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Application of soft mould assisted RTM process in preparation of three-dimensional braided composites
ZHANG Yujie"?, YE Penghua'?, LI Xiangyu'*, SHI Wenfeng'*,ZHOU Linyun'*
(1. Shanghai Composite Materials Technology Co.,Ltd.,Shanghai 201112, China;
2. Shanghai Engineering Research Center of Aerospace Resin Based Composites, Shanghai 201112, China)

Abstract : Three-dimensional braided composites possess a highly integrated structure, resulting in superior interlaminar
bonding strength and impact damage resistance. When the composites are confronted with requirements of the spacecraft composites
such as lightweighting, high load-bearing capacity, extreme environment resistance, these properties can be achieved through the
design of integrated 3D braided structures. However, complex three-dimensional braiding structures with high integrity can cause
difficulties in mould closing, which greatly increases the difficulty of developing such composites. For the structural characteristics
of the braided body of a certain three-dimensional multi-cavity braided joint, the process method of soft mould assisted resin transfer
molding (RTM) was selected for three-dimensional five-directional braided parts of the joint, and the soft mould process principle
and overall mould structure design were introduced. The process gap of key parameters was optimized, and three-dimensional
braided flat plates were prepared under different process gaps. The results show that when the process gap is 5% of the plate thick-
ness (0.4 mm) and the soft mould expansion pressure is 2 MPa, the three-dimensional braided flat plate can realize flexible mould
closing and has low porosity. Based on the test results, a three-dimensional braided joint soft mould was prepared and assembled
with metal core mould to form core mould assembly, after integral three-dimensional braiding on the assembly, the mould was
successfully closed for resin injection to produce joint. Industrial computed tomography was used to detect internal defects in the
joint, and no continuous pores or large-scale defects were found. Meanwhile, the fiber volume fraction and porosity were tested , both

met the requirements of design specifications, with porosity as low as 0.74%. The above results show that soft mould assisted RTM
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process has significant advantages in reducing mould closing difficulty, ensuring fiber volume fraction of the product, and improving

product internal quality ,and is applicable to three-dimensional five-directional braided structure.

Keywords : three-dimensional braiding ; soft mould assisted resin transfer molding ; mould closing ; process gap ; porosi-

ty ; core mould assembly
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Tab.1 Process gaps,soft mould thickness, and expansion pressure

Inlet
\

Bottom mould

with different proportions of flat plate wall thickness

Proportion of flat plate wall thickness/%

5 6 7 8 9 10

Process gap/mm 0.40 0.48 0.56 0.64 0.72 0.80

Thickness/mm 4.37 5.24 6.11 6.99 7.86 8.73

Pressure/MPa 2.03 2.01 2.00 2.02 2.01 2.00
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Tab.2 Mould closing difficulty and porosity evaluation

Process gap/mm
0.40 048 056 0.64 0.72 0.80
Mould closing difficulty Slightly difficult Medium Easy Easy Easy
Porosity/% 0.51 097 216 295 337 3.6l
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b) Hig proces
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Fig. 10 Surface conditions of three-dimensional braided flat plates

under high and low process gaps
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Tab.3 Soft mould dimensions

Branch Branch Branch Branch
Items . . . .
pipe 1 pipe 2 pipe 3 pipe 4
Inner diameter/mm 94.0 126.1 94.0 69.9
Outer diameter/mm 103.2 135.6 103.2 79.2
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Tab. 4 Fiber volume fraction and porosity of three-dimensional

braided joint

Branch  Branch  Branch  Branch
Items Average

pipe 1 pipe 2 pipe 3 pipe 4

Fiber volume
fraction/%
Porosity/% 0.91 0.55 0.87 0.62 0.74

51.15 52.16 51.12 50.95 51.35
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