 318" from surface of foam
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TEST REs TS

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 raach
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"

J.A. Parker and D.A. Kourtides

Presented at the 7th International Conference on Fire Safety, SRI
International, Menlo Park, California, January 11-15, 1982.



OPTIMIZATION QF FIRE BLOCKING LAYERS
FOR AIRCRAFT SEATING

John A, Parker and Dematrius A, Kourtides

National Aeronautics and Space Administration, Ames
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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 stabi)ity and high
thermochemical char yields or high transpirational cooling rates, such as those
foamg fabricated from isocyanurates, phenolics, imides and hydrated chlovoprenez,
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 [mmersed in
large fuel fires, Char forming ablative coatings, are widely used {n exteading
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 subatrate than conventional flexible polyerethane foams,
and probably from a mechanical point of view no better cughioning material with
a cost of something like $0.15 per board foot. These polymers because of their
easily pycolyzed urethane groups and thermally oxidizable aliphatic linkagea exhibirc
polymer decompositisn 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 expact these materials to ignite easily with
low power energy sources of 2.5 watts/em® or less and when ignited effect sustained
flame propagation even after removal of heat source, To be sure all non-fire
retarded flexible urethane fogms that we have examinad 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 yleld.
In fact, one observes the same average mass injection rates of combustible gases
under a sustained radiunt heating rate from flexible polyurethane foams whether -5
fire retarded or not. This gas production rate can amounf, to as much ag 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 iucreases almost linearly with the applied heating rate up to about
six watta/cm”, heating rates which are fairly typical of the usual trash or jet
fuel fire. A value of 4x10-4g/cm?/sec for hydrocarbon injection at surfaces has
been found to effect sustained propagation and flame spread.

A sustained heating rate of approximately 5 watts/cmz applied to one geat of
a three geat trangport array comprising flexible polyurethare foam, fire retarded or
not, will produce flame gpread and ignition to the adjacent seat in less than one
minute, resulting in sufficient fire growth to permit flames to impinge on the
alrcraft 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
avallable 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 watta/cm? 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 4x20-% gm/cmzlsec at 5 watts/cm
as a performance criteria to prevent flame spread and subsequent flashover.
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All commercial transport aircraft are, at this moment, fitted with fire
retarded flexible polyurethane seat cushiona, bottoms, backs and head rests with
an average foam density of 1.7 lbs/cu ft, With average seat construction, there
are abour five pounda o foam per seat, For 2000 afrcraft with an average of
200 seats per aircraft, tiis amounts to about two million pounds of flexible
polyurethene 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 b= outstanding ablative materials such as
phenolics, imides, pelybenzimidazoles, 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 resiatant enough, they all suffer in
varying degrees from serious limitations because of cost, proceasability, comfort
and durability (brittleness), For example, polyimides 1n general are about 50
to 100 times more expensive than basic flexible polyurethanes w:'ch might result
in a replacement cost of 50 to 100 million dollaras for the existing U. 5. fleet,

There may be some fire retardant additivas for flexible polyurethane foams
that could improve their thermal stability and suppress the combustible gas
production rates at sustained high heating cates, 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 fahrica. It Is believed that the
limitations in comfort, decore, durability, & increases.inghip set weight pemalty
may be overcome by the approach taken in this atudy.

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 aeating 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
wvere evaluated with regard to cost. These screening gates, the controlling
algorithms and materials data base have been reported separately (3),

The varicus ablative or fire blocking mechanlsms 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 ias perhaps the best candidate
of this clasa currently available, It is available in two practical thicknesses
from 3/16" to 1/16". The high temperature resistant polymera with decomposition
temperatures in excess of 400°C, and high char yield polywers such as the PBI's,
Celiox, & Kynol yith char ylelds in excess of 60% are excellent candidates for re-
radiation protection. Suitable ablative felt fabrica which are also good
insulators have been prepared from these polymers in fiber form.
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The action of the ablarive matrix to induce vapor phase cracking of the
combustible gas generated from the slow pyrolyses at low temperature of the
sybatrate can be very important especially in applying ablative materials as
fire blocking layers., All of these materials in aufficieut thicknesses in
combinatisn or individually can provide the required degrees of thermal protection
necessary for fire safe polyurethane cushioning, The question to be answured
i{s which combination provides the correct amount of protection tc keep the vapor
production rate of polyurethane foam somewhat less than 10 .20x10-3 grams/cm®/sec
under an incident heating rate of 2.5 watts/cm2,

Fabrica, felts and matas with excellent high temperature insulation properties
can be obtained as indicated from non-ablative, inorganic, dielectrics such as
slllica and Fiberfrax, Highly reilective continuous surfaces, which alao function
to distribute the incident radient e..rgy and thus reduce the local heat loads,
such as aluminum folls must also be considered,

Another ablative mechanism which bhecomes exceedingly {mportant in controlling
the effective mass injection rate, is the ability of the ablative matrix to
initiate vapor phase cracking ot the combugtible vapor species generated by the
low temperature pyrolysisc of the polyurethane substrata,

All of the mechanisms liasted and any of the material examples indicated can
alcne 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 thi % ess, The first question
that the research reported here attampts to angwer is  "at machaniem and matarial
or combination provide just the amount of protection reyuired at a minimum weight
of ablative material per unit area.

Materials which depend on transpiration cooling by mess injection can be
very efficient at high heating rates. Tneir efficiency increases monotonically with
the incident heating rate above 7 watts/cm®, As will be shown, transpirational
systems are less efficient on a weight basis than systems based on the other
mechanisme 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 provfie the most efficient ablation
systems for designing blocking layers for contemporary polyurethane geats.

A generealized schematic for the kinds of optimum fire blocking layers to
be discussed in this paper, indicating the mnin Leat blocking mechanisme is
shown in Figure 4., Earlier gtudics on the internal isotherm recession rates of
char forming ablative foame (4) expomed to the typical aircraft fuel fire environ-
ment demonstrated that re-radiation from the non-ruceeding fire stable char surface
and the low thermal diffusivity of virgin foam dominated the minimization of the
pyrolyag¢s isotherm rate, Re-radiation can be effected by etther reflection with
an emiselve surface of aluminum or a hot char surface. At present, we underastand
that the use of aluminum surfacing on high tempsrature stable and or char forming
interlayers is important in redistributing the local incident radistion, and the
hot char or carbonized interlayers dominates the re-radiation process. Thus,
aluminized char forming high temperature materials such as Centex's Celiox or
Amatex's Norfab , provide the begt combination of mechanisma, 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 controlied py.lysis is
allowable, internal char formation by thermal cracking of the urethane ryrolysis
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 aveld rupture of the fire blocking layer, ic is safe
to provide some venting ac indicated to manage the pressure drop within the
cushion structure,

The results cbtained with mini test cushiona at 4 minutes and 2.5 untcs/cmz
incident thermal flux are showm in Figure 5, It can be geen 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 blockiig layer.

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

It is of interest to examine 5 means of quantitatively characterizing the
efficiency of fire blocking layers in laboratory fire durability tests to predict
their performance in full acale teate,

In Figure 7, the efficiency of any fire blocking layer has heen defined
ags 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 sble to be measured
experimentally by any one of three methods indicatad in equation two by the
recepslon 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
firally 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 ghould note, as pointed out above, that the maas
injection rate of the substrate increases monotonically with heating rate, and that
the efficlency 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 relatfuvnship 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 zerc 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_is about & watts/cm“ at zero condition, and could amount up to 10-12
watta/em” in the most severe conditions with 3 mph wind.
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It is clear from tuls figure that either Vonar 3 or L5-200 both non-metallized
componentg which provide protection by ablative trauspirational cooling alone give
as much a8 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 th.t the interior materials fl: abiliry,
in this case the seat array exr sed to the post crash fire, 1s a major tactor in
post crash fire survivability under the conditions of FAA's average design fire
(5). These of course are seat only teats, These test results permi“ 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 materisl. It 1s the primary cbjective of this
investigation to see 1f it is possible to achieve equivalent fire biocking layer
performance from other materials at reduced weight and hence costs.

In Figure 9, a simple relationship has been developed between the allowable
egreas time and the efficiency and density of a fi.. blacking 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 avallable egress time. The design equation 8 permits one to
select a predetermined egress time and tallor the ablative to give a meximm
efficiency at a minimum aerial density,

S5ince this is not a materi 's development study but rather z short term
comparison of off the shelf items, we have elected to compare fire blocking
eff.clencies of candidate materials with Vonar 3's performance, as a standard
of comparison, and then compute the effect of their use on the average geat
weight, Ideally, the optimum fire blocked seat should give equivelent fire
blocking performance to Vonmar 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 ¥ourtides are shown in Figure 10. These values were cbtained 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 theae configurations with Vonar gave acceptable performance in the C-133
tesat, It can also be seen that both Gentex's Celiox and Norfab gave lower masu
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 ac 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 watts/cmz, at which rate Vonar begins to be somewhat more efficient.
It can also be seen that the low demsity 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 retaried and fire-retarded flexible polyurethane foam
as predicted.
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The non-fire retarded polyurethane foam with Culiox 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 thig low aerial density,

The mass injection rates as a function of fire blocking layer thickness are
plotted in Figure 11, Again these rn!ultu have btan base-lined with reapect to
Vonar 3'a periormance at 2.5 wvatts/cm*, at 5x10-3 grams per cm‘ per sec. It can
be seen that the efficiency of Vonar decreases monatomically with thickness,
whereas the abluative fire blocking layers increase with decreasing thickness,
However, at present durability snd wear becoms limiting factors for currently
available fabrics at thickness much lese than 0,1 cm. It is believed that a
lower limit of about 6 oz per aq yd ia the lower thermal limit for that class of
fabrics, and one should expect a rapid loss in tuermal 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 fumction of
average seat weight. It can be seen that the Vonar systems do not neet the
desired performance criteria. Yonar 3 is too heavy and Vonar 1 is not sufficiently
protective, Both the Norfr,, and Celiox's easily meat both of these cxiteria,
The Celiox based system caun he seen to give a somewhat better fire performance
margin than the Norfab.

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

The outline of the algorithm for the current cost model of these seat
modifications iz shown in Figure 14. In this paper only the element which
addresses the calculation of relative incresse in costs to manufacture and fly
these new heat blocked seats for an average U.5, fleet of 2000 airecraft with
an average of 200 seats per alrcraft 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 inputas 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 ablativr: fire blocking
layers now considered optimum are ahowm ir Figure 16, Cost to manufacture and
fly per year for a five year perilod 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 layera. The average seat foam
densitles 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 polyurethans foam i1s considered to be a viable option for this
applicaticn,
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In Figure 16, it can be seen that cuyrrently available ablative fire blocking
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 :
much, sbout 28x10° million dollars.

Further optimization is also indicated in Filgure 16, if a 6~7 oz per sq
Celliox based fabric cguld be developzd with a five year wear, This could amount
to as little as 1,5x10" million doliar per year for five years.

Concluding Remarks

All known flexible polyurethane foams suiltable as aircrafr 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 teats,

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 is
the least efficient on a cost/weight bagis for fire protection of domestic
transport ajrcraft,

Among the lmown 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 thesz dowm 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 teat 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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DOMESTI" TRANSPORT AIRCRAFT INTERIORS IN POSTCRASH FUEL FIRES

I FIRE RESISTANT HON~METALLIC C(POLYMERIC) MATER[AL
COMPONENTS LIMITATLONS: HIGH COSTS, DLFFICULT
PRGLCSSALILITY, BRJTTLE,

CHHELD DO AL XN v a el ARE LBy GEL AL,
AHU EL3SIGMERS WITH FERE RETARDANT ADDITIVES,
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NEIGHT PENALTY

FIGURE 1

SHORT TERM
OPTIMIZATION OF POST CRASH FIRE PERFORMANCE AND
COSTS OF TRAMSPORY AIRCRAFT SEAT IMG

- PROJECT GBJECTIVES -

1, PROVIDE EFFICIENT HEATING BLOCKING MATERIAL COMPOWEHTS FOR CONTEMPORARY
AIRCRAFT CUBHIONING!

(A} To REDUCE THE RATE OF FIRE SPREAD THROUGH CONTENPORARY
CABIN INTERIORS IKITIATED BY A FULLY DEVELOPED POST Ciash

FUEL FIRE
{n) To IHCREASE THE EGRESS TIME LIMITED BY CONTEMPORARY IN(ER|ORS
IN SUCH FIRES
2. PROVIDE A MINIMUM IMCREASE N SHIP SET WE[GHT FOR CONTEMPORARY
TRANSPORT ALRCRAFY
(A} To MATHTAIN EQUIVALENT CUSHIONING EFFICIENCY
() [o UTILIZE COMMERCIALLY AVAJLABLE MEAT BLOCKING MATERTAL

AND REASONABLE CONSTRUCTIGN METHODS AND MANUFACTURING COSTS,

Froune 2
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FIRE BLOCKING MECHAMISMS
AVAFLABLE FOR PRODUCT DESIGN

Transpination CooLina (VOMARS)

FBls
RERADIAT ton Hien Tewrenarume Stasiel— (e ox
Low ComoycTiviTy

Kynor
INSULAT 10# Low DeEnsiTy ILICA, Pamox
CLosep Ceco FIBERFAX, Momex
THERMALLY STABLE PuEnoL 1C-K ) CROBALLOONS
ReFLECTION 16HLY REFLECTIVE
SURFACES ALuminm
Varor PHASE- Dense ALUM | NUM
CRACKING TO CHAR fon-Porous CeLIox
CaTALYTIC SurFacEs PBI

CarsoM (.0ADED
PoLYMERS

3, 4 anp 5 - MOST EFFICIENT COMBIKATIONS FOR FIRE BLOCKING

Fioume 3

GENEMAL 1759 OPTIMUM FIRE RROCXING LAYER

-

A ARE
e e s o,

TOSBSTAATE L0 CODUCITIVITY
HiGi TERERTINE RESISTANT,
CATALYTIC SURFACE

A WOVEL ABLATION SECWANISH

Figure «
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TYPICAL EXAMPLES
oF
OPTIMUN FIRE BLOCKING LAYER

GewTEx COMMERCIALLY AVAILAGLE EXAMPLES

Acuwawon Ceviox -- 11-16 oz/vod -~ Cost $15-18/s0 vo

Noaras (AcasimaeStLica ) 11-12 ot/yef - Cast 820 +/3a vo

Rany OTHER AMALOGS SYSTEME POSSIBLE
AT SIAJLAR COST, WEIGHT b PERFORRMANCE

ALUM 1~ Pasox )
AL § - KymoL ANV HIGH ABLATIVE EFFICIENCY SUPPORT FOR
Avumimm-PBI 00D ALUMINUM WEAR SURFACE

ALt mun-Canson FILLED POLYURETHANE)

{CAM BE USED WITH ANY WEIGHT EFFECTIVE RESILIENT WITHOUT MEGAAD TO FLEXIBLE
FOAM FLAMMABILITY)

Flauae 6

GOVERMRERT EQUATIONS
T0 EVALUATE THERMAL PERFORMANCE

1. £ = Ineur Enersy (Basic EFFictency EquaTion)
Mass MaTERIAL REACTED

2. trrtciency From T-3 TesT (Foam Recession Veroctry)
Ey « Qrap QRAD = Input HEATING RATE
{4 X = Recesston VeLociTy
€ = Foam Dens1Ty
5, EFFICIENCY ProM RADIATION-MASS-Loss TesT
g, - 32

r .
[ w = Mass IngecTion Rate

4, EFFrciency FroM HEAT RELEASE UALORIMETER Test
Es = Granh A = SeeciFic Heat Comsustion

M
it
ALL TESTS COMPARABLE BY E,-Ey-Es

F1cure 7
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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,
(c) a modified NBS smoke chamber to determine the rate of mass
loss and (d) the NASA T-3 apparatus to determin~ the thermal
efficiency. In this paper, the modified NBS smoke chamber will
be described in detail g¢ince it provided the most conclusive
results. The NBS smoke chamber was modified to measure the weight
loss of materials when i(xposed to a radiant heat source over the
range of 2.5 to 7.5 W/ca®’. This chamber has been utilized to
evaluate the thermal per{ormance 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 welght loss of miniature seat cushions
when exposed to the radiant heat, The effectiveness of aluminized
heat blocking systems was demonstrated when compared to conventional
neat blocking layers such as neoprene, All heat blocking systems
showed good fire protection capabilities when compare.i to the
state-of-the-art, i.e., wool-nylon over polyurethane foam,

Introduction

Une of tae major fire threat potentials in commerrisl passenger
aireraft is the nonmetallic components in the pac.enger seats. The
mzt jor components of aircraft passenger seats are the polymeric
cushioning material and, to a Lesser degree, the textile fabric cover-
i1g; 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-bod» 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 aevelop fire resistant
aircraft passenger seats, is to assure the laboratory method chosen
simulares real life conditions in case of a fire scenario onboard
an aircraft or a post-crash fire. In this study, a non-flaming
heat radiaticn 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 tha 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, 1In all cases, urethane foam was enveloped in
a wool-nylon fabric.

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 1is expected to
increase, egpecially 1f 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.

Degscription of Equipment

The test equipment for recording and processing of weight-loss
data is shown in Figure 2. It conslsts 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 welght loss of a sample on a
continuous hasis,

The NBS test procedure (5} employs a nichrome wire heater to
provide a nominal expwosure on the spectrum surface of 2,5 W/cmz,
which corresponds to ihe 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 oun the face
of the sample was utilized. This heater is available from Deltuch Inc.
This heater is capable of providing a heat flux of 2.5-10 W/cm?.

