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INTRODUCTION -
The aircraft industry, like the bullding industry, ahd indus trieo
which manufacturq such items as household uppliances, office
egquipment, mc.rine pleacsure crafts and automotive products 1is
interested 1n the safely of the people using their products.
There 1s an ever increasling emphasis ouin the use of plastic mater-
ials in all these fields and one common ma jor ssafety consldera-
tion 1s the flammablility propertlies of these mauerlgls. The test
methods used to best determine the fire safety prov%ded by plastic
materials creates qulte a problem for the Materials‘Engineer. It
is likewlse a tyremendous task for those agencles charged wlth
eatablishing and enforcing the fire safety requirements and rigu-
lations for these materials used in each of the many industries.
In the aircraft manufacturing industry plastic materials are used
for a large variety of ltems in the fabrication and assembly of
an airplane. They are used for structural purpcses, in mechanical
and electrical subsystems, electrical terminal boards and wilre
coatings, air ducting, water ftanks and tubing, seals and sealants,.
The most widespread usc, however,; 1s for the interlor sidewall and
celling 1ininqs, and the many other furnishings of the areas
occupled by the crew and passengers and the areas used for cargo
storage. The flammabllity properties of the materlials used for
these purposes and the {ire safety provided by such propertles are
of the greatest concer:..
]
FLAMMARTLITY TEST METHODS
At the prescc-t tine thore are 20 different tests listed and
approved by the Americaen Soclety for Testing No erials (ASTM)

for use 1in establishing the flammdbwlity pfopnrxleo of plastic :
materials, 7To refresh your memories nere are szveral of them:
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(1) D568, "Tent For Flammability of Plastics 0.050 Inch and
Under In Thiclness." ’

(2) D635, "Test For Flammﬁbility of Rigid Plastics Over 0.050
Inch In Thickness.'

(3) p757,"Test For Flammability of PlESuL\S, Self-Extingulshing

Type."

(4) D1433, "Test For Flammability of Flexible Thin Plastic
Sheeting." : o .

(5) D1692, "Test For Flammability of Plastics Foams and Sheet-
ing."

(6) E-84, "Surface Burning Characteristics of Bullding Materials.
(7) E-162, "Test For Surface Flammability of Matert=1ls Using a
Radiant Heat Energy Source."
In additlon, there are the various tests methods specified in
Federal Test Specification 406. Still others are specifled and
used by such agencies as the Underwriter's Laboratory. Then the
Building Code requlrements of varlous cities throughoat the United
States differ srom many of these. Many others have bzen and are
likewise proposed for use in evaluating the flammability properties
of materials.
To provide insight and to obtain iInformation regarding the fire
properties, the overall flame spread rates, and the temperature
generated by resulting fires., there are still additlional tests
which can be used. Typlcal of these are: Differential Thermal
Analysls (DTA), Thermogravometric Analysis (TGA), Spe:ific Heat,
Heat or Calorlific Content, and Auto-Ignition Temperature. How-
ever, these tests are much nore complex, tlime consuming, and there-
fore, are much moie costly to conduct. The great number and types
of materials needed and usecC In the construction of zn airplane,
therefore, precl@de these tests from being used. They can be and
frecuently are uced *o galn pertinent and comparative type infor-
maticn in the early stagés of materlials evaluation and development
Jfor alrplane constructional purpcses,
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INCREASED CONCERN & REGULATION CHANGES .

A series of alrcraft accldents with ensuing fires and loss of life
occurred in late 1965 und early 1966. Tuese accid nts caused in-
creased concern, not only within the gavermmental IwguWato,J agpncies
but among the varlious manufacturers of coumercial t*ansport category
airplanes.A_éwmgmgesult an mid- 1906 the Federal Avxa don Aﬁency (FAA)
1ssued a "Notlce of Proposed Rule Making," No: 66 26 (NPRM 66-26) .

