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FIRE RESISTANT FILMS FOR ALRCRAFT APPLICATIONS

ABSTRACT: Alternative sandwich-panel dacorative films were investigated
as ‘replacements for the polyvinyl fluoride currently used in aircraft
interiors. Candidate films were studied for flammability, smoke emissionm,
toxic gas emission, flame spread, and suitability as a printing surface for
the decorative acrylic ink system. Several of the candidate films tested
were flame-modified polyvinyl fluoride, polyvinylideme fluoride, polyimide,
polyamide, polysulfone, polyphenylsulfone, polyethersulfone, polybenzimida-
zole, polycarbonate, polyparabanic acid, polyphosphazene, polyetheretherke-
tone, and polyester. :

The films were evaluated as pure films only, films silk-screened with
an acrylic ink, and films adhered to a phenolic fiberglass substrate.
Films which exhibited the highest fire-resistant properties included PEEK
polyetheretherketone, Aramid polyamide, and ISO~BPE polyester.

INTRODUCTION

Sandwich panels are used extensively in wide-body aircraft interiors
because of their desirable stiffness-to-weight ratio. For example, a
typical wide-body aircraft has over 102 m? of sidewall, 214 m? of ceiling,
474 m? of stowage bin, and 111 m? of lavatory and galley sandwich panels.

These panels are decorated in most cases with a polyvinyl fluoride
(PVF) film which is the carrier for a screen-printed ink resin and which
is covered with a second, thinner transparent PVF film. Because the sur-
face of such film in the interior of an aircraft is large, it is important
to evaluate alternative films for properties that would reduce the risks
of fire initiation and propagation, and smoke and toxic gas evolution of
these films, and thus of the whole panel.

DESCRIPTION OF TEST METHODS*

A broad range of flammability, thermochemical, and mechanical tests
were conducted to fully characterize the candidate-film materials and to
select the appropriate test methods to be used in future programs. The
extensive laboratory testing in the flammability area was necessary
because the implications of laboratory-scale test results are not fully
understood; that is, the correlation between small-scale and large-scale
tests has not baen established. Five basic properties of the materials
were measured: (1) propensity to burm, (2) smoke emissionm, (3) heat
release, (4) toxic gas emission, and (5) flame propagation. In some casss,
more than one test apparatus was used to measure the same property, thus
allowing a comparison of test methods.

*The use of trade names of manufacturers in this report does not constitute
an official endorsement of such products, either expressed or implied, by
the National Aeronautics and Space Administration.
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Propensity to Burn

The propensity to burn was measured using the standard Bunsen burner
exposure test [1] and the limiting oxygen index (LOI) test [2]. The vertical
60-sec ignition Bunsen burner test was chosen because it is the standard flem=
mability test required by the FAA for testing wide-cabin interior materiale.
This test measures burn length and the time to extinguishment after the ignit-
ing flame is removed. The LOI test was run to determine the propensity of the
materials to burn. This test exposes the specimen to an open flame in a con-
trolled nitrogen/oxygen atmosphere and gives a ranking index that may be used
to compare materials. A higher amount of O, necessary to sustain burning indi-
cates a greater resistance to burning; an index rating of 100 indicates that
the material would only burn in an atmosphere of 100X 0. The ratio of Nz to
02 is regulated; thus, concentrations of up to 100X O; can be obtained.

Smoke Emission

The smoke-emission characteristics of the candidate materials were deter-
mined using the technique of smoke accumulation in an enclosure and by test-
ing the materials in the National Bureau of Standards (NBS) smoke chamber [3].
The apparatus was operated over a range of incident heat fluxes, 1.5 to
5.0 W/cm2, to determine the response of the films and laminates to various
fire environments.

Heat Release -

Heat-release characteristics of the candidate materials were determined
from the Ohio State University (OSU) release-rate apparatus using the tech~
nique of heat release in an exposed airstream. The apparatus was operatad at
an incident heat flux of 2.5 W/cm? to determine the response of materials to
this fire environment.