Two burning conditions are simulated by the chawber: radiant
heating in *he absence of ignition, and flaming combustion in the
presence of supporting radiatinn., 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
in:talled 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 7.5 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 fi ~f the heater.
This prevented the adjacent chamber wall from ov. -heating and thus
affecting the data. As mentioned earlier, this NBS smoke chamber
was modified for recording of weight loss dats by the installation
of an electronic balance. The balance was mounted on top of the
chamber with its weighing '"hook" entering tne chamber through a small
opening. The chamber was then re-gsealed by enclosing the balanze 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 welghing 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 l6-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 rvun stored on a data-file (the computer
has a tape cartridge which reads the files from cassette tapes), calcula-
ted the weight remaining in X, and plotted the results versus time on a
plotter hooked up to the computer.

Des<ription of M. :erials

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 flexibls polyurethane foams were used, a
fire-retarded and a non-fire-ret:.. od. The ccmposition of the non-fire
retarded was as follows.

.

NET gl Parts By Weight
Polyoxypropylene gf - -~~~ a.w.) 1060.0
Tolylene di:..c«yan: Vii.% !somers) 105
Water 2.9
Silicone surfactant . .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 ¢n one side.

The mechanisms of fire protection of these materials depends
on heat re-radiation and thermal cenduction along the aluminum
layer. The VonarR 2, and 3 layers used, are primarily transpirational-
cooling heat blocking layera. This compound is a2 neoprene foam with
added Al (OH;) ags 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.

nermal Characterization

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

In TGA, the samples are heated at a constant heating rate in
elther 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
e N — ]

complete pyrolysis and the char yield in % are then determined as
gshown 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 whirh was equipped with a micro-processor and a
floppy-disc memory. One analysis is shown °~ Figure 5 and the results
in Table 5.

Both TGA's and D5C'- were performed on DuPont thermal analyzers.

Radiant Panel Test Results

All of the confjeurations shown in Table 1 were tested in the
modified NBS smoke cn.mber 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 thaet 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 game
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 effiriency of the heat
block, The criteria chosen was the amount of gas originating from
the urethane foam injected into the air, Tne 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 conaisted of a
cushioning foam inside a wrapping of a heat blocking laver 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 componente 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. In order to prevent the heat from the heater from
reaching the sample before the start of the teat, 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
himgelf to the toxfc effluents,.

The test was initiated by pushing the asbestos shield into its
far position, thus exposirg 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
mcre gases orlginating 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 tc 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
aren was normally around 5 ¢m x 5 ¢m and since the sample size was
7.0 cmx 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 hlocking 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 dctermined, as described previously, the specific
mass injection rate was calculated as follows:

o= (weight loss) o S S
(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 wes calculated as follows:

£ = e (heat flux) W,s
({specIflc 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
.- 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 expouure
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
alrcraft 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/ cw? for the aluminized
fabrics (PreoxR 1100-4 and NorfabR I1HT-26-A1) is higher than
either tlie VonarR 2 and 3, at 5.0 W/cm?, they are approximately
equal, and at 7.5 W/cm? that both VonarR 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 1s 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/cm?, 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 Iin 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/cem?.
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? 18 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 obaerved in the fire blocking efficiency
of the layers whether a non-fire retarded or a fire retarded urethane
foam was used. At 5.0 W/cmz, the efficiency of the VonarR 3 was higher
with the non-fire retarded foamwhilethe aluminized fabric showed a
higher efficiency with the same foam at 7.5 W/cm®? as shown in Figures 9
and 10. It 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 Nor fabR glves
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excellent fire protection at the low (2.5 W/cm®) heat flux in
comparison with PreoxR 1100-4 fabric as shown in Figure 11, At

5.0 W/cm?, they are equal and at 7.5 W/em?, 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/cm? when the exposure time 1s 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®R 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, originatin¢ 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
ghowed that, in some cases, the difference in the weight loss of the
HBL (with and without a uvethane foam core) was greater than the
weight of foam lossed; hence the weight of gas trapped could not be
meagsured. 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 rung. 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 [lux to the
front face of the sample in the range of 10.4-11.9 W/ cm®., 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,
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Conclusions

It is understood that a great number of mechanisms govern the
performance of fabrics and foams when expoged 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
layera, relative to one another,

Some specific conclusions may be drawm 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
slgnificant weight penalty,

(d) No significant differences were observed in the use of
F.R. or N.F, urethane wvhen 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 wlcmz, but remains unchanged
or slightly increases in the range of 5.0-7.5 W/ cm?,

The results showed that the heat blocking systems studied pro-
vides significant improvement of the fire protection of afrcraft
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 svitable 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 establighed or standard test methodologies.
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SECTION 1
INTRODUCTION

Aircraft 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 *uli-scale
burning of seat cushions utilizing the fire-blocking concept.
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SECTION 3
TEST ARTICLES

Test Specimens

Thirteen different scat 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.

M1 cushions were fabricated by Expanded Rubber and Plastics Corporation
in Gardena, California.



Construction

Number
1
2

10
N
12

Decorative
Upholistery

Wool-Nylon
Wool-Nylon
Wool-Nylon
Wool-Nylon
Wool-Nylon
Wool-Nylon
Wool-Nylon
Woel-Nylon
Wool-Nylon
Wool-Nylon
Polyester

Wool-Nylon
Wool-Nylon

TABL
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E

SEAT CONSTRUCTIONS

Slip Cover

None
Cotton-Muslin
Cotton-Muslin
None
None
None
Cotton-Musiin
None
None
None
None
None

None

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

- b o

Fire Blocking

None

Vonar-3

Vonar-2

3/8 LS 200

Celiox 107

Norfab 11 HT-26-AL
Vonar-3

Norfab 11 HT-26-AL
None

None

None

Norfab 11 HT-26
PBI

M.
N.

F.

Foam

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

. Urethane*

Urethane

LS 200 Neoprene

Polyimide

Polyimide

F. R. Urethane

F. R. Urethane



TADIE 72
TABLE 2

MATERIAL

... 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/ft3) 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/ft2)} .0474 g/cm?,
90% woo1/100% nylon, R76423 sun
eclipse, azur2 blue 78-3080
(ST7427-11%5, 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 (32 7 oz/y.?.

116 g/cm?

LS-200 foam, 3-4 inches .:ick (7.7 /ft?)
0.12 g/cm’

Polyimide Foam (1.05 1b/ft3) .017 g/cm’

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

Norfak 11HT26
Approximately (11.3 cz/yd?) .033 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

Coilins and Aikem
Alber. - "le, NC

Chris Craft Industries
Trenton. NJ

Toyad Corporation
Latrobe, Pa

solar
San Diego, Ca

Langenthal Corporation
Bellevue, Wa

Gentex Corporation
Carbondale, Pa

{alanese Plastic Company

Charlette, NC
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SECTION 4
TEST PROGRAM

Tast Setup

A1l tests were conducted within the Cabin Fire S1mu1ator (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 positiosed 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 T}ux upon the cushion surface was mapped
using calorimeters. Figure 3 shows the positions at which heat flux
measurements were taken and their recorded values.

Instruréntat1on

The relat1ve Tocation of 1nstrumentation 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 Instrumentatioﬁ

Temperatures were cbtained 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). 1In the CFS, cyrome]-a]ume]
thermocouples were located along the ceiling and a': 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 Acqu1sition System which
provided a real-time pr1ntout of data (Figure 6).
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Test Procedures

osdenoeres o hvimesiied seile A by ey swere webhed, Lhe pos el
it L yeal e D e pane was rlgged wilh suspensivn cahles
amd dwrisl frem one ewd of o org:de located In the cefling of the CFS.
The othe: end of the ce1l}n.,nc'ahle wat attached to a Joad cell.
Thermocouples, heat flux sensors, 2nd Yoad calls were checked for
proper operstion and calibration, The computer and video were
ctarted, the propane gas was ignited, and then the radisut panel was
switched on. The radiant panels remained un for five minutes.
After fifteen minutes, the tests were complete and post-test photos
were taken of the;icushion residue. The residue was removed from the
seat frame and woighed.



93

FIGURE 8. DATA ACQUISITION
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SECTION &
TEST RESULTS

A total of 23 full-scale cdshion 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 usied 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
VYonar-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 -

I =
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 nori-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 8. 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 extrems heat into a fluid form and subsequently
to a gas. In the fluid form, the urethane drips from the seat
cushion ontv the floor forming a puddle or poel. 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 conductiny the heat Jaterally away and by providing an
insulative char layer.

Atuminized Fabric

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

A1l three constructions resulted in identical test results. These
constructions were unable to protect the urethane foam in the
cushions closast to the radiant heat source. They were able to

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

Characteristically, in these constructions the urethane thermally
decomposes within the fire-bliocking 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 whick 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 upholstery cover. The urethane
cushion had some minor hollow spots. When the seams were placed
on the bottom edge of the cushion, a fully intact fire-blocking
envelope remained.

The percent weight loss between the fire and non-fire retarded
urethane cushions was small, as shown by Figure 7.
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TABLE 4
WEIGN‘[DATA
Cushion Welght flefare Weight After Weight Loss
Construction kg {LB) kg  (LB) kg {LB}
1 Test 3,36 { 7.4) 0 {0) 3.36 (7.4)
1 Test 17 3.40 { 7.5) 0 {(0) 3,40 (7.5)
2 Test 2 5,78 (12,75) 3.72 { 8.20) 2,06 (4.55)
2 Test 4 5,43 (11.97) 3,76 §{ 8.3) 1.67 (3.67)
3 Test 11 5,22 (11,5) 3,27 { 7.2 1.95 {4,
3 Test 12 © 5,22 (11.5) 3,27 { 7.2) 1.95 {4.0)
4 Test 3 5,28 ({11.65) 2.47 ( 7.65} 1.81 {4.0)
4 Test 10 5.4z (11.95) 3.54 ( 7.8) 1,88 (4.,15)
5 Test 7 4.11 { 9.05) 3.00 { 6.62) 1.1 {2.23)
B Test 13 4,17 { 9.20) 2.95 "{ 6.50) 1.22 (2.70)
6 Test & 4.26 { 9.40) 3.23 {7.13) 1,03 (2.27)
6 Test 14 4,23 { 9.32) 3.8 (-7.0) y.05 (2,32)
7 Test 15 5,10 {11,25) 3.8 { 8.45) 1.30 (2.80)
7 Test W& 5.00 (11,03) 3,67 ( 8.10) 1,33 (2,93)
8 Test 18 384 { B.47) 2.74 { 6.05) 10 (2.42)
g Testd 8,89 (19.6) H/A --
g Test 19 8.62 (19.01) 8.0 (17.65) .62 (1.36)
10 Test 9 2,29 { 5.05) 1.63 { 3.60) .66 (1,45}
10 Test 6 z.94 [ 6.48) 1.68 { 3.70) 1.26 (2,78)
n Test 20 1.91 { 4.20) 1.66 { 3.67) .25 ( .53)
12 Test 21 4,13 { 9.10) 1.66 | 3.66) 2,47 (5.54)
12 Test 22 4.45 ( 9,80) 2,72 { 6,00) 1.73 (3.80)
CUSHION
CONF IGURAT 10N
BASELINE (1)
VONAR 3/FR {2) J35.7%
VONAR 2/FR (3) ] 37,4y
VONAR 3/NF (7) J2y. 9%
3/8 LS-200/FR  (4) ] 3y .37
CELIO%/FR o
(5) J2u .59
PBI/FR 13 "
/ (13) J3s .87
-AL/F 6
NORFAB-AL/FR (6) o 1%
HORFAB-AL/NF (8) " 128 .6%
NORFAB/FR (12) e 0. 9%
LS-200 (9) |7 .2%
POLYIMIDE (10) Jes.79%
POLY IMIDF (1) l12.60
W/PDEYESTER I .1.2 f’,f",_. - . . . ¢ . ,
0 10 20 ki) 40 50 60 70 a0 90

PERCENT WEIGHT LOSS

FIGURE 7, PERCENT WEIGHT LOSS
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Non-Atuminized Fire Blocking

Constructions 2, 3 and 7 used Vonar fcam, construction & used
LS-200 foam, construction 12 used non-aluminized norfab fabric
and construction 13 used PBI fabric.

The constructions were unable to protect the urethane foams in tle
cushions closest to the¢ radiant panels. However, they did slow
down the burn rate of the urethane thus subjecting the adjacent
cushion to a less intense fire.

The fire-blockina foams performed much Tike the aluminized fabrig
fire-blocking in that even though the heat was intense enough to
thermally decompose the urethane into a fluid and gas, the fire
olocking lTayer was able to contain and subdue the hurning urethane.
Flames exited where the fire-blocking char layer had fallen away.

The non-aluminized norfab fabrics were unable to contain the
decomposad irethane. Tha urethane fluid dripped onto the floor where
it pooled and ignited. The cushions were completely consumed when
this floor fire engulfed it. The overall final appearance of the
cushion remains closest to the radiant panels for foam fire blocking
constructions 2, 3, 4 and 7 was thoroughly charred fire-blocking
material void of all urethane foam.

The final appearance of the cushions farthest from the radiant panels
were very similar. They varied in the amount of thermal decomposition
of the urethane foam core, i.e., the size of the void or hollowing of
the urethane. Construction number 2 using Vonar-3 material produced
the smallest amount of urethane decomposition. It was followed by
construction number 4, 3/8 LS 200 neoprene, and construction number

3, Vonar-2. Construction number 7 used a non-fire retarded urethane
with Vonar-3. It did not fair as well as construction number 2
employing fire retarded urethane.

Typically, the foam fire-blocking layer adjacent to the urethane
hollow spots were completely charred but intact.

Advanced Foam

Construction numbers 9, 10 and 11 used advanced foams in place of
the urethane foam.

Construction number 9, LS 200 neoprene, produced a deep seated fire
which did not produce a significant amount of heat or flames. It
smoldered Tong after the test was completed and required total
emersion in water to extinguish, This cushion had the lowest
weight loss-as shown by Figure 7. However, an all LS-200 neoprene
seat cushion would result in a large aircraft weight impact because
of its high density.
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The foam in the seat cushion closest to the radiant panels wus
completely charred with the upholstery burned off of al] surfaces

T o
The foam in the seat cushions farthest from the radiant paheus
had a thick char on the edge clasest to the heat source. This char

gradually diminished halfway across the cushions. The upholstery
on the back and bottom of these cushions was not burned.

Constructions 10 and 11, pelyimide foam, had d1fferent upholstery
materials. Construction 10, 90/10 wool-nylon upholstery, performed
identically to a previous test program. The cushions closest to

the radiant panels shrunk to one-half inch in thickness or less with
a char of one-quarter inch or greater.

The cushion farthest from the radiant panels shrank to within one-
half inch thickness with a char of one-quarter inch or less.

Characteristically, the polyimide foam thermaily decomposes by
giving off gases, and produces a char layer as it decreases in size.

The decomposing of the foam beneath the upholstery on the seat
farthest from the radiant panel creates a pocket or void where the
gases generated by the foam accumulates. When these trapped gases
burn, the foam further thermally decomposes. Construction number
11, polyester upholstery, reacted differently from that characteristic
of construction number 10. When the radiant panel was turned on,

the polyester upholstery on the cushion farthest from the heat source
rapidly decomposed into a Viquid which dripped .off the seat cushions.

With the upholstery gone, the majority of the gas from the decomposing.
polyimide foam escaped without igniting. These cushions decomposed

‘less as exemplified by the small weight loss and a thinner char

layer.
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SECTION 6
CONCLUSIONS

Urethane foam decomposes into a volitile gas when exposed to a severe heat
source. If this generated gas can be contained in such a manner as to
prevent its igniting or to control the rate at which it burns, the severijty
of the fire will be reduced. This was clearly shown in the testing of
standard cushion constructions with a protective covering, "fire-blocking",
envaloping the urethane foam,

When the fire blocking was able to contain the decomposing urethane by-
products, i.e., fluid and gas, the cushions closest to the heat source burred
with less intensity, generated a minimum of heat and were unable to ignite

the adjacent cushicns. However, when the decomposing urethane fluid was able

to escape from the fire-blocking envelope and pool on the floor, an uncontrolled
fire erupted which resulted in total burning of all cuskjon materials.

Some of the Norfab and Celiox materials utilized aluminum coaiings. It was
not the aluminums reflecting preperties which made the cushions perform well
as 1t was its non-permeable properties. This coating helped contain the
decomposed by-products and prevented propagation to the adjacent cushion.

Had the seams held and all the gases vented out the back of the cushions and
away from the heat, the decomposing of the cushions may have been even less
severe. Undoubtediy, the reflective properties had an effect in siowing
down the decomposing of the urethane, bhut only by a few saconds. The reason
being the emissivity and thermal conductivity of the aluminum coating was
inadequate to resist the severe radiant energy being applied to the surfaces.

The charred foam fire-blocking layers did not act primarily as a heat
barrier as they did a liquid and gas barrier. In the cushions farthest

from the radiant source, the urethane foam still thermally decomposed. It
formed a pocket of gas behind the intact charred envelope. This was verified
in post test inspecticr. However, the gas escaped slowly and only created a
small pilot flame. The flame extinguished itself when the radiant energy
source was switched off.

