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Study on residual stress distribution of TC17 titanium alloy
by one-side and two-side laser shock peening

DUAN Chenghong, ZHOU Junjing, PEI Yatian, LUO Xiangpeng
( Chemical Equipment Design Institute, College of Mechanical and Electrical Engineering, Beijing University of Chemical Tech-
nology, Beijing 100029, China)

Abstract: In order to study residual stress distribution characteristics of TC17 dual phase titanium alloy by one-side and
two-side laser shock peening(1.SP), numerical simulation was taken to analyze the residual stress distribution rules under one-
side and two-side LSP. The results show that after the stabilization of one-side impact, tensile stress is generated on the opposite
surface of the impact and compressive stress is generated on the impact surface. For two-side simultaneous LSP, part of the
residual compressive stress is used to offset the tensile stress, and the superposition and weakening of the stress wave leads to the
reduction of the residual stress level at the same time. The maximum residual stress in the x direction and y direction obtained by
one-side LSP is 336. 709 MPa and 337.011MPa, while it is 326. 401 MPa for two-side simultaneous LSP in both directions. One-
side LSP is unfavorable for suppressing the crack due to the caused tensile stress. The residual stress distribution on both sides of
the specimen is almost the same for two-side simultaneous LSP. The residual stress of the first impact surface is higher than that
of the second impact surface after two-side successive LSP. The influence of transverse propagation of shock wave on residual
stress should be considered for finite specimens. The result would be a certain guidance for study on residual stress distribution
rules by one-side and two-side LSP.
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Table 1  Chemical composition ( mass fraction) and content of TC17 titanium alloy

elemental mass percentage

Ti Al Zr
0.045 ~0.055 0.016 ~0.024

balance

0.035 ~0.045

Mo Cr Sn
0.035 ~0.045 0.016 ~0.024
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Fig. 1 Dimensions of tensile specimen

Fig.2 Tensile specimen
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Fig.3 WDW-100E electronic universal testing machine
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Table 2 J-C model parameters

density p/ elastic modulus

parameters (kg - m-?) Posson’ s ratio v E/MPa A/MPa B/MPa n m C melting point T, /C
value 4680 0.33 115813 1100 590 0.41 0.833 0.0152 1675
Table 3 Damping coefficients of compact-tension specimen with different thicknesses
thickness/mm 1.2 4 8 10 15
a 1971.952 1965.342 1955.802 1641.937 1297.485 847.011
B 4.47441 x1077 4.50093 x 107 4.52508 x 1077 5.37187 x 1077 6.79875 x 1077 10.4317 x 1077
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Fig.5 Finite element meshing model
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Fig.6 One-way S-shaped LSP path
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Fig.7 Constraint conditions of the model under different impact modes

a—two-side simultaneous impact b—one-side impact
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Fig. 8 Relationship between peak pressure and time of the shock wave
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Fig.9 Flow chart of finite element analysis
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Fig. 10  Stress wave structure of two-side simultaneous LSP
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Fig. 11  Stress wave structure of one-side and two-side simultaneous LSP
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Fig. 14  Analysis path of residual stress
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under one-side LSP
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Fig.20 Residual stress distribution of surface A and surface B on P}1 path
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