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Study of the surface qualities of laser shock-processing

zones using an artificial neural network

Yu Zilan, Gao Chuanyu, Zeng Danyong, Yang Jichang, Zhang Yongkang

(College of Mechanical Engineering, Jiangsu University of Science and Technolohy, Zhenjiang, 212013)

Abstract A lot of experiments have shown that there is an obvious relation between surface

qualities of specimen after laser shock processing( LSP) and its fatigue life. Consequently, the LSP effects

can be evaluated by surface qualities in LSP areas. In this paper, an artificial neural network(ANN) is

utilized to study the surface qualities of specimen after LSP. Based on the data obtained in the

experiment, an ANN is established. The trained ANN could acquire t he relations between surface qualities

and laser parmeters. From the verification of aluminium alloy 2024-T62, it is proved that the neural

network can successfully predict the surface quality grades of specimen after LSP, and easily determine

the laser parameters under different production conditions. The research and experimental results show

that the ANN has not only the accuracy and good stability, but also the intelligent improving control

ability during process.
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Table 1 Laser shocking param eters, increase of fatigue life and surface quality grade
specimen No. 1 2 3 4 5 6 7 8 9 10
7.6 7 0.8 81 123  IL3 8 88 137 113
energy(J) 7 143 88 8 7.3 10.8 8 18.9  10.4 9.2
pulse duration( ns) 13 13 13 13 13 13 18 30 30 30
diameter(mm) 10 10 10 10 10 10 6 7 7 7

126.4  59.8 131. 1 115 88.3 - 195 2726 5831 331.5 467.6
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specimen No. 11 12 13 14 15 16 17 18 19 20
) 23.3 141 18.07 1875 16.44 16.85 16.31 16 44 17. 4 18. 35
ey 1565 151 1672 1807 19.03 1604 1563 1644 1699 19.16
pulse duration( ns) 30 30 30 30 30 30 30 30 30 30
diameter(mm) 7 7 7 7 7 7 7 7 7 7
increase of fatigue
) 367.9 269.6 872.7 8083 3032 7119 459 670.2 322.7 237.1
life( %)
A A A A A A A A
suface quality grade
A A A A A A A A
specimen No. 21 2 23 24 25 26 27 28 29 30
20. 2 14 19. 71 17.5 16. 8 9.1 11. 3 15.4 18.34 254
energy(J)
81 18. 1 19. 30 16. 7 16 5.29 13. 1 10 17 17
pulse duration( ns) 30 30 30 30 30 50 50 50 50 50
diameter(mm ) 7 7 7 7 7 5 5 5 6 6
increase of fatigue
218.3 645.3 754.6 871.5 739.4 11.73  37.7 42 11.28  63.95
life (%)
B A A A A B B B B B
suface guality grade
A A A A A B B B B B
specimen No. 31 2 33 34 35 36 37 38 39 40
18.2 26 22.5 16.7 16. 1 28.3 28. 8 34.5 37.9 36.4
energy(J)
13.2 27.2 15. 07 18.2 24.6 26. 3 19. 1 32.4 34. 4 34.1
pulse duration( ns) 50 50 50 50 50 50 50 50 50 50
diameter(mm) 6 6 6 6 9 10 10 10 9 9
increase of fatigue
. 48.63  60.2 50.36 247.28 887 70.7 587 -42 -717.3 5.1
life( %)
B B B A B B B C C C
suface quality grade
B B B A B B B C C C
specimen No. 41 2 43 44 45 46 47 48 49 50
32.9 32.8 32.6 30.5 25. 4 26 28 25.8 31.2 23.3
energy(J)
20 27.9 29. 8 6. 1 20. 4 28. 6 28 27.3 20. 1 26. 5
pulse duration( ns) 50 50 50 50 40 40 40 40 40 40
diameter(mm ) 9 9 9 9 7 7 7 7 7 7
increase of fatigue
. 7.0 10 3009 -69 -17.3 -302 -167 -265 -40 -52.3
life( %)
. . C (o C C D D D D D D
suface quality grade
B B B B D D D D D D
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Fig. 1

Model of the neural network

architecture
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Fig. 3 Chssifying scheme of the neural network
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Fig.2 Training scheme of the neural network
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Table 2 Experimental result and ANN output of surface quality grade for different laser parameters
laser shocking parameters surface qulity grade
specimen
No energy pulse duration diameter ANN experimental
(J) (ns) (mm) output result
1 9.73 18. 4 30 40 7 7 A(4) D(1.17) A D
# 1 9.73 8.46 30 18 7 6 A(4) A(3. 84) A A
* ] 9.73 9.05 30 18 7 6 A(4) A(3.92) A A
2 25.6 12. 15 30 30 7 7 B(3. 10) A(4) B A
# 2 19 12. 15 30 30 7 7 A(4) A(4) A A
3 33.6 14. 4 50 30 9 17 C(1.92)  A(3.96) (o A
#3 16.7 14. 4 30 30 77 A(3.96  A(3.96) A A
4 23.1 17.35 50 50 9 9 B(3.11) B(3.15) B B
5 7.1 16. 32 13 30 10 7 A(3.97)  A(3.95) A A
4
2 2 2
2 2
2 2 2
2
1 Fairand B P, Wilcox B A, Gallagher W J et al.] A P, 1972;43(9)
2 R s et al. (E ),1997;27(1):28~ 34
3 , 1995
4 , 1997; A24: 467~ 471
5 . , 1997
6 Fairand B P, Clauer A H. SPIE, 1976; 86
7 Zhang Y K,Zhang Sh'Y, Yang J Ch et al. Surface and Coatings Technology, 1997; 92: 104~ 109
8 , . 1996
, ,1968 9
:1999-11+01 :2000-05-06
) f;ﬁ iﬂ_‘o
LD Nd YAG 40W
(RE63-2C2-CA+0021 )
Nd YAG , f6.35mm x 146mm, 5 YAG ,
0.2C~0.5C . 21A  YAG (1064nm)
402W Q  (27MHz) KTP : ( L
), 13.7A  , 532mm A1W(f = 5~ 40kHz, 70~ 250ns)
KTP ,
, Z 20~ 21A 80~ 100W
(2 5 H43)