It was tbﬁ HU“pOue of tivls notice to amend the ngeral AviatiOﬂ
Regulation 25 (FAR 25). For the purpose of this discussion, we

shall 1imit outselves tou the sectlon r:zlating to the flammability

of materlals, specifically FAR 25.853, FAR 25.855, and FAR 25.857.
These sections are regulations for interior materials and finishes
used in the crew, passenger and cargo compartments.

TYPES OF FIRE

There are baslcally three types of fire ignition sources: (1) Small
in-flight observed and attended fires, (2) Unobserved and unattended
small 1gnltlon sources, and (3) Large fuel-ignited and fuel-fed fires
assoclated with alrplane accidents. Although materials which will
prevent the rapld spread of fire are of primary concern, there are
many other aspects to be consldered. However, let us first concern
ourselves with the FAA regulations existi ng at the time of the
accldents and the resulting fires which created the anxiety and the
proposed changes to the interlor materials regulstions. Then, we
shall look at other aspects of materlals selection and usage whilch
must also be considered.

RFGUUATIOR COMPARISONS
Table I conpares the FAA fldmmability regulations under which the

alrplenes werse certified with those adopted by the FAA after con-
sldering all comments recelved from interested awd affected indivi-
duals, alrirame manufacturers, alrline operators, materials supvliero
and fabricators, and other related indistries. FEven thougu you “1y
not be suppliers for the alrplane industry, you will notlce the pro-
posed changes as being significant. Also, you probably will be |
&ble to recognize the significance of the changes and relate themg

to the impact upon similar materdals common to both the alrplanc ;
industry and speclfic product lines with which you may be famillar.

i
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ABILITY - STATE-OF-THE-ART
Almost without exceptlon, In each specific materials field the

state-of-the-art d'd not exlst which could provide matevials meeting
the proposed flammahilitw requlrements. This was true whether it be
synihetlce or naturasl occuring materials used to produce such items
as: Upholstery fabiles, carpets, draperles, seat cushions or backs,
nght covers, compaitment walls and cellings, compartment dividers,
floors, thermal-aconstlcal Insulation, alr-conditlioning ducts,
pulleys, gaskets and seals, or other iltems. The greatbmajority of
materials which did have flawwability resilstance usually lacked a
great number of other propertles required to produce a functilonal
and profitable operrting alrplane. TFor instance:

(l) There are voven glass fabrics which are completely non-
combustible, but which lack flexiblllity; cannot be obtained
In all the weaves and colors desired; are easily abraded,
fade and tcar quite easlly; are easily soiled and stained;
and do not launder or dry clean without losing thelr lustre
and pleasing appearance and, therefore, cause a high main-
tenance factor or replacement cost.

(2) There are different thermal-acoustical insulation materials,
such as asbestos or other metal oxide fibers, which could
be used and have the proposed flammebility requirements.
However, they lack the desired noise attenuation charac-
teristics; w11l not resist compaction and settling under
alrplane vidrational characueristics; are not water re-
pellant, fungus and mildew resistant; and of greatest con-
cern they create a significant~ﬁeight penalty since they
are only available in densities of from 3 to 10 pounds per

feot densltles »f the materlals being used.
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{3) There are pron. co1mustjb1h aluminum sheet stucks which could
be used for sidewall, celling, compartment dividers, interior
door panels, cr other interior appljcatjon. However, when
these items ere made Ifrom aluminum they 1equ¢re a minimum
usable gauge (. 032") for atLayhucnt pu“poJes whicli imposes
a. severe we'pht penalty. Aluminum needs pggtly operations
of ar.odizing end dyeing, or priming and painxlng to obtailn
the desired colers; cannot be Tabricated into complex multi-
cantcured shapes without orders of magnitude cost differ-
ences; does no. possess the texture, softness and pleasant-
ness of touch; without either & feeling of coldnes or heat,
as the prevailling environmental conditions may impose; and
1t Is hard and will not absorb internally-generated noises.

‘di"I |
These are only three examples of the many items and éypes of materials
which may be and are commonly sug ggested as replacemsnts for organic
polymeric resin systems used to fabricate the many items used in
passenger accommodatlon aresas.