The polyimide cushions are examples of a foan which thermally decomposes

at high temperatures and generates gas and char but no noticeable liguids.
The wool-nylon upholstery trapped gases between itself and the foam. When
these gases ignited, the foam decomposed rapidly. The polyester upholstery
decomposed from the cushions fast enough to prevent the trapping of these
gases. Subsequently, the foam in the cushions decoinposed at a slower rate.
From these tests, it is concluded that no matter the foam used as a core for
the cushion, if the gases generated by the foam can be expelled or contained
in such a manner as to prevent their burning or reduce the rate at which
they burn, a severe fire can be avoided or delayed. It is further concluded
that if the thermal decomposition characteristics can be altered so as to
slow down the generation of gas, the time before a fire becomes severe can
be extended to the point where appropriate extinguishment of the fire may

be possible.
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SECTION 7
RECOMMENDATIONS

It is recommended that a study be made to incorporate cushion designs
and fire-blocking materials which are thermally stable and nonpermeable
to urethane fluids and gases to prevent or reduce the rate at which a
seat cushion burns.

This study should include considerations for wearability of fire blocking
layers, fatigue 1ife of cushion foams and methods of venting decomposition
gases from the cushion assembly. Test results from this program have

shown that seam constructions significantly affect cushion burn performance.
Therefore, seam constructions previously studied by the NASA seat program
should be reconsidered in future cushion designs.

It is also recommended to use these studies as a basis to develop a design
standard for a fire resistant passenger seat. This standard must be
supported by inexpensive laboratory burn test methods that can verify these
standards are being met.
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Construction

Decorative

511ip

Number Uphalstery Cover F.B. Foam
1 Wool-Nylon None Noneg F.R. Urethane
2 Wool-Kylon Cotton Muslin Vonar 3 F.R. Urethane
3 Wool-Nyloun Cotton Muslin Vonar 2 F.R. Urethane
4 Wool-Nylon None 3/Y LS 200 F.R. Urethane
5 Wool-Nylon None Celiox 101 F.R. Urethane
6 Wool-Nylon None -Morfab 11
HT-26-A1 F.R. Urethane
7 Wool-Nylon Cotton Muslin Vonar 3 N.F. Urethane
8 Wool-Nylon None Norfab 11 ‘
HT-26-A1 N.F. Urethane
9 Wool-Nylon None None LS200 Neoprene
10 Wool-Nylon None None Polyimide
11 Polyester None None Polyimide
12 Wool-Nylon None Norfab 11

HT-26-A1

F.R. Urethane
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Configuration 1

Configuration 2



Configuration 4
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Configuration 6
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Configuration &
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Configuration 9

Configuration 10
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*

Configuration 11

Configuration 12
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NASA SEAT PROGRAM

PHASE |

MATERIAL SCREENING TESTS

PHASE N

MULTIP E-LAYER OSU TESTS
ONBOZRD FIRE SOURCE DEVELOPMENT

PHASE il

L]
-
-
-

DESIGN STUDY

ADDITIONAL MATERIALS SCREENING TESTS
ADDITIOMAL MULTIPLE-LAYER OSU TESTS
SEAT DESIGN GUIDELINE

DISPLAY SEAT FABRICATED

PHASE v

CFS CUSHICN BURN TESTS

PHASE V

CFS OPTIMIZED CUSHION BURK TESTS
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fnn

__ CFS DATA ACQUISITION
R o/

CFS INSTRUMENTATION
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TEST RESULTS COMPARISON

POLYIMIDE FOAM
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TEMPERATURES ABOVE SEAT

1500 T .
e NEAREST TO HEAT SOURCE
= FARTHEST FROM HEAT SOURCE
1000 }
v N
/ ‘ﬂ\ SEATS
500 i
'
- P
0 |
(] 100 200 300 400 500
TIME (SECONDS) —
WEIGHT LOSS
CUSHION
CONFIGURATION
BASELIME
VONAR 3/FR
YOWAR 2/FR
VONAR 3/NF
3/8 LS-200/FR
CELIOX/FR
PRI/FR

NGEFAB/FR (1)
L5-200

POLYIMIDE o)
POLYIMIDE
W/POLYESTER

WEIGHT (POUNDS)
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CONCLUSIONS

FIRE-BLOCKING ENVELOPES

+ PROVEN EFFECTIVENESS

«  IMPERMEABLE FABRICS

« ENVELCPE VENTING SYSTEMS
*  FIRE-RESISTANT SEAMS

* PROBABLE WEIGHT IMPACT
1.0 POUNDS PER SEAT

RECOMMENDATIONS

FIRE-BLOCKING-DESIGN INVESTIGATION

PERMEABILITY VERSUS COMFORT
SEAM CONSTRUCTION

VENTING METHODS
WEARABILITY

URETHANE FOAMS

DECOMPOSITION CHARACTERISTICS
LOWER DENSITY VERSUS FATIGUE LIFE

PRODUCTION IMPLEMENTATION

DESIGN STANDARDS
BURN TEST METHODS
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APPENDIX E-1

Seat Cushion Design Manual

NASA Final Report, Contract 7110-654, Linda Gay Thompscn, Informatics, Inc.

BEditor's Note: Sections of this Appendix have been deleted for
the sake of brevity. A complete copy of the
original manuscript may be obtained upon request.
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i.0 INTRODUCTION

INFORMATICS INC. has implemented an interactive computer process.
t0o calculate estimated costs for the manufacture and use of
advanced aircraft seat cushion configurations that are being
evaluated by NASA-AMES, CRPO for improved fire performance
characteristics. The methodology was originally developed by ECON,
Inc., and later, adapted to computer processing by INFORMATICS
Inc.

2.0 SPECIFICATIONS
The cost 3et algorithm asthodoiogy has been developed to:
. Provide user interactive computer processing.

. Serve as a storage facility ¥or cushion configuration eeight,
cost and fire performance information.

. Gensrate cost information for the sanufacture and raw materials
of each candidate cushion configuration on a 4.3. fleeteide
basis.

. Derive the weight impact and resulting fuel consumption
sensitivity ot each candidate cushion canfiguration on a U.8.
flestwide basis.
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SEAT CUSHION DESIOM lY'T[H

DATA FLOM
user Input . "
Aygvirgd optionsl XEILK
Saat
I Cushion
ICholcc- Manufacturing
File disposition [ .1
' Reports displayed Program
| Type cost p| costs D-‘;onout.con
Seat replacement
method g fhatarial densivg — —

yaars alsplayed

| Design code nos,

at Cushion Material cost
Raw Material nit cost change/

| Reference Cost Report volume cost :
Study Volume cost
I Fleet attrit|sn s Materia) X change =saterial
| rate ) ] nmufncturln% mig. cust/yr
Max. no., Seats Costs Report Saatlife
| produced yr seat weight

PI—

ight ano
Furl lapact

No. seats rach A/C
% 1st Class

X Short Haul

Fuel sensitivity
Fuel price i
No. new asC

Ho. existing a/C
Initial year

New A/C Delivery Rpt.
Fiset Projection
Ho. years spanned

in reportg
Mnig. casts or factors
_Aand Ref.Code no.

& Reports described in User Manual Section 4
»x XFILE records name.com AeScribed in User Manual Appendix B

SEUT CUSHION DESION SYSTEM

DATA FLOMW
ser _Input L =
Beauired oerianal - EEILE
. . Afrcraft
Initial year ! Delivery
Ho. years spanned | : schedul
No. new aircraft . Iyl Programs
by type } ' NEMACD . - -NewICE,COB —m
by year [ o 4 T -—-—--——'fnir'craﬂ name
TR T e e L ! ‘No. engines
feat
e o ——am Demsand
D attrition ractor mpon
] No., yrs te ’r.jnet
Seatlife . Progr-u
| Ssat replacement | u:mnn ~ P Szatdm.cos )
! | mathad - . ‘N0, new aircraft
H Max.no. seats I ,_ Ho. existing aircraft
| 1 preducedsyr Initial yr
I aba imme ms eew = N P flent pI"J

new A/C div. schd.
For sach AsC I
no. seats

X 15t class i
X short haut

a Reports described in User Manus! Section 4
ux XFILE records nase.com described in User Manual Appendix B
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SEAT CUSHION DCSION SYSTEN

Seat disensions
By seat type

DATA FLOW
L L 1)
eat JHEILE
Disensio
Neport
- > Frogras
’ ADDIN »-Disenrec.com
———— Height
Report /

Density Chalce

Design cade no,

Meferance code no.l_,ﬁm _,_,/

Les

42 ightrec.cos

Alrcraft name i
Nusber of engincs |
Aug no. ERLts

X 18t class seats
X short haul
Weight to fuel
sensitivity

I Fragram

at dimensions
Materlal density

> accHac
i

— ey by

"Fucl

!

— =

Initial year
Fuel cost initial yr
Yearly cost change X

chmaa .

- }

Prograa

i e

GARCSET

Initial year }
No. years spanned !
Humbar of sircraft
by type
by year

- e e b ]

P—Chrcir.com

Price
i Report
[ A

O i s - FUg L OSL . COM
Fleet
Projrvect (nn’

!

_LI - .-
- gl e

—T

»-Fleet.cos

| FLYPRY

» Reports described in User Wanual ~ ciion 4

»% XFILE records nimé.coa desceibed

SEAT CUSHION DESIGH SYSTEM

DAYA FLOW
User_inpyt. .
Reguired Optionsl
Haterial Code No. | Praguct No. |
Haterlal Density Bupplier Code Neo.
Material Cost |Denmity with f Program I
{ Fire Retardant  —P| ADDHAT
\Unit cost changes i ,
Vo juse cost |

— ——————

'Uolun Cost |

N Cost Change/syr
!product Descriptiam
'Material Hame |

Address Haawm

Supplier Code MO, IAGdress

Strest }

Deslgn Codr No.
Material Code
each layer
Hanufacturing

if Factors
Seatlife
three parts

costs or faclors
Reference cade no.

; - mre srmm——m o [MIFCT AL name
_— ‘Nn. engines

't Mier Manual appendix B

sSeat
Naterisl
Laysr

Nzport

— -
city 5 r g
State ‘_o ' Frogram .
|address Zip Cnde ADDSUR e .- - p-SUpplyrec.cen
jContact Name . !
yProne No, [P
j Sear ;
- Design
| MPOT test values Report
ILD test values e e
xchange mfg cowt/yr Program :
. g ADDSGH P Configrac.com

'
t
' IR
i
!

= Reports aescribed in Usar fanual Section 4
#= NFILE records name.com descriosd In User Hanual Appendix B

Haterial nase
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ADDMAT PROGRAM

—

DECISION CHART NO
FOR SEAT DESIGN
SYSTEM

ADDSGN PROGRAM

OR CHANGE

SUPPLIER

RECORD (s
T

E T
ADDSUP PROGRAM

I

Fy

AM‘
Brmnsrons

o

EXECUTE
ACCHRC PROGRAM

[

EXECU

COSTS PROGRAM

EXECUTE
FLTPRI PRIXIRAM

YES

ngﬁgﬁﬁm—m—b

. —
EXCCUTE

NEWACD TTROGRAM PESTG
7
EXECUTE
GASCST PROGAM
. NO f
[RFN NN Y
FALEtm. AT > -/tmmm ns. [ ‘d'z%rr N

SLATIA PR GRAY AN COSTS SIORED f
: o / - CURRE
L4
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SCAT CUSHION DESIGH SYS)CM

+

SEQUENCE OF EXECUTION

CoSTS

SCATON [

ewAs /annmr.
L \

FLIPR] &om==——>[XFILE DATASET)« ADDSUP

-

;i;.si:< / \F\" )mscﬁ/

ACCHAC ALDIY

LBS

Tiomr 3,1,2

REBLIN $HOHAN
WLDHL = Leetst X NEVE X LEPIK
SURACL RFLA 5 2 % ALEHGTH X WIDIH + SIDIH X DEPIH § LENGTH X DEFTP

GASCST PROGRAN

C0ST HEN < COSI OLD + (COS1 OLD X ZYEARLY INCREASE/100)

LIS PROGRA
LORPALL AKCR 1 1,23 X RELAD ¢ AREA
WL WLV X ARLR

LI 2 W b Y VLR

CEFICIERCY = FLUX RATE / MDOT
AOJUSIED LD = ILD + (FACTIOR X ILD)

HODIA PROGRAN

VOLUKE = LENGTH X WEDTH X BEFIH
SURFACE AREA = 2 % ALDNGIH £ WIDIH + WIDIH X DEPTH ¢ LENGIH X D'

CHS(ST FRURY
nUS|HER = ods] LD 4 (COST GLU X 3YEARLY [NCREASE/198)
Lits FRUORAN

SURFACE AhEA = (.24 X AREAD 4 ARLA
REIGHT = LENSTIY % SKEA
MLLGHT = DEMSITY X voLun
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ATERITION

OHFICN

+ o DIRECT INPUI
++  PROGKAN CORPUTES

BA/C ATIRITIONED = UA/CCYEAR) + ®BEM A/CIYEAR) = #AZCLYCARH!
BSEAIS ¢ #A/C X RSEATS PER A/C
Al TRETICH RATE = #SEWTs AFTRITIOKLe/t01al nSEATS(YEER)

Losi O dinlERiALY

LUSI/SEAT = SERT ARER X COST/UNIT AREA

VERRLY €OST = SEAT DEMAKD X COST/SCAT

PRNUFACTURING COS1S

COSi/5EAT = 3 X COST/CUSHION
VEARLY COST = SEAT DEMAND X COST/SEAT

PROJECTIONS

COSTIYR#1) = COSPIYRD X {F - YEARLY COST CHANGE/(2U)

T - - . .

BATERIAL COST SELECTION

Yomiig
mere ¥z 8 seats
4z unit cost

¥SCATS FOR 1 UNIT COST BREAKICHAMGE B SEATS)

FSEATS OF 1 IMIT MTRL = VoL COST/(BRSE LWIT COST - CHANGE UMIT C03T)
SLOPE

SLOPE(M) = CHANGE ¥ SEATS/ CHANGE UMIT COST
INTERCEP]

INTERCEPT{E) = -(SLOPE X (BASIC UMIT COST - CHANGE UMIT COST)) + LSEAT
shere ¥sedls = A SEATS OF 1 UNIT NTRL

CONPUIE BNIT COST

............... ‘-

£ (v-Bmn :
NIT COST = (NSEATS = INIERCEPT)/SLOPE
shere dseats = Eseats demand x dynits aaterial
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FULL TRt

IHITIRL CUNDIIIOH MOLD SCATSIYEARY 3 ALL
HIX OF ULD AM: N

«so B0 RLPLACLMEN) OLD SEAIS

BID SUOISURLRRTDD = TOLD SEATSTYERR) X CL-2ATIRITION/ Lod)
aor WAEL PUELRUERESE DL SEALY
Trd b Fen Y 2 SLD SERTIUR)D N UL-RATIRITLONZ199)
& b Like BEEAINLIRED)/YRS LIFE REMINITR))
veoJilkUIALe | AHLACLAERT oLD SEALS

oo ERESTRICIED
MOLD SERTSITRHL} = NOMC
v+ RESTRICIED §Y PRODUSTION RAIE
KLD SEATSCYRHI) = WOLD SEATS(YR) - MAX NSEAIS /YR

INEN SEATS = TOTAL NSERIS - ROLD SEATS

SEAT METGHI = WSEATS & WEIGHT/SEAT

AVG RELGHE = [ JELGHR(YEAR} ¢ MEIGHF(YEARHL) ) 7 2

GALLONS OF FLeL/YERR = MEIGHT X GALLONS PER IMIT MEIGHI/YERR
FULL COST = G.LLOHS X COST/GALLOW

SEAT DEMAND

INETIAL COMpLTION *
G wst] T TN
AT I 7 VY I A O
Iy lnm 30 e
- F] ' v L) L] L] l
..... .' ; ."."'E . : ...'.. . :
.. N N,
LY |msu| an o |_e_ sl

REPLACE- HOKE GRADUAL 1MEDIATE

_P[WDHEPRJ DEMAND  YEAR#1 )
) e 3.

K ’;,juu/ T

V2T kAL W2 r;yu,..uz .
X
]

N TR ”

g |
T . f .

i IX AL vsL-t - 21! % ALy, V521
o2 /LB.L

L4 + NEN

8 T

WHERE!

VECTOR LENGIH = FAX(SLI(SL2)

S0 = SCAILIFE LD SEAT

Wd o SERILIFL RN 5541

12 PSEALT T 1105 o1 bholi DESIGH INIRODUCTION
[N L I IR RIS ] ‘

Wiiwd 2 % %Al

HEN = 3 LN SRR I 10 RES) ALRCRAFT
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SEAT DENAND DATE!  4/91/82

EEERSBNRENY
COACM SHORT HAlL 18T CLASS

YEAR

1982 76842 0 4480
1983 Bivéé 0 7558
1704 1587 0 7244
1945 2304 0 7265
1704 75034 0 4523
1987 00454 0 7009
1788 873%0 0 7594
198 5009 0 7387
1990 [ TIBT] 0 7748
1991 X1y [ 7240

tHethod Used for desand was GRAD

NEW ATRCRAFT LELIVERY TO U5, AIR CARRIER FLEET
BEAINRARICEION SO ERNEANUNSENPISUORREEILUNTIINRIS
AS OF DATE? 37177082 )

py2s 7879 L0 61 H2 83 @4 A3 BS 97 88 89 $0 91 g1
2-ENGINE?