Toxic Gas Emission

Toxic gas emissions were measured in two separate tests: gas accumula-
tion in the NBS chamber and a quantitative measure of gases from pyrolysis-
tube decomposition. The NBS-chamber exposure represents an open-fire condi-
tion where only partial (or surface) burning takes place. The pyrolysis-
tube exposure represents complete decomposition of the sample, since the
specimen is exposed to a 600°C heat source. Samples were taken in the NBS
chamber using calorimetric tubes (for HCN and NOy) , NaOH absorber solutions
(for halide gases), and ou-line gas detectors (for CO and COz). The NaOR
solutions were analyzed using specific ion electrodes. Samples were taken of
the pyrolysis-tube affluent using NaOH absorber solutions. The difference
between the two sample techniques was that the gases from the NBS chamber
were taken as a grab sample and results were expressed as & concentration
(parts per million) of the gas in the accumulation chamber, whereas gases
from the pyrolysis tube were absorbed during the entire test and results were
expressed as a total yield (i.e, milligrams of gas per gram of sample).

Flame Prbpagation

The flame-propagation properties were measured on the ASTM E162 flame=-
spread apparatus [4], which measures the surface flammability characteristics
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of materials. This method of measuring material surface flammability usas a
radiant heat source in front of which an inclined spacimen of the material is
placed. The orientation of the specimen is such that ignition is forced near
its upper edge and the flame front progresses downward. A tlame-spt 3ad index
(Ig) was calculated by combining two factors: one factor derived from the
rate of progress of the flame front (ignition properties) and another factor
relating to the rate of heat liberation by the material baing tested.

Thermochemical Tests

Both differential scanning calorimetry (DSC) and thermogravimetric anal-
ysis (TGA) thermochemical tests were run to determine (1) the decomposition
rates of the films, (2) the exotherm/endotherm of the materials as they were
decomposing, and (3) their weight loss. The materials with high exotherms
were considered undesirable because of their potential contribution to a fire.
Materials with a high weight loss at temperatures below 260°C were undesirable
because the gases given off at these low temperatures would contribute ignit-
able fuel to a fire,

Mechanical Tests

Mechanical-property tests were run on the candidate films to determine
their bond strength, wear resistance, and tensile properties. Bond strengths
were measured by determining the peel strength between top films and sub-
strate films, and between substrate films and fiberglass-preimpregnated films.
Resistance to wear was measured using the Taber abraser to deternine the
number of cycles required to penetrate the film laminate. Tensile proparties
were measured by calculating the elongation, tensile strength, and breaking
factor of the materials.

Additional Tests

Tests were run on the decorative films to determine their resistance to
staining and to ultraviolet (UV) light degradation, and their ink adhesion/
flexibility, dimensional stability, and texture attainability. All of these
tests relate to the aesthetics of the decorative film — a very important con=-
sideration. Color stability was measured by monitoring color shifts of the
films after exposure to UV light. Ink adhesion/flexibility was measured by
screen-printing the candida.es with the currently used acrylic ink system and
determining the bonding, flexibility, and coverage characteristics. Dimen-
sional stability was measured by calculating the change in size of a speci-
men following its exposure to a temperature of approximately 132°C for approx-
imately 10 min.

The selection criteria and test methods used for evaluating the films
are shown in Tables 1 and 2.