You may wonder what all this has to do with flammability and fire
safety. It has very 1little to do with it; but these types of con-
slderations have a great deal to do with the overall problem and
cholce of materials for the production of an effici lent, operational,
and functional airplane. Almost wilthout exception, the great majority
of the suggested or possible replacement waterlials which would satisfy
the flammabllity requirements do not possess the low welght, ease of
fabrication, decor and pleasing esthetlics, and cennot be used while
still providing the above factors in addition to low maintainabillty
and operational costs which both the travelling public and the air-
line operators desire and have the right to expect.
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CRASHIORTHINESS THMPROVEMEDT PROGRAM

Now, getting back to the proposed regulation change. In response,
the alveraft menufacinrers, by ccoperative efforts through the
Aerospace Industries Assoclatincn (ATA), committed themselves to a
nationwide, and even some international "Ilndvsitry surveys" of the
nateriels fleld. The objective was to assure that the most
flammablllty-resistant and functional materlels were belng used for
alreraft constructlon and to achleve, 1f possible, improved crash-
worthiness and flre safety. The scope was to include all those
materials used in significant quantitles in the crew, passenger and
cargo compartnents. Toe goals were: (1) To determlne the best
evallable production materials; (2) To encourage materlals' manu-
facturers to develop improved mnterials; (3) To define the most
practilcal test methods for Fflomuability and smoke; (4) To determine,
in the case of an actual alrplane flre, the significance of using

lmproved materials; (5) To propose an upgraded regulation resulting
from the total program; and (6) To recommend additional research and
development elforts needed, both 1n the alrplane industry and by the
meterials industry la those areas where technical defleclencies existed.
Table II shows the 24 major meterial types and categorles that were.
establisihed for purposes of the survey. These are only the major
categorles; there were also sub-classifications within a number of
these categorles. In conjunction with this survey, 1t was necessary
to:
(1) Establish a base line ior desired properties ~ - for
lawmabllity, the FAA's Notice of Proposed Rule Making,
No., 66-26 was used.

(2) Combine the varlous alrerafi company materisls specifica-
tlons Into one comizon set of requirements.

(3) Define snd establish a common obJective and timit of what
the alirplane manufacturers meant by "producibility" for
thelr conversilon of materials into end ltem composite parts.



(&) Estebilsh definitions for the term “"commercial availability"
and the tlue phusing for the m@ﬁerials availabilility.

Table III, "Materisls Survey Chavrt," shows the type of chart estab-
lished and the date asked for from the material supﬁliers. This

chart{ was for upholstery fabrics. Similar charts aéplic&ble to

each category and sub-~clas.ification were established and distributed.
Flgure 1 shows the results of the survey. Response was less than 30%;
and PFlgure 1 alsc Includes negative responses.

DESIGN CONSIDERATIONS

Background data has been presented. , Ii seems appropriate at this

time to give design conslderations which must: be used in the choice

of materials. %
) i

Simply stated they are

(1) As a minimum, the materials used must meet the FAA certifi-
cation requirements. Those requirements and the proposed
amendments to them have been shown previously, (Table I).

(2) The materials used must provide a minimum of welght for
theilr functiona use.

(3) The materlals m:st provide the lowest and most realistic
cost, both from impact on overall alrpleane cost, and so that
use In the airplane will provide a profit to the airline
operators through low maintenance and replacement cost.

(4) The materisls must provide a pleasing anc acceptable decor
to the travelling public.
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(4) Establish definitions for the term "commercilal avallability"
and the time phasing for the materials avallability.

Table IIT, "Materials Survey Chart," shows the *type of chart estab-
lished &nd the date asked for from the meterial suppliers. This

chart was for upholsﬁery-fabrics. Similar charts applicable to

each category snd sub-classification were ostablished and distyibuted.
Flgure 1 shows the results of the SUrvey. HResponse was less than 30%;
and Figure 1 also Includes negatilve responses.

DESIGN CONSIDERATIONS ‘

Background data has been presented. It seems appfopriate at this
time to glve design considerations which must be used in the choice
of materials.