P-737 0 0 20 15 30 10 10 10 10 ¢ o o o o o
ey 0 0 11 2 10 20 10 16 40 16 4o 10 1¢ 10  1a
a3oo ¢ ¢ & 5 I 4 3 5 5 5 'z 5 'z '« ‘s
k=782 0 0 0 o 0 o 9 2o 20 20 20 20 20 20 20
V=767 0 0 o 0 0 49 42 5 10 13 4 7 10 11 13
TOTAL 0 0 3F 40 A1 B2 47 $0 55 48 4% 42 45 44 47
J-ENGIMEL

p-727 0 0 El 40 S50 50 50 40 W 40 .0 o 3 o o
Lol 6 0 le 9 2 4 s 3 5 s ¢ o » s ¢
-t ¢ 0 15 2 2 7 5 5 0 ¢ o o 6 a9 o
TOTAL 0 0 104 42 S4 41 40 S0 A5 1S 6 o o o g
4-ENGINES

=707 6 0 0 & o 0 06 o 9 60 o o o o o
BR-720 -] [+] ] 1] 1] [+] ] [+] ] Q ] 0 ] o 1]
B-747 0 0 B 2 3 0 2 o 4 5 3 & & 1o &
pc-9 ® ¢ o b © © o ® & o o o o v o
TOTAL 6 0 8 2 2 o 2 o 4+ 5 5 4 & 10 8

Uy &« ATRCRAFY FLEEY FPROJECTIUNS
SEESIRNNRINRNNAUIRIRIENRARINIREY
AS OF DATE! 47 v/82

A/C % 7Y L1 I } &2 83 LL 83 [ 1] 8? ] 24 o " 72
L~ENGINLS

B-737 133 154 152 140 142 14é 170 \77 A7V 4?7 177 A7 AT 477 t?
aC-¥ 349 343 IF0 MY 3P0 404 A)4 421 42 42 423 425 430 430 430
A300 7 7 15 20 21 23 3o a3 40 45 50 55 40 45 70
¥=757 o0 ¢ 0 [ ¢ 4 0 20 40 40 80 100 120 140 540
747 o Q o [ o % FO 135 145 158 172 17% 1BP 200 112

TOTAL 511 524 337 349 I73 443 703 708 25 BAT 902 934 974 1012 1049

VJ*ENGINE!

-7 aner O 1042 1050 1039 1070 104 1078 1093 1094 10%¥3 1091 i0VY0 1088 1084
:1oi: o 9'. 24 LL] vé 100 105 110 112 142 112 11T 112 112 1
BC-30 132 140 149 1383 151 IS8 140 142 )42 142 142 142 142 142 142

TOTAL 121 1214 $28% 1295 1304 1328 1349 1370 1369 1348 1347 1385 1344 1342 134p

-ENGIRE? .
:-?07 Zil 178 142 140 124 100 73 (14 [14 40 40 . %5 ] 50 50
372G ? b o [ ¢ L] ] ] i 0 ] ¢ .0 -] ]
bB-747 103 117 120 130 132 132 134 134 130 143 144 150 151 141 143
nc-fr 123 [39 105 1035 105 105 10% 7 L] e ?0 8 78 7é 4

8

TaTAL 444 43% 373 375 341 3II7  3i4 292 294 301 I02 JoY 304 307 Jow
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FUEL COEY PROJECYION (s/0AL} DATE! 4721732
BANERABNSRASNREUVRACEARII RSN

a B2 B g4 3 (13 a7 a &Y 70

et mens MmS mEE Bus  mes  Seos  ses  wea e

1400 1,05 1,10 2,14 1,22 120 1,34 1,40 Le4n 1,35

T ¥2 Y3 74 9%

e MEe  mme e e

1,43 1,71 1.80 1,89 L.98 -

DATES 4731797

ATACAALT TEoM FILE
PRIRREAON LERINITTL)
KSTIRATED
A H X WIS To .
we. Atals 18T CLAE BHORT HAUL FUEL BENBITIVITYE
-1 MR .
8717 19¢ [] ] *,92
-9 11 . I3 10,00
3t 200 ’ I3 S0
n=737 174 ] & 13,04
=747 e ] ] 1.0 A
T-IM NG
$=727 i [] ] 17054
LisLL EYH ] ] 15,30
»wK-10 1= . L] 15,97
A-Eustnrt
-707 . 140 [} L]
=720 L3 [ [}
E-T4Y 43% » 3
- 18 [ L

B Agdittanal srllens fus) cohsumed Lo garry
T ths of sucond weisht sn sne alerlaas for

"ne vEMF
ACAT CUBHION WEIGHT PER CURHION  Datel 4721782
[ TETRIRFITILAEIRTR QI TRT]) (11}
. UKAT CUSKION BLEIMN NUNBLRI 007
BEAT BESINN NEFEREKCE WUNDERI 901
e »nTTOM HEAMRERT ToTAL
Lns ws Lot "o Los HY Y L wes
e
coAcHt ‘
184 0430 3.3 024 1eat gal 871 ki
SHORT HAULE
L4 0,38 3346 6.k TR $T2 .k
18T cLANES ‘
2,12 0,33 142 0,13 1,73 el 7,47 0

& PELTA WLIBHT
ENP OF THE WETBHT RIFORT

SEAT CUSHION DINCMESIDNS PATEL 4721782 |

LETETLETTIIBITTINTILIIIL ]
COACH BEAT!
LENETH  WIDTH  OEPTH  LENGTH  MIDTH  DEPYH LENGYW  MIDIH  DEPTH
BACK ] Troni HEABRERT!
(18,0 X 20.9 X 2.0 IM) 1200 X 22,0 X 4.0 W) (58,0 X B.0 X 5,0 IW)
ARTAL 872,00 W2 14 AREAT “1214,0 30 1N AREAT J4N,00 08 1IN
oLt TI0.8 CU 1N VOLUME! 1740.4¢ C¥ IN  VOLUNEL TF20.00 CU IN

SHORY WiUL SEAT!

(100 X 28,0 X 2,0 [N} (30,0 X 2240 X 4.0 IN) {10.0 ¥ H.0 X 5,0 IM)
MTAY 872,86 %0 IN AREAZ 12040 44 14 AREAL S40.80 10 1N
oL g | Tad. b CU l'll YBLUNLL L248,0 CU IN  vOLUREL 720.00 CU I

30T CLABS BEAT!

(180 X 22,0 X 2.0 IM) (20,0 X 24,0 X 4,0 1IN} (80 X 1000 X 3.0 IN)
MREAL 52,0 A0 In kLAl 1312.0 90 IN ACAL 440,00 34 I
VLU ¢ 72,0 €U 1IN voLumii 1920.0 CU IN VOLUMLE 700,00 CU IN

ENB OF BEAY CUBHION DIMENSION REPORT
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SEAY LAYER DESION REMONT
ZARSEESEESRNNRENTINRRIES

SEAT DESIGN MUMWER] co%

LAYER RANE CODE WU, T MAKUFACTU®ER'S COST FALYDRS
----- - mmem———— « LADDR = ¥AWRICATION 1,00
[ WOOL/HYLON 008 = PLAHKIND L.00
4 c11 ~ ASSEHBLY 1.00
c Q= = INSPCCTION 1.00
] -0= = TOOLING 1.00
E - it -Q= = DEVELOPHENT
F NFR URETHANE MK 004 = BESION
NER URETHANE AN 004 ENGINEERINO 1,00
HFR URETHANE HD 004 ~ SUST.
ENGINEES [NG 1,00
9 FIRE PERFORNANCE PARABETERS = ODVERHEAD
= TOOLIND 1,00
ILPIPKY = 0 ILDEaY) = o SLD{HR)} =~ 0 - HISC.

1.:00
APPLY TO DESIBN$ 001

2e3 FLUXE WDOT = G 6FE~04 E » 34231.088 HFG X/YR IMCREASE 0.
3.0 FLUX] HDOT ~ 0,28E~03 C = 17837.14
0, ¥4E~03 E = 20033.,33

7.0 FLUX! HWDOT =
LIFETINE.Jf A SEAT MEASURED N NUNPER OF YEARS

POYTON = 2,0 BACK = 5.0 HEADREST = 5,0
SUPPLIER’S FILE
SENSRRENERERING
BUPPLIER CODE: 5
ADDREEST AWATEX CORP
1032 STOMABRIDOE ST,
NORRISTOWUN
PA
19404
CONTACT!
PHONE!
BEEAT CUSHION LAYER MATERIAL
EREXEENEAERABXRDRNIRNRERRNE
P
MATERIAL CODE NUMBER! 011 RN
PPODUCT WO, { NORFAB L1HV-24-AL L

MATERIAL NANE! NORFAB AL o
DESCRIPTION § NORFAB FANKICr WEAVE SYRUCTURE 1X1 PLAIN
ALUHIMIZED ONE SIDEs 25XNOMEX/SXKYHEL

SUPPLIER’'E NUMBER! 3
DENBITY! 0,082 LB/FT2 OR FT3
DENSITY FIRE RETARDANT FOAM! 0,000 LB/FT2 OR FT3
COST: ¢ 2,090/FT2 OR FT3
YEAKLY COST INCREASE! ox
UNIT CNST CHANGE/VOL. COST: % 0.,000/¢ 0.

END OF BEAT CUSHION MATERIAL REPORT
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YEAR

1982
19&3
1304
198%
1986
1997
1904
1939

1398

130

BEAT CURHION mAW HATERIALS COST ‘i

feat Dviin Hisher: s Briet &/22/82
Maw materla) cest Ba00 &N Avst deasnd sethes! ORAD
BACK BOTTON HEADREST TOTAL
coar PCOBT TOSY pCoST cosY pcont cust DCosT
COMCHE .
MAT 14,57 4T.74 19,89 1%.19 20 SL.OT 4490
BHOHT Pl 3
MT 14,33 JE.TL BB 4% 1”19 2,20 AT 44,0
INT CLaBS!
x.4E 15,07 45,18 Ex,34 L. 46 fH.0W 181,51 49,09
= Puits cest is calculated with respect te
Meference S#it Cuuniien Bl  Cest,
SEAT CUBHICH NANUFALTURIHG COBT '8Z
]
Svat Design Humder: CAS Date: &/22/82
Refarance Design HusLur: 881
DENISN REFER,
2 389 DESION DILTA
LABOK 15, 1%, o.
PEVELOPIENT 6. | N .
OVEMHEAD &, &,
TOTAL 27. 27. a.
sMota! Cost {0 Asnufacture Aasumed sase for
Coach, Short Haul and ist Class: ahd
Pack. Bottom snd Headrest cushions.
for study dasign 899 DATE: 6-22-82
RAN BATERIAL AND MANUFACTURING COSTS
sewrd L ran NCTHOD: ORAD
CORCH ZHNAT HAUL 18T CiasS
L1} HFa L) -WFQ an WG ;; TOT RM TOT WG TOTA.
11484, 39, .. e, wra. A%6. 12836, 16694, 22988,
11993, 18331, [ B .. 11%8. 917. 13143, 114468, Z24811.
11572, idime. [ .. 11989, 885, 1ZE01. L1966, RAT4T.
10337, 18837, .. - ii183. 44, 13519, 117IT. ISME.
12339. 18435, [ B [ B 1im3, 944, 13322. 11799, 22BN,
11084, 18433, a. | B 1139, 585, 1MPF). 1134, Z24D0T7,
1ETTS. 11242, L D 3, 122S. 970, L4804, 12278. TERA4,
12034. 11294, [ 8 [ 1231, g2, I4BE0. L12ET7R. RLPAA,
12341, 11832, .. [ 1 ize2. 939, 13743, 119%2. IITIS.
13558, 11927. [ 8 .. 1308, 1827, 14898, 12943. 2THRL,

1991

sCogts in thousands of dollars
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MEIOHT AND FULL IWPACT
E Lt L LLE ]
Design no. B89 Date! &-22/02

Year Hllﬂﬂl dallons Cost

1902 4BEN ., 743, 702,
1983 1438%, zzeY. zans,
1984 233793, %04, 4172,
‘1909 100968, 4323, 5234,
1904 zoTRSY, 4411, 5639,
soa? 292742, 4492, saz0.
1988 297981, 45648, G420,
1909 393193, 54z, %930,
1398 W12, ares, TAN4.
1994 14988, ants, AT R

s0sat demansd Based on GRAD sethod. :

eDeita cost with respect to referance design 88t
aCosts In thousands of dollars,

=gallons in thousands of gallens.

COST SUMARY REPORT
BEARNONEAhN N R FRR

VoNARD NORF AR HORFAR LIGHT
CODEW OB1 cCODEN SOE CODEM BET CODEN 812 CODER 0W9

METHOD cRan GRAD SRAD GRAD GRAD
SEATLIFE 3 YRE 3 YRS 3 YRS 3 YRS 2 YRS
COST TO FLYCIDNG) '51566. 04139, 37196, 0009. S71%6.
COST TO MivY(1904)

CATERIAL 6985, TE24, 13322, 13342, 1a3sL2.

HANUF ACTURING 11797, 11799, 1179%. 11799, 11799,
TOTOL COETS(1986) THINL. 183571, a2s516. rsies. 251,
BELTA COST-FLY{(1986) L1 z3ITT, 36368. ~3477. 638
DELTHA COST~BUY(1986) . 640, &3%. €326, 334,
DELTA COSTT(1986) - N 33228, 12186, 4849, 12166,

AVG'D OVER PROJECTIOV:
TOTAL COSTS 72621. 103791, 84413, TI344, 94413,
DELTA COST3S .. 31178, 11792. 4923, 11792,

sCosts in thousands of dollars,
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COST BUMWMRY MEPORT
LLL LI IIL LTI Tl

VORMD HORFAY HORT AR L I8NT
COBME BA: COMIN BBX CoBa Bid COMCR B1Z

copres M1

NCTHOS i d L SRAD ARAR [ ]
SCATLEIFE 3 R > YRy 3 YRS 1 yas 3 S
CORT TO FLY{190E) 1386, a3, TiNe. Shaad, 1988+
CoaY TO BUYi{i1sed)

PRTER AL e, Te¥4, 13348, 1. 4904,

MR ACT U 1HO 1T, 1"res, 11798, 11799, 11799,
TOTAL CORTE(IDEN]) TEREL, 10T, [t rsaem, TarFsl,
DELTA COBT-FLY(1984%) [ ansra. M. ~1477. .,
DILTA COBY-BUY(1906) ». [ L1 1 DRE. 4z, ..
PLLTA CONTRIIDNG) .. yarze, 1LO5E. ARLY, [ 1)
AUG*D OUER FROJECTION:
TOTAL coBte Tz, 180794, BM284, 77544, TeéRL,
MILTA CORTS L B D.tTe. 11589, 3. ..

»Costs [n theusanss nf sallars.

CORT MUNARY REPORT
NSRS SRR S SRR A NS

L NORFAR  WOAFAR LIGHT

Udeank:
COBEN OBZ CoMEN 80V CODEN B1R COBEN S8X

cobis el

RCTHOR AR L SRAR Wap SRAD
BEATLITE » YRS 2 me 3 3 i 3 YRS
COST TO FiLv(ings} 1584 Saimy, TI9G. L) 139,
LTET Tw wuriiveal

FATERIAL 20, ThM, 13012, 13918, T,

Hasur aCTUR NG 1179y, 11799, 1Ty, nres. 1.
TOTAL COBTRILPDG) N8, 183371, amT. TERO8. 18FET1.
DELYA CORT-FLY(1996) L B nsre, . =14YT. IxsTR.
BLTA CORY-BUY{1986) .. 48, 430, S, 4.
DELTA COETRI1DEG) -, 238, L1906, 49, MRS
AMG'D OUIR PROJECTION:
10TAL CONTH TEREL. 109791 SdRb4, T4, 10879,
DELTA COATS L B 117, 1a1dan, Lt niire.

#Casty in theusands of dallars.

CORT SUMMARY REPORT
BOBASSAESAERE YRRSS

VONMD HORFAS  NORTAD LIAMT

COBEN BE1 CODLW BAE CODES B4% CODER 81T COMN 883

NCTHOD GRAD Al SRAD QR SAAD
BEATLIFE 3 TRe 2 e 2 Yme 3 YRS 2 oS
COST TO FLY{1906) 1544, BALES, [241 9 a0 . 74788,
COBY TO Biv(ID08)

MATERTAL 90e. 768, 12912, 13512, TEYS.

