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A Numerical Simulation Study on Residual Stress Distribution in Laser Shock Peening of

Aviation Gear
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[ABSTRACT] Studied the numerical simulation calculation of laser shock peening of the tooth root of high-strength
aerospace gears, the numerical calculation method of laser shock peening pressure was proposed, and the finite element
model of laser shock peening of single tooth of aviation gear considering the angle of laser incidence was established.
The average value of the residual stress in the width direction at the tooth root was —603.97 MPa calculated by simulation,
which was 0.15% different from the average value of the residual stress in the width direction at the tooth root of the gear
measured by experiments. Systematic studies were further conducted to investigate the effects of key parameters such as
the laser pulse energy, overlap rate and spot radius on the residual stress at the surface and subsurface of the gear tooth root
region. The result shows that the average residual compressive stress in the tooth width direction is greater than that in the
tooth profile direction at the same depth layer. Increasing the laser pulse energy or the overlap rate can increase the average
surface layer residual compressive stress, however, increasing the laser spot radius will reduce the surface layer residual
compressive stress average. Increasing the laser overlap rate can effectively reduce the stress fluctuations in the residual
stress distribution on the surface, however, an excessively high overlap rate will greatly reduce the efficiency of the laser
shock peening process and the actual overlap rate should not exceed 0.8.
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Fig.1 Schematic diagram of gear laser shock peening process
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Fig.3 Schematic diagram of residual stress measuring positions at
the tooth surface
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Fig.4 Probe focus measurement
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Table 3 Measured values of initial residual stress at the tooth
root of the gear
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Fig.5 Pressure—time history of the laser shock peening
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Fig.6 Finite element model of laser shock peening at tooth root
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Table 4 Comparison of calculated and measured values of surface
residual stress in the tooth width direction

A 0 D5 FEAE /MPa | SI%HE /MPa | HH22 /%
3 mm -601.93 -584.86 2.92
7 mm ~605.23 ~608.92 0.61
11 mm ~605.52 —615.41 1.61
RIZFRAN S HIE —603.97 —603.07 0.15
200
15 B
ofF o SR
£
= 00}
2
& —400F
&
—600
MO T 6 8 10 12 14

18 i T S /mmy
8 WEHRFREEA KRR N5 %S SNEE

Fig.8 Comparison of residual stress distribution curve in the tooth
width direction of tooth width path with measured data
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Fig.9 Distribution curve of average residual stress at the

path of tooth root layer
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Fig.10 Residual stress distribution in S22 direction under different laser shock energy
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Table 5 Laser shock peening process test table

T | WOLRKPRER: I R /R | BOBRBEEAE /mm
1 2 0.5/3 1.1
2 3 0.5/3 1.1
3 4 0.5/3 1.1
4 5 0.5/3 11
5 6 0.5/3 1.1
6 7 0.5/3 L1
7 8 0.5/3 11
8 5 0.3/3 1.1
9 5 0.4/3 1.1
10 5 0.6/4 1.1
11 5 0.7/4 1.1
12 5 0.8/6 11
13 5 0.9/11 1.1
14 5 0.5/3 0.9
15 5 0.5/3 1.0
16 5 0.5/3 12
17 5 0.5/3 1.3
18 5 0.5/3 1.4
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Fig.11 Residual stress distribution curve for different pulse energies
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Fig.12 Average residual stress at the tooth root surface layer and
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the residual compressive stress layer depth with different energy
in the tooth width and tooth profile directions
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Fig.13 Distribution of residual stress in S22 direction with different lap rates
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Fig.14 Residual stress distribution curve for different lap ratios
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compressive stress layer depth with different overlap rates in
tooth width and tooth profile directions
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Fig.16 Residual stress distribution in S22 direction with different spot radii
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compressive stress layer depth with different spot radii in
tooth width and tooth profile directions
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