Simply stated they are:

(1) As a mininum, the meterials uscd must meet the FAA ceriifi-
cation requirements. Those requirements and the proposed
amendments to them have been shown previously, (Table I).

(2) The materials used must provide a minimum of welght for
thelr functlonal use.

(3) The materlals must provlde the lowest and most realistic
cost, both from impact on overall alrplane cost, and so that
use in the airpl&he will provide a profi: to the airline
operators through low maintenance and revlacement cost.

2

(4) The materials must provide a pleasing and acceptable decor

to the travelling public.
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These dezlgn cousiderstions bove beon eimply stated., As you can well
wnderstand, there are many Items Involved in order 4o achleve these
objectives. Let us look at some of these Ltewus.

Firom the stondpolus of a welghy consideratlon, Table IV lists Infor-
mation concerning the matrerials! thlcknesses and welght of hconeycomb
sandwlch pensls., Thase constructicons are typlcal of the constructions
tment dividers and

<or lavatory and galley bulkheads. The constrmiction of the Type II
was possible througlh the adaptation of new materisls which possessed

o hlgher flasmablliiy resistance. At the sswme time, a welght reduc-
tion was achieved. Additlonal deslgn benefits were thot a greater

used for sldewall ard celling panels, for coupart

deslgn freedom was schleved 1n that nore comulex shr-es and curva-
tures are also possible with the Type II constwuctlon. Although

switehing from the existing to the new construicetion posed addltional
desdgn and fabricatlon problems, most of these have bheen largely
overcome,

such as the Bunsen Furner, Radlant Panel (ASTH E»162) and the 25-fgot
Tunnel Test (ASTHM E-84), were also lower for the Type IT constructlon.
?1a&mabl13ty t@sting ofvth@se construce 101 iu airplahe mock =11 fires

The flsmmability cheracteristies when checked by conventional me thods,

also correjmted these l&bDf&tOTJ

teof res 1t . M&rk d Lmnrovcmcnt in
the flawuabil3ty ““bfstcnce Was noted by u”* g the Type 11 construc-
1ion, th benuw‘aiure rise r&tm over a 3mminuu@ jﬂbb&V?l wa.s roduced

by 30 n@rcent and tbn maximud te eupe *xtmre was, nducad by BOOF It 1s
also ,mni ic%&t tnmt the maximug uaap z%nnv Wesu1t1nﬁ lrcm the use

of thn 3 MPTO vpd mutﬁLi&l Occu?fﬂd &L 8 Summ&»at la%er time.

L B e e st -

MATERIAL SPECIFICATIONS NEFDED

as singlk materials and woe in providing mult*eﬂﬁwwﬁﬁert composites.
To ensure tha® the waterials used are uniform, have consistent
propeities and will p perfomm the seme when they are used

singularily or in eguch c@myosiﬁﬁa, materlal speciflicaticns are
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required. For instance, at The Boeing Company we hsve 290Adifferent
non-metallic materiel specifications. A breakdown showing the differ-
cnt types 49 given in Table V. Other companies have s comparable
number. Most of these are for organic or combinstions of organic and
luorganic ratsrials. In most instances, the specifications have wide
variations in flemmabiliiy properties. It would be a slmple task if
each materlal for which thire 18 & specificatlon hsad only one specific
use or applicetion. If such were the case, cpecifying riopuerties,
partlculerly flamuebility properties, would be rclatively easy. As

an example, rcferring agaln to Table. IV, i1f these materials were only

.gding to be used In such a composite, cnly the flammebility of the

end ltem composite would have to be determined. As long &s the com-
posite performzed and met the regulatory requirements, the individusl
materlals' propertiecs would be inconsequential. However, this is

also an over-simplification. Without determing or comparing the
individusl materials' propertles, thelr effect on the overall compo-
site could not be compared with other materials which might be used.
Likewlse, to ensure repetltive performance, the quallty of the indivi-
dual materlals must be established, and the speclficaticons prepared
stating the receiving inspection and acceptance requirements.

