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I 1. INTRODUCTION
The elevated temoeratures encountered in long range

supersonic aircraft have created a need for high
K / ./temperature resistant glass reinforced plastic con-

struction which will provide the required strength,

light weight, and radar transparency. The objective
of this program was to determine the effect of pro-
lorned exposure to 325OF on various reinforced plas-
tic material combinations.

2. APPPROACH

The oresent materials used on the B-58 were known to
have useful vronerties at termneritures un to 300OF

7 for short neriods of time. However, little if any
data was available on their nronerties at 325OF after
prolonged exposure. Jince time and funds were not
available for an extensive develonment nroqram for
new A,ýterials and some of the present B-58 materials
appearcd capable of operating under this condition,
it was decided to evluate B-58 materials only. The
nresent nroduction processinq techninues such as cur-
ing agents, finish of class reinforcements, fabrication,

/' /methods and curing cycles were ,,sed. In the case where
the material is used by a sub-contractor of B-58 parts,
the vendor's nrocesses were used.

Two test requests were written to initiate the fabri-
cation and testirn of vanels. F-9684 was issued for
G.R.P. faced sandwich construction and F-9616 was
issued for solid icalinete G.!.P. .

Materials Tested.

Phenolic - Conolon 500 FMS0031 CLASS VI *
kLpoxy Enon 828 FS0031 CLASS IV **

Modified Polyester - Laminae 4232 FS0031 CLASS I1***

3. FABRICATION - MATERIAL AND PROCESSES

3.1 ANDCH CONSTRUCTIO_,.'.

*NTwo (2) resin systems were evaluated. Phenolic and
' Epoxy Panel .fabrication details were as follows:

*Room Temperature value * *. ' ** *

.ompresslon ItSI 35 48 30
Tensile KSI 40 47 35
Flexual KS! 50 65 46

i I'
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3.1.1 Phenolic Glass Reinforced Plastic Faced Sandwich
.onstruction

(Representative of the General Structural non-electrical
sandwich construction on the B-58)

3.1.1.1 Construction and Materials
t

One (1) panel size .560'" .015' z 38.0' x 38.0' was
fabricated as follows:

A. Faces were composed of 3. plies of number 181
style Conolon 506 preimpreqnated qlass cloth
per specification FMS-0031 'B) Class VI

B. Core was a 5.5 lb/cu.ft. nominal density glass
fabric reinforced plastic honeycomb core material
for Specification FNS-0013 (B) Type IV.*

C. Faces were bonded to the core usirn adhesive' per
Soecification FS-0015-1.*

3.1.1.2 Processinq

A sinwle stage lay-uo was used and the osnel cured
as follows:

a. Cure cycle under vacuum pressure of 26" ' 3"
of Hq.

3/4 hour at 2000F £ 100?

1/2 hour at 2500? F• 10°F

1/2 hour at 2750F £100F

b. Post cure cycle with no vacuum

1/2 hour at 300°Fj 100F

2 hours at 350oF . 10OF

3.1.1.3 The completed panel war painted usiq ori"e per
FMS-0003 and paint per FMS-0004.
hex cell configuration. Room temperature values:
compression 700 psi core shear L 360 pal
core shear W 310 psi

0* typical opozy-phenolic resin adh-esive.

Ni , I
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3.1.2 ERoxy Glass Reinforced Plastic Faced Sandwich

Construction (timulating radome construction

3.1.2.1 Construction and Mlaterials - Two (2) nanel size
.6020 .0100 x 38.00 x 38.0 were fabricated as
follows:

a. Faces were comoosed of 5 olies of number 181
style "olan "A' finish glass fabric with
Epon 828 resin and 13 phr MPD curing aqent 1
Faces were finished to a thickness of .045

.005 with a cured resin content of 340P 31.
b They met the requiremtents of Onecification

FMS-0031B Class IV.

b. Core was a 4.75 lb/cu.ft. nominal density
glass fabric reinforced plastic honeycomab core
material per Jtwecification FP93-0013 (B) Type II*
spliced and vented as required.

ca Parent resin as outlined above was used to bond
the faces to the core.

