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A Study on Tensile Properties of CFRP Composites
under Cryogenic Environment

Myung-Gon Kim', Sang-Guk Kang*, Chun-Gon Kim'*, Cheol-Won Kong"

ABSTRACT

In this study, mechanical tensile properties of carbon fiber reinforced polymeric (CFRP) composite cycled
with thermo-mechanical loading under cryogenic temperature (CT) were measured using cryogenic environmental
chamber. Thermo-mechanical tensile cyclic loading (up o 10 times) was applied to graphite/epoxy unidirectional
laminate composites for room temperature (RT) to -50°C, RT to -100°C and RT to -150°C. Results showed
that tensile stiffness obviously increased as temperature decreased while the thermo-mechanical cycling has little
influence on it. Tensile strength, however, decreased as temperature down to CT while the reduction of strength
showed little after CT-cycling. For the analysis of the test results, coefficient of thermal expansion (CTE) of

laminate composite specimen at both RT and CT were measured and the interface between fiber and matrix
was observed using SEM images.
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Fig. 2 Thermo-mechanical cycle for UD graphite/epoxy composite.
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33] d-gb Aol g AT ARG
O Abolite FHskA okt Wt I
AESR 0] G BafH B EohE] B EHEL U 4
Qond, 63 A-34F AtlLe FHF Folliz 4o
-100°C, Z12] 3L -150°C A 752 A 8ot A e #dd
ok srEiuh A 38 -3 Abol S The A
zEEE-
upeha] Zh Alojifoll A £-riof uhir F4) Wkt
ZFiie] Ag-oliz L-127) ol A= kA o
398 walth. el g izl
x}o].;d o1y 6§]

oX,
ol
ol
4]

01
fr o
ol b

o

O
)
°{
>
z
o
£
T
oN
23
frlr;g-
d
S R
fo 4
P
Ry

K ‘ﬂ&‘ﬁ%?
PAS NN R-NES xﬂ 9] 3L 7} /q o x] 3} 1.5} AJo] i
Qe WA e Bl # 5 alek,

4, Fig, 014 Ao S +3A B ) B
Ak 50°Col 4 Tha F7hek: B S wol Tkt -100°C S
[150°Cel A18: bl A ek A S S noih BekA A
A9 i WS sk 2AS GAFAS Ao 2 471 B

25 P /0/
L

o

L

5
10
51
] J
5 . L L | . "
-150  -125  -100 -75 -50 -25 o 25

Temperature("C)
Fig. 4 Coefficient of thermal expansion of HFG CU-125NS GrEp

laminate composite.

(b) failure type at -150C

(c) failure type at -150TC after 6-cycling from RT to -150TC

Fig. 5 Failure types of GrEp UD specimens for each condition.

S #Hoz EME7I 8 ERAAAFT Dlzero)el 7tk
£ Elelg A g A o] Eqtitanium silicate) g o] &-3ted Al el A
DS 7 W29 DBFAFT H73
Fom At Fig 49 7o

Fig. 49| X A 3] 43 AT 7t g4 wheh A9

Aoz Fvtete A4S nth _IEM 40 ZHE .50°C F-3*
A AVR L 89 AAAF & 2 ¥hA -100°CS -150°C]

M el 493 AT g M S Q%%’# Aok AH FH
o] @A FE 2ol A -50°0C F-27HA = R Frsiev
Al 202 2448 2hadle S ¥k 7 1z u3
B E AL 0 #HE 50°C FZ7bA] &} -500C FZoll A -150°C B
27 A Zhzte] A e AR o whake] A9 Al S Aol
i s AE gl l" utt WA ol e st Al A4 A
3k 220} -50°C W T AR 24 ko] A7 E(interfacial
strength) 5ol d&-& "01 AR 1 AEE F7HN7IE 81
32 a7t 5 i’i‘:h Abs gt

rl



56 AR AdEE

el WS MR

Dot Wo ———— 5um

St 94

AccV  Spot Magn
kV ? 0 5000x

Acc vV >p0( Magn
100

Det WD —————1{ &um
SE 89

(¢) fractured GFEp UD specimen cycled for 6 times from RT~-150T

Fig. 6 SEM images of fractured GWEp UD specimens.

E3, Fig. 55 47 Alo] €8 53884 43S o 427
-150°C, 28] 31 4FL~-150°Col| A] 63] Alo] 28 Falalgl S o,
AxF AlPo| A diwl AJH FA-E B F T gl

Fig. 59l Zt &= A HoA] HE Aol thah & A

o) 3} :":. olbtﬂ )\L_Q_ﬁ}_/‘.:_g_ %_]H]—x%oi /};1.'9,.7]. —‘?—iﬂ

Az e B 247t
F . 53, 6219

ot A4 oz o
M
)
lo
fu
it

180 3400
170 |- 43200
__ 160} 43000 _
3 ]
A,
8§ S
2 150l 42800 &
2 2
£ g
D 140} 42600 @
1304 ~2400
10F T200
ol L . L g
0 3 6 10
Number of Cycles
number of

Fig. 7 Change of stiffness and strength at -150°C for the
cyeles (RT ~ -150°C).