DESCRIPTION OF MATERIALS

New materials were selected to test their fire resistance through
burning more slowly, emitting less smoke, emitting less toxic gas, and/or
retarding the flame spread during a fire exposure. The candidate decorative
films tested are sheam in Table 3 and included polyvinylidene fluoride, PVF
(FM Tedlar), three polyesters (ISO-BPE, Melinex 334, and Permacare IV 2693),
polyphosphazene, polybenzimidazole, two polyimides (Xapton and DAPI-BPTA),
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polyparabanic acid, acrylic, polycarbonate, polyethersulfone, polysulfone,
polyphenylsulfone, ionomer, two polyamides (Nomex and Aramid Film A), and
polyetheretherketone. Some of these films were color pigmented, others were
naturally colored, and still others were clear. Some were tested as candi-
dates for a top protective film, some for a substrate, and others for both
applications. However, all were compared to the baseline PVF film (No. 1)
used by aircraft manufacturers today. During the evaluation testing, films
were first considered individually and then in combination (i.e., top film
and substrate film laminated together). Testing of candidate films in con-
junction with a sandwich-panel substrate was unnecessary; instead, combina-
tions (film larinates) were evaluated bonded to a three-ply phenolic/
fiberglass comp. site.

Baseline System

Two basic types of decorative sandwich panels are currently in use by
aircraft companies. The first type consists of a precured blank panel ontd
which is bonded a decorative polyvinyl chloride outer layer. The materials
used in the sandwich skins are normally flame-retarded (FR) epoxy/fiberglass
(e.g., halogenated). The honeycomb core was phenolic/Kraft paper before
1970, but has since been changed to phenolic/polyamide paper. The second
type of decorative sandwich panel considered for this study consists of an
integral decorative skin that replaces the polyvinyl chloride and also forms
the structural member of the sandwich panel. The decorative layer in this
type of construction is printed or silk-screened PVF. Like the material used
in the first type, the face sheets of this type of panel are FR epoxy/ }
fiberglass and the honeycomb core is phenolic/polyamide. The epoxy/fiberglass-
face-sheet and phenolic/polyamide~honeycomb-core portions of the sandwich
panel were studied previously (5], for flammability, smoke, and toxicity
comparisons. Therefore, only the phenolic-fiberglass decorative layer was
considered in this study. :

RESULTS AND DISCUSSION

The films were evaluated in a series of tests documented in Tables 1 and
2. The first screening involved the evaluation of neat films only; the
second screening involved the evaluation of film laminates consisting of a
top film of clear 0.025~mm PVF bonded to a substrate 0.05l-mm candidate film
which had been screen-printed with acrylic ink; and the third screening
involved film laminates consisting of (1) 0.025~mm PVF bonded to a 0.05l-mm
candidate film, (2) 0.025-mm PVF bonded to a 0.05l-mm candidate film bonded
to a three-ply phenolic fiberglass with an adhesive, and (3) 0.025-mm PVF
bonded to a 0.051-mm candidate film bonded to a single-ply phenolic fiber-
glass with no adhesive. -

First Screening

Individual films were tested for LOL, smoke emission, toxicity, tensile
strength, and elongation. The LOI data for the films are shown in Figure 1.
LOI values ranged from 19.0 for polymethylpentene (Film No. 14) to 43.1 for
Kapton polyimide (Film No, 4). Currently used PVFs have LOI values below
30; therefore those materials exhibiting values above 30 would possess a
lesser tendency to burn than the currently used PVFs. While these LOI data
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are not conclusions in themselves, they do indicate a general ranking of the
£ilms. These data, combined with other flammability properties, can give an
overall ranking of the films.

The smoke-emission characteristics of the films were measured by testing
individual films in the NBS smoke chamber, which is a closed, noncirculating
iccumulation compartment. The apparatus was operated at 2.5 W/cm? for 4.0 min
in a flaming mode (see Figure 2). In general, polyphosphazene, polyesters,
and acrylics produced more smoke than most of the other films. This is prob-
ahly due to the presence of fire-retardant additives and/or inherent proper-
ties of the polymers. Polyimides, polyamides, polybenzimidazole, polyparabanic
acids, polycarbonates; polysulfones, and ionomers produced less smoke than the
currently used PVFs. These materials are generally more thermally stable than
PVF. The polyvinylidene fluorides produced about the same amount of smoke as
the currently used PVFs.