3.1.2.2 Processing - A three stoge lay-up was used as follows:

a. lt stage - 6oth faces were laid un and rubbed
out at 1500F. The cure under vacuum nressure
of 26' L 3* of HQ was as follows:

3/4 hour at 200OF i 5O°

1/2 hour at 2500F L 5°F

1 hour at 3000F . 5°F

b. 2nd stage - One face was rorent resin bonded to
the core under vacuum nressure of 26' I 3' of Hg.

2 hours at 150°F 1 50F

3/4 hours at 2O0F L 5°F

1/". hour at 2S0CF I 50F

1 hour at 3000F F 5°F
S*-# hex cell configuration. Room t•, perature values.

Compression 535 psi she~r L 110 psi &hear V 190 psi.
I

~ 1
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c. 3rd Stage - The remaining face wsc parent resin
bonded to the core under the son conditions of
the 2nd stage.

d. The completed panels were post cared without
vacuum as follows:

1/2 hour at 200OF i 100F

1 hour at 300 0 F i lOf

4 hours at 3500? F 10°F

3.2 Jolid Laminate Construction

Three (3) resin systems were evaluated. Phenolic,
k;poxy, and Modified Polyester. Pasmi fabrication
details were as follows:

3.2.1 Phenolic Glass Xeinforced Plastic Laminate Construction

(Representative of the general structural non-electrical
laminated construction on the B-58)

3.2.1.1 Construction and Materials - One (1) panel size .125S
S.010' x 38.0' x 38.0" was fabricated. This panel

was composed of 12 alies of number 181 style Conolon
506 preimeregnated glass cloth rer Scification
F=-0031 (B) Class VI.

3.2.1.2 Processing - A single stage lay-up mu used and the
panel cured as follows:

a. Cure cycle under vacuum pressure of 26' 3' of Hg.

3/4 hour at 200OF j 10 0 F

1/2 hour at 250°F L 100F
1/2 hour at 275°F £ 100F

b. Post cure cycle with no vacuum

1/2 hour at 300°F j• I°F

2 hours at 350 FL 10*F

Do". 6 - PP-_ IU-S-I'
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3.2.1.3 The completed panel was painted usina nrime per
FJ-O00O1 and paint per Fr43-3004.

30,2° Epoxy Glass deintorckd Plastic Lar:ieirt Co.-txru,.
tion - (Simulating radrijx ani antenna ci.mstruction
or, the B-58).

3.2.2.1 Construction and .ldtU11:113 - Tau '2) vnels size
".1700 L .005" x 38.0' x 38-. . wc-e fabrzcated.
"These ,anels were comnosed c• innroxi4&ately 17
plies of number 181 style Gerin -hish gliss
cloth with 6pon 828 resin aid 1, ,)hr ld4-'/A curing
agent. Cured resin content w-s 31 ' 1,

3.2.2.2 Processing - A three stdge lIy-up was *:sed and
cured as follows:

A. ist stage - Z.ix (6) plies ot C'0th were 1:npreg-
nated with resin, rubbed out and cured under
vacuum nressu'e of 26' 1 3' "Ac as follows:

1/2 hour at 150 0 F I Sof

1 hour at 200°F . 5°F

1/2 hour at 250°f . o

B. 2nd Stage - Six (6) nlius were, wd(,cd tc the 1st
stage lay-up using th, saVM nroces-inc .,thod.

C. 3rd Utage - the reiaining nlies weie added io
the 2nd stige lay-up as necessarv to meer the
thickness roxquirement using tite sc'- nrocessina
metlods as used in the Ist st-go,

L). The comnleted panel wa6 post cuzirr without vacuuia
as follows:

1/2 hour at 250OF i I00F

I hour at 300 0 F '100F

4 hours at 350°0F j 100F

.39.3 bModifiAd Polyester GlassJ •4,lrorcly r'ia'..c LAminate
Construction - (Jirnulating the search rý.nomp construc-
tion on the B-58).

0 TyPI.1.J Epoxy Primer
60 Typical Epoxy PaIrt.

/I. 4.. PW..W34d
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3.2.3.1 Construction and Material - Two (2) oanels size
I' .183L .0050 x 38.0" x 38.0 were fabricated.

