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Shot Peening Numerical Simulation and Path Planning of TC4 Titanium Alloy Blade

SUN Hui
(Changchun Polytechnic, Changchun 130000)

[ABSTRACT] Aiming at the problem that TC4 titanium alloy blade is easy to deform due to residual stress in shot
peening process, numerical analysis and experimental study on shot peening process of titanium alloy blade were carried
out. Firstly, the shot peening parameters of blade are determined. The corresponding relationship between shot peening
speed and residual stress is found by shot peening simulation of single shot. The residual stress generated in shot peening
process is compared by numerical simulation and actual detection, so as to determine the parameters such as shot peening
speed. Then, in order to study the influence of different shot peening sequence on blade deformation, three shot peening
path technologies are designed to realize the planning of blade shot peening path, and the reliability of the planning path
is verified by experiments. The simulation and experimental results show that the deformation of the blade is mainly
along the Y—direction after shot peening, and the deformation trend of the blade is from the inner arc side to the back arc
side. The deformation degree of the blade varies with different shot peening paths. When the “back arc inner arc” shot
peening method is adopted, the deformation in the Y—direction is the smallest, and the minimum value is 0.182mm. The
deformation of blade is different with different shot peening paths. Finding an appropriate shot peening path can effectively
reduce the blade’ s shot peening deformation. Based on the simulation and shot peening path planning, a certain amount
of pre-compensation is given in the machining process to make the blade reach the predetermined shape after shot peening
deformation.
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Tab.1 J-C model parameters of TC4 titanium alloy
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Fig.1 Finite element model of multiple shots
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Table 2 Components of TC4 alloy blade (mass fraction) %
I N

Al Y% Fe C

5.5-6.8 3.5-4.5 0.3~0.4 <0.10
N 0 H FHoAth

<0.05 <0.20 <0.015 <0.40

025 Fitted curve
o points
g 0.20 /v # Corrected gage
< 0.15F date points
=
= = Almen saturation
% 0.10 point
< 0.05 — Fitted curve
L L L 1 — Specification
0 2 4 6 8 values

Peening time/s

B3 tafnphsk

Fig.3 Saturation intensity curve

mm

300um
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Fig.4 Surface spectrum of blade after shot peening
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Table 3 Elements of blade surface after shot peening (mass fraction)
%
' ' | | |

TR C Al Ti v Fe
1 1.14 5.89 89.28 3.69 —
2 — 6.07 89.92 4.01 —
3 2.14 5.77 88.38 3.43 0.28
4 — 5.98 90.52 3.50 —
5 — 6.13 90.49 3.38 —
K 2.14 6.13 90.52 4.01 0.28
e/l 1.14 5.77 88.38 3.38 0.28

Imm
[

5 TC4 M RBULEMH FRERDS
Fig.5 Blade surface after shot peening
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Fig.7 Residual stress result
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Table 4 Deformation results of different paths
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