Toxic gas evolution was measured by sampling the gases collected in the
NBS smoke chamber during the smoke-emission test. Figure 3 shows the CO and
HF evolution from the films. Gas samples tested in the NBS chamber gave off
only small amounts of HCN, NOy, and HCl, and a reiatively small amount of CO.
As expected, the baseline PVF evolved the most HF. FM PVF and polyvinylidene
fluoride showed lower HF evolution, when compared with the baseline PVF. The
absence of toxic gas emission data on many of the films is due to the unavail-
ability of material and/or no measurement being made. For instance, HF evolu-
tion was not measured for polycarbonate since it contains no HF-producing
material.

Mechanical strengths of the candidate films were determined by measuring
the tensile properties in the longitudinal direction. Measurements were made
at failure and at yield. Figure 4 represents the ultimate-elongation test
results. Elongation was determined to check the ability of the films to be
textured and formed to complex shapes. Although no precise elongation and
tensile-strength requirements can be established, it is desirable to have a
minimum of 20 to 30% elongation and approximately the same tensile strength
as the currently used PVF.

It can be seen in Figure &4 that polyetheretherketone (Film No. 24) and
ionomer (Film No. 16) have approximately the same ultimate elongation as the
baseline PVF (Film No. 1), making them excellent candidates for decorative
films.

Second Screening

The second screening involved the testing of the 0,025-mm PVF bonded to
the candidate films which had been screen-printed with ink. Ink-compatibility,
adhesion and flexibility, texture-attainabilicy, UV-stability, and shrinkage
tests were run on the candidate films remaining after completion of the first
flammability screening. Ink compatibility was determined by silk-screen
printing of a white acrylic ink on the substrate film and subsequently observ-
ing for any detrimental effects, such as the ability of the ink to cover the
substrate film's color. Adhesion and flexibility were determined on the
screen-printed samples by tightly rolling the samples around a 13~mm wooden
dowel with the screen-printed face positioned inward. This was repeated 10
times and observations were made for cracking, flaking, and separation of the
ink film,

Shrinkage was determined by exposing 15.2= by 15.2-cm samples to0 &
temperature of 132°C for 10 mir in & circulating-air oven. The ssmples were
measured in the transverse direction both before and after the 10-min exposurs.
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Only the ionomer (Film No. 16) was dropped from further svaluation based on
shrinkage test results. Ultraviclet stability was “et:rmined by the procedure
described in ASTM G27-70 [6]. The stability of the test specimens, which mea-
sured 6.4 by 15.2 cm, was determined at the end of a 25-hr UV-exposure period.
Filmg which were unstable under UV exposure included Aramid polyamide (Film
No. 11), polyethersulfone (Film No. 13), and polyvinylidene fluoride (Film

No. 17). These materials either discolored or lost the¢ir mechanical proper~
ties after the UV exposure. '

Final Testing

Final testing was conducted on three types of laminates, as shown in
Table 2, which represent various stages of comstruction of a typical sandwich
panel (Figure 5). The film laminates which remained as candiaaces after the’
first and second screening are shown in Table 4. These film laminatas were
tested for LOI, HF evolution, peel and tensile strength, and ultimate elonga-
tion. The LOI results are shown in Figure 6. The LOI values ranged from
24,2 for the ISO-BPE polyester film laminate (Film No. 6) to 53.9 for the
polyvinylidene fluoride film laminate (Film No. 17). Laminates of Fluorex
HT-1 exhibited the highest LOI of 52, and the others fell into a range of
about 24 to 35. The film laminates were pyrolized in a round tube in a fur-
nace, and the HF evolution was determined. As expected, the highest H} evolu-
tion was from the baseline PVF (Film No. 1) followed by the FM PVF (Film
No. 2) and polyvinylidene fluoride. Complete test results are shown in
Figure 7. Peel-strength (top film-substrate film interface) tests were per-
formed and the resulcs are shown in Figure 8. The peel strength was deter-
mined to evaluate the bond strengths between the top and substrate films.