FANLIF ACTURT NG iiTes, 11799, 11799, 11799, 1.,
TOTAL COSTHIL906) o981, 103574, armr. TRRON. L1 11
DELTA COST-FLY(1996) [ B azsre. 4N, ~1477, IR,
DELTA CONT-BUY (1996} [ B [T1H 326, anzs, ma.
DELTA COBTE{1986) [ B 13820, 11986, B4y, 23440,
AUG’B QUKR PROJECTION: !
TOTAL COSTS TR6ZL. 108791, a4, 77344, e,
DELTA cOdTH .. Mive. 11503, Ay, zzony.

oConts la theusinds of gallars.
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COBT SUNMARY REPOAT

RS04 SESBNENC MO 5w

YOMARD WA AR WORFAD LIGMT
Cobls BE1 COBLs BOE Cr L8 S0P COBES B1R COBEN B4

NETHOD A SRAS dnd SRAR "W
SEATLIFC " RS 3 s » YRS 3 YA 1 ms
COBY TO FLY{i 9} 1984, LY, ¥Ti0E. s, ieMETY,
COSY TO SUYVI19)

MATINIAL L ThM, 133X, 130E. i,

FRANLIF AC TR L W 11799, 11T, 11799, 11T, 11798,
TOTAL COBTEC(LDOE) TO¥L. la¥iTi. |, TSRS, 182013,
!‘7;10 COST-FLY{)9P04} ., R, W, =34TT, int,
PELTA CORT-DUYIL904) .. 48, [ a3ns, 182,
DELTA COBTRI1984 ) .. I, 11904, T, 111848,
AVG'D OULR PROJLCTIOM:
ToTAL CORTS TREEL. 183791, T, TTH44, 1TrATR.
MLTA COATE 8. 31Te. 1.4, 4923, 194882,

aCquts in thaussnds of sellars,

COUY tumWAY REPORY
LI ST TT LI T TR L]

VONARD | NORYAR  WORFAD LIAHT
cobin B81 COBES GB& COMIS MEBD COMN 81 CODES 8OF

nCTHOR [ =] ] SRAN [ ] L ] [ ]
SLATLIFE 3 YR » YR o yme » YRS 3 oS
CoRY YO FLV{iwaa} s, ESi 4N aries, apdas,
COST 70 BUYIie)
MATERIAL . ThM, 13ME. 1ant. 13485,
KANUF ACTURL d 1372, 11799, 1179%. 11799, 1T,
TOTAL COBYE{1PO&} TN, iapsTL. e (Y 73804, T,
DELYA CORT-FLY(1906) .. IRSTR. nena, -44T7, 131 4
DELYA COBRT-BUY LI 904} a. wal, L4306, SRE. T,
PELTA CORTEILDG) 8, I3RS, 1L, A4S, 18347,
apmrn OUER PROIXCTION:
TOTM. COBYY TRSEL, 103791, [ 2 TVYR4A, 0.
WLTA CORTR [ A 21174, 11943, 4928, 1) At
=Cadts in thousanes of @allers.
COST SUMMARY RCPORT
LLLULLLJ bisppldny
UOHARD hOR¥ AR NORFAR LIGKT
COMA @81 COBMEW Me COMN M9 COoBE B1Z CODCN DL
PETHOD ARAD had hab [ 1Y [T
SEATLIFE 1 YRE 3 R 3 YRS 3 YRE 3 YRE
CoRY TO FLYL1988) SINRE, adiae, STL9S. INMNY, [} 1N
COAT TO BUYL1984)
nATERIaL 4004, T4, 132, 13318, 13053,
MAMUF ACTURT NS 11799, 11799, 11799, 11799, 11799,
TOTAL COSTHCIPES) TesL. 183871, szmaT. TIR0N. “scaer.
MILTA COST-FLY(1984) a. 3sre, e, =-14T77, 12263,
BLITA COST-SITERTLS) .. hen, (31, W [ TT N 4269,
LR RN ER. M) L] 1o, 1193, l;d‘! l..‘\;l-":
AUGYD OV PROILCT S on:
TOTAL COHTE T8Z1. 1.3, BAZB4, TTI44, YwI¥ISE,
BLTA COSTS a. LISEL W 11343, 4123, 17742,

#Casis in thousands of edallars.
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COST BUMMARY REPORT

ELLITT LT Ll Tt )

L F] Mo AR WORFAR LIOMT
Cobdu GB] CODL B CiHCN BOF COBER BMER COBCm AT
[ 2l J L] L] [ L] L
BEATLITE » il 1 v 2 YR 3 Yeu 3 vl
CoaY Yo FLY{1908) 1884, i, 71, Lo, ol
CORY TO KIvii1984)
MATENIAL, ok, ra4, LIe, 13803, 1Reda,
AT ACTUA TG 11799, 11798, 1ire. 1iTM. 1iren,
TOTAL CORTRCIPN) e, 1887, aaamr, TSI, (L . N
BILTA CORT=FLY{iDE&) [ B MR, e, 1477, .
TELTA CORT-BUY(L1 D06} LD ish, 304, 3 EE. 889,
——ye—— -,
MLTa COATEI{iIDE) a. e, 11994, a84al. 13TaY,
~MM'E OVER PROJICTYION
TOTAL CORTS TEEL. 10BTHI ., [ B Tried, T8N,
MLTA CONTS L HLTe. 11983, 4328,
aCesin in Lhaussnds af sellers,
COET MUY ACPORT
B AP RE S0 S8 S
Usary AT AR HINEAD LleNY
COBEE A1 CORIm JOR CODER BBT COlfW SIF ConEs e
RLTHOD ] L ] ok L]
MATLITK 3 yma 3 v 5 yne 3 YR 3 s
COBY TO FLY(ADEE) 194, L. $TiMd, saee, TN,
CORT T8 YILDO%) ]
naTCRiaL e, TaM, 1z, inR. roRi, -
N ACTURE NG 1rem. 11798, 11799, Lite, ::m,:’
- +
TOTAL COBTR(SPIS) TN, 1¥sTL. BEIET, 5dew. .
PELTA CORT-FLY(LDOS) | N awre. neNE, ~14¥7. L2 N
MLTA COR-IIT{ 1908 ) [ N -l 5208, . e,
MLTA COBYRI190S) [ 3 e, 1908, 4049, RO&4T,
AR VIR PROJEC! TOME
TOTAL COGTE TEG2Y, 183786, CAB04 . Trid4a, sSTeNR,
MLTA COSTE [ B Mmire. 11908, il ez,

“Couts in thowisnes of dellsrs.

COLT BNUMAY ACPOAT
Led TID L 2t P D )

HORFAR  HEAFAD LIGHY

COBED D1 CODER GAF COMCE BES COMCE 01 cosds e

“Cants in theusands of sullars.

-y Froes A e sanp
ATLIFE 2 s T Ym 3 e 3 vs 3
CONT TO FLYL1988) FTLT TR 1. sTime, eees. 7106,

" CORT 1o BUY(LBMS)

maTERIAL e, Tasa. . 1ame. 1mae.

LT ACTUR TG 11709, 11799, 1., 1109, 1.
TOTAL COBTSLIDOE) Y, 189971, T, TROA. a2y
SELTA COST-FLY(1908) a. amsre. am. ~1477. am.
MLTA COST=-DUY(1906) ». aed, [ 3" W [+, B [t .1
MLTA CORTSTI988) " e, 11998, asey, 11998,
AUGD OUER PROJECTION:
TolaL CoeTs LT THRERT o T sarsd. rread. [T R
LTA COSTR .. Bire, 11583, w23, 11303,
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CORT ARy REPORT
AoebPPIisEERIRRERY

Vilbtent 3 NORFAR  MORFAR LIBNT
ConEm GBL  COBEW DR CoMa BRY  COMCE BIR  COBEN BB

HLTHOD [ LT L [T [ 1] [T ]
SCATLIFE L] 3 e 2 Yem 3 e 1 yme
CoSY To FLYi1964) Fises, nat, ITIN, 00T, 13T,
CORT TO BUY(IPeS}

HATERTM, 9, T, 1302, 1301%, [ AT 1N

PAMUF ACTURT NG 11799, 1L, 1T, 1179, itree.
foTAaL COBTSLITES) TS, LONRTL, T, TS, isamme,
BLTA CORT-FLY{1986) 8. IRSTR, m, ~1477, SN,
POLTM COST-BUIY{1906) | N 48, [ 1.1 e,
BILTA COUTS{1PO8) Q. R0, 11954, war.

AR DUER PROICCTION:
ToraL cosvs THERL. 183794, aaki4, Tr8ea, 15008,
MLTA COuTE a, ire, 11383, “9L2. L JT. L

*Castk in LRSudands af dellars,

COST SABMRY RCronT
D T P

VonaRy NORTAR  NORTAR |IewT
COSLD MBI COBED OB CoMCE BEP OB 812 COMCN 813

N THS A AR L d L d L

SIATLIFE avm a2 e 3 e 3 YRE 7 YRS
COST TO FLYL{IDES} V1848, 41, sTive. AN . TEW.
COLT YO BUY(LIOCS)

ATENIAL - ey, raz4. [T ITR TTH .

T ACT UR TS 1res, tires. 1179y, T, 1,
1ot cOBTRC LN ) 1T 103871, saver. 75208, rirag,
PLLYA CORT-rLYC1908) s, assre. sene. -tarr, -14an0.
BELTA COBT-BUVIIDGG) . 0. aes. TN 15410,
DILTA CORTR(1YN) . 388, 11904 . han., [} 1N

MR OUIR PROITCTION
TotaL cosTE TRAERL,

]
BLTA CouTE .. nare, 11599, e, mr.
"CoSts in thausanes s¢ sellare.

COST SUNMARY ACPORT
PEESAPNRI L LS kDR TN

USHARTS WOATAR  WORFAB LIGNT
COMSE SIL COMY BS& CcootE BT COMCE 1R COMEN SiF

nCTHOR AR L] L] ORAD L
SEATLIFC N YRS » ms 2 vme 3 W3 3 m
COBT TO FLY(1908) e, 24109, P18, Hees. 0089,
CORY TO BUYLiVNG)

MATER T, 906, TEB. 13918 1308, 131,

MANUF sl TURTNG 11799, 1. 1708 11799, L1798,
TOTAL COBTE(1908} NN, 199771 . [t Tsaea, TIENG.
DELTA COOT-FLY{L508) ., IxsTE, - S48, ~1477, ~i477,
BELTA COBY-BUY(1IDOE) [ 4. €3pd. apes, [
DELTA CORTRLIDNS) a. Iecad. i1 AR49. 4940,

MG QUER PRCITCTION:
TOTAL CoRYS TR, 100788 . S4EN4 . 17544, TTS4Y,
MLTA COsTR ., nLr. LS. 923, 4823,

*Codts in thousands of sellars.
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COST Mwmaly RgPomY
LITT LT T e S s

Youni 3
Cople 01  COMM AEa

NORFAD  wORFAB LIGHY
Conl® B0 CoMN OLY ComaE MM

nLTMOD [ T HOAP nowr Home [
SEATLIFEC » YRS 3 Yma 3 Y. 3 YRS » YRE
COST To FLY{1988) 1944, 8410, sheaz, LIT IR 15410,
CORT TO Buviives)

MATER IAL e, Ti47, ahda, assa, T147,

PRANLIF ACTUR 1 NG 11799, 11798, 11198, 11790, 1irse,
TOTAL cOUTS{iDEM) rasl, TaME, rRENS, TigaY, TENgS,
BELYA CORT=FLY{1906) [ N TM4, 1954, ¥4, T804,
BELYA COBT-BUY (1088} [ (118 1374, 1974, [ A
BELTA COBTRILDOE) [N B e, 1y, -y,
AMN'D OVER PROJECTION!
TOTAL COATS TRsR1, LT TRR4R, TITEY, oavdi,
MLTA CoRTE ., o4, asel. 1188, ame,

sConts in thausaned af selacy,

COST UARY REFORT
SPosattd bR ReSIa 0 Be

VONAEY
copEn BS: Ccosdx bom

Lo nndiind HORFAD LISNT
CapER B0 CoalE WX CobD W82

NETHOD L d NOR Lol it L.
STAVLIFL n vas 2 ms » v 1 YRs » e
LRt To TLYlivad) 1086 . a8, g, Silih. BTid49,
CORY 1o BUYiides)
MATERT AL £008. TiaT. hae. ey, Tl
N CTURT 11T, 11798, 11798, 1res. i,
Torm. COSTRCI9SM ) TRIEL. T, ke . TiH49, TR .
BELYA CONT-FLY(1904) ». T4, 1386, ~¥94. 53501,
BELTA cORT-IUY(1v0e) ., 14t, 1874, 1974, a.
MLTA CORTRIIDES ) ., s, M. 2Ly, s,
MAT'D GULR PROJEICTION!
TOTAL Contd TRORL. 0%, 73841, TITST, TN,
MLYN COsTE | B a0, ek, Rit N ke,
sCast1s in thounands of Sellars.
COST BuUMHaRY
LI T L T T Y]

VOMaRD
COMCH BRI  COBKN PaE

HORFAR  NORFAR LISHT
COMN BEP COME M2  COBMLE S04

m THOD L] L L, HORP HORP
MATLIFE 3 YRR 3 YRS 3 s 2 YR 3 YRS
COST TQ FLYCIDOG) 1568, e, SR, FiELd, 70421 .
COET TO BUY(1988)

WATENTAL 00d. TiaT, [ B s, oL,

PAMUF ACTURT S 1res. 11798, 1T, 11798, 1178,
TOTAL CORTSLIDOA) TEI%1 . Taris . i1, TIS49. §7242,
GELTA COST=FLY(190%} L D Thad, 1386, -is. 26088,
ECLTA CORT-BUYLI90G) .. 184, 1574, 1874, .
DELTA COSTH{LDNE) . . M. 119, AsUR.
AMG'D VLR FROJECTION:
TOTAL COBTS TRREL, sERst. b i TITHT. teesad.
<ILTA CoaTs .. 0348, Esal. 108, 20040,
“Costs in theusanws #f seljars.
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COST SU™WMARY REFOAT

UOHARS HORFAD  NORFAD LIGHY
CODCE SN! CODEN BON COBLN 88F COPCR 812 CODPEN BOX
HETHOD annd HORP Noas HomP Hoap
SATLIFE » Yes 2 s 3 YRS 3 YAR 3 YRS
COBT TO FLY(1904) 1948, syale, xere, FIRLL, 54427,
COST TO BUYIL1984)
mATERIAL a50e, Ti47, asew, wnen, [11TH
HAUY ACTURT NS 11799, 11784, 11790, 11Ft 11799,
————— ———— [ ———
TOTAL COBTR{L9ME) TaNL, Tors, razal, 71389,
PELTA COST-TLYILDOS) ., THd4, 1384, x84,
DILTA COST-BUY(:99s) ., 181, 1574, 1374,
PELTA CONTH(iDES) [ B [ L v, iz1v,
AUE'D QUER PROJECTION
TOTAL CoSTS TRel), [ 10 Y9843, rarsy, TTi4T,
DLLTA COBTS o, 348, 22z, 1106, 327,
sCasty in thausines of wollars,
LOHARD NORFAZ  HORTAR LIGHT
COME GBL COBCA OGE COME SO% CODER 812 COBCN BOG
METHOD SRAD HORP NORP NORP MO
SCATLIFC a vea 1 ms 3 e 3 YRS 3 YR
COST TO FLY(198E) 51544, NN, 2x922. sidin, 54519,
CoBY To BUY(1983}
MATERIAL 506, TIAT, [CTT N [T [
PO AC TUR TS 117ee, 1. 11798, 1T, 11798,
TOTAL COSTHILTEG) 70081, 78358, Tades, 71348, TaRS4,
DPELTA COBT=-FLY(1976) .. ThA4, 1336, -4, 733,
DLTA CORT-BUY{L996) [N 181, 1574, 18574, ises,
DELTA COSYE(AIDM) ., [ erisld 2908, 1219, 4513,
A'D QUER. PROJECTION!
TOTAL COSTS r2E21, sasi, 73542, TATST. TN,
DELTA COSTE [N i, aex, 1104, 4376,

sCosts in Thauzandl of dollars,
COBT SUKIARY REPORT
LTI
Ughaia MNORFAR  HORFAN LIGHT
CODEN 4L CODCN CT1 CoDE® @MY CODEN WIZ CODEN 807
MITHOD CRAL HORP HORP NORP HERP
BEATLIFE 1 YRS 3 RS D Y 3 YRS 3 YRS
CORT TO FLY(1984) J19868, 59416, S2%RZ. BiELL, $o370.
COST YO RUY(iveE)
MATER AL 490 . 7147, asea. msa, arsy,
HANLET ACTUR T WG . 11790, 11T, 1178, 1iree,
TOTAL COBTEIL9M) RSl TBI36. TIR8L, TI36%. TITH.
DELTA COST-FLY(1%04) ., Thed, 1336, =¥, 1984,
DLLTA COBT-MUY( 1906 k1Y 168, 1574, 1574, 1371,
DELTA COSTHIL9N4) &, s . 998, 2Ly, s,
AMG'D QUER PROJCCTION?
TafAL COSTE TRl atel, o043, TIrar, TG4,
DILTA COSTS a, a3%4h. 29282, 113, 183,

sCsts in thousands of dollars,
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COGT SUMMARY REPORT

SuRNNSEANSSuNanaYREY

VOHARY HORTAB  NORFAS LIONT
COMN i CODEN BB COMN BBp COLLN SIX  CODCN SOl
MCTHOD ;ap Home Hone NoRp Honp
SCATLIFE 2 e 3 YRS 2 v 3 YRS 3 YRS
CORT TO FLY{1986) 51586, sedie, sryzz, sie11, T3,
CORT TO BUY(iPie!
WATERTAL e, Tid?, n3es, ise, Ti61,
ML ACT LR L NG 1179y, 11790, 11T, 11794, I1re8,
TOTAL CORTER(i984) TarE1, TENS. TR, Ti3&y, T6YTR,
DELTA COST-FLY(1Pog) . 7844, 1396, =354, 6247,
DELTA COBT=B/Y(1906! ., 161, 1574, 1574, 173,
PELYA COZTSI(1906) u, s, e, 1Ly, [T
AUG'D OUKR PROJECTIONS
TOTAL CORTS rEets, oM, 73543, TIT87, T390,
DELTA cOuNTS ., 340, R, 1198, “ar,
"Costs in theusands of dellars,
CORT DUMARY REPORT
LLLILL 7 L T 1 T e
Vowany HORFAR  HORFAR LISHT
COME BEL COMN B8 COMN 889 COMEW 812 CODEN BRS
) -
| nCTHOD anp NORP ) Nomp Nomp
: BEATLIFE T YRs P YRs & ¥il  van 2 s
E —————
]
: COBT TO FLY(LDOS) (LTS ss4ie. savxe. iRy, [ LI'TH
COST TO BUY(190&)
MATEREAL ey, Ti47. w362, sse. ey,
MAMUTACTUR I MG 1Ty, 11798, 11790, L7, 11798,
! TOTAL COBTH(31008} RIS, TeIss. raRet. Ti¥8y. 73001,
3 DELTA CONT-FLY (18} .. Thas, 193, ~¥3a, 1736,
X DELTA COST-BUY(1906) [ B 181, 1574, 1574, 1374,
jl BELTA CORYS{1906) . »ees. avae, ny, 080,
I
AVGD OUCR PROJECTION:
TOTAL COBTS Tagi, angi . 73843, TATST. T5343,
) BILTA COSTS .. [Ty 2922, 1126, asze,
;:I' wCoSts in theusands of wellasrs,
'.‘
:
]
2
T
u
d

¥ REPORY
shdbdERREgtinseial

Uoknad HORFAR  WORFAD LIOGHT
CODMN GBI COMN OBF CoME NP CORIN BLZ CODEN #i0

! NETHOD aRap oA Hompe wone HoRe

. SEATLIFS 2 vmrs 2 ms nyes 3 e e

Ll CORY TO FLY(1908) s19a4. 58410, azeer. LITTEN 128714,

"

" 08T TG BUY{1996) .

