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Optimization Design for Thermal Conductivity of Graphene-modified Copper-based
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Abstract: With the development of China’s new energy power system toward higher voltage levels and larger capac-
ities, the service performance of circuit breaker contacts faces severe challenges.The key problem is the surface ab-
lation caused by heat accumulation generated by high-energy arcs. It is therefore necessary to design high thermal
conductivity copper-based composite materials to enhance the ablation resistance of the contacts. Graphene is wide-
ly used to improve the thermal conductivity of metal matrix composites owning to its exceptional thermal properties.
Accordingly, in this study a composite molecular model featuring various graphene arrangement orientations , di-
mensions and layer counts is set up. The influence of temperature and graphene dopping structural parameters on
the thermal conductivity of composites is explored, the microscopic enhancement mechanism of graphene on the
thermal conductivity of composites is analyzed , and the copper-based composites with higher ablation resistance are
optimally designed and experimentally verified. The results show that the thermal conductivity of graphene compos-
ites is inversely proportional to temperature , but both are higher than those of pure copper matrix. When the includ-
ed angle between the orientation of graphene arrangement and the direction of heat flow is between 0°~8.19°, the
thermal conductivity of the composite can be effectively improved.The thermal conductivity of the composite is in-
creased with the increase of graphene dimension and number of layers and , when the dopping arrangement angle is
0° and the dimension of 5 layers of graphene is 378.84 A, the thermal conductivity improvement of the composite is

remarkable, which is 72.7% higher than that of the pure copper model. This paper can provide theoretical guidance
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and technical support for the optimal design of high-performance copper-based composites in engineering.
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Fig. 10 The thermal conductivity of the composite changes

with the orientation of the graphene arrangement
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