The ISO-BPE polyester film showed the lowest peel strength, and the PEEK
polyetheretherketone film (Film No. 24) showed comparable peel and tensile
properties to the baseline PVF. The yield strength and the ultimate elonga-
tion of the film laminates were determined and are shown in Figure 9. It
can be seen that the PEEK polyetheretherketone film has equivalent ultimate
elongation and higher yield strength than the baseline PVF film. The ISO-BPE
polyester film was extremely brittle and therefore was not suitable for com-
plex panel shapes. Specimens congisting of a film laminate and a three-ply
phenolic/fiberglass composite bonded together with a pressure-sensitive sili-
cone adhesive were tested. The flame-spread characteristics of the films
were measured to determine their contribution to the surface fire propaga-
tion properties of a sandwich panel and the test results are shown in

Figure 10. All of the laminates with fluorine-containing substrate films
exhibited approximately equal flame-spread characteristics, whereas the
ISO-BPE polyester (Film No. 6) showed increased I5 values compared with
the others. The baseline PVF had a lower I, value because the film peeled
awvay from the front surface of the flame, thus exposing the phenolic/
fiberglass substrate, which has a lower flame-spread value. The smoks
emission of the same laminates is showm in Figure 11, and the toxic gas
emission of these laminates is shown in Figure 12. As expected, high HF
evolut on is shown in the FM PVF and polyvinylidene fluoride laminates.

Tts heat-release data for the laminates is shown in Figure 13. Since
the mais of the films was insignificant compared with the mass of the phenolic
fiberglass, small differences were observad between the laminates containing
the films, and the significance of the data is yuestionable. ;

Similar flammability tests were conducted with the films bonded to &
single ply of phenolic fiberglass. The flame-spread data for these laminatas
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are shown in Figure 14. The lowest flame spread was exhibited by the PEEK
polyetheretherketone laminate (Film No, 24) and the highest flame spread was
exhibited by the ISO-BPE polyester laminate (Film No. 6). In the case of the
baseline PVF (Film No. 1), as soon as the flame begins, the film burns and
shrinks away from the flame front.

. The vertical FAA flammability test was conducted on these laminates

and the test results are shown in Figure 15. All of the samples were accept-
able according to FAA standards. -

The smoke emission of these laminates was determined at three heat 3
fluxes: 1.5 W/cm?, 2.5 W/cm? and 5.0 W/em?. The test results are chown in v
Figure 16, The CO and HF evolutions are also shown as a function of heat
flux in Figures 17 and 18. The PEEK polyetheretherketone laminate (Film
No. 24) had the lowest smoke evolution at all heat-flux ranges.

CONCLUSIONS

The propensity to burn and the toxic gas emission, especially HF, of
panels can be significantly lowered by using polyetheretherketone as a sub-
strate film suitable for screen printing ink. The relative ranking of the
films based on these laboratory studies is shown in Table 5. Potential prob-
lems such as clarity, gelation spots in the film, and suitable width will
have to be resolved before this £ilm can be developed to its full potential.
The Aramid polyamide film had good fire-resistant properties but had low
elongation and was UV-unstable. The ISO-BPE polyester also had a very low
elongation and was extremely brittle. All of the fluorinated films (baseline |
PVF, FM PVF, and polyvinylidene fluoride) exhibited very high HF evolutiom. ;
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Table 4. Film laminates consideraed
in the final testing.

