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双重孔径泡沫金属材料的强度和热性能多目标优化设计

寇东鹏, 虞吉林

中国科学技术大学中科院材料力学行为和设计重点实验室, 合肥 230027

摘要： 

对双重孔径泡沫金属稳态热传导过程进行了数值模拟, 发现相同密度下双重孔径泡沫金属导热系数高于单一孔径泡

沫金属, 但随着孔径比增大, 材料导热系数减小. 通过对有限元计算结果的多项式拟合得到了目标函数, 建立了包含

强度 、隔热和轻质3个目标函数的多目标优化设计数学模型, 讨论了构件质量一定的情况下双重孔径泡沫金属材料

设计参数的选取,  获得了满足强度要求, 同时隔热性能最优的泡沫金属孔径比、密度和构件厚度. 泡沫金属构件隔

热参数—屈服应力图表明, 作为同时满足承载和隔热要求的泡沫金属板构件, 选用双重孔径泡沫金属的构件综合性

能要显著优于单一孔径泡沫金属构件. 
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MULTI-OBJECTIVE OPTIMUM DESIGN FOR STRENGTH AND HEAT INSULATION OF 
METAL FOAM WITH DUAL-SIZE CELLULAR STRUCTURE

KOU Dongpeng, YU Jilin 

CAS Key Laboratory of Mechanical Behavior and Design of Materials, University of Science and 
Technology of China, Hefei 230027 

Abstract: 

Finite element simulations are performed to study the steady state heat conduction of dual--size metal 
foams. Simulation results reveal that for a given density, the thermal conductivity of dual-size foams is 
higher than that of uniform cell size foam. However, the effective thermal conductivity decreases while 
increasing the cell radius ratio r/R in dual-size foams. A multi-objective optimum design model 
considering structure strength, heat insulation and light mass requirement is developed, where the 
objective function is obtained through polynomial fitting of the numerical results. The model is solved by 
the constraint method< and the optimum cell radius ratio, density and thickness of metal foam are 
obtained for dual-size metal foams. A comparison of the heat insulation capacity of the dual-size metal 
foam to the single-size metal foam having the same mass and yield strength shows that the heat 
insulation capacity of the former is much higher than that of the latter. Hence the dual-size foam 
structure is superior to that of the uniform cell foam when both load--bearing and heat insulation 
capacities are required.
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