Parallel wlth the above usage, and Wwsang the sandwich panel materials
as an example once a specification is established, even though the
original materials usage is in an end-item compecite, there is

no method to prevent such & material From being used in many

other ways: To be used singularily, or in combinations with

other materials differing widely from the original composite
ingredients. It ig essy to understand the meny combkinations

possible @nd the desired individual properties, or the individual
effects on the overall property. Such widespread usage creates a
never ending job of checking, adjusting, snd modifying by both

the materials! user and by the supplicr. Added o the ahove aic
also the requirements to determine the effects of various process
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parameters or the effect of a single material on the properties of

the end ftenm products. One specific examplc 1s the use of an elasto-
wmerlce coated glass fabrle. After many atbempn, trlals, and mcdifica-
tions by the basic materials' supplier rs, and the idntermedlate com-
pounder ana coating wpplicator, the Pabrle met the desired properties,
Inecluding the resistance to burnlng. Anocther sage of this fabric
required an additlonal modificatlon through the application of a low
emlttance coating, sgich as aluminun. The proces . used by the coater
in this Instance was to vapor plate a separate film with aluminum,
sensitlize the coated fabric with a very wminute layer of adhesive,
and bring the fabrlc and plated fili together. The adhesive was
then crred and the aluminum stripped fg m the origlnal £ilm. The
statement made by the coater was that in comparison Lo the end-item
such a minute amownt of adhesive was used thet 1ts influence on the
overall rlammebility would be nil. However, upon testlag, the coated
and aluwinized fabric showed a very hizh burnin

®

ng rate compared to th
self-extinguishing and practically non-burning properties of the
original coated fabric Many other simllar instences have been en-
countered In our search for materials. This example polnts out the
necessity of establishing and continuously monitoring the materials _
properties. When suppliers modify baslc materials to achieve a higher
degree of flmmmabllity esistance, any significant change in other
properties must also be established by retesting. A balance between
desired properties cen then be achileved but may times ieads to. a
compromise In many of them. ’

MULTIPLE FLAMMABILY.XTY REQUIRWMEINTS
Another consldersation which comnlicates naterials usage 1s the varying
levels of f1ammab115 Ly roquir ments.  As shown 1n Table T, the regula-

tions oi the pasu and the Inteiim regulations have requirements which
are dependent upom ‘where mateilcols are used In the airplane interior.
Use of wany materials in areas diff@reﬂh freou those tor which they
were crigln&lly pecifled and certifled often occurs. TFor many in-
stances where this does oceur., the specificaticy Tegquirements estab-
lished cidginelly may ve Tor Inm excess o those coquired for many such

-~

subseuently difforant uses, Tn 35511 othor aonlicatlona. Fhe e
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Specification of flamm:bility prepcrt es must therefore be establish-
ed with requirements imposed by the original use criteria. Likewise
the speciltication requirements must be such that thgy can be referen-
ced on purchase orders, checked for conformence by ?he materials
suppliers, aud teated and verificza Hy the - rwceivinﬁ%insp&ctien depart-
ment of the purchaser. o '

Some materials are never used alone, but are always combined with
others. The most typical of these are paints, adhesives and honeyconmb
tically affect the resulting
flammabllity propertles and the tests on the individual materials are
not meaningful from the standpoint of endﬁitém_usage. However, we
st11ll need testing of the indilvidual materlals to pﬂmvide 8 screening
method to reduce the number of tests conducted, to féduce the test
effort expanded and to reduce the cost required for the fabrication
of the composite test specimens.

core materials. Such materials may dros

| ZONES_OF USAGE

Does it make sense to have these different regulation requirements,

or wouldn't 1t be better to have only one requirement? Yes, multiple
requirenents do make sense, and nos one re guirement would not be the
better approach. TFigure 2 shows the cross-section of an ailrplane
body with indicatlions t;pical of the various levels of flamme ybility
requirements, based upon the zones of materials usage. These zones,
although not specifically stated in tbe orlgLn&l FAA regulations or
the Interim and presently effective reg gulations, have since been
proposed. Filgure 2 alsc lists the specific requirements as recomuended
to the FAA following exiensive and numerous flaxmability tests on
alrcraft materials Many a¢rpjvne mock-up rire tests, both small

and Jargog and fires occurring in unattended alrplanes substantlate
the technical basis of a regulatlon witn the multlple zone concept
and multiple requirements.