F;ln Substrate filan*

0.
1 Baseline PVF ' I
2 ™ PVF : a

17 Polyvinylidene fluoride
11 Aramid polyamide

6 ISO-BPE polyester -
24 PEEK polyethylethylketone

'Ail substrate films 0.051 m with
a top film of 0.028-mm baseline PVF.
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Table 5. Relative ranking of fihi.‘
b

Substrate film No. Substrate film, 0.051 mt ‘ ,vrrobl.-‘i '

24 Polyc:hyh:hylk.’tonc : chti.ey. gel spots, width

11 Aramid polyamide Low elongation, W-uun:lbh-

6 1SO/BPE polyester _Brittle, low elongation

17 Polyvinylidene fluoride BF evolution, does not bond
o ~ to phenolic/fiberglass

2 ™ PVF \ . - HF evolution :

1 Baseline PYF - HF evolution -

4Final relative nnking of film lninatn vas bll.d .on minimum physiul
properties and on LOI, flame oprud. smoke u:lnion.x _md toxi.eity. '

b

The most fire-resistant films are listed H.rot. T PRESS

€0.025-um baseline PVF was used as a top ﬁ.h. :
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List of Figures

Figure 1. The LOI test results of films from the first screening. No data
available for Film No. 24.

Figure 2. Smoke-emission test results of films fron the f£irst screening.
Films were tested in the NBS Chamber at 2.5 W/cm?. No data available for
Film No. 16.

Figure 3. Results of toxic gas emission tests of films from the first
screening. Films were tested in the NBS Chamber at 2.5 W/ cm2. See Table 2
for descriptions of films. No data availabl: for Film No. 20.

Figure 4. Ultimate-elongation test resuit:. of f’kmu from the first screening.
Films were measured in the longitudinal dix~ctica.. No data availnble for -
Film Nos. 16, 18, and 19, ,

Figure 5. A typical phenolic sandwich panel.
Figure 6. The LOI test results of films from the finsl Eeséing.
R Figure 7. The HF evolution of films from the final testink.
Figure 8. Peel and tensile strengths of films from the final testing.

Figure 9. Yield strength and ultimate-elongation test results of films ,//
from the final testing. , e

Figure 10. The I, test results of films from the third screoning: All
film laminates were bonded to a three-ply phenolic/fiberglaas composite and
a pressure—sensitive silicone adhesive.

' ;Figure 1l. Smoke-emission test results of films from the third screening.

Films were tested in the NBS Chamber at 2.5 W/cm?. 4Al1l film laminates were
bonded to a three-ply phenolic/fiberglass composite and a presaure-sensitive
silicone adhesive.

Figure 12. Results of toxic gas emission tests of films from the third
screening. Films were tested in the NBS Chamber at 2.5 W/cm?. All film
laminates were bonded to a three-ply phenolic/fiberglass compooitc and a
pressure-sensitive silicone adhesive. )

Figure 13. Results of heat-release tests of filus from the chird screening.
Films were tested in thu NBS Chamber at 2.5 W/cm?. All film laminates were

bonded to a three-ply phenolic/fiberglass campOlite and a pressure-sensitive
gilicone. adhelivn.

Figure 14. The Ig results of films- from :ho final testing. All filw
laminarns were bonded to a ainglo-gly phenolic/fiberglass composite.
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Figure is. Test results of FAA flammability tests of films from the f£inal
testing. All film laminates were bonded to a single-ply phenolic/fiberglass
composite.

Figure 16. Smoke~emission test results of films from the final testing.
Films were tested in the NBS Chamber. All film laminates were bonded to a
single-ply phenolic/fiberglass composite.

Figure 17. Results of CO emission tests of films from the final testing.
Films were tested in the NBS Chamber. All film laminates were bonded to a
single-ply phenolic/fiberglass composite.

Figure 18. Results of HF emission tests of filmsrfram the final testing.
Films were tested in the NBS Chamber. All film laminates were bonded to a
single-ply phenolic/fiberglass composite. '

ORIGINAL PAGE
OF PooR Qu;u.n'-sr

N

TETEEST
RTE




. ///////%////////V//////////////////////////////fh EYIEITECEITERRIORN £
o AN | = LT E RN R B
OOSOUOOOOOOSESESHEOESSOE AT &
OO v sy 8

: ez ORA IO S
OO O SOTTANIAA K SN
R Y 22 TR
O A 10 WU VO S
ST RO SS

AR NN 7 1 £ E ST E T DA

S HAIEIAT04 e XN S
OO A aRviv SS
T A S
OO S AT R SS
OSOSGSESESESOEREy S

T FIVROGH VA JOSINN

6 7 8 9 10 11 12 13 14 18 16 17 18 19

Y
Y AA G I i3S N

a

S 8 8 8 8 - e © °
Zo% ‘XIANI NIDAXO ONILINIT

FILM NUMBER

1

Fig.

