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Fig.1 Schematic diagram of layered self-resistance electric heating
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Research on Process Design of Layered Self-Resistance Electric Heating for
Thick Composite

ZHANG Bo', LU Yong’, LIU Shuting', LIU Qianggiang', HAO Xiaozhong'

( 1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Nanjing Institute of Technology, Nanjing 211167, China)

[ABSTRACT] Aiming at the thermal overshoot and thermal shell-core effect during the curing of thick composite, a
layered self-resistance electric heating (L—SRE) process design method is proposed to alleviate the thermal overshoot,
reduce the through-thickness temperature difference, and shorten the curing time. In this paper, a multi-physical coupling
finite element model (FEM) of L—SRE process is established to predict the degree of curing and the through-thickness
temperature distribution under specific layering process parameters. Based on the FEM, a radial basis neural network
surrogate model (RBF) is established. The genetic algorithm (GA) is used to optimize the peak temperature of thermal
overshoot, the maximum through-thickness temperature difference, and the curing time during the whole process to obtain
optimal parameters. Finally, the optimized multi-layer independent temperature control process parameters are obtained.
Based on a multi-channel self-resistance electric heating (SRE) platform, L-SRE curing experiments are carried out. The
experimental results show that the peak temperature of thermal overshoot using the new process is reduced to 132.8°C. below
the glass transition temperature. Compared with the oven, the overshoot temperature is reduced by 19.7 °C, which is a 60.6%
reduction; Compared with the integrated SRE and the recommended process of L-SRE, the overshoot temperature are reduced by
54.0% and 34.7% respectively. The curing time is reduced by nearly 33min, which is a 19.6% shorter. The optimized L-SRE process
parameters can effectively reduce the thermal overshoot and improve the temperature uniformity through thickness.

Keywords: Thick composite; Surrogate model; Multi-objective optimization; Thermal overshoot; Curing time
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Comparative Study Between CF/PEKK Thermoplastic Composite by Hot-Press
Molding and CF/PEEK Composite Using Automated Fiber Placement Process

LIU Ya’nan, LIU Chenxiao, ZHU Minghao, LI Laixin, FENG Rongxin
(Advanced Material and Structure Laboratory, COMAC Beijing Aircraft Technology Research Institute, Beijing 102211, China)

[ABSTRACT] In this paper, adopting CF/PEKK and CF/PEEK thermoplastic composites as research objects, a preliminary
comparative study were conducted between the two systems using corresponding process of low-cost hot-press molding
and automated fiber placement (AFP) process. The basic characteristics, obtained composites quality and properties of two
thermoplastic composites were explored and analyzed. Firstly, hot press molding process of CF/PEKK system with a prepreg
width of 305mm was optimized, which showed that its short beam strength is more affected by molding pressure rather than
cooling rate. A satisfactory CF/PEKK composite was fabricated using a process with molding pressure of 2.0MPa, heating
temperature of 370 °C, and cooling rate of —15 “C /min, generating a short beam strength up to (135.65 + 4.72)MPa, with fiber
volume fraction of 61.8%. Meanwhile, a novel two step in-situ AFP combined with hot press molding process was preliminary
explored using 6.35mm width CF/PEEK narrow thermoplastic prepreg. It is found that obtained CF/PEEK laminates using same
process parameters revealed satisfactory surface and internal quality and similar failure mode to that of CF/PEKK system, while
showed lower short beam strength and different micro-scale failure behavior. The research results can provide basic data and
technical reference for the material and process selection of thermoplastic composite used in future aviation structures.

Keywords: Thermoplastic composites; Hot press; Automated fiber placement (AFP); PEEK; PEKK
(Bt X #)
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