FUTURE OUTT.OOK-FLAMMABITITY AND SHMOKE
We have priwarily concerned ourselves with only the aspect of
material flammebility in this discussion. We wnould be remiss if

ve did not touch on the property assoclated with the burning of
almost ell materials, that of the resultiing smoxe emission.

It is commenly known thel the flsmmeblility of most organlc matcrials
can be greatly reduced by the incorporation of chlorine or bromine
into the basic polymer structure and through the addition of inert
fillers. The net result 1s to decrease the flam: spread, but by
doing so, greatly Ilncrease the resultent smoke. Thils has been of
great concern to the FAA, Underwrlter Laboratories (U.L.), the
Amerlcan Soclety for Testing Materials (ASTM), various bullding

code regulatory agencies, as well es the alrplance manufacturers.

The optimum achlevement would be to decrease the flammability of

- materlals while at the same time greatly reducing the quantity of
generated smoke. Figure 5 shows that such an ideal has been
achleved by a few products. There nay be 1ike Jnprovement in others.

It is not the intent at this time to discuss whether or not the
possibllity or the probsbillty that enough of these and similar
types of materials exist so thaet an alrplane intzrlor could be
produced. T4 _shounld suffice to say that: To date the airplane
industry bas not been overwhelmed by materials producers or
suppliers with products exhibiting such a combinution of propertiles.
However, 1t is owr desire that In the very near Tuture such a situa-
tion will occur. Like desires are prevalent and have been strongly
expressed by such other groups as previously men:loned.

A detailed discussion on the parameters effectinz the burning and re-
sulting smoke emisslon propertles of the many meaterials used in alrplane
constructlon is beyond the scope of this presenitatlion. Such information
should be presented in detaill by itself since there are many technical
aspects to be consldered.
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DIFFERENT REGULATION REQUIREMENTS
= CURRENT FAR
SUBJECT CAR 4b PART 2t
Materials Burn Test - (a) A1l Materials at Least Cabin Lining Materiais: !
Matarials in Areas Flash Resistant Vertical & Horizontal 12 ]
Occupied by Crew and , Sec. Ignition: !
Passengers (b) Walls, Ceilings, Cover- .
m3Mm of Upholstery, Floors, (a) Self Extinguishing
and Interior Furnishings - , .
w:w”n be mwmsm Resistant (b)  Char rmzmﬁr
4"/min. Burn Rate - 8 inci .
. - . incn <m1w cal
Horizontal Test) L inch horizontal
Other zmwmxwmam” _ m
Horizontal Test; 15 Sec.
Ignition
4 in./min.
Burn Rate
Materials Used in A11 Materials Including Tie For Class A nosumwﬁam:ﬁ -
Cargo Areas Downs Shall be at Least Flame Sam2 as for Crew and

Passenger Areas. For Class
B, C, D and E Compartments,
Fire Resistant

INTERIOR MATERIALS FLAYMMABILITY REQUIREMENTS

TABLE I




CATECORY | V
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- .

Decorative Fabrics

Non-Decorative Febrics

wir

ITndustrial Coated Fabrd

e

)/

ecorative Cogted Tabrics & lLeathers (Naturs

& Artifical)

PRI SN

i
i

wMQOW,QO¢mﬁwsmm

Re R

Fiberglass Insulation

& Flexible Coupling Air Ducts
9 Plastic Trans ricies (Window & Windscreen)
10 Vinvil-Altminum Laminats: -
11 Rigid Melamine Laminates
iz MOffrzw Compourds
13 Adhesives & Pressure Sensitive Taves
=y Cellular Plastics
15 Thermoplastics
h 17 Glass Reinforced Plastic Laminated Ducting
m 18 ' 1lass Reinforced Plastic Sheet Ttems
| ig Glass ReinTorced Plastic Configurated Parts