(interfacial bonding)®} Th& o #AE YolE7] H3)
A FA} A &) H(scanning electron microscopy, SEM)S
o] g-ale] #&g AF AlH AWE @S

Fig. 6(a)°ll A 42 oh& Al Af9 ZAY AR 7

K

32o] Qo)A whol], -150°Cell A &) 1A AHI} AL ~ 150
‘e 63] AlelES FHY AlHY AW EATS AF

S 9ok ZEg -150C 94 ABe wa WelE HlaF
Ardue] ol B W, 63 AlolEe £Y Ane
32 Algsk Aol Aol no wHaA AR US
54'?_1‘2 ) ole FAHL Aleo|gE FISFT l

| nlz F2e ARG, AWAA kel T o
% S 2(radial compressive stress)o] AA7|A = o,
2ol AF2e &% de(load transfer)
48 FARL B opu, B NBL) A
H71E &9E 7tAgTa AlRE 9]
FAL A-Abe] E(low-cycle) 57t AT ZFxol

1 9% gobis] fAsl, F7t2 4L ~ -150Ce 103
Aol 28 3% A|He AF A =g &=As49)
Fig. 72 <9] Fig. 39] A3l 108 Alo]E AuE F7138t
o] -150°ColA] Alo] 2ol mbE EdtAlel B4 ®E vehd
ot} aelA & F ARl AT HE7H 3351 63 1
23 103] FAHL Alo]g F WUt A glgE AL &
Roem, ol %o nA} o] FAge] A¢ 10§1 Ate] E74
A Ao #49 #art A9 gy, F= B 94,
103] SA4L Alo]2 F9 “lii“,"‘—;‘_ﬂ@ SollE B3tz
AR AFHUEF s8R Qs ik B9 AW Ad
2 2 AR ARt 7M7) wEol#ti Atg €t

*E;_

rENi‘ﬂnﬁHﬂémlom

}Tr e
BHOR=
& utt

z=7

5.2 2

2 AFedAe AL BAHAA FAL G-3tF Alo] 29



BITH H 6 P 2004, 12

4RAsH BRA 9% B40l B8 A 57

YA SN A B4 WSS DR o
SCEE: 73 Cavist 3% 1% A 88 1Y, Aol e

%73 HJ‘%;, AlHo A Fol AR A AR IS AH
3193 GrEp 99& B3 AlHel dlstd A2 ~ -50°C,
-100°C, 12 3L -150°C| A] Al H B2 mpEEtF o] Hwg /)3
™ 33, 63, 1831 103] 9] H-31F APolit S s & A
o] 1% et e FAHES G S HE2ES AU

H];, EME]' -131‘4- -50°C Hir
&ol A3 7
sl A-a1% AolE Al

= B S
. w?&, A& o]

Hglel A 93

Ayl

e Bl
2. HEAY A FLe XV RelAsE HyHoz

Fashi: AFS wuoy 433 Aeldel FARs

% % gake] AAom 63 d-51% Aol oF

A= 2ol whit Zrwslst A gl
348 AAbel#e A BAEERS BAel J1A

71 BYE Aol Z7] gl AAsAL FFE BYe

Lol FAHE Al|HE FAREH Heek ZAY 7
raon Q7= AR 4E $9 ozt Asd
< 7]

B A7 A8 HAAKSLV-D) S A 9%
on FAYISFATANA AAT ALg Wol F9
€ Rolm, Aol s PA=P

HuEgd
1) R.  Heydenreich, “Cryotanks in future  vehicles,”

Cryogenics, Vol. 38, 1998, pp. 125-130.

2) J. B. Schutz, “Properties of composites materials for

cryogenic applications,” Cryogenics, Vol. 38, 1998, pp.
3-12.

3y D. C. Freeman Jr., T. A. Talay and R. E. Austin,
“Reusable launch vehicle technology program,” Acta

Astronautica, Vol. 41, No. 11, 1997, pp. 777-790.

4) Brain W. Grimsley, Roberto J. Cano, Norman J. Johnson,
Alfred C. Loos and William M. McMahon, “Hybrid
composites for LH2 Fuel Tank Structure,” International
SAMPE Technical Conference Series, Vol. 33, 2001, pp.
1224-1235.

5) Karen S. Whitley
mechanical

“Thermal/

in polymeric

S. Gates,
growth

and Thomas

response and damage
composites at cryogenic temperatures,” A/44, 2002.

6) T. Aoki, T.
“Cryogenic CF/polymer
composites for tanks of reusable rockets,” 4744, 2000.

7) John F. Timmerman, Matthew S. Tillman, Brian S. Hayes

Ishkawa, H. Kumazawa and Y. Morino,

mechanical ~ properties  of

and James C. Seferis, “Matrix and fiber influences on the
cryogenic microcracking of carbon fiber/epoxy composites,”
Composites part 4, Vol. 33, 2002, pp. 323-329.

8) G. Hartwig, R. Hubner, S. Knaak and C. Pannkoke,
“Fatigue behaviour of composites,”
1998, pp. 75-78.

9) Jang-Kyo Kim and Yiu-Wing Mai, Engineered interface in

Cyogenics, Vol. 38,

fiber reinforced composites, 1st ed., Vol. 7, Elsevier, 1998,
pp. 308-311.



