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Integrated Molding and Thermal / Mechanical Properties of Composite
Heating Components
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(1. College of Aerospace Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China; 2. State
Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics &. Astronautics,
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Abstract: For glass fiber/epoxy composite materials, the pre-encapsulated graphene heating element is
embedded in the interlayer of composite material by using the hot-pressing preparation process of flat plate
vulcanizer, so as to prepare the composite heating component. Experiments show that the preparation method
has little effect on the resistance and heating performance of graphene materials, thus ensuring the anti-icing/
de-icing efficiency of graphene heating elements. Then, based on the composite heating components,
thermal/mechanical experiments and de-icing performance experiments are carried out. The test results show
that the temperature growth rate of composite heating components increases with the increase of heat flux,
and the position of layer has a great influence on the temperature rise of composite heating components. In the
cold environment de-icing experiment, when the ambient temperature is —20 ‘C and the heat flow density is
0.3 W/cm®, compared with the traditional electric heating component, the de-icing time of the composite
heating component is greatly reduced, and the energy consumption is reduced by about 30% , which lays a
foundation for the further preparation of the composite heating wing.
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Table 2 Effect of epoxy resin on resistance value of heat-

ing element

GRAE e BN HBE wEURME
5i% mE/Q B/ A%

1 ES1 2.81 3.39 20.6

2 E51 2.78 3.4 22.3

3 E51 2.68 3.16 17.9

4 DW-3 2.79 3.66 31.2

5 DW-3 2.74 3.71 35.4

6 DW-3 2.74 3.43 25.2
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Fig.2 Test bench of thermal performance
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Fig.5 Effect of E51 epoxy resin on temperature growth

characteristics of graphene heating element
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Fig.7 Temperature growth curve of heating element

before and after package using polyimide
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Fig.8 Temperature growth curve of heating element

before and after package using TPU
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Fig.9 Temperature growth curve of heating element
before and after package using film of insulation

and heat conduction
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Table 3 Resistance change of graphene heating element

before and after package
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1 W 2.57 2.65 3.11
2 W 2.36 2.62 11.01
3 W 2.16 2.34 8.33
4 TPU 2.57 3.17 23.35
5 TPU 2.61 3.06 17.24
6 TPU 2.63 3.16 20.15
7 fiad e TR 2.51 2.73 8.76
8 ABEgG T 2.46 2.53 2.84
9 s TR 2.41 2.56 6.22
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Table 4 Average peel strength of samples made of different epoxy resin
R SR BB R /% P i

1 E51 0 80,15;100,2 1.25
2 E51 2 80,15;100,2 1.57
3 ES51 3 80,15;100,2 2.03
4 ES1 4 80,15;100,2 1.77
5 DW-3 0 100, 2 1.44
6 DW-3 2 100,2 3

7 DW-3 3 100,2 3.08
8 DW-3 4 100,2 2.52
9 DW-3 5) 100,2 2.7
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Fig.16 Temperature growth curve of heating components

at different interlayer positions
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Fig.17 Temperature growth curve at center of heat-

ing component with different heat flux in cold

environment
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