Decorative Elastomeric Seal Material

General Elastconsric Materi
F

22 Organic Findshes
23 Electrical Corductors
2k L Wood {Fdgings and Veneers)

i

remenen
v

Categories 7

16 were combined into 4 & 15 respectively

MATERTAL CATEGORIES

TAPLF I
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ALAINPUTS Jﬁ.nw_br MANUFACTURER TD COMPL mﬂm
FIRAM MNAMNE
& ADDRESS
. PROPERTY TEST METROD VALUE P -
7 PRODUCT DESIG. PRODUCT DESIG.
; VALUE . . VALUE
FLAMMABILITY | CCC-T-181, METHOD 5802 ZERD FLAME, 1 INCH CHAR ’
TARGET - A. AFTER 3 LAUNDERINGS
: 8, AFTER 2DRY CLEANINGS
PAESENTLY CCC-T-191, METHOD 5902 0-3 SEC “LAME, 3 INCH CHAR, .
AVAILABLE _
COLORFASTNESS | CCCT-191, METHOD 5660 NO APPRECIABLE CHANGE AFTER ’
| LIGHT 40 5.F. HOURS.
W 2l CCC-T-191, METHOD 5650 "GOOD” WET OR DRY.
CCC-T-191, METHOD 5882 - “GOCD" RATING.
C2C-T-121, METHOD 5041 T 15 02 MAXIMUM/SQ. YD, )
| WITH 12 x.38 INCH SQUARE
TENSILE CCC-T-19%, METHOD 5100 100 LB MINIMUM
STRENGTH j . ,
VEAR STRENGTH | CCC-T-191, METHOD 5132 WARP 5 LB MINIMUM
FILL 2.5 4.8 MINIMUM
SURTT £CC-T-191, METHOD 5122 125 L3 MINIMUM -
STIFFNESS T CCCT-191, METHOD 5200 2 TO 3INCH LOOP . -
ABLASION | CCC-T-191, METHOD 5305 NO APPREICABLE WEAR OR COLOR
RESISTANCE CS-70 WHEEL, 1000 om. COLCR CHANGE AFTER 750
LOAD, : CYCLES,
M A. COMMERCIAL DRY CLEANER 18 x 18 INCH SQUARE MARKED .
i 8. COMMERCIAL LAUNDERER ON 22 % 22 INCH PIECES OF
: . pw\qc%\: T 160 £ 5°F MATERIAL SHALL NOT SHRINK
{ £ COC J.,ﬁ METHOD MORE THAN 3% IN EACH CASE.
CLIAASILITY 1-1/2 ?;.x DIAMETER STAIN NO DETERIORATION OR APFRECH- .
A. COMMERCIAL DRY CLEANER ABLE STAINING WHEN TESTED
B. OO MERCIAL LAUNDERER WITH SOUPR, BUTTER, MAYON-
2, COFFEE WITH CREAM,
xouawqu FRUIT JUICE,
H A151 Q1L AND PERSPIRATION.
z(an 76\4..,@: WMETHOD BN go \WURECH BLE COLOR CHANGE
f. AGE 2WEEKS AT 125 + 8°F . AND NO MORE THAN 10% LOSS
©. AGE t WESKK AT 160 * 59F TENSILE STRENGTH,
LORROSION PLACE MATERIAL BETWEEN MO CORROSION EFFECT AFTER
Qe0DIZED 2024-T3 T2 HAAT 10D 2 2°F ANDSETO
i ALCLAD AND 7075-T5 ALCLAD. 1065 R r.

ON wm*Cm TO JAN. 1, 1968, AND IN anOCOLOZ QUANTITIES FRIOR TO JUNE 15, 1968, 1T 1S
OSDD)OﬁUDZOSZL‘T‘. _..O"O>4m04mmdloowz)jgmmONMCm?‘jD!

