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Abstract—In an effort to predict the long term durability of carbon fiber/epoxy composites in a space environ-
ment, interlaminar shear strength (ILSS) of the composites was measured as a function of 0.5 MeV electron
radiation dosage. For the ILSS measurements, a notch method (ASTM D3846) was used with and without
side-supports. The supports were used to prevent peeling or bending during the test. The ILSS of both T300/
5208 and T300/5209 longitudinal composite system increases monotonically with radiation when the test is
done with the support. When the test is carried out without the support, the ILSS of the composites increases
initially but then decreases with further radiation. It is also observed that the ILSS of the unsupported case
is much lower than that of the supported case. Measurement of epoxy modulus shows that the elastic modulus
increases monotonically with radiation. But the breaking strength of the epoxy decreases with radiation. Electron
Spectroscopy for Chemical Analysis shows that the oxygen contents at both the pure epoxy surface and the
composite fracture surface increase with radiation dose, resulting in the increase of polarity at the interfacial
region. This may be a supporting evidence for the increase in the ILSS of the composites.
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Fig. 1. Chemical structure of TGDDM, DDS, and
DGEBA

¢4A3] 7127} AAE Ak P2=E o] E teflon
tube(Cole-Palmer #) %)) vaccum lineg ©]-4-3}e]
FUAA AWLE7HA] PZAZIE) o] tubed] FE
+& hot plateZ H3] trimmingdli teflon
tape 0.2 Tolx] A7l FAH 9 Hddx 150TC
oA A 1417}, 177Coll 4] 5417} curingA]Zlch 1 $o))
HEZE teflon tubed A A3}e] epoxy HHE
oW o] & Wb AMF wi7bR] WAbare] e
LR Sisd

A E A8+ BF NASA Langley research
center, Hampton, Virginia, U.S.Ad| F&, Azt
et

BE AEEE petri Gl Hol 1574 F<F 80
co AFAZ7| YA}t AN GFuE Y
(Heavy duty Reynolds wrap) & Fig. 20} x3 =
gt} o] AFvlE ZAdFYUY sAAElE
epoxy(Devcon) 2 d8-3l7 Stopcock-& AA}s}hed
ez W Z1AE B 5 JUES sk o)
A BE AZFH 9 Stopcock s FFHLo|| <
137 AZAAFHE Aark A3 g wd
Feidel] Yol o5 vk He|7kx] 7]k

2.3. HIAMM EA}

Al-8-5 whARAL-E- High Voltage Engineering Cor-
poration #|E2] Ax}7}E7|(electron accelerator)
2 9HE 05MeVe] #A(electron beam)o]gith.
o] AR AlelE AEFHUr} E:stA =HEw)
Al87h e ZARES Fig 3% 2tk (DY 4L

stopcock (to vacuum line)

aluminum foil
epoxy glue samples
folding lines
Y M
-1 oo oo
H g8 H gg [ g8
88 aa 28
gg 8§ g8
.

O — M — @)

Fig. 2. Schematic for the aluminum bag preparation

for the electron irradiation
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Fig. 4. Dimensions of specimen for the interlaminar
shear test in tension mode without suppor-
ting fixture

Fig. 5. Dimension of specimen for the interlaminar
shear test in compression mode with the sup-
porting fixture

Fig. 6. Schematic of supporting fixture for the inter-
laminar shear test in compression mode
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Fig. 7. Schematic of the supporting fixture for the
epoxy modulus measurement
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Table 1. Interlaminar Shear Stress in Compressive Mode with a Side-Supporting Fixture

Sample Radiation No.. of ILSS Stangrd Cv® %change Duncan Analysis®
Dose Specimen  (Kg/cm?)  Deviation (%) to control 5% 10%
T300/5208 0 3 581 87.8 151 0 B B
long. 3000 5 654 48.3 7.3 +12.6 B B
6000 5 667 94.5 17.1 +14.8 B B
9000 5 784 51.6 6.5 +34.9 A A
T300/5209 0 3 701 68.8 9.8 0 B B
long.® 3000 5 765 158.8 20.7 +9.1 AB AB
6000 5 843 920 10.9 +20.3 AB AB
9000 5 909 148.9 16.4 +29.7 A A
T300/5209% 6000 2 881 29.0 33 +25.7
9000 3 778 67.7 8.7 +11.0

Note: (1) In the Duncan Analysis means with the same letter are not significantly different
(2) These specimens were notched after radiation