. © n:rnm. e T1a7, o344, [T Tree.

. WA ACTURTNG 11799, 1198, 1T, 11794, L1798,
TOTAL CORTE (1986 e, 78354, TRERL- TISAY, tazver.
DELTA CORT-FLY{LIGG} .. T844. 1394, -1%4. 1581,
PILTA COST-BUY{190E) [ B 161, 1374, 1374, 4.
BELTA CONTRLLDEG} s ous, ”n». 1219, 0878
AUG’D CUER PROJECTIONT
ToTaL COSTS TRARL . 1 T334, TITSY. 148270,
PELYA COSTS .. e, e, 1136, It
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APPENDIX F-1

Development of an Algorithm and Data Gathering for Aircraft Seats

NASA Final Report, P.0O. # AB4863B, ECON, Inc.

Editor's Noute: Sections of this Appendix have been deleted for
the sake of brevity. A complete copy of the
original manuscript may be obtained upon request.
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FOREWORD

This final report has been prepared for the Chemical Research
Projects Office at Ames Rcsearch Center of NASA, Moffett Field,
California, under P.0. NO. A84863 B (EAF).

This report consists of documentation for the work performed
under the four contract tazks and serves to specifically

direct the computer application of the aircraft seats algorithm.
The veport is crganized as follows:

I. QVERVIEW OF AIRCRAFT SEATS ALGORITHM
II. DATA ORGANIZATION

CUSHION DIFENSIONS DATA FILE

CUSHION MATERIALS DATA FILE

CUSHION CONFIGURATIONS DATA FILE
REFERENCE CUSHION CONFIGURATION DATA FILE
AIRCRAFT FLEET PROJECTION DATA FILE

"NEW* AIRCRAFT DELIVERY SCHEDULE FILE
FUEL COST PROJECTIONS FILE

IIT. LOGICAL PROGRAM FLOW

DETAILED PROGRAM FLOW
OUTPUT REPORTS
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I. OVERVIEW OF AIRCRAFT SEATS ALGORITHM

ECON, Inc. has developed a methodology to calculate estimated costs
of the manufacture and use of advanced aircraft seat cushion configura-
tions that are being evaluated by the Chemical Research Projects Office
(CRPO) at NASA-Ames for improved fire performance characteristics. The
methodology has been appropriately designed and documented for easy
adaptation to computer processing.

The primary focus of this effort has been on the evaluation of the
cost impact associated with manufacturing and flying various seat con-
figurations%gﬁ a U.S. aircraft fleet-wide basis. In addition, the
approach developed will provide a logical framework for the storage of
physical properties data and fire performance indicators for each seat
configuration. Figure 7 iljustrates the significant parameters that
influence the seat manufacturing cost and the weight impact on fuel
consumption of flying heavier or lighter aircraft seats. Each of these
parameters are discussed in detail in the second section of this re-.

port,

Figure 2 provides a top-level, logical view of the proposed model
flow. This is expandes upon in the last section of this report in a
detailed, step-by-step, presentation of the model methodology. In
addition, the summary reports have been specifically defined and are
provided in conjunction with the detaiied flow.

The developrment of the approéch documented herein was significantly

“influenced by the nature and availability of pertinent data. In areas
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where data is severely limited, as much flexibility in the data structure
as possible has been suggested. For example in the area of calculating
seat cushion manufacturing costs, there is currently very little insight
into the major cost components and how they will be affected by new
materials. The methodology developed allows the user to work with

data at several levels of delail, depending upon what?is'availab1e to
him. Discussions betiween ECON and CRPO are currently in progress to
find means to expand upon this data base through NASA ~ funded contracts
with seat manufacturers to actually build seats with alternative cushion
configurations and track costs in an appropriate manner. Orice a good
baseline set of manufacturing cost data has been provided, cost estimat-
ing tools such as the RCA Price model could be used to generate costs

of future cushion designs.

Because the Ames program is focused on cushion configuration al-
ternatives, other components of the seat structure are not considered
at this time. Furthermore, the methodology presented reflects a very
simplified approach to cushion design and dimensions in which both the
bottom and back cushions are rectangular in shape with uniform dis-
tribution of all materials across the rectangle. The dimensions of
the bottom and back cushions may be specified individually, but it
is assumed that they will be comprised of the same materials.

Despite the simplifying assumptions and limitations outlined
above, the methodology developed can provide a valuable tool for the
comparison of one seat cushion configuration with another and to

. assess its impact on the cost to manufacture and fly an improved
aircraft seat.
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11.  DATA ORGANIZATION

The data required by the aircraft seats algorithm, as configured
by ECON, has been organized into the following logical groupings:

cushion dimensions data

cushion materials data

cushion configurations data

reference cushion configuration data
aircraft fleet projection data

‘new' aircraft delivery schedule data
fuel cost projections data

tach of these data groupings is referred to as a data file in the follow-
ing pages. The contenits of the data files and the manner in which the data
are used in the algorithm are discussed. An initial set of data is docu-
mented, based on the data gathering efforts under this effort. In addition,
a sample display format for each data file is provided.

The detailed program flow in Section IIl of this report refers to the
types of data stored in each of the data files as the data is required by
the algorithm for computational or display purposes.
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CUSHION DIMENSIONS FILE (DIMEN)

The user of the dircraft seats algorithm may vary the dimensions
of the aircraft seat cushions to refliect an actual change in typical
cushion dimensions, or to examine the impact of a proposed change in
cushion dimensions. The dimensions to be used are stored in the cushion
dimensions file, in terms of the length, width and thickness of hoth
the bottom and back seat cushions. Different sets of dimensions may
be stored for coach and 1st class category seats. Thesa data serve
to approximate the size of the cushions and do not take into account
any seat contouring or irregular seat shapes.

The initial data set for this file contains the dimensions used
by CRPO in their initial work to determine typical coach seat cushion
weights:

BACK CUSHION: 26 in. x 17 in. x 1.5 in,
BOTTOM CUSHION: 18.5 in. x 18.9 in. x 3.0 in.

It has been assumed that the primary difference between coach and
1;t class seats is the seat width. Thus, the initial data. for 1st
class seats width is 2 inches greater than that specified for coach
seats.

The user may also bypass the calculations of seat area and volume
using seat cushion dimensions, and directly input the cushion area and
volume. This option may be desireable when area and volume informa-
tion is available and better reflects a seat cushion size, with its
various contours and irregular shapes, than dimensions data can pro-
vide. Area and volume data would be input to the cushion dimensions
file in lieu of length, width and thickness data for back and bottom
cushions for both coach and 1st class seats.

The display format for the cushion dimensions data file {DIMEN)
is provided on the following page.
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SEAT CUSHION MATERIALS FILE (MATERL)

The file of seat cushion materials contains all materiatls that are
ysed to create seat cushjon configurations for the aircraft seats algorithm.
Fach material is numerically coded, with materials currently included in
the file identified by the code established by the CRPG. In addition this
file contains: the material name; product number; a brief description;
the material supplier, the density; and several estimates of a unit cost,

In some cases, one material may be available in a variety of thicknesses,
in which case a lower-case alpha character will follow the 3-digit
material code to differentiate between thickness.

The initial data set for the seat cushion materials file has been
provided by the CRPO and is shown in Table 1 . The material prices
currently listed are those quoted to CRPO for their purchase of a
1imited quantity of materials. The user may enter other price estimates
to more accurately refiect the material price in a large scale market.

The display format for an entry ir the materials file (MATERL) is
also provided.
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SEAT CUSHION CONFIGURATION FILE (CONFIG)

The seat cushicn configuration file may contain up to 1000 combina-
tions of available seat materials {from the materials file) for evalua-
tion in the aircraft seats algorithm. As new materials are added to
the materials file, new configurations can be specified. A cushion
configuration, as currently defined, can be comprised of all or a sul set’
of the following layers:

LAYER A - Upholstery
LAYER B - Scrim

 LAYER C -  Heat Blocking Layers
LAYER D - Airgap Layer
LAYER E - Reflective Layer
LAYER F - Foam

The cushion configuration code has already been generated by the CRPO
for over 300 configurations, as listed in Tgbie 2 . These codes are
maintained in this data file. Any additional configurations can be
added to the file and will be assigned the next available numeric code.

In addition to a definition of the configuration by code and the
materials used for each layer, this file contains information about the
cushioy, configurations wear life, cost and fire performance. The
cushion wear life will prouvably be different for the bottom and back
cushions, and is tracked separately throughout the algorithm. However,
due to the limited information currently available, the manufacture and

" fire performance in bottom and back cushions are treated the same for

the purpose of this exercise.

Manufacturing costs can be handled by the seats algorithm in several
fashions, to allow for the variability in the data available. The most

WL W PR L em 1 W P OOFTE L e o ke s oee
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simple approach, Method A, is the direct input of the total cushion price.
If greateyr insight into the cushion price is available, a price breakdown
that includes labor cost, development cost, and overhead and profit rates
may be used. The algorithm will then generate a total price based on the
sum of labor and development costs, multiplied times the overhead and
profit rates:

TOTAL $ = (LABOR $ + DEVEL $) x OVERHEAD % x PROFIT %

Alternatively, using Method'B, there may be no actual cost data available
for a particular configuration, but only educated judgements cn how the
manufacturing process will differ in reference to a known seat configura-
tion. The Reference Configuration (REFRNC) file contains the information
on the costs to manufacture a selected reference seat, broken down as
follows:

LABOR: DEVELOPMERNT : OVERHEAD : OTHER:
FABRICATION  DESIGN ENGR TOOLING

PLANNING SUSTAINING ENGR  FRIMNGES

ASSEMBLY OTHER

TOOLING

The data may be available at the category level (i.e., labor, develop-
ment, overhead, other) or at the sub-category level (i.e., fabrication,
planning, etc). Data is entered and stored for the new configuration to
indicate that, for ekamp]e, fahrization costs are estimated to be 25%
higher than the refér&gce,iaad &ééign engineering 10% lower. These
differences are storad.gs_fdutors in the configuration file. The

seats algorithm Wi?ﬁﬁuﬁa:theﬁe te generate total seat cushion costs.

Finally, the seat ﬁh;ﬁ%uw capfiguration file will contain the fire
performance chatéﬁxeriytﬁﬁs_ﬂf & specific configuration. At this point,
these are not directly ased By L6 algorithm, but merely stored in a
convenient Jlocation for refeiéﬁc¢'ﬁy the &igﬂ?&thb}xser. There are
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many potential measures of fire performance that could eventually be
included in this file. However, under this effort only three will be
addressed:

Radiant panel test results
Hodified heat release calorimeter test results
. C-133 test, derived egress time

The initial data set for the configuration file is largely com-
prised of the definition of configurations established by the CRPQ.
Two of these configurations contain an amplified set of data to in-
~lude seat wear Tife and manufacturing costs, as presented in Table
iz3l There is no fire performance data available at this time.

. A display format for individual entries in the configuration
file (CONFIG) is also provided.
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REFERENCE SEAT CUSHION CONFIGURATION FILE (REFRNC)

The aircraft seats algorithm generates comparative costs, as opposed
to absolute costs, by comparing associated costs for the introduction of
a new seat cushion to thosc costs associated with a reference or baseline
seat cushion. The reference cushion will usually be one that is current-
ly in use in commercial aircraft. The seats algorithm then can be used
to determine the impact of changing the seat cushion to an alternative
cushion configuration. The reference seat cushion configuration file
specifies the configuration to be used as a reference by the configura-
tion code and the code for the material used in each layer. It also
includes data on the seat cushion Tife and manufacturing costs.

In this file, manufacturing costs are entered as dollar amounts
broken into the following categories: labor, development, overhead and
other. If data is available, each of these categories can be further
broken down into sub-categories to provide more insight into the con-
tribution of various manufacturing cost elements to the total price.
The costs in this file do not include material costs, which are added
in the algorithm to generate a total seat cushion price.

The initial data set for the reference file specifies a fire
retardant urethane foam cushion, encased in cotton muslin and covered
with the wool/nylon upholstery. The seat cushion life and manufactur-
ing cost data is preliminary in nature and has been derived from con-
versations with a variety of seat manufacturers, airline operators,
and NASA personnel.

A display format for this file and its initial data set are pro-
vided on the following page.
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AIRCRAFT FLEET PROJECTION DATA (FLEET)

The aircraft seats algorithm has been structured to handle data for
three categories of jet aircraft: 2 - engine, 3 - engine, and 4 - engine.
This structure has been employed to correspond to the format of U.S. fleet
projection data presented in the annual FAA Aviation Forecasts (See Table
4). The FAA forecasts have been developed with the aid of sophisticated
model11ing tools that consider economic indicators, market trends, and
policy issues to generate the best avaiiable projection of U.S. air
carrier activity.

Within each engine category, data may be further broken down by
specific aircraft type. This additional breakdown provides the capabil-
ity to capture variations in seating capacity and the sensitivity to
changes in aircraft weight from one aircraft type to another. There
may be a range of three to ten aircraft types within each Engine category.
It is expected that some current aircraft types will be replaced by new
aircraft types in the time period under consideration, therefore alter-
ing the composition of the fleet.

The seats algorithm uses the fleet projection data and the 'new'
aircraft delivery schedule data (described later in this section} to
generate an annual requirement for aircraft seats. Following the in-
troduction of an improved seat configuration, the assumption is made
that all 'new' aircraft will contain the improved seats. It is also
assumed that seats in aircraft that are already in operation prior
to the introduction of the improved seat will be replaced as old seats
wear out. Figure 3 depicts this transition from current to improved

seats over the aircraft fleep, as it is treated in the methodology
developed for the seats algorithm. |

ECON, Inc. has created an initial data set of U.S. aircraft fleet
projections to be used in the exercise of the seats algorithm. As
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hew or different information becomes available, new data sets can be
created. The initial data set includes only jet aircraft flown by

U.S. Air Carriers, excluding cargo transports which fly no passenger
seats. Historical data pertaining to the number of aircraft by type

in actual operation by U.S. trunk carriers, local carriers, and supple-
mental air carriers for the years 1978 to 1980 was obtained from the
World Aviation Directories, Nos. 79-82. Table 5 summarizes this data.
This data corresponds fairly well to the historical data included in
the FAA Aviation Forecasts provided for 2 - engine, 3 - engine, and 4 -
engine category aircraft. However, because the FAA aircraft forecasts
include cargo transports, jt was necessary to adjust those projections
accordingly for use in the seats algorithm fleet projection. Without
the inclusion of cargo aircraft the annual fleet size was assumed to

be approximately 85% of that shown in the FAA forecast for both 2 -
engine and 4 -~ engine aircraft. An 85% adjustment approximates the
difference in the FAA historical data and the historical data recorded
in the World Aviation directory. The number of 3 - engine aircraft used
for cargo transport is currently very small and was assumed to continue
to be so, therefore the no. of 3 - engine aircraft in the initial data
set corresponds very closely to the FAA forecasts.

The World Aviation Directories were also the source for data on
the number of aircraft on order by different U.S. air carriers. The
initial data set created by ECON, only specifies two new aircraft types
by name, Boeing's 767 and 757, with first deliveries expected in 1983
ana 1985, respectively. This reflects the information currently avail-

“able about orders placed for new aircraft. In addition, other new air-
craft may be in operation during the time period under consideration,
but they are not specifically cited in the initial data set. It is
assumed that the reduction in the 4 ~ engine aircraft fleet as pro-
jected in the FAA forecasts reflects the retirement of a significant
portion of the B-707 tybe aircraft. The initial data set reflects
this as a gradual retirement. Otherwise, the distribution of aircraft
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types within an Engine category has been done scmewhat arbitrarily,
using the number of aircraft currently in operation and currently on-
order as a guide.

Table 6 documents the initial data set for U.S. aircraft fleet
projections by Engine category, by aircraft type, by year.