TIES AFTER JUNE 15, 1968. GIVE mmOw\ymrm vmo.omm.:mm QR QBJECTIVES,

FOR \ui.mm Al a AVAILABLE FOR EVALUATL
VALUEZ(S), WHERE IT CANNGT 28 Om.v.!.,:,um

X H o8
2. THISCOLUMNFEOR v\v.ﬂﬁmw}ﬂ AYAILARLE IN PRODUCTION GUA

MATERIAL TYPE: UPHDLST w;« ARRIC : - CATESORY NO. |

ATA MATERIAL SURVEY CHART
TABLE III




TYPE I TYPE II .
. NEW CONSTRUCTION WITH
LXISTING AIRPLANE CONSTRUCTION DECREASED FLAMMABILTTY
¥aterlial and , IThickness zmwmwwm Material and Thickness Welght
Construction Detaill ( inches) ( Lbs/Ft9)i+ Construction Detail ( inches) Lbs/Ft
—-——— Tedler Film [[>> | .001 1 .008 — Tedlar Film [ .001 .008
Adheslive d ~————r——— Decorative Ink w .00L
ﬁ.u_ﬂrit.‘u}inalé 0.0620 <<«H5%u. .020 .140 Tedlar Film v 002 ..O..M.m
Laminates
e ACHE S 1 VE .004 027 Epoxy~Fiber- .010 .105
. . j glass Laminate
ooy Polyester Fiber-| .013 120§ Epoxy-Fiber— .004 042
glass Laminate glass Laminate
o ammennn. fGh€S1VE .004 .026 Nomex Honeycomb .250 L0412
Core
[/ TT7T7 Paper Honeycomb . 250 076 Eposy —Fiper- .00k .042
il Core glass Laminate
—=-—-—— Adhesive -004 .026 [T Tncludes Thickness &
) Ay T T
Folyester Fiber-| .013 .120 Helght " Adnesive
glass Laminate
Total Welght .543 Total Weight N .258

TYPICAL COMPOSITE

TABLE IV

HONEYCOMB SANDWICH PANELS




SPECIFICATION TYPE

SPECIFICATION BREAKDOWN

” Total No.
‘ Used Comm'l No. Controlled by
Total No. Airplanes Commercial A/P Div.

Total 290 167 117
Rubbers and Elastomers 52 21 7
Wood 1 1 L
Lubricants and Solvents 9 i 2
ooaﬁwmdm Sanldwich Panels 9 5 5
or Honeycomb Cores .
Resins and Adhesives 60 36 29
Plastics 115 80 57
Thermal Acoustical Insulation 9 7 5
and Glass Fabric
Finlshes 35 13 9

NON-METALLIC MATERIAL SPECIFICATIONS

TABLE V




, i
NUMZER OF S ;
MATERIAL CATEGORIES 4 © :

! NUMBER OF CGHARTS ] 108 m

. NUMBER OF CHARTS ) 1

i DISTRIBUTED TO | 138 m

| MANUFACTURERS :

. NJMBER OF ;

§ MANUFACTURERS | 335 M

. CONTACZED _ m
NUMBER OF RESPCNSES f—— ]
FROM MANUFACTURERS {106 :

oo

(&)

1000

1260

1400

3600




CRITICAL AREA

o INTERIOR PANELING AND

SURFACING ABOVE WINDOW

60~Second Ignition, Vertical
15-Second Self Extinguishing Time
€-Inch Burn Length

3-Seconds Self Ext. of Drippings

{GENERAL

o INTERIOR FURNISHINGS

AND OTHER MATERIALS

12-Second Ignition, Vertical
15-Second Self Extinguishing Time
§-Inch Burn Length
5-Seconds Self Ext. of Drippings

o CARGO LINING

Existing Requirement and
12-S=zcond Ignition, Vertilcal
15-Second Self Extinguishing Time
8-Inch Burn Length

No Flame Penetration

o EXCEPTIONS:

(15 Second Ignition, Horizontal)
Acrylic Window w

Edge Lighted Panels
Seat Belts
Cargo Restraints

2.5 Inch/Minute Burn Rate

Non-Significant Items I Inch/Minute Burn Rate

Top of

/~ Window

RECOMMENDED FLAMMABILATY FEGULATIONS

FIGURE 2
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