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基于SPH耦合有限元法的喷丸残余应力场数值模拟

刘飞宏,王建明*,余丰,张刚

山东大学机械工程学院, 山东 济南 250061

摘要： 

针对有限元方法不能有效模拟喷丸加工过程中大量弹丸反复冲击的现状,使用光滑粒子流体动力学法(smoothed 
particle hydrodynamics,SPH)耦合有限元法(finite element method, FEM)模拟喷丸强化过程。工件采用FEM建

模,弹丸采用SPH建模,通过接触算法实现SPH和FEM的耦合以模拟弹丸对工件的强化作用。提出弹丸流的材料模型,
分析了相关参数对工件残余压应力分布和能量利用率的影响。结果表明,随着弹丸打击次数的增加,工件表面残余压

应力分布逐渐趋于稳定;高覆盖率能有效改善工件表面残余压应力分布,低覆盖率则会降低喷丸效果;适当提高弹丸速

度虽然可以使残余应力层深度和最大残余压应力值增加,但会降低能量利用率。通过与相关实验数据的比较,验证了

仿真模型和结果的正确性。 
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Numerical simulation for compressive residual stress of shot-peening based on 
SPH coupled FEM

LIU Fei-hong, WANG Jian-ming*, YU Feng, ZHANG Gang 

School of Mechanical Engineering, Shandong University, Jinan 250061, China 

Abstract: 

In dealing with shot-peening simulation, FEM(finite element method)can not simulate a mass of shots 
impinging the target. To overcome the defect of FEM, the SPH (smoothed particle hydrodynamics) 
coupled FEM modeling for shot-peening was presented, in which the shots were modeled by SPH 
particles and the target material was modeled by FEM. The two parts interact through a contact 
algorithm. The material model for shot flow was established, and the relationships between compressive 
residual stress and peening frequencies, coverage, velocities were analyzed. Steady compressive 
residual stress can be obtained by repetitious peening, higher coverage can improve the distribution of 
compressive residual stress, higher velocities can induce higher and deeper residual stress in the target 
surface. The simulation results agree well with the experimental data.

Keywords: shot-peening   SPH coupled FEM   material model for shot flow   

收稿日期 2010-07-26 修回日期  网络版发布日期  

DOI: 

基金项目: 

山东省自然科学基金资助项目（Y2007A07） 

通讯作者: 王建明（1962-），男，湖北武汉人，教授，主要研究方向为计算力学、多体动力学、喷丸强化技术.E-

mail:wangjianming@sdu.edu.cn

作者简介: 刘飞宏（1985-），男，山东栖霞人，硕士研究生，主要研究方向为无网格法、喷丸强化技术.E-

mail:icefires2000@yahoo.com.cn 
作者Email: E-mail:wangjianming@sdu.edu.cn 

PDF Preview 

参考文献：

本刊中的类似文章



Copyright by 山东大学学报(工学版)