(3) These specimens were notched before radiation

(4) C.V=coefficient of variability
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Fig. 8. Interlaminar shear strength versus radiation
dose of 0.5MeV electrons for T300/5208
longitudinal composite in compressive mode
with the side supporting fixture
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Fig. 9. Interlaminar shear strength versus radiation

dose of 0.5MeV electrons for T300/5209
longitudinal composite in compressive mode
with the side supporting fixture
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Table 2. Interlaminar Shear Stress in Tensile Mode without the Side-Supporting Fixture

Sample Radiation No.. of ILSS Star?dgrd CV® % change Duncan Analysis®
Dose Specimen  (Kg/cm?  Deviation (%) to control 5% 10%
T300/5208 0 9 154.1 20.8 135 0 A A
long. 2500 7 166.6 28.6 17.1 +8.1 A A
5000 10 176.2 280 15.9 +14.3 A A
7500 10 172.8 25.9 15.0 +12.1 A A
1000 8 157.1 16.3 10.3 +19 A A
T300/5209 0 10 183.1 318 174 0 C C
long. 2500 10 2155 213 9.9 +17.7 B B
4440 11 216.3 239 11.1 +18.1 B B
7500 10 2544 328 129 +389 A A
9440 10 194.0 19.5 10.0 +6.0 BC C

Note: (1) In the Duncan Analysis means with the same letter are not signiﬁcanﬂy different

(2) C.V=coefficient of variability
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Table 3. Elastic Modulus of TGDDM/DDS as a Fun-

ction of Radiation Dose Determined by a
Compression test

Elastic % change

Radiation No. of Modulus Standard C.V® to

3!
aa
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. 10. Interlaminar shear strength versus radiation

Dose Specimen (10°kg/cm?) Deviation (%) control

5 2.993 0.092 22 0
2500 5 3.064 0.189 43 +24
3000 5 3.066 0.232 53 +24
5000 5 3.182 0.320 7.1 +6.3
6000 5 3331 0.267 56 +11.3
10000 9000 5 3418 0.155 32 +14.2
10000 5 3.650 0.193 37 +22.0

Note: (1) C.V=Coefficient of variability
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Fig. 12. Load-Deflection curve obtained from a com-
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Table 4. Breaking Strength of TGDDM/DDS as a Function of Radiation dose Determined by a Compression

test
Radiation No. of Breaking Breaking Standard Cc.vw % change
Dose Specimen Load (kg) Elongation(cm) Deviation (%) to control
0 5 524 0.096 12.6 10.9 0

2500 5 444 0.106 16.2 16.5 —15.2

3000 5 40.0 0.124 10.2 115 —23.5

5000 5 404 0.106 8.7 9.0 —22.8

6000 5 379 0.113 8.1 9.7 =277

9000 5 36.6 0.118 6.3 7.8 —30.1

10000 5 379 0.117 10.9 13.0 —27.7

Note: (1) C.V=Coefficient of variability
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Fig. 13. Elastic Modulus of TGDDM/DDS as a func-
tion of radiation dose

55 ‘ l
y=52.1 R=0.g88
o)
=
B
&
P 45 N
="}
R= i
=
3
g 40 o N\ 9
35—t ]
0 2000 4000 6000 8000 10000
Radiation Dose (Mrads)
Fig. 14. Compressive breaking strength of TGDDM

/DDS as a function of nominal radiation
dose (The curve is fitted by the 3rd order
polynominal regression)

&A= Table 49} Fig 149 =A13F npe}
o] zAbgo] Frtgtel ulzl 3RAslqdch

Ay X gxee) A|z7}Ae) sfo]d oJHE ¥y
#13te] SEM e 2 #eda} A} 2 g 349l 7| Fig.
159} 160|ct. sedmol A vRaAlfe] Ho] gl
FA) 272 (remnant) ®] oF& B33 H3 control}
9,000 Mrad =A% X 2ollA] ol A|zhE Q] z}o]
7} Bo)A ¥strt. Fig 178 tholojRcgoa
notch#-#-& #& Ablll Fol Y micro-

FHE, A3A A1E, 1991

A

Fig. 15. Fracture surface of Control Sample of T300/
5208 (1500X)(From ILSS test)

Fig. 16. Fracture surface of T300/5208 sample irra-
diated to 9,000 Mrads with 0.5MeV elect-
rons (1530X)(From ILSS test)

Fig. 17. Notched edge (70X) of composite speci-
men
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Table 5. Relative Atomic Concentration of Oxygen
(0) and Carbon(C) on TGDDM/DDS Epoxy
and T300/5208 composite as Determined by

ESCA
O/C(irradiated)

Sample carbon(C)  oxygen(O) 0/Cloontrol)
Epoxy

as-cured 1 0.237 137

10,000 Mrad 1 0.324 ’
Composite(Fracture surface)

control 1 0.237 151

10,000 Mrad 1 0.358 ’

Note: Average value of two measurements
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