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Numerical Simulation of Dynamic Response of Round Rod Subjected
to Laser Shocking

Zhang Xingquan Zhang Yan Duan Shiwei Huang Zhilai Feng Jianyou Wang Biao
School of Mechanical Engineering, Anhui University of Technology, Maanshan, Anhui 243032, China

Abstract The dynamic response of 2024 aluminum alloy round rod subjected to laser shocking is investigated by
ABAQUS numerical simulation software. The attenuation characteristics of stress waves propagating along
longitudinal and transverse direction as a function of propagating distance are systematically investigated and the
effects of rod diameters on the attenuation of the peak of stress waves with propagating distance are also discussed.
The effects of rod diameters on residual stress field are analyzed. The results indicate that the peak values of stress
waves along longitudinal and transverse direction gradually decrease with increasing propagating distance, and the
phenomenon of wave diffusion appears with stress wave propagation. The peak values of the stress waves attenuate
fast first and then slow. With the diameter of round rod increasing, the residual stress field in the rod becomes more
uniform and regular, and the depth of residual compressive stress increases and gradually reaches saturation.
Key words laser optics; dynamic response; finite element method; round rod; residual stress field

OCIS codes 140.3390; 120.6650; 140.3430

1 5 5

PO 3R A B AR SR T AR AT e R 1 — SR A3 114 2 T SR AL B, B 2 A SR O TE A N 5 S R 1 7 %
NP B EAE IS B4R 2 RO AU BEAS 228 , (EAR BT 31 PR Bl AT 07 S5 M B B '
H AT AT OGS 00 I 730 70 bk v 08 £ 306 R M R R A3 17 1 S 09 43 A 64T T B 12 9. Braisted 557
i Peyre S5 CEBUE R bR Bobt 1 5 AR S SR 1 5 RS 40L 1 OG5l 149 107 7 98 78 T BR R 85 RE b v 1) % 16 Ry
PE o 8% SR A T 27 B A AR 1 A X OG I g I AR R AR B AR R R R HEAT TS . AR AR B AR
WFE T OGS 00 R 75 78 AR 0 P A D R o Singh 91 Kim S5V EE N7 T 7 4E RN = 2 AR R GO vh il 2
BHEAT O . KRR AEPBAL T A SRS TR OGS UM Z 0k it T BRI BR AV T3 5 03 A o X BERIESY
XF T IA PO o 5 Ak A ATL R RN B 43 7 7 B 43 A AR AR AR B A 55 L (ER H ATk S oY AR AR rh e S T AR A, X T

%5 B H#: 2015-04-10; Y 2 & 20 F5 B #: 2015-04-28

BEETIE: HE A RPHAIES (51175002) 2 B8 FARFE:HE 42 (0904 14156) 22 B Tl £ BT 52 A= A1 7 BF 58 5 42 (2013058)

PEH B TR 2B(1970—), B, Fi1 308, WA R0, 32 B AR OG ol s o A5 5 A9 FSY . E-mail: zhxq@ahut.edu.cn

0903009-1



S I S
OGS B I ) AR AT A R R, LA BT B AT RS 0 3 A 7 g ) 52 o 6 AT 41
AL 2024-T3 534 4 RIFF A B84 5, 2R FH ABAQUS BUE B F 58 1 3R MO6 75 5 1 B ) I e [ A o
YT O 1) VR 1) (39 1 1 AR 1, 9 1 T AR 0T I g i WA o 2 5 B 9 09 2 0, 6F L AR BT T AT AR X B AR I T 5 7%
Aii B2 A SR BIE T 245 2L W] LA A 6 SO b i BRI

2 WO e A B

oG b SR A AN 1 TR . TR PR RN B I R R VRS R TR
B — R EY AR GRK B ) . 4w DR (G FU i ) VR bk i (4 A0 1 2 )i O 18 5 57 D A 29 R AR
TR T 2 THT A WIAC)Z I, WROSOJZ A R IBR () A L F )7 2 25 8 1 IR, 2 1 (R 4 8 WSO O e it O e
X AP 2 T 00 56 B SO I T 2 I D 9 A e T T T A Rk 0 2 e R R BIR I Rl 7 R I 1 A LR
o ) AR 3 e e AR AR R R R Y B — i TR A8 B SR AL Z AR SORL R AL B R R DR AR AR R
IS 73 35 BOFE JR, DT 418 0 A 09 0 DB 450 BT MR o AT 55 1R BE

water curtain black paint  stress wave

high pressure
plasma

laser beam

\Work piece

P 1 O ek i A Jit ]

Fig.1 Schematic of laser shock peening
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Fig.2 Morphology of different diameters round rods treated by laser shocking
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Fig.4 Pressure—time history of laser shock wave
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Fig.5 Dynamic stress distribution contours at different time for the rod diameter with 5 mm
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Fig.7 Attenuation of dynamic stress waves peak values for different diameters rods
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