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Thermal Deformation of Carbon Fiber Reinforced Composite by
Cure Shrinkage

Eun-Seong Choi*, Wie-Dae Kim**'

ABSTRACT: As the autoclave process progresses in a given cure cycle, residual stress in the composite product is
induced by cure shrinkage of the resin. As a result, It generates the thermal deformation such as spring-in and
warpage, and the inaccuracy of the final product increases. It is important to predict thermal deformation in
aerospace parts which require precise fabrication. The research has been done on predicting and grasping curing
process of composite material. In this study, the cure mechanism of composite materials according to the process is
predicted through finite element analysis, and the effect of cure shrinkage on thermal deformation generated by the

process is analyzed.
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Table 1. Constants of cure kinetics

Constant Unit Value
C - -7.901
m - 0.15
n - 4.43
A 1/s 1.65 x 10"
Olcyo - 0.61
Aoy 1/K 0.00137
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Fig. 2. Schematic of cure cycle and degree of cure
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Table 2. Modulus development constants of the M18 resin

Constant Unit Value
E GPa 0.294
E, GPa 1.537
a, - 0.4
o, - 0.8

Table 3. Elastic properties of the M55J fiber [11]
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E, GPa 6.38
G, GPa 17.92
G, GPa 278
iy - 0.25
oHBL. =219 A (E,)= A ), A EAS(G, )=
A ()] A= o] At
E,, a<a,
(1= @) {Ept ran(E,=E) b+ a,F, Ga<a<a,
E00 a<o,,
a-«,
a, = il (3)
A= 0y
E
G,=—"— 4
me 2(1+v,) “@
B, o E; 2 77t ZslE|x) oo Abejel A} €
SA o HAASE ofulshi, 2k2he] gk Table 29] )

C}. ESF y= AEH| A 93] (stress relaxation)?} 3}5H2] A3}
(chemical hardening) Ato] o] t| AU F-& 422 33t 4F4=0]
CHOL =41 o et g Al =] 4 -0l .= S Al5=2] &=
o|m 2, Ao YL wich 2 MAEe 7S DMA
48e 59 28 %S At

Aol Al 490 BAMSHS ujsilo] B4 2
atchal 7Hgstct. wheba] Lim[11]o] A|AJgE M55]9] £
28519 3L, Table 30] A|A|=|o] Ut A-fol =22 &4
2 33 B3l a2 AA 2] E4-L micromechanics model

3l s ATHIl.

CTE,; = CTE,4)*a(T-Ty)+b(a—a) (i=1,2,3) (5)

A&" = CTE,- AT (6)
0.0 a<a,,
Vi: A aS+(ViW_A)' asz acsl<a< acsZ
v a< o,
a— 0y
o=——" (7)
a.,—Q,

cs2 cs1

1

A (5)9] iz Ame WG = 1L, AFdoldd), a2t b
wof ot uhe EWAA 2 HEE, Vv, = 313
= oulRte A (5)oflA TR g2 4] (6)ofl i dsto]
ARbe] g Y MPER HEstoiof Tt

V.= SteEs st A (7)9] a0t agpe 47 2
F5o] AlAtE = AT Eue A 2 Feteg v
e 3 Spoke 52 249 5] (isotropic) o] 9]
WS 7L QA AT SR HellMe A
o] o Argol ofgt Wadel wheh o ke 7HAAl "t
7,12].

-{> fr

> J{N' rko

o o o ﬁ:
o$,1l H:l

—_

A& totul_ A +A8 (8)

HEHo T Aua)
= ot HdA= 94

B(Ae" )i} B85 HPE(Ae])
B E(Ae S Lt

3.1 Subroutine A&

+ Aol A Al2HE ABAQUS M EFE9) A=A 4
517] $J3) Jungl6]S irste] Huto] 4L eyl
Hil=[6l 2D o] tisf shiAe Hdshalont, &

re L OIN

Table 4. Constants of thermal expansion coefficient and cure

shrinkage
Constant Unit Value
CTE, 1/K -0.0022
a, 1/K -3.09 x 10°
b, 1/K 0
CTE,, /K 0.016
a, 1/K 242 x 10*
b, 1/K 0
v - 0.014
a, - 0.40
a., - 0.98
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Fig. 3. Geometry information of plate model
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Table 5. Final displacement of Y-axis direction in point-1

Lay-up Y-axis Final displacement [m]
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