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STUDY OF TEMPERATURE DISTRIBUTION OF THICK POLYMERIC
MATRIX COMPOSITES [ : SIMULATION

*
GUO Zhansheng , DU Shanyi, ZHANG Boming, WU Zhanjun
(Center for Composite M aterials, Harbin Institute of Technology, Harbin 150001, China)

Abstract:  The developments of temperature distributions w ere studied for thick polymeric matrix composites. The {r
nite element formulation of the transient heat transfer problem w as carried out for the composites based on the heat trans
fer differential equations with norr linear internal heat sources. The finite element analysis softw are, which was based on
the general finite element software package, was developed for numerical simulation of the entire composite cure process.
T wo kinds of thick polymeric matrix composites cure processes w ere analyzed by the finite element softw are. It was found
that the cure process which was used to cure common composites was unfit for thick composites.
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Fig. 2 The temperature and degree of cure curves at different

positions during curing lem thick composite
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Table

1 T700/BMI

[20]

1 Physical properties of T700/ BMI unidirectional prepreg system

Property Index Experimental method
Percentage of volatle mass/ % <2 JC/T 775 1996
Percentage of resin mass/ % 35%5 JC/'T 786 1996
Fiber mass for unit area/(g* m™2) 135%5 JC/'T 786 1996
Prepreg thick for one ply/ mm 0. 12%0. 01 -

2

Table 2 Physical parameters of heat transfer used in simulation

Density/( kg* m~ 3) Specific heat/ (J* (kg* K) - 1) Conductivity / (We (m*K) - 1) Effective film coefficient/ (W* (m2* K) - 1)
1580 885. 42 0. 711 20
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ANCURE

positions during curing 2ecm thick composite

lem 2 em



* 127 ¢

(o]

[7]

[10]

Oh J H, Lee D G.
Journal  Comp osite Materials, 2002, 36

Cure cycle for thick glass/ epoxy composite
laminates [ J].
(I): 19- 4s.
Bogetti T A, Gillespie Jr ] W. T w o dimensional cure simulation
of thick thermosetting composite [ J]. Journal of Comp osite
Materials, 1991, 25: 239- 273.

KimJ S, LeeD G. Development of an autoclave cure cycle with
cooling and reheating steps for thick thermoset composie lamr
nates [J]. Journal of Composite Materials, 1997, 31 ( 22):
2264- 2282.

Yang Z L, Lee S. Optimized curing of thick section composite
laminates [J]. Materials and M anuf acturing Processes, 2001,
16 (4): 541- 560.

Hojjati M, Hoa S V. Curing simulation of thick thermosetting
composites [ J]. Composites Manuf acturing, 1994, 5 (3):
159- 169.

Park H C, Lee S W. Cure simulation of thick composite struc
tures using the finie element method [J]. Journal of Compos
ite Materials, 2001, 35(3): 188- 120.

Twardowski T E, LinS E, Geil P H. Curing in thick composite
laminates: Experiment and simulation [J]. Journal of Compos
ite Materials, 1993, 27: 216- 226.

Costa V.A F, Sowsa A C M. Modeling of flow and thermo ki
netics during the cure of thick laminated composites [ J]. Inter-
national Journal of T hermal Sdences, 2003, 42: 15- 22.
Antonucci V, Gordano M, Hsiao K-T, et al. A methodology
to reduce thermal gradients due to the exothermic reactions in
composites processing [J]. International Journal of Heat and
Mass Trangfer, 2002, 45: 1675- 1684.

LiM, Zhu Q, Geubelle P H, et al. Optimal curing for ther

[11]

[12]

[13]

[ 14]

[15]

[ 16]

[17]

[18]

[19]

[20]

moset matrix composites: T hermochemical consideration [ J].
Polymer Composites, 2001, 22 (1): 118- 131.
[J]. / s 3- 7.

Teplinsky S, Gutman E M. Computer simulation of process ir

1997 (3):

duced stress and strain development during cure of thick section
thermosetting composites [J]. Computational Materials Scr
ence, 1996, 6: 71- 76.

Chen H, Yang Z, Jemah A K, et al. Processinduced stress
analysis of composite lam inates using semt analytical hamiltonian
method [J]. Composite Structures, 1998, 41: 49- 55.

Zhu Q, Geubelle P H. Dimensional accuracy of thermoset com-
posites: Shape optimization [J]. Journal  Composite Materi-
als, 2002, 36(1): 647- 672

Young W B. Compacting pressure and cure cycle for processing
of thick composite laminates [J]. Comp osites Sdence and T ech
nology, 1995, 54: 299- 306.

Vancheeswaran R, Wadley N G. Model based optim zation of
consolidation processing [ J|. Materials Science and Engineer-
ing, 1998, A244: 58- 6.

LiM, Tucker IIC. L. M odeling and simuktion of tw ¢ dimerr
sional consolidation for thermoset matrix composites [J]. Com-
posites: Part A, 2002, 33: 877- 892

Guo Zhansheng , Du Shanyi, Zhang Boming, et al. Cure reac
tion for a modified bismaleimide by isothermal DSC analysis
[A]. 35th SAM PE International T echnical Conference [ C].
USA: Dayton, 2003. 859- 864.

Springer G S, Tsai S W. T hermal conductivities of unidirectior

al materiak [ J]. Journal of Composite Materids, 1967, 1:
166- 173.
( 2
) . 6 . [M].
, 2002. 168- 170.





