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Effect of Laser Shock Strengthening on Fatigue Behaviors of
2A02 Aluminum Alloy

Luo Xinmin' Zhang Jingwen' Zhao Guangzhi’ Ren Xudong® Zhang Yongkang®
(1 School of Material Science and Engineering ., Jiangsu University, Zhenjiang . Jiangsu 212013, China)

2 School of Mechanical Engineering , Jiangsu University, Zhenjiang, Jiangsu 212013, China

Abstract The aluminum alloy 2A02 coated with ethyl-silicate black paint was laser shocked using the laser setup
with the 1.054 um output wavelength and the 20 ns short pulse, then the fatigue experiment was carried out. The
effect of laser shock processing upon the fatigue behavior of the aluminum 2A02 was analyzed via the comparison of
microstructures, hardness and fatigue life of the material before and after the shock. The experiment results
indicated that the residual compressive stress of the laser-shocked test material can reach 120 MPa above, and the
strengthened depth can reach 1.5 mm, which makes the fatigue life of the material be increased 1.835 ~
2.882 times, comparing to that non-laser-shocked. The scanning electronic microscope (SEM) analysis of the fatigue
fracture morphology revealed that the fatigue fracture consists of fatigue crack’s initiation. fatigue crack propagation
zone and final rupture. and the fatigue crack initiation on the laser-shocked specimen moves towards the inner layer
of laser-hardened surface. The residual compressive stress effectively postpones the initiation of the fatigue cracks.,
slow-downs the propaganda rate of the cracks, and the cyclic hardening inhabits or reduces the secondary cracks to
emerge. therefore the fatigue life of the laser shocked aluminum 2A02 can be remarkably increased.

Key words laser technique; laser shock strengthening; aluminum alloy; low-cycle fatigue test; fatigue fracture
analysis
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Table 1 Nominal chemical composition of 2A02

(mass fraction, %)

Material Cu Mg Mn Al
2A02 2.6~3.0 2.0~2.4 0.4~0.7 Bal.
F 2 2A02 i EA 4N S EfE
Table 2 Mechanical properties of 2A02

Material co.»/ MPa o,/ MPa S/ %
2A02 326 455 15.7
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Fig.1 Sketch drawing of specimen for fatigue test
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Fig. 2 Section morphology of 2A02 after laser shocked

3.2 REWE

2A02 iz BR A 4 BRI B8 BE(E 135 HV /2
A oAk G F T AL R BE RS DL AN IE 3 B . WL
B 2 LB PR B R 15 HVZE A7 BB TR JBE 1) 384 T o8 ¥
I, BEALZIREE N L. 5 mmZc Ay, 558 W5 AL s Ak 1Y
2~5 4% B RE B T UIT 15 BE 1 15 BB R
2RO i SR A IS 2 T R Y B s A CRIR B AL
J2 73 A1 Ul WO b i A A R T R R R B 2 TR

ap[10,11
l:«[ ]0

H
3.3 BENA

SOt b R AR S R 2 T Bk AR N ) 4 A
SLANTE 4 FR . A LR B, 5% AR I 7 % S5 50 44 R
S AU, 3 R IAE R I L 40 1 e s Ak DX i R L )
A A3 o B AR He N 7 (A AE AT LA S0 o



12 39 BE R A WOt AL 2A02 B & B 57 AT 8 AR 3325

150

Hardness /HV
—
'S
S
I

130 1 I 1 1
0 0.5 1.0 15 2.0 2.5 3.0

Depth from surface /mm

&3 WOt vhdi s Ak 5 2% 0 AE BE 9T R BT U7 1] 14 4 A
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Table 3 Fatigue test results

Sample Cycle index Fatigue life in logarithm
1 12265 4. 0886
2 11035 4.0427
3 10258 4.0110
4 13445 4.1285
L1 27658 4. 4418
L2 26538 4.4238
L3 27025 4, 4317
L4 26320 4. 4202
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Fig. 5 Morphology of the fatigue fracture of 2A02
(a) non-laser-shocked; (b) laser-shocked
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Fig. 6 SEM photos at the beginning of stage [| in fatigue

crack propagation zone. (a) fatigue striations of
non-laser-shocked sample; (b) fatigue striations
of laser-shocked sample
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crack propagation zone. (a) fatigue striations of
non-laser-shocked sample; (b) fatigue striations
of laser-shocked sample
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Fig. 8 SEM photos of final rupture

(a) non-laser-shocked sample; (b) laser-shocked sample
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Fig. 1 The output power of the 1319 nm laser
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