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Simulation of RTM process and void defect for CFRP flat plate based on PAM-RTM
ZOU Wentao',MENG Xianming’, CHENG Conggian', SONG Tong’,ZHANG Sai*, CAO Tieshan', WU Hao"?,ZHAO Jie'
(1. School of Material Science and Engineering, Dalian University of Technology, Dalian 116024, China;
2. China Automotive Technology and Research Center Co., Ltd., Tianjin 300162, China)

Abstract : Different process parameters during resin transfer molding (RTM) molding have a great influence on the quality and
performance of carbon fiber reinforced resin-based composite (CFRP) components. In order to accurately design the RTM molding
parameters, reduce the void defect content of the final components, and analyze the changes of two-scale void content during the
mold filling process and the distribution law in the components, the mold filling and two-scale void formation of CFRP flat plate
model RTM molding were simulated based on PAM-RTM software. The influence of different resin viscosity and injection pressure
on the filling time, macro and micro void distribution and content were analyzed. The transverse axes at different positions in the
components were selected and the macro/micro void content was compared and characteristics on the axes to analyze the change
rule of void content with the change of the position from the injection port were distributed. The results show that, under the condi-
tion of constant pressure injection, the higher the injection pressure, the lower the resin viscosity and the shorter the filling time;
when the resin viscosity is 0.1 Pas and the injection pressure is 1.5 MPa, the mold filling time is the smallest, which is 13.11 s. The
macro void content decreases with the increase of injection pressure, while the micro void content is the opposite. Macro void is
formed after a period of time at the beginning of filling, and void content finally reaches the maximum value at the outlet. Micro
void is formed at the initial stage of filling, and void content gradually decreases with the increase of filling distance. The trends of
the two scales of void content on the three transverse axes are similar, the injection pressure affects the location of the beginning of
the formation of macro void and the end of the formation of micro void, and affects the maximum macro void content at the end of
filling, and the maximum micro void content at the beginning of filling.

Keywords : resin transfer molding ; double-scale void model ; void defect ; PAM-RTM software ; numerical simulation
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Tab.1 Basic parameters of materials and process

Material and process

Values of parameters

Resin (LY3585)
Reinforcement fiber (HEXCEL—-G0986)

Filling Process

Viscosity is 0.1—0.7 Pa-s
Density is 1 000 kg/m®

K=3.232x107"" m*;K,=1.72x107" m*; K =1.72x107"" m*; 7=5 mm; V=50 %

Injection pressure is 0.1~1.5 MPa
Injection temperature is 300 K

Notes: K, K, is fiber in-plane permeability; K, is vertical fiber permeability; 7'is fiber cloth thickness; V; is fiber content.
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Fig. 3 Schematic diagram of line injection program
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Fig. 4 Filling process at 0.3 Pa-s of viscosity and 1.5 MPa of pressure
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Tab. 2 Simulation results of different resin viscosities at 0.1 MPa

. . Maximum Maximum
Resin viscos-  Filling . . .
Program ity/(Pa-s) time/s macro void micro void
Y ontent/% content/%
Al 0.1 196.2 14.20 2.31
Bl 0.3 591.3 14.04 2.31
Cl 0.5 983.9 14.07 2.31
D1 0.7 1381.8 14.04 2.31
P 5 SRy IS I [8] K Y IR 2 B2 0.3 Pas LB
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1200+ —+—0.5 MPa
“ —+— 1.0 MPa
"é’ 1000 —v— 1.5 MPa
=, 8001
£
= 600+
S 9
400 +
200 +
——v

0 % 7 .
0.1 02 03 04 05 06 07

Resin viscosity/(Pa-s)

(a) Filling time

16
14r —=— Macro void
12+ —e— Micro void
c\\"
210
O
s
(5]
S 6F
=l
> o4l
2,
0,

0.1 0.5 1 1.5
Injection pressure/MPa

(b) Macro/micro void content
Pels  SEUFE ] BEA N RE M De e e 1 A2 L IR B4 0.3 Pars, %
WAL B A e 1 ) 2k
Fig. 5 Variation of filling time with resin viscosity and injection pres-
sure, and variation of macro/micro void with injection pressure at 0.3

Pa-s of resin viscosity
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Fig. 6 Macro void distribution cloud under different injection pressures
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Fig. 7 Micro void distribution cloud under different injection pressures
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Tab. 3 Positions of voids with two scales under different

injection pressures

Injection pressure levels/MPa

Location of void occurrence
0.1 0.5 1.0 1.5

Macro void formation location/mm 36 182 339 496
Macro void end formation location/mm 500 500 500 500
Micro void formation
location/mm
Micro void end formation location/mm 29 165 350 480

0 0 0 0
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