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Numerical analysis of the effect of mold on the curing of composite laminates
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Abstract: The interaction between the composite laminate structure and the mold during the autoclave curing pro-
cess was studied to improve the manufacturing accuracy. Considering the joint effect of frictional force and adhes-
ive force at the contact interface between the mold and the component, a numerical calculation model for curing
strain and stress of the composite laminate structure was improved and compared with the existing experimental
results. The spring element was introduced to establish a finite element model of the curing process and used to
verify the analytical model. Finally, the influencing factors of curing deformation were explored through the analyt-
ical model. The results show that the analytical forecast model established has high calculation accuracy and prac-
ticability. The finite element model considering the role of the mold can better predict the deformation trend of the
laminate. Through analytical model exploration, it is found that the length of the laminate, the mold material and
the surface condition will have an effect on the interlayer slip during the curing process, which has a better guiding
significance for the formulation of process conditions.
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Fig.1 Stress and deformation of prepreg during curing
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7—Shear stress; h,—Thickness of laminate; h,—Thickness of

mold; u—Displacement; E;—Elastic modulus of laminate; E,—Elastic
modulus of mold; c—Normal stress; I—1/2 length of the laminate
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Fig.2 Analytical calculation model of composite laminates
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Table1 Parameters for the materials®'®!

Young's modulus/GPa

Coefficient of thermal expansion/(10°°C™)

Material Poisson’s ratio
0° 90° 0° 90°
T300 carbon fiber 230 35 -1.5 27 0.28
Aluminium 72 — 22 — 0.32
5428 resin 3.5x107° — 44.1 44.1 0.35
Note: Young’s modulus of 5428 resin is EJ,.
oo ot N .
a;x+a_;y =0 1) MTEd SR I E T, & AN ARy
BT de AT 5087, 2 0P Sk AT AR el = T
(c+do—o)h+1dx=0 (2)

B 5 5 5 b L5 AR 2 ik T 1] Ay PEE 4 )
Tad MRS 45 77 Taan WO S AR T, U] 55 1 ] 5 5] g mf
LoR K ZHE RN
T =Tgd + Tadh (3)
Horr g Ry 2 Al 485 TED 7] 7 9 B EE 48 0 (1 Ak i 40,
AR R LA RS o 207, 85 1 KNS B
T T 32 B 1 N ) KNG R A TE L, T ERR
Tsid = {- P (4)
Kb B EZEREG p WRENIES (B3
B JE R B X EE AR RS o

K 20 R G RAEAZ W Sh E IE T

A5 DL A 3 BT R o

e T o0, A A, AT 3
Tl —x)
O'—h—l (5)

Pl 4 D ¥ P B TE I 55 B9 18 T A AR LRl A (I
JEE) T 173 3 A 15 Bt o

JZ B ARAEALZ R 45 T3 /R T 815 Bl an 151 5 i
75 (ML A 55 18 18] A7 72 B0 — SRR 25 )2 ) o

dx—Length of the differential unit of laminate; do— Normal stress
increment of the differential unit of laminate

3 WBIEEEIIER RS2 01

Fig.3 Forces of components under sliding friction



XUBEBH A5 RLEXT 5 B S A (8 P 1R T A R 53

- 1977 -

A 4

Y

P 4 MBNEERE IR T RS A R SRR 53 A
Fig.4 Stress distribution of composite laminates

under the influence of sliding friction
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Fig.5 Interface force of composite laminates

under the action of bonding force
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Fig. 6 Stress distribution of the interface of composite

laminates under the action of bonding force
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Table 2 Material properties of carbon fiber/BMI5428"°

Parameter Value
oo/ (kgm™) 1614
¢/(J-(W-C)™) 1050
Kyy/(W-(m-'C)™) 0.851
Kpp=Ks3/(W-(m-C)™) 0.426
Fiber volume fraction/vol% 60
@;,/10°°C™! 0.19
@/107°C™! 40.3

Notes: p.—Density of composite laminates; c—Specific heat
capacity of composite laminates; Kj;, K, Ksz—Anisotropic
thermal conductivities; «@;,, @,,—Longitudinal and transverse

thermal expansion coefficients.
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Fig.7 Time course of curing temperature of composite laminates
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