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Thermal Deformation Analysis of L-shaped Composite During Cure
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Process by Viscoelastic Model
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ABSTRACT: When curing the composite, the fibers have little thermal deformation, but the resin changes its
properties with time and temperature, which leads to residual stress in the product. Residual stress is caused by the
difference in the coefficient of thermal expansion of the fibers and resin during the curing process and the chemical
shrinkage of the resin. This difference causes thermal deformation such as spring-in and warpage. Thermal
deformation of composite structure is important issue on quality of product, and it should be considered in
manufacturing process. In this study, a subroutine was developed to predict thermal deformation by applying 3-D
viscoelastic model. The finite element analysis was verified by comparing the results of the plate analysis of the 2-D
viscoelastic model. Spring-in of L-shaped structure was predicted and analyzed by applying the 3-D viscoelastic model.
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Table 1. Properties of 3501-6 kinetics model

Property Value
A, (1/min) 2.10 x 10°
A, (1/min) -2.01 x 10°
A, (1/min) 1.96 x 10°
AE, (J/mol) 8.07 x 10*
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AE; (J/mol) 5.66 x 10*
da (k,+k,a)1-a)(0.47-a) (x<0.3)
E:{ k(1-a) @>03 D
k, = A, exp(—%) (i=1,2,3) )

ki (i=1, 2, 3)& oblU- A 02 ]9 Slehik-g-of A HE
SEEATE} 250 IAIE UEhd 4] ofth A, (i=1, 2, 3)
+ HIXE A4 (Pre-exponential factor)o|th. A, (i=1, 2= &
33} of| Y R (Activation energy y)©| ™ RS UWH7|A| A=
(Universal gas constant), Ti= At} 2= (Absolute temperature)©|
U Z}2p] AFSE-S Table 17} ZeH{11].

o
i

N

24

IR YA S R A= I
g 2704 A9} A Abol 9] Aol CTE1 A+
Zo| Weko] A Aar, CTE2= A dolof| 2]k HIgF
of APYHYAFE 9] T8 F B2 WP 4 ) &
o] tehd 4= Qlrt.

Ag" =CTE,-AT  (i=12) 3)

2.3 sl8t &

sta} 5252 a19] Ao} 2ol Lake] Aol o
gt R v Mok ARse, AP Fa A F o
o} B ATl E 19 Bt 425 AL SHAoR
7]-ZJO].J_ oH/elo X]oﬂo]‘oﬂq- VS gl_op = %1

1'1

F_E
m{m .
N

9] FRG FAY st pE0R A (49} 22 A
ZTH10].

Agl =1+V; -1 (i=12,3) (4)
2.4 CHILE =&

CHILE 228 a-mixing ruleg 283 wdu} §2] Hoj

2= (glass transition temperature, T,)5 g mdo| 9ith
=Bl amixing raleg 83 RS ALEFC} S



222 Dong-Yun Seong, Wie-Dae Kim

Table 2. Resin modulus constant

Property Value
E) (GPa) 3.447 x 107
E,, (GPa) 3.447
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Table 3. Elastic stiffness of AS4/3501-6

Property Value
Qy (GPa) 127.40
Q,, (GPa) 3.88
Q,, (GPa) 10.00
Q,; (GPa) 4.89
Qg (GPa) 2.57
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Fig. 2. Geometry & boundary condition of plate model

Table 4. Model data of plate

Type Node Element
2-D shell S4R 2769(EA) 2660(EA)
3-D solid C3D20R 47541(EA) 10000(EA)
Temp Degree of cure
480 12

460

420

400

Temp(K)

380

o
[}
Degree of cure

360
340
320
300
100 150 200 250 300

Time(min)

Fig. 3. Cure cycle and degree of cure of plate model
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Table 5. Stacking sequence of model

Stacking sequence

Model 1 [0/45]
Model 2 [45/-45]
Model 3 [0/45/-45]
Model 4 [0/45/-45/90]
Model 5 [0/45/-45/-45]
Model 6 (0/45/-45/-45/ 45]
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Fig. 4. Displacement contour of lay-up [0/45/-45]
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(b) The transverse stress(S22) of Model 3

Fig. 5. Stress distribution at point-1 of lay-up [0/45/-45]
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Table 6. Warpage of plate

Experiment |2-D Viscoelastic|3-D Viscoelastic
Model 1 2.94 5.16 4.82
Model 2 32.28 18.81 35.45
Model 3 9.91 5.68 11.72
Model 4 3.98 2.40 4.46
Model 5 5.59 1.67 6.13
Model 6 1.59 1.29 1.35
(unit : mm)
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Fig. 6. Warpage of plate
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Fig. 7. Stress distribution of the plate model
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Table 7. Model data of L-shaped panel

Temp

Degree of cure

aso 1.2
a60
1
440 —
w
__ 420 o8 £
= a00 -
= 06 ©
£ 380 o
e 80
&
360 o4 @
340 /‘
e 0.2
320 _~
300 L~ o
o 50 100 150 200 250 300 350

Time(min)

Fig. 9. Cure cycle and degree of cure of L-shaped model

Table 8. Stacking sequence of L-shaped model

Stacking sequence

Model 1 [01[0/15/0/-15] 55
Model 2 01[0/30/0/-30] .5
Model 3 0]1[0/45/0/-45] .5

Model 5 01[0/75/0/-75],

[
(
Model 4 [0][0/60/0/-60]
(
(

Model 6 01[0/90/0/-90] .5

Type Node Element

3D solid C3D20R 48557(EA) 9920(EA)

g Spring-in angle

Fig. 8. Geometry and mesh of L-shaped panel
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Table 9. Spring in of L-shaped panel

CHILE Ref CHILE Viscoelastic
Model 1 1.73 2.21 1.02
Model 2 1.21 1.64 0.79
Model 3 0.76 1.10 0.36
Model 4 0.35 0.42 0.31
Model 5 -2.81 0.26 0.37
Model 6 -3.62 0.31 0.32
(unit : °)
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Fig. 11. Stress(S11) distribution of L-shaped panel
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