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EPOXY/GLASS SYSTEMS FOR SAILPLANE CONSTRUCTION

Steve Bowen

Evansville, Indiana, U.S.A.

INTRODUCTTON

This short paper summarizes work di-
rected toward evaluation of epoxy/glass
composite systems, suitable for sailplane
construction. The object of this project
is to provide designers with reliable data,
based on systems employing domestic mate
rials and hand lay-up techniques with a
room temperature curc,

Tha mechanical propertiesz of simple
composite structures of epoxy resin rein-
foreed with glass fiber, chﬁrd upon tha
proper selection of botn glass and resin,
and also depend upon the chosen mesthod of
fabrication. Fabrication of largs compo-
nents, such as glider wings, ganerally re-
quirez hand lay-up techniques and room
temperature cure. All data was obtained
from samples prepared by hand laén4p and
cured at room temperature (Z20-30°C

DISCUSSION

B series of epoxy resin formulaLLon-
have heen svaluated with wvarious Lyp
glass reinforcement. Data has been Labu-
lated which can be ussful in sailplane
design.

B summary of Lhe resin work Lo date
is presented. Additional work is continu-

ing, slthough it is primarily concerned
with unique diluents pessessing multi-
runhtlonq11fi

-_j.

Prture reports will be
ca 1F useful data 1s de-

made in
rived Irom che st

Glass ewvaluation has been restricted
te approximately by -five typeos of
roving and one prnJ of wovan fabric
(styvle 18l). Proper reinforcemsnt
tion is w important il high
to be achicved. HModulus of e
flexure, [or ocxample, can inc

a

> BO% by substituting one roving for
another in a given resin system (the psr-
cent glass by weight remaining constant).

Hand lay-up fabrication techniques do
not optimize conditicons for close control
of glass and resin content in the composd
structure, Mechanical properties ol the
laminate are dependent upon the glass con-
tent; therefore, the percentage of glass
in the system must be closely contrellead
to insure that property values do not de-
viate unnecessarily. Proper procadure,
howaver, can consistently produce laminales
with \l"“a contents of 80% + 0.25%.

Data dre presented for several glass
roving systems and several systems with
style 181 glass fabric.

RESTN

The selection of the proper matrix is,
perhaps, the most difficult uachL of de-
veloping a gomposite systanm. 2 matrix
(or resin) consists of the epoxy © and
its hardener (coreactant), and may ir
uencs and other modifiers.
paramrLPLu Tor evalual
matrix include poL 1i
temperature (R.T.), 510Pga ion, heat
Lortion temperature, cost, availabliit
health hazard, ete,

gf

esins used in this evalus-
Lon we jlyvcidyl ether of biphenol
b (] GBH) type liquid resirs which are
avalla b g under a variesty of trade name
oferrad to as Mepoxies.”

of ecpoxy is:

ice for laying up
ort No. 1C510H;

3 nded Teclhnig
3 Rovings," Owc




Shell Epon 815

CIBA Aralcdite 502

Union Carbide ERL
ERL 2774

Much of the evaluation for unidirectional
composites was bhased on resin systems
using Shell's Epon 826 epoxy resin.

The hardener used in most studies was
Triethylenetetramine (TETR). This herden-
er provides very good mechaniecal proper-
ties in the cured laminate, The primary
objection to the use of TETA as a harden-
er for hand lay-up is that the system
cures or hardens too quickly. This fact
in itself is not objectionable, perhaps
even desirable; hOJLMLr, the lee avail -
able to "work" with the laminate before
noticeable hardening of the system occurs
i5 so limited that the resin often begins
to harden before the lay-up is completed,
b formulation has been developed that sub-
stantially lengthens the "pot life" of a
TETA cured resin system, effectively over-
coming this objectiona bLQ quality.

Several diluents have been evaluated
as modifiers for the Epon 826 epoxy resin.
These diluents lower the viscosity of the
resin and, in some instances, lengthen
the pot life of TETR cured systems. Very
low viscosity resins are desirable because
higher percentages of glass reinforcement
can be impregnated with them.