The display format for the aircraft fleet projection data file
(FLEET) is also provided.
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TABLE 4 « JET AIRCRAFT IN THE SERVICE OF U.5. AIR CARRIERS 8Y AIHCRAFT TYPE*

Jet
Historicel* 2 Engine 3 Engine § Engine
1975 541 926 627
1976 514 1,003 619
1977 536 1,025 593
. 1978 563 1,074 551
1979 618 1,164 509
1980 665 1,262 501
,
Forecast
1981 669 1,284 459
1982 674 1,306 425
1983 757 1,328 397
1584 " 829 1,349 169
1985 927 1,370 M4
1986 970 1,359 349
1987 1,05 - 1,368 354
1968 1,061 1,367 355
1989 1,108 1,365 356
1990 1,148 1,364 357
199] 1,191 1,362 61
1992 1,235 1,350 164

* DATA SOURCE: FAA AVIATION FORECASTS, Fiscal Years 1981-1992, September 1980.
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"NEN" AIRCRAFT DELIVERY SCHEQULE (DELIV)

In addition to the aircraft fleet projections previously discussed,
the ajrcraft seats algorithm also utilizes data regarding the projected
deliveries of "new" aircraft to characterize the operational air carrier
fleat. It is assumed that, once improved seat cushion criteria have been
decided upon, all "new" aircraft will contain improved seats, while air-

~craft curvently in operation will replace existing seats only when they
are worn out or the ajrcraft undergoes a decor vefurbishment. There-
fore it is necessary to differentiate between the number of "existing"
and "new" aircraft in any given year.

The "new" ajrcraft delivery schedule will, obvicusly, corFéSpond
to the projection of aircraft fleet size. If the total number of 2 -
engine aireraft flying in a given year has incraased from the previous
year by 20 aircraft, it can be assumed that at least 20 "new" aircraft -
have been added to the fleet. However, in examination of actual fleet
ysjze and aircraft delivery data for 1980 one learns that other factors
must a1so be considered. For example, according to the World
Aviation Directory (Summer 1981, No. 82), there were a total of 52
more B-727 ajrcraft in operation in the U.S5. air-separate carrier fleet
in 1980 than 1979. However, 81 "new" B~727's were delivered to U.S.
air carriers. Some of those "new" aircraft were used to replace
existing aircraft that were retired or sold to non-U.S. air carriers.
The "new". aircraft delivery schedule data is required for the algorithm
to provide insight into this occurrence.

An iﬁitial data set for the "new" aircraft delivery schedule has
- been created by ECON, Inc, is shown in Table 7. Alternate or im-

. proved aircraft delivery schedules may be created with the assistance

of the‘FAA or airlines themselves and used in its stead. Assumptions

[
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about aircraft retirement from the U.S. fleet were made somewhat ar-
bitrarily, but in keeping with the general trends reflected in the
projections of fleet size.

The display format for the "new" aircraft delivery schedule data
file (DELIV) is also provided.
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TABLE 7 ¢ INITIAL DATA SET FOR 'NEW' AIRCRAFT DELIVERY TO U,5, AIR CARRIER FLEET
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AIRCRAFT CHARACTERIZATION FILE (ACCHAR)

The aircraft seats algorithm requires data from the Aircraft
Characterization File to generate information from the aircraft opera-
tions portion of the algorithm. This file contains three basic kinds
of data for each aircraft type included in the fieet projection and
"new" aircraft delivery schedule:

. average number of seats
. percent of total seats that are 1Ist class
. estimated weight to fuel sensitivity

The initial data set for this file contains numbers for the
average number of passenger seats per aircraft type primarily based
on information provided by Jane's Pocket Book of Commercial Transport
Aircraft (Taylor, John W., Collier Books, 1978). In some cases there
are different number of seats for different versions of aircraft tvpes.
such as the DC-8 Series 30-40 verses the DC-8 Series 60-70. In such
cases, these differences were averaged to 'derive one number represent-
ing a specific aircraft type. Information for the B-757 and B-767
was obtained from Boeing Commercial Afrplane Company's Public Relations.

The data on 1st class seating is necessary to distinguish between
1st class and coach seating because the size of seats in these sections
will most likely differ. The seat size influences manufacturing costs, .
raw material costs and seat weight. At this time, the initial data set
was constructed such that each aircraft type contains 1st Class seats
for 8% of the total seating. This number was taken from the available
~information regarding the B-757 and is considered to approximate the
split between each coach and First class seats for all commercial air |
transport. . '

The approach taken in the aircraft seats algorithm to generate the
impact of additional weight on the aircraft fuel consumption is only one '
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of many approaches. The algorithm is structured so that additional
approaches could be incorporated at a later time, if desired. This
approach was selected because of its simplicity and because of the
supporting data available from the United Airlines' publication,
"The Engineering Connection", April 28, 1980. In this approach an
estimate is used for the number of galions additional fuel required
to fly one additional pound of weight on one aircraft for one year.
The estimate should represent, as much as possible, the varying route
structures across the U.S. It is assumed that there will be no sig-
nificant change in aircraft utilization over the years,as there is
currently no mechanism in the algorithm to allow for variations in
route structures from one year to the next.

The initial data set includes estimates for the weight to fuel
sensitivity, as described above, referenced by United Airlines for the
following aircraft: B8-747, B-737, B-727, DC8-61,‘and DC-10. The
estimates used for the other aircraft types in the file were approxi-
mated using the United estimates as a reference. The data generated
for the initial data set is provided in Table 8.

The display format for the aircraft characterizaf%on data file
(ACCHAR) s also provided.
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TABLE B ¢ INITIAL DATA SET FOR AIRCRAFT CHARACTERIZATION FILE
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FUEL COST PROJECTION FILE (FUEL)

The cost of jet aircraft fuel is expected to increase over the
time horjzon under consideration for the development of the aircraft
seats algorithm. The algorithm has been designed to allow the user to
specify annual fuel costs based on projections avajlable at the time.
An initial data set for the fuel cost projection file has been defined
by ECON that reflects an annual increase over 1981 actual fuel costs
of 5% per year, as shown below:

YEAR FUEL COST ($1 GAL.)
1981 $1.00

1982 1.05
1983 1.10 -
1984 1.76
1985 1.22
1936 1.28
1987 1.34
1588 1.41
1989 1.48
1990 1.55
1997 1.63
1992 1.71

The display format for the fuel cost projection data file (FUEL)
is also provided.

DISPLAY FORMAT

PrOGRAM WL 0N Ararecrie (rome) . — —— — . DATE
PROGRAMMT'R B e e A oS
S HRTZAN MTALMENT Sy
- !;l;_!:" }é;'['_—"ll_rluf!lu[‘l-l.g “g Il] 'l '-!/—l‘—! -l‘)_% l T Comraly W KX il o . n )
| *1 MNRNEENEN NN RAN R DR L IRQOAEL s .
e e e ey Folan] ’IJ,- i
NENENANRANNRRRAN N ARRRANNARANAER) TIOTT
e e 1 e 1ol a (ol e o', ‘!.zj_z,_,‘ ;_if' sf _}F-f. b
T TTEER L S 1 rt
RES RENY nrr {‘ ot :
"‘ T AU RRERI AL AR AR RS LTI
L I NERRR !..- ! H, IJ!'. il b ' -L 111
1SN0 DRSS FRACH U ARE HE DS D . fiil N RS
I glzﬁ;sr “ll: 1 “11".;¥l L L R b H R
Lol . % ERETY FUOE IR0t DDMY MODY PNt DROUE Deaee M Ioaddu
AR IR TN IEFA 1 1D SO0 FOR 11 SR A0 ST 1SS0 S BO% il
SRS RN RAN Y IR RRRTRIEE PUTOS DESOY RN DEORY DRESY | P00Y o HE
i P f ' joenfarir]e FOPIS [P I far— I
eI I i R s ] st e L B R !
‘ T IR IR R P T T PO
co 1T, % betel dhind o wene nq;sﬂu muncamm’uu EHTERED, | crelree- '
].;“' ISHERRE. n?'gn ur, DAT HiL }E"._ RN
i e g AR
oAl e L R
@1 l.’_l’_@c E’”.I:'.[f}‘:’;:?:.’:h‘l::’;{:‘?li:? T PRODUCE MO, 3905 .

m ™ LY T L ™ W ™ ;. i om f oemed e ne oww . = a



177

ITI.  LOGICAL PROGRAM FLOW

This section of ECON's documentation of the methodology for an air-
craft seats algorithm to assess manufacturing and operating costs con-
tains a detailed logical flow of the program. This flow indicates the
sequence of the necessary calculations, the series of questions that
should be posed to the program user, and the nature of the user response.
It specifies when the contents of particular data file are required for
a calculation. It alsc indicates the kinds of sumrary reports that can
be generated. Fach summary report is sequentially numbered in the
logical program fiow, and a sample report format is provided in the
pages following the logical flow.

The detailed program flow documents the sequence of calculations and
steps of program execution as seen by the user of the program. It does
not dictate the internal structure of data organization and program de-
sign. However, the methodelogy was developed with the understanding
that there were no data base management systems availabie for use and,
therefore, any manipulation of the data would need to occur within the
striucture of the program itself. Accordingly, the methodology reflects
an attempt to keep additions and changes to the cata as simple for the
user as possible, while still providing a capability to upgrade the
data as required.

Each step in the program execution as outlined in the following
bages is numbered for documentation purposes only, to clarify the
sequence and allow references to previous steps or indicate a 'skip'
to a future step.
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APPENDIX G -1

Fire Protection Studies of Aircraft Seats

Final Report NASA Cooperative Agreement NCC 2-586,
+ Pr. A.C. Ling, San Jose State University.

Editor's Note: ©Sections of this Appendix have been deleted for
the sake of brevity. A complete copy of the
original manuscript may be obtained upon request.
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FIRE PROTECTION STUDIES OF AIRCRAFT SEATS

I. MASS INJECTION STUDIES INTO THE ENVIRONMENT CAUSED BY THERMAL
DEGRADATION OF URETHANE FOAM AND OTHER OONSTRUCTIONAL MATERIALS
IN AIRCRAFT SEATS.

Tovestigators: Demetrius Kourtides, Alan Campbell Ling,
Wai Iee, Tom Atchison, Donna Davidson, & Sharyn Jupp

1. INTRODUCTION

The purpose of the project is to develop a superior fire resistant aireraft
seat involving a compromise Metween absolute fire protection producing a
seat that is too heavy with respect to paylcad conziderations, and too
costly fran a materials viewpoint, and a light welght inexpensive seat that
offers no fire resistance at all.

The initial method of investigation involves the examination and development
of & heat blocking layer for the protection of the urethane foam, the prim-
ary cushioning mterial. One criterion for the acceptibility of a superior
heat blocking layer is that it must provide both a greater cost benefit and
better heat blocking performance than the current 3/16" layer of Vonar®
presently used in damestic aircraft.

It is postulated that one of the largest contributors in the development of
a hostile environment inside an aircraft cabin during a fire is the produc-
tion of flammable and toxic vapors from soft fabrics and furnishings, the
majority of which form the seating facilities in an aircraft. In particu-
lar, the flammable vapors derived fram thermma) decomposition of the urethane
foam cushions. Thus a primry objective of this phase of the investipation
was to detemmine quantitatively the effects of a fire on such feam materi-
als, and to develop methods that will reduce production of such flammable
vapors.
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This initial investigation has therefore concentrated on determining the ap-
parent weight loss sustained by the central cushioning material (fire-
retarded fire-resistant urethane foam, and non-fire protected foam), togeth-
er with determining weight loss factors sustained by the other components
that comprise a typical seat cushion, both as a function of time, and as a
function of the thermal flux incident on the front face of the seat cushion.

Parallel investigations involving theoretical and semi-empirical modelling
of the heat conduction and thermal radiation properties of various materi-
als, has led to the development of a simple model based on six identifiable
layers in a typical seat cushion. This model cushion (see Figure 1) con-
sists of the following six layers:
1. The Wool-Nylon fabric layer (outer decorative cover).
2. The reradiative char layer {formed from the heat blocking
layer by thermal degradation of suitable fabric or foam).
3. The transpirational layer (allowing vapor interchange).
4. The air gap 1ayer.
5. The reflective layer (to assist in controlling radiant energy).
6. The cushioning foam (solely present for comfert factors, and
the primary agent that requires thermal protection).

Table 1 Tists the materials that have been chosen via a conflicting set of
criteria (cost, comfort, avaiiability, thermal safety, constructional via-
bility, toxicity factors, weight/density factors, and aesthetics) for the
construct fon of current and future aircraft seat cushions.

As a preliminary study, small scale tests of the heat blocking efficiency of
candidate cushions werc conducted using the NBS Smoke Density Chamber. The
NBS Smoke Density Chamber has been modified to measure weight loss as well
as smoke density, as a function of time, at a specific heat flux (range of
1.0 W.cm™2 to more than 7.5 H.cm=2).

e P e e T
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LIST OF MATERIALS, AND THE PHYSICAL COGNSTANTS OF THE MATERIALS,

CHOSEN FOR CONSTRUCTIONAL COMPONENTS IN CONTEMPORARY AND NEXT GENERATION

AIRCR

MATERIAL DESCRIPTION

NAME PHYS ICAL "CONSTANTS TRADE NAME SUPPLIER
Vonar 1 Cotton 1/16 inch Neoprene Vonar 1€ DuPont De
(Vonar 1) Foam with Cotton Cotton In- Nemours
Scrim 1nte£liner terliner
0.11 1b/ft
Vonar 2 Cotton 2/16 inch Neoprene  Vonar 2® DuPont De
(Vonar 2) Foam with Cotton Cotton In- Nemours
Scrim 1nte£liner terliner
0.18 1b/ft
Vonar 3 Cotton 3/16 inch Neoprene Vonar 3% DuPont De
(Vonar 3) Foam with Cotton Cotton In- Nemours
Serim interliner terliner
Non-F ire-Retarded Polyurethgne Foam #BT 150 Scott
Urethane Foam 1.1 1b/ft Urethane Paper
(NF Urethane) Foam
Wool-Nylon 90% Wool/10% R76423 Sun Collins &
Fabric Nylon Fabrig Eclipse Atkman Corp.
(W-N Fabric) 0.097 Tb/ft
Polyimide Foam Polyimide_Foam Polyimide Solar Turbines
(PI Foam) 1.2 1b/ft3 Foam International
F ire-Retarded Polyurethana #2043 Urethane E. R. Carpenter
Urethane Foam Foam Foam & Co., Inc.
(FR Urethane) 1.87 Th/ftd
Aluminized Heat Stabilized Preox® Gentex Corp.
Celiox Pb]yacrylon}trile 1100-4
(A1 Celiox) 0.079 1b/Ft
Aluminized 70% Kevlar® Norfab Gentex Corp.
Norfab 25% Nomex® 1IHT-26-AL
(A1 Norfab) 5% Kynol® Atuminized
0.079 1b/ft2
Glass 510% 181 E-Glass Gilwee
0.061 1b/ft? Fabric (NASA)

Satin Weave
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2. THE SMOKE DENSITY CHAMBER

The NBS Smoke Density Chamber is an approximately 3' x 3' x 2' (18 fts,
ca. 500L) enclosed test chamber, connected to a manometer and an exhaust
" system to purge smoke from the chamber. If kept open, the exhaust vent can
be used to provide continuous purging of the chamber while in use. In case
of sudden pressure increases in excess of six inches of water, the chamber
is equipped with an Aaluminum blow-out panel pressure relief outlet. A chro-
mel-alumel wire electrical furnace is used as a heat source. The furnace is
calibrated at least once every two week to ensure that the correct heating
rate is applied. To minimize the effect of smoke stratification a vertical
photometric system with a collimated 1ight beam is used to maasure smoke de-
nsity. The amount of smoke production is recorded via a Photomultipltier-
Microphotometer which registers the relative intensity of light transmit-
tance. The NBS Smoke Density Chamber has presently been modified via the
installation of a balance (Arbor Model #1206, reading to 0.01 g). This mod-
ification allows measurement of the rate of mass loss as a function of time
at any one heating rate.

3. CONSTRUCTION OF TEST SAMPLES

The test samples are approximately 3" x 3" by approximately 0.5 to 1.0" in
thickness; they are constructed by wrapping the heat blocking layer around
approximately 0.5 of the urethane foam to resemble a miniature seat cushion
(Figure 2). Each component of the miniature cushion is first weighed, then
neatly sewn together using neadle and thread. The cushion is then suspend-
ed from the balance and placed directly in front of the heater.
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4., TEST PROCEDURE

After the electrical furnace has been brought to the desired heat fiux, the
balance is checked by weighing a small weight (usually, a small piece of
urethane foam approximately 0.05 grams in mass). The sample is then sus-
pended from the balance via thread and a wire frame (Figure 3). To prevent
the sample from being exposed to the heat source while mounting the sample
in preparation for the test, the sample is mounted behind an asbestos heat
shield. After the sample has been mounted, the balance is checked again to
ensure that the sample is hanging freely, and that the supsension cord is
not binding. To start the test, the heat shiled is removed, and the lister
connected to the balance output initiated. The weight of the sample during
the test is measured by the balance and recorded via a Hewlett Packard 5150A
Thermal Printer; readings are taken every two seconds. After the test, the
sample cushion is cut apart and the remaining urethane foam weighed to det-
ermine the weight 1oss of the foam center itself.

As an additional check, the weight of the sample cushion is determined
before ard after the test on a second static balance to determine the weight
loss.

5. CHAMBER QPERATION AND CALIBRATION

5.1 HEATER CALIBRATION

The heater is cal ibrated at least once every two weeks using a water cooled
calorimeter connected to a millivoltmeter. ‘he heating rate is calculated
from the millivoTt output using a calibration curve supplied by the manufac-
turer. The calibration is done by increasing the applied voltage five volts
every five minutes (starting at 25 volts) until a heat flux of 7.5 watts per
square centimeter is achieved. A plot of applied voltage versus heat flux
then provides the operating calibration curve for the furnace.

