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Investigation of Technical and Strengthening Mechanism
Research of TiAl Alloy by Laser Shock Peening

Lu Ying Zhao Jibin Qiao Hongchao

(Shenyang Institute of Automation , Chinese Academy of Sciences., Shenyang. Liaoning 110176, China)

Abstract We have studied the effect