These panels were composed of annioximately 16
plies of numbar 181 style Garan finish glass cloth
with Laminac 4232 resin and 2 phr ATC curinq agent.
Cured resi n content was 38. j 3%.

3.2.3.2 Processing - i three stage lay-up was used and
cured as follows:

A. lit stage - Seven (7) plies of cloth were
impregnated with resin, rubbe ou- and cured
under vacuum nressura of 26 30 Hg at
180OF 1 50F for ' hours. 'O-e ply was used
for a peel ply.)

B. 2nd Stage - 3even (7) plies were added to thelot stage using the same crocessinq methods.

(One ply was used for a neel ely).

C. 3rd Stage - The remnininq plies were added to
the 2nd stage as necessary to maet the thick-
"fles requirement using the same processing
methods as for the lt staqs.

D. The completed panel was post cured without
vacuum as follows:

12 hours at 200O° F 50F

5 hours at 225 0 F j 50F

4 hours at 25 0 °F o5F

4 hours at 275°F j 50 F

4 hours at 3000F j 50F

4 hours at 3250F j 5OF

72 hours at 350F • 5°0F

UPlTAr. - PU-12S-C)-Sd
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4.0 TESTING

4.1 MECHANICAL TESTING

4.1.1 Testing was accomznlished under the following envircm-
mental conditions.

a. Room temperature control tests
b.. At 325OF after 1/2 hour ex-,osure to 325OF
c. At 325OF after 200 hours exposure to 325OF
d. At 32501, afteo- 1000 hours *xinosuro to 325OF
e, At room temperature after 3000 hours exrnosure to 32507
f. At 325qI after 3000 hours exposure to 3250F

4.1.2 The following mechanical tests were conducted.

4.1.2.1 Glass reinforced plastic faced sandwich construction.

a. Column c':mnrusssion snecimens - prepared and tested
per Specification ?'ZS-4-C71 (A) Tyine XII.*

b. Pi Tension snecinens -prepae ritse e
Upecific-Itiozi FZS-4-071 (A )Type III**

c. Load - I-flection (P!LA) beamns - prepared and
tested -j:r Figure 1 and Tablo I.

d. Beam - Cglumn creep tests were run on enoxy and
phenolic faced sandwich constructions for 3000
hours. )he specimens were prepared and tested
in accoxcance with Figure 2.

4.1.2.2 Glass Reinfoiced Plastic Solid Laminate Construction

a. Tensile pecirnens - prepared and tested, ner Sr~eci.
ficatior. WP-406b Method 1011 Tyn~e 1.

b. Comores, n n specimens prepared and tested per
Specific .tion LP-406bs M"ethod 1021.1 using Convmir
modif ied specizmenswith flared ends).

c. Flexure 3peCimfens - prepared and tested per Vpeci-
ficatio, LP-406b Method 1031.1

*See Supplet ntary Sheet S-1
**See Supplei ntary Sheet 5-2.
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4.2 PrFSICAL TESTING

4.2.1 The following physical tests were accomrolished on
the glass reinforced plastic solid laminates ari
faces of the sandwich panels.

a. Specific gravity per Specification LP-406b
Method 5011.

b. Resin content per Specification LP-406b Method 7061.
a. Hardness test using a Harcol Impressor Model

GYZ-934-1.

4.2.2 The ohyscial tests were performed at r(,om temperature
after the following exposures,

a. Prior to exnosure to 325°F
b. After 200 hours at 325°F
c. After 1000 hours at 3250F
d. After 3000 hours at 325oF

4.3 Electrical Tests

Identical panels using the Eooxy and Mo." fied Polyester
resin systems were fabricated for electrical tests. The
electrical tests-were run at room temperature after the
test panels had been exposed to 325 0 F for 3000 hours.
The panels were tested for dielectric constant, loss
tangent, transmission and I.P.D. at 8.5 13C.

4.4 Exposure and Tests at Temperature

1 oon temperature and short tin* exposure (1/2 hour)
t! test specimens were rewoved from the panels and remain-

inq sections of the panels were exposed to 325°F in a
closely controlled oven. All open edges of the sand-
wich panels were sealed with Mylar tape during the ex-
posure. At the end of each time period the panels
were removed and inspected. Sufficient material for
the required test specimens was removed; and the
panels were-re-sealed and returned to the oven for
continued exposure.