BT =T 2" m' ORT =T o e L el e L



5.2 TEST FOR CHAMBER LEAKAGE

Before the chamber is warmed each day, the chamber is tested for any leak-
age. This is done to prevent exposure by personnel to toxic effluents that
may be produced during a test. The chawber is pressurized to four inches of
water and the pressure drop is timed. The chamber should be sealed suffic-
jently to provide a decrease in pressure from 4" to 3" (of water) in no less
than three minutes.

5.3 WARM-UP PROCEDURES

The electrical furnace is brought to the desired heat flux slowly to maxi-
mize the T1ife of the furnace., Starting at 25 volts, the voltage is increas-
ed no faster than five volts every five minutes. To prevent the opposite
chamber wall from averheating, an asbestos heat shield should be placed in
front of the furnace. The ashestos heat shield should be no closer than 1.5
inches from the furnace opening.

6. DISCUSSION

A major danger in an aircraft fire is what is termed "flash-over", where
flammable vapors trapped high up towards the ceiling of the cabin will sud-
denly ignite, and propagate the fire across the whole interior of the air-
craft like a wave. A suspected major source of flammable vapors leading to
this condition is the decomposition of urethane foam. By reasuring the rate
that combustible vapors are injected into the environment from the urethane,
one may be able to approximate the time required to reach flash-over point.
If this time can be extended long enough, by making a more fire resistant
seat and/or a seat that does not release large quantities of flammable
vapor, then it might be possible to evacuate the aircraft cabin of personnel
prior to the flash-over time.
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Our test results will be used to calculate the time required to reach such a
condit fon of flash-over, assuming for simplicity that the following assump-
tions may be taken:

1. The amount of combustible material ejected into the air
comes from the decomposition of the urethane foam.

2. The mass 1ost by the urethane foam is equal to the amount
of decomposed vapor ejected into the air

The first assumption is an idealization. It is acceptable only if the major
portion of combustible vapors in the air comes from the seat cushions. The
secong condition is more in the nature of a limitation, since our experimen-
tal procedure does not presently &llow us to determine the exact amount of
combust ible material injected into the air from the urethane foam.

6.1 NOTES & COMMENTS:

It is obvious from prima facie considerations that not all vapor from
the decomposition of the urethane foam is ejectad into the air. Some of the
vapor must be trapped by the heat blocking layer. Firstly, there are small
but finite amounts of material adsorbed onto the fibres and surfaces of the
heat blocking material(s). Experimentally, using the technique outlined
above, this seems to be a very small effect, and can be neglected. Second-
ly, at low heating rates, the urethane foam melts rather than vaporizing.
This "1iquid” urethane foam will then seep into the heat blocking material
and be retained, either as an adsorbed liquid, or after solidification,
within the heat blocking layer. Thirdly, for those cases where the heating
rate is very high, the urethane foam may decompose so rapidly that an en-
dothermic cooling effect will be noted, enough to cool its surroundings suf-
ficiently to allow vapors to condense inside the heat blocking layer. This
effect exhibits itself directly by a mass gain for the heat blocking Tayer.
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The endothermic decomposition (in situ pyrolysis of urethane vapors) induced
cooling effect from the urethane foam tends to improve the thermal prot-
ection efficiency of the heat blocker, and of the seat cushion as a whole.
A cyclic protection process is induced, whereby the foam itself protects the
heat-blocking layer, which in turn provides better therma. protection for
the foam cushion. Because decomposition of the urethane foam cools the sam-
ple, less mass is lost when urethane foam is present. In point of fact, it
was found advantageous to use non-fire resistant foam with many heat block~
ing layers, since the overall effect was quantitatively better than when us-
ing fire-resistant foam with the same heat blocking layer. Further, by
punching holes in the back of the sample cushions to vent the cooling vapors
back into the foam, we can decrease the rate of mass loss by the urethane
foam even further, allowing transpirat on effects to assist in the overall
fire protection mechanism.

It should be noted carefully, that individual fire resistance by the compon-
ents themselves d9 not necessarily confer good overall fire resistance on
the sandwich itself. There are distinct synergistic effects noted, where
the contributions from each comoonent in the whole package are superior to
their individual contributions.

The heat blocking materials tend to protect the urethane foams by two dif-
ferent mechanisms. Materials with aluminum, such as aluminized Celiox® and
aluminized Norfab®, tend to disperse and/or reflect radiant portions of the
heat flux. Materials containing Neoprene®, such as Vonar®, tend to absorb
the heat, emit water vapor, and thus cool the urethane foam. At Tow heating
rates, materials that will disperse the heat tend to perform better. At
high heating rates, materials that absorb the heat and create some form of
endothermic process (such as water vapor emission) perform better.

One of the practical difficulties of this form of testing is that at the
conclusion of the test procedure, decomposition of the urethane foam contin-
ues after the removal of the heating source by shielding of the sample cush-
jon. At Tow heating rates (2.5 w.cm'z), this effect is small and can be
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neglected. At heating rates of 5.0 w.cm~2 the effect is noticeable. At
high power, with heating fluxes of 7.5 weem~2 the amount of urethane foam
decomposing during this after-test guenching period can be a major contrib-
utor to total decomposition.

A second shortcoming in this experimental procedure is that the precision
achievable from nominally identical samples s poor. Thus, many samples
must be tusted, and average properties (mass injection rate and figure of
merit) determined. Single determinations, cr the use of data from one sam-
ple in a set, can be misleading.

6.2 SUGGESTIONS

To determine the exact fraction of the mass lost from the urethane foam
that ends up in the environment as flammable vapor, i1t is necessary to de-
termine the qualitative content of the gaseous effluent from the foam as the
model seat is heated. Gas samples can be taken at varfous times during the
test using & conventional industrial "sSiivfer®; and subjocted to analysis
via routine GC/MS methods. This will also -allow datermination of the con-
tributions made by the heat-blocking layer and wool/aylon dacorative cover
and/or other components to the flamrable vapor reservoir injected into the
environment of the burning seat.

A more exact measure of the temperature profile 2ecross the seat cushion
would allow determination of the times and relative decomposition rates of
the components in the seat cushion. Small {to avoid Tocal thermal reservoir
effects) thermecouples could be implanted into the sample to measure the
temperature at different depths intc the foam cushion. The actual tempera-
ture required for significant decomposition of the urethane foam can be de-
termined directly by TGA, measurement of the temperature of the foam at dif-
ferent depths (measured from the surface subjected to the heat flux) will
indicate when any particuiar layer reaches decomposition, and thus an
indirect but valuable measure of the effective mass lost from the foem it-
self, without resort to mass measurements that are suspect due to several
contributing and often conflicting factors. Among other advantages, this
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indirect measure of mass loss would obviate problems from "after-test" ter-
minat ion errors caused Ly the so-called quenching period.

7. EXPERIMENTAL RESULTS ARD DATA SUMMARIES

The following calculations and definitions are used in presenting the
data in the tables and figures that follow. The mass injection rate into
the envivonment fis based on the mass lost by the urethane foam, and
calculated from the surface area presented to the thermal flux, and the time
required to prcduce the observed weight loss. A relative figure of merit
can be defined in terms of the mass injected into the environment for any
defined thermal flux.

7.1 _CALCULAT'"NS

WO o=w-v- A@ight of the sample. (The sum of the component weights) |

Wt{0) ~--- Woight of the sample at the start of the test plus any tare
weight. (The weiﬂht of ;he sample registered by the balance
at the start of the test

Wt(T) ---- Weight of the sample at tiine T plus any tare weight (the
weight of the sample registered by the balance at time T
into the test)

Wfg ---- Weight of the urethane foam before the test (in grams)
Wfg ---- Weight of the urethane foan after the test (in grams)

Te cmmmmne Tot al Elapsed time of test (in seconds)

Area ----- Area of samplp exposed to electrical furnace (cm?)
) ~emcann- Heating rate *i n watts per cent imeter square)

L Mass injection rate.

| Figure of merit.

% WEIGHT REMAINING = (Wo - [Wt(0) - 4t(T)] )/Wo*100
% WETGHT LOSS™ = [Wt(0) - We(T)]/Wo*100
Mass injection rate = M= [N, - Ufgl/Te*Area
Figure of merit = E = QM



197

7.2 DISCUSSION OF DATA AND CONCLUSIONS:

A full listina of all data, more than 300 samples were tested, is given in
Appendix A (blue colored sheets). 1t is useful to select from this listing
those samples that exhibited superior performance, defined arbitrarily here
as those model cushijons that have a Figure of Merit (FOM) in excess of 10
(in arbitrary units).

The Figure of Merit is calculated from the quotient':

Heat Flux Incident on Model Seat Surface
Figure of Merit = FOM =

Mass Injection into Environment

Thus, the higher the FOM, the better is “he performance of the heat blocking
layer in protecting the urethane foam core of the seat cushion (less mass
iost and potentiaily injected into the environment for higher heat fluxes).

A listing of the best performing cushions is given in Table 2. It should be
noted that the precision of data gathering from sample to sample, and the
errors generated, do ot allow this figure of merit to be prcise measurement
of performance. In selecting the best performing cushions, 25 such samples
were noted with FOM values =xceeding 1C, however, several sample cushions
occurred only once, even though tested more than once. These were deleted
from the listing, and only those samples that had freguensy factors gréater
than unity were retained. For example, onz cushion utilizing Vonar®-1 as
the heat blocking layer exhibited an FOM value of 150! Simlariy, one cush-
ion that did not have any heat blocking layer at all, merely fabric covered
foam exhibited a single value of 24 for the FOM value.

It is mportant to note, that of the 20 samples appearing in Table 2, 16 of
them (80%) are samples utilizing aluminized-Celiox® as the heat blocking
1ayer. Morcover, 18 of the 20 samples are ones with ventilation holes cut
through the back of the heat blocking layer, to allow "breathing" by the
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interior, and thus convective/transpirational heat exchange effects to as-
sist the thermal protection mechanism. One final point is worth noting, of
the 20 top performing sandwiches, all but two of them ut{lized non-fire re-

tarded foanm.

Table 2. Model Seat Cushions Exhibiting Figures of llerit Exceeding

10 Arbitrary Units at 2.5 Watts per square centimetre with

Respect to their Mass Injection Rates into the Environment

CONF IGURATION OF CUSHION SANDWICH

FIGURE OF MERIT

Mean * S.D. (# of samples)

Fabric/Al-Celiox/NF Foam*

Fabric/Al-Celiox/NF Foam

Fabric/Celiox-A1/NF Foam*

Fabric/Celiox~A1/FR Foanr*

Fabric/Norfab-Al1/NF Foam*

Fabric/Vonar-3/NF Foam

14.8 + 5.7 (4)
15.5 + 3.5 (2)
13.4 + 2.8 (8)
19,5 + 3.5 (2)
18.5 + 1.5 (2)

20.5 + 3.5 (2)

“S.D." = Standard Deviation
* Vent holes through back of heat blocking layer.

B N I L
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7.3 _OTHER DATA

Abridged summaries of the data collected for this project are given in Ap-
pendix A (blue colored sheets), and include the following:

Table 1. Sample identification codes and compositions of the sandwiches
tested in this program to date.

Tabie 2. Abridged weight loss data for all samples tested.

Table 3. Mass injection rates and figures of merit for all sandwiches tese
ted to date at 2.5 watts per square ceni imetre. :

Table 4. Thermogravimetric data for various materials used in the con-
struction of airecraft seats.

Table 6. Physical constants for some high performance materials used for
heat blocking layers, and for the selected wbol/nylon decorative covar,

Table 6. Smoke emissfon and heat release data for urethane foam alone.

Table 7. Smoke emission and heat release data for Vonar® foams used as heat
blocking layers in these studies.

Table 8, Smoke emission data for po1yurethaﬁe.fbams protected by Vonar®
foams in sandwich™ samples. _

Tabif 9. Smoke7emissiun data for various heat blocking layer protected foam
samples. ‘ :

Table 10. Smoke emission and heat release data for sandwiches of foam and
various heat blacking layers. '

Table 11. Heat release data for individual materials for aircraft seats.

Graphical representations of these data, in the form of fractional weight
Toss as a function ef time, are given in Appendix B (pink colored-sheets).
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TARET 8. SMXE ENITSI0N RO HEAT RELEATE OATA FOR POLTIRETHANE FONM ALOWE,

SHORE DHi55108 HERT AELEASE
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et S B0 1RO 100-  107RA3  SAO 2.0 &40 39,0 2350 - $080

;mglm 0 1.0 150 150 168 600 20 460 20,0 X000

1.8 0.1 6.0 175« 150 1346818 .0 G0 68,0 1.0 000

YARLE 7,  SHMWST ENTSTTON AND mAT STLEASE DATA FOR YONARS F) USED AS HEAT BLOCRING LAYERS,*

SHOKE ENISSION HEAT RELERSE
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TABLE 6. SMOUE EHISSTON DATA FOR POLYURETHANE FOKN PROTECTED BY VOXAR® FOAN HEAT BLOCKIHG LAYERS®

NATERIN, BEAT TIE TINE Vi
OESCRIPTION FLUZ '3 ﬂé! m&ﬂ 9:2’;2'.
(w/ea?) IAITIAL  MAXIHM  HAZIMM mATIRM D,
RISE {eec) dSIdt dS!llt
({1e2) ! aE
fté.sac) «s4c}
Yonar@.]* 1.5 5.0 11.0 18,0 .25 50,0
5.0 .0 %.0 61.0 550,82 0.0
1.5 .0 5.0 100.0 100643 210.0
Vonare.2e 3.5 4.0 20.0 100.Qse 1078.43 210.0
5.0 2.0 1%.0 100,04+ 1076.43 2i0.0
1.5 L0 15.0 100,0ss 1076.43 -
Yorar®.)* .3 6.0 10.0 25.0 F{181] 250.0
5.0 40 1.0 850 25N 21e.0
1.5 1.0 4.0 100.0 101643 0.0

* Urathang foam wrapped In 8 ¢otlon scrio cover shest, baat Blocking Tayer (Vanar® fom) weoppid around

this centra? cushioning packege.



203

TANLE 9. SMOXE ERESSTOM CHARACTERESILS FOR SANDMICHES OF FA-FOAN PROTICIED
BY_VARTOUS HEAY BLOCETNG LAYERS (WITH AND WiTHOUT FABRIC COVERS),

HATER AL YALUE VALLE TEME TiME

DESCRIPTION ¥ FON FF F FOMS & FON
HAXIEN MATIMM IRYOLVEMENT  sARIMM
lnsl’!l {part/ {1ac)
ftCagec) Bl

wool-Kylon Fabeic/Foam  £5,0 184,39 1.0 150

(12,8 or/aq. yard) LLE] 68,9 %0 10,0
99,0 1068, 68 0 15.0

Yonar®.1/FR Fore 100.0+ 107843 15,0 0.0

" 10,0+ 1076.43 10,0 1.0

100,00 [n78,4) 8.0 0.0

AlHarfat®/FR Fomm 8.0 510,51 0.0 110.0
85,0 592,08 40,0 90.0

Fahrlc/A)-Rorfal®/Fosm §2.0 5851 5.0 1150
§0.0 LALN] 0.0 m.0
%0 419,61 10.0 45,0

TASLE 10, SHOKE EHISSION TATA AMD rifif RELEASE DATA FOR SANOMICHCS OF FA FOAH AND

YARTOUS WEAT BLOCKING LAYENS (WITH AN WITHOUT A BOCL.NYLOM FARRIC COVER),

MATERIAL HEAT e TIME YAX VALLE TOTAL
QESCALPTLOm FLUX o oF OF o flidd
(w/ea?) IRITIAL  WATIMM  MAZ[RRM MATTeM D

RISE {sec) qs/dt as/dy

(sec) (nlsti {gert/

fiagec) -3ee)
Fabric/FR Famm 1.5 12.0 15.0 45.0 a8, 3 0.0
{12:6 02/50.. yard} 4,0 5.0 0.0 64.0 648.9 85.0
- LS 2.0 15.0 2.0 1085.6 105.0
yonar®-2/iR 5,0 1.0 20,0 210.0 3700.0 13,5 455.8
Yonar®-3/FR 5,0 10.0 65,0 210.0 £0%0.0 2.4 M.
Al-Harfsh®Foam 1.9 0.0 110.0+ 13.0 510,51 200.0
50 0.0 to Pesk e 120.0
Fibric/AT-lorfab®/Fosm 1.5 5.0 260 26.0 219.8 18%.0
B 1.0 20,0 2.0 1644 130.0
kS &0 20,0 130 119.9 90,0

TADLE 11, HEAT RELEASE DATA FOR VAR[OUS MATERIMLS USED FOR AMACRAET SEATS

MATERTAL TRE TINE VALLE 1oraL
DESCRIFTION 13 Q.

I::;'tll ﬂ‘.lll!,ul MAR[Itmt f«llc:?l

set e

{src) JItJ-

tee)
Haal-Nylon Fedric/TN Fom L0 - 2.0 41.0 0 1500.0
40 350 2.0 1000.0
1.0 2.0 1300.0
AL-NOrf b#/FR Foam 10,0 120 - 250 14.0 150,08
40.0 0. w0 1500.0
Fibric/R1-Murtfsb8/5N Foam 4,0 0.0 240 4650,0
%0 8.0 .0 1800.0
0.0 40,0 o 1500,0
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