16




ORIGINAL PAGE IS

OF POOR QUALITY

INOJINSTANIHIATOd
ANO4TNSAT0d

310ZVAIWIZNIEATOd |

NMANNNNNTNNNNNNNNNWW\WEEETESEISEEN

3a140N 14 3N3AITANIAATOd

3QINIATOd VALE1dVa
NN NI LNIdTAHLIWATOd
3INOJTINSHIHLIATOd

¥31S3A10d ¥EE XaNNIN DY
30INVAT0d GINVYEY |

SWQa-04d8
3QIWVAT10d XIWON
N

31VNOBHVIA10d |

ITAHIV

¥31S3A10d 348-0S|

AN
3QINIAT0d NOLdVY |

IN3TAJOUdATIOd

QIdV JINVEVHVdATI0d

3dAd Wd

dAd INIT3SVE

A 4 R

19 20 21

8

9 10 11 12 13 14 15 17 18
FILM NUMBER

L)

N

-

g I

8 R 2 .
-

ulw y 1v ‘SQ ‘ALISN3A O1d103dS

17

2

Fig.




R SLIE T s o A

@ U e i i e

AT

[—

I
(]

IS &
AT IHHHHhhHitt

AR

AR ..

181921 22

17

§§$§$§§}
AT ...

16

I

13 14 15

N
I}
A R Y
AR

1l

A
AN

12

1"

10
FILM NUMBER

L]
A

7

il

§$N§§§‘

1N

A R R
AR
AN

4 5

MO e

TR R e I el R R e e N
-

A

I A &

g 8 9 8 8 e =°
Ujw 9 L ‘wdd ‘SO Q3LLING 40 NOILYHLNIINGD

18

3

Fig.

I MR it b e gl




ORIGINAL PAGE IS
OF POOR QUALITY

Y31SIATO4 £66C Al IYVIVINUIS SN &2

INITAHLIA O SRS

INCIINSTANIHIATO TSN &

INOIINSATOd NN S

301HONT4 INFCITANIAA IO NN
////////////////////%///////////////////////ﬁ////g/ﬁ INONOI N\ &
, 30INIATOd VO18-1dvao N 2
INIINIdTAHLINA O TN *

| INO4TINSHIHLIATO4 Y 2 @
DN\ HIISIATOI FEE XINTTTAY &

IAINVAIOL aivey Y=
JAINVAIOd Xawon Y o

Ao Ny »
AN N IR T A 0 R T

H31S3AT0d 349-08) ,///////////// ©
A

.H

NN

GV JINVEVHVIA IO R @

AN AR

I &8 ¢ 8 8 3 8 § = o

-—

% ‘NOILVONOT13 JAVIWILIN

4

Fig.
19

P I A T T TU 2

- TV Y WL TSP P s e




0.026 mm (0.001 in.) PVF BASELINE FILM
0.051 mm (0.002 in.) PVF | LAMINATE

0.254 mm (0.010 in.)
PHENOLIC/FIBERGLASS SKIN

0.127 mm 0.008:in.) N
PHENOLIC/F!BERGLASS BOND "LY

PHENOLICIPOLYAMI DE
HONEYCOMB CORE

0.127 mm (0.008 in.)
PMENOLIC/FIBE AGLASS
SKIN-2 PLIES

ey I ]

PRELAMINATED SECONDARY
AND TEXTURED SANDWICH BOND
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