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超薄金属内衬复合材料压力容器的结构分析

（1. 哈尔滨工业大学复合材料与结构研究所, 哈尔滨 150001|  
 2. 哈尔滨工业大学深圳研究生院, 深圳 518000）

摘要： 

采用有限元方法对超薄金属内衬复合材料压力容器结构进行分析。在分析中, 几何模型中的封头段考虑了复合材料

铺放角度和厚度沿平行圆半径变化, 材料模型中的复合材料层和内衬层分别选用复合材料层合板理论和弹塑性理论

进行分析, 二者之间的界面变形协调性及不可贯入性引入接触分析进行考虑。数值结果表明:在工作压力下, 容器复

合材料层纵向应变均为拉应变, 环向存在部分压应变, 内衬层发生塑性变形; 卸载后, 容器的复合材料层处在拉应力

状态, 内衬层处在压应力状态。在此基础上, 利用容器的简化模型, 根据内衬层最大变形点荷载位移曲线实现了容器

内衬层局部屈曲模拟。容器水压应变测试和内衬局部屈曲观测结果与数值模拟结果吻合较好, 验证了本文中分析的

可靠性。 
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Structure analysis of composite pressure vessel with ultra---thin metallic liner

(1. Center for Composite Materials and Structures, Harbin Institute of Technology, Harbin 150001, 
China|  
2. Shenzhen Graduate School, Harbin Institute of Technology, Shenzhen 518000, China) 

Abstract: 

The structure of composite pressure vessels with ultra-thin metallic liner was analyzed using the finite 
element method. In the analysis process, the changes of ply angle and ply thickness along the radius of 
parallel circles were allowed for in the dome of the geometric model. The composite layer and the liner 
within the composite pressure vessel were analyzed with laminated plate theory and elastic-plasticity 
theory in the material model, respectively. Deformation compatibility and non-penetration characteristic 
between composite layer and liner were considered by introducing contact analysis. The numerical 
results show that in the work pressure, tension strain is in all the longitudinal direction and compressive 
strain exists partly in the hoop direction in the dome of the vessel. And plastic deformation occurrs in the 
liner within composite pressure vessel. After unloading, tension stress exists in composite layer and 
compressive stress develops in the liner of the vessel. Based on the loaddisplacement curve of maximal 
displacement point in the liner, buckling deformation of the liner was simulated using a simplified model 
of the vessel. The experimental data and observed result are in good agreement with the calculated 
results, which confirms the reliability of the calculated results in this paper.
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