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1 Compressive Residual Stress

2 Shot Peening

3 Laser Shock Peening (LSP)

4 Finite Element Method (FEM)

5 XRD

6 Hole Drilling

7 Hopkinson Compression Rod

8 Scanning Electron Microscope (SEM)
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Abstract

One of the harmful phenomena in industrial parts is the formation of fatigue cracks. One
of the best ways to prevent these cracks from spreading is to create compressive
residual stress in the parts. The traditional process that is used for this work is the shot
peening process, which in addition to having suitable advantages, has some limitations.
The competing process that is used to create compressive residual stress is a new and
innovative process called laser shock peening. The purpose of this research is laser shock
treatment of Ti-6Al-4V alloy and finite element simulation of the process in order to
achieve the desired compressive residual stress with appropriate depth. Therefore for
this purpose, according to an experimental design, 1 to 3 laser shock operations were
performed with 50%, 60%, and 70% overlap of 9 samples of Ti-6Al-4V alloy. Then, X-ray
diffraction test was used to know the amount of surface residual stress created in the
samples, and Hole drilling test was used to determine its penetration depth. Also, in
order to accurately determine the material properties specific to Ti-6Al-4V alloy at high
strain rate, the Hopkinson compression bar test was used and the Johnson-Cook
constants were extracted experimentally. Next, in order to observe the state of the
shocked samples, SEM imaging was done. The results of numerical and experimental
analysis showed that the maximum surface residual stress has reached -710 MPa and its
penetration depth has reached -1 mm, and the uniformity of the stress field in the
overlapping percentage of 60% was more than the other two percentages.

Keywords: Laser shock peening, finite element, Hopkinson rod test, Johnson Cook.