-a - 4WA- s.,
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5.0 TEST RESULTS AND DISCtaSION

51

The mechanical and physical test results are summarised
in Tables II and III and detailed in Tables IV through
Table XXII.

5.2 DIUCUSION

When reinforced plastic materials are exposed to elevated
tez, oratures, two reactions simultaneously take place.
O3ne reaction is the additional curing o! the resin which
increases the mechanical stren-th of the material. The
other reaction is oxidation whi-h causes a deterioration
"of the resin which results in a decrease in mechanical
strength.

Epoxy and Modified Polyester laminatee are practically
non-porous and on1y the outer surfaces are primarily
affected by oxidation. Phenolic laminates are noted
for their porosity aud exposure to high temnerature for
an extended period of t..me creates a serious oxidation
problem. The effect of oxidation of phenolic material
can be reduced by naintiin the surfaces or by impreqnat-
ing the porous laminate with a high temnerature material.

The Phenolic panels (solid and sandwich) were painted in
an effort to reduce the effect of oxidation but the
panels were substantially affected by oxidation during
the long exposure to 3254F.

The low specific gravity of the solid laminate phenolic
part (1.57) is another indication that it was more porous
than the Epoxy laminate (1.86) or the modified nolyester
laminate (1.89).

The mechanical values for the Epoxy sandwich panel were
lover than a typical £poxy sandwich panel. This apparent-
ly was caused by the low bond strength of the parent
resin. The panel tested had an ultimate tension value
of 1057 pounds, while a typical panel should have a
value of 1300 pounds.

The test results showed that there was a definite in-
ao•oe in strength of all materials as the exposure
tLv at 325°F was increased from 1/2 to 200 hours. This
increase can be attributed to the additional curing of

j each type of resin with a minimum etfeat of oxidation.
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At some point between 200 and 1000 hours exnosure,

the effect of oxidation began to ovr~a!-" the effect
of curing and resulted in a decrease of mechanical
proprties of the solid ind sAndwi-h nhenolic parts.
,uring this smee period of exposure the epoxy mater-
• 1 increeasd ja, strength and the modified nolyeate,
l9velod off with slight increases In some pror.

a*~ pon dje i n ~n t herje

Between 1000 and 3010 hours exqooqe at 325*F the
Phenolic materiql :Oontitesd.to. dqtt4or.ite at a
= , ,ore r.",id iats. .Tho r-oW U'i n.X;"o-acheo its

jpe~.~we~* fry t tis ~4 ~ resiire and
st.arted to decrerse in mnechanJ-.al strenqth. The
i.odi.ied Polyester nalorial coi.tinued to show a
s:mall increase in mechdnical Dronerties during the
entire exnos'ir4 time Crom 1000 to 3000 hours.

6.0 (MNiJCLUU3IONL3

These test rerults show that all three rasin systems
t-sted can satLsfactorily operate at 3250F for 1000
hours. It car also be concluded that the nresent
design allowakle based on acce'tance vnlues for 300°F
for 1/2 hour "osure are realistic for 1000 hours
oenosure at 3"45'F without reductions.

.Jased on this data viodified Polyester annears to be
the Yx•.t resia fol annlications where the material
is exposed to 325er for 3000 hours. During this
3000 hours period of exnosure at 3250F the mechanical
roroperties rer..ined elmxost constant which would indi.
cate that Modi'ied Polyester material useable life
is greater than 3100 hours. ioe Fiqure 3.

"nlthouqh the n.echanical pro•erties of 6noxy resin
began to decreise sometime between 1000 hours and
3000 hours thqy were still within a nracticnl range
after 3000 hours exnosure. oee Figures 4 and 6.

Phenolic material WAs definitely affected by the
lown exvosure at .."2501 and its mechsnical nroperties
after 3000 hours -3x=osure were unsatisfactory. See
F'iqures 5 and 7.

SI .

II

' k
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The electrical properties of the Epoxy and Lodified
Polyester laminates were satisfaotory for all preotical
purposes after 3000 hours exposure at 3250. The di-
electric constant and loss tangent properties at 8.5 1G0
of the epoxy laminate were within the requirements of
oZS-0031 Be The loss tangent properties of the Modified
Polyester lmm!nate was within the the apecification value
but the dielectric constant value was Just outside of apec-
ification renuirements. See Table XXMI.

The .noxy and Phenolic laminated faced sandwich specimens
hadovery similar 'reep characteriatioa when exposed at
325 F. The Initial creep rate (during expost're from 2
hours to 200 hours) was approximately .00022 inches per hour.
As the exposure time increased the creep rate decreased. The
average creep rate between 200 hours and 3000 hours was
approximately .00.101 inches per hour. Although the creep
rate continues to decrease during the entire 3000 hour
exposure the specimens never stopped creeping. See Tables

-•- X and XI.

7.0 &COk21DaIM.MOS

I.odified Polyester (Lamina* 4232) and Epoxy (Epon 828) arethe beat resin syts;•s currently being used at Convair for
a'plicatIons at J25"? for 3000 hours.

Althoujvh these raterials will do a satisfact ory Job, they
hove the following disadvantages; Modified Polyester resinpresents a fabrication problem because of excessive flow
during cure; the strength of Epoxy (Epon 828) drops off
rather sharply above 3250F.

Therefore, in order to improve the reinforced plastic
materials for long time duration at 325 1 the following
additional work In recommended.

I* New available epoxy materials should be tested.
These raterials have higher heat distortion points
than Epon 828 tested in this program.

2e A zethod should be developed to preimpregnate aModified Polyester resin to reduce fabrication
problems.

3. A material end method should be developed to impregnate
Phenolie parts to reduce the effect of oxidation.

, o|•gap. 0 o "l-Wt?•4-&l
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/- End Preparation
""yp for Each End

Test f 30 hors at 251
Beam A P X Y
Type* (Lbs) (Lbe) (in, (in)

Facing :aterial 62 1O0 4
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it Depth, Fill with
. Ther mofo dm, Li nl *Ref. TabIe I X07.
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TABLE I

LOAD-DEFLTI"ON (P/&) BEAI4 TE3K PROCEDURE

lt~ 2n I 13EAR) ~T PUTr HEAD TRAVELMATERIAL TEST TEP SpAN SPAN m IDTS RATES• ~ ~Ins) (eAS) tib;a) E =D• ..... cEN 4- SIPAN 8" SPAN
_(Ins) I•Ins) (In/Min) (In/Min)

Conolon 506 R.T. 4.0 8.0 300 0.50 1.00 0.04 0.08

Epon 828 R.Te 8.0 4,0. 300 0.75 . 1,50 0.04 0.08

Conolon 506 325°F 4.0 8.0 300 0.50 1.00 0.04 0.08

Epon 628 32507 8.0 4.0 150 1.00 1.50 0.04 0.08

* The Epon 828 sandwich was loaded to this value on the 8 in.
span and then failed on the 4 in. span.

The Conolon 506 sandwich was loaded to this value on the 4 in.
span and then failed on the 8 in. span.

I:
I,

S I.,e Imme4.1
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COLUiN COMpRESSION SPECIMEN

/2

p /I

4-, -

4. Eids to be milled flat and parallel within .005".
3 tg : oore thickness, te a sandwich thicikess, gf f faoo

t kiocnesa.
2. Load Rate (He-. '•evel) .05 in/min.
1. Record failing j -.o

!-IUITILITY #MIlT SHIPl~ oi n 6li,

Iieillll
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- 12

ITYPV III

FLATWhSE TMSION SPEBOIX

11111 1111111 TEST BLOCK

MARK WITH O.RZA.V;
SPRICIL TO INDIOItTE

BAG SURFACE

LTEST BLOCK

*

5, Note type or failuur, failing load and surface on whi .h failure
occurs*

4. Load rate to be 4.')O#/min.
3,. Bond the apeoinen intc th- t-st block with 42!7 adhes.ve.

Cure end bonding pressure to be specified by Process ';ontrol.
B. The faces of both test bluoks must be flat and perpenitiular

to the centerline of the test blocks.
1. Both faces of the sp.oimen must be flat and parallel ',o eaoh

other.
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