The selective use of
to the resin can also modify
ties of the cured laminate, as
effect the pot life of the resin. Con-
centrations of 1% silane are shown to be
effective. Many silanes accelerate the
rate of cure of epoxy systems:; howaver,
al least one alicyclic epoxyalkylailanc
cster will inhibit the rate of cure ard
simultaneously enhance other system prop-
2rties.

silane additives
he proper-
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rates the rate of reaction, wh
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MIMNIITERR
1. 1.0 gamma-aminopropytriethyvoxysilane®
2

5 gamma-aminopropyltriethoxysilane

3. (ONTROL no silane

4. 0.5 beta-(3,4-epoxyeyclohexyl) ethly-
Lrlnuthoxwulianﬂ”*

S Apbil=lBE

6. 2.0 8-.186

A-1100 silane
A4-186 silane

Unicn Carbide,
“* Union Carbide,

Figure 2 gives the pot life of several
selected system

Figure 3 illustrates the pot life as
a function of TETR concentration. Ri-
though long pot 1life is desirable, mechani-

1 properties and heat distortion tempera-
Lbf@ decrease with decreasing concentra-
tion of TETA. To insurc optimum proper-
ties, it is suggested that the TETE con-
centration be strictly held to 12-13 phr
(parts per hundred resin - or diluted
resin).

Figure 4 gives selected property wvalues
for laminates with A-186 added to the
resin. It is interesting to note that
the mechanical property values ol laminates
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with 1.0% A-186 added exceed the values FICURE S-B
of the same system without silane., It

appears that the initial silare addition MODILUS  OF  FLAGITCTTY
acts as an impurily in the system and (pes.i. x 307)
actually reduces Lhe property wvaluss, In- BUTYI, GLYCTDYI. EIIER
creasing the silane concentration above e R R 8 2 1 8
0.25% progressively improves the mechani- B 14
cal property values until Lhey seem Lo E
reach a maximum near 1.0% silane. AL 213 [3.3 3.3
1.0% A-186 addition most properties are i
improved and also a longer pot life is %12 3.7 3.8 3.4 3.9 3.2 3.4 2.8 3.6 2.6
achieved. g
B 4.7 3.1
The effect of butyl glycidyl elier on E |
pot 1life is shown in Fig. 5a. Figures "o 2.2 3.6 .
5b, 5S¢, 5d give property values for sev-
eral resir formulations. These samples o9 ==l e e 9 Y6 | e S am
were simply prepared by saturating rovings DORRA  RESIN  (EPON #26)
with resin and squeszing out as much ex-
cess resin as possible, Glass content
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The

of the svaluvation was directed
procducing a superior unidirectiona

matcrial, suitable for wing spar construc
Lion. The results of tests on unidirec-
tional laminates is presented in Fig. 6.

I more limited amount of data has
generated using woven

This data is presented in Fig. 7.

of Ltests
5 15 also progressing. Results
are most encouraging. A saparate
study will be made avail-
1971,
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able in early
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EABRICATION

Woven Gl: Sric--Epoxy

The reinforcoment of epoxy resin with
wover glass IdDLLC b\ hard 1 ip tech-
nigues is 1w1bL pLe The res is
blended wi ' hardener and/ol other
additives mixture is applied o
core mold surface. & layer of
lass Tabric is applied arnd squeszed or

rushed Lo work ths up through the
ideLC. Additional resin is often added
to the top surface to get complete Twel
out of the fabric. Additional plies of
IFabrics are added in the same manner un-
til the desired thicknsa is achieved,
should he taken to remowve all

Creat care
entrapped alr bubbles,

in
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resin

haean

fabric reinlforcemant.

on graphitc reinforced
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Unidirectional Roving ROV LNG (j

The highest mechanical strerngths for
plastic materizls can be achieved in uni
directional laminates of glass roving and
eapoxy resin, Laminates of up to 90%
glass by weight can be achieved wikh re -
fined fabrication procedures, Importarc
considerations in the lav -up of rovings
include propsr wet out of the fibers,
proper alignment of the fibers and precise
control of the amourt of resin added te
the roving. These reguirements can best

ant to achievs complete
glas=s and rengve

be satisfied by the use of an impregnation cesz vesin. Care should he bsken
bath similar to the cone illustrated below. glass Ifree of contamination prior to usa.

gmall radiug bends (< 1/4 in.)
j during any hangling proce-

Also avold
in the rowvis
durs,




