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ABSTRACT: This work aims to investigate the influence of laser shock peening on the vibration performance of the 2024
aluminum alloy blade and to find the optimal shock parameters. The Johnson-Cook model was used to simulate the selective

laser shock peening process. The residual stress field and gradient density generated in the laser shock peening process of 2024
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aluminum alloy were imported into the finite element simulation to analyze the vibration response. The effect of laser shock

peening on the vibration characteristics was quantified, and the influence of laser shock parameters on the vibration response

was studied. The residual compressive stress field generated by laser shock peening is distributed in a nonuniform way on the

surface that it only exists in the impact area, while the residual tensile stress exists in the regions out of the impact area. The

maximum residual compressive stress is 273.5 MPa. Selecting the sixth vibration mode as the target mode, the finite element

simulation matches the vibration test well at the same laser shock peening condition. The contribution of the residual stress is

larger than gradient mass density on the change of the frequency and amplitude of the sixth vibration mode. By manipulating the

laser shock peening parameters, the most significant improvement of vibration characteristics can be obtained when a larger

circular laser spot with larger peak pressure is applied in the middle of the model; the most appropriate laser shock peening

parameters can reduce the frequency of vibration by 118.87 Hz, the amplitude can be reduced by 94.37%.

KEY WORDS: 2024 aluminum alloy; laser shock peening; vibration performance; residual stress field; gradient density structure
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Fig.1 Schematic diagram of laser shock peening (LSP)
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Fig.2 Vibration experiment of 2024 aluminum alloy blade: (a) experimental specimen with a diamond shape, (b) specimen size
and laser shock area, (c) vibration test device
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Fig.4 Amplitude ratio-frequency response curve of (a) untreated specimen and (b) LSP treated specimen
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Tab.1 Effect of L SP on resonance frequency

Resonant frequencies of various vibration modes/Hz

Sample type - - ; -
First mode Second mode Third mode Fourth mode Fifth mode Sixth mode Seventh mode
Unreinforced sample 29.29 34.51 77.21 198.1 524.9 892.8 1009
Reinforced sample 28.72 34.59 77.21 196.1 536.6 819.5 1011

Variation -0.57 0.08 0 -2 11.7 -73.3 2
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Tab.2 Effect of LSP on amplituderatio

Amplitude ratio of various vibration modes

Sample type

First mode  Second mode Third mode Fourth mode  Fifth mode Sixth mode Seventh mode
Unreinforced sample 46.59 48.87 20.32 92.46 87.3 36.66 52.35
Reinforced sample 45.73 48.2 18.01 105.1 42.95 4.458 57.82
Variation -1.85% -1.37% -11.37% 13.67% -50.80% —87.84% 10.45%
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UL

Bl 7 & JCREICH A BROCEE Y

Fig.7 Finite element model with infinite elements




- 352 - * wm #H R

2022 41 A

¥ HI Lanczos IEBAUIR SIS I 1A RLAVET 8 B
PRAL . 2 RO i R A ) BE AN K 5 A R Y
FIEPERE AR AL, K o DX S o0 A AU T R By ) gk
FT3J2 X PN 7 A= 2 ThT 40 oK A 1) 788 18 ' o 2
BT BLURSHUNER 3 FiR o ABBIEOE b ik
XHALFIRE RS0, TR 25, IRAFARAS
PR, RS B THERS T 2 1F 52 A R A8 A | WRAEL R
1000 N B3 A, 24T H Am P 2L 1A 503 B 3 f) 1
(A%

*3 HANHEREBEESHNHELE
Tab.3 Gradient distribution of density along the L SP depth

Depth/mm 0.10 0.22 0.36 0.53 0.73 0.73~1.00
Density/(g-em™) 3.09 2.97 2.87 2.81 2.79 2.77
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Tab.4 Material parameters of 2024 aluminum alloy

Density/(g-cm™)  Young modulus/GPa Poisson’s ratio

A/MPa

[22]

B/MPa c n é,/s"  Damping ratio

2.77 73.1 0.33

684 0.0083 0.73 1 0.01832
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Tab.5 Different laser shock peening proceduresin simulation

Case Position Spot shape Spot size/mm pressslli;)ef/ll(\/lPa
1 Up Circle d=2.2 3308
2 Middle Circle d=2.2 3308
3 Right Circle d=2.2 3308
4 Bottom Circle d=2.2 3308
5 Middle Circle d=3.3 3308
6 Middle Square 1=1.95 3308
7 Middle Circle d=2.2 3699

K8 ANal it i B B E
Fig.8 Different laser shock position: upper, middle, right, bottom
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Tab.6 The vibration analysis results of the sixth mode in various working conditions

Frequency variation/Hz Percentage change in amplitude/%

Case Frequency/Hz
Unreinforced 884.31
Only consider the gradient density structure 859.46
Only consider the residual stress field 819.92
2.2C Up (10.52 GW/cm?) 869.16
2.2C Middle (10.52 GW/cm?) 816.91
2.2C Right (10.52 GW/cm?) 868.48
2.2C Bottom (10.52 GW/cm?) 864.02
3.3C Middle (10.52 GW/cm?) 765.44
S Middle (10.52 GW/cm?) 818.58
2.2C Middle (13.15 GW/em?) 810.82

—24.85 0.71
—64.39 61.05
—-15.15 22.16
—67.40 62.49
-15.83 33.72
-20.29 14.69
—-118.87 94.37
—65.73 57.35
—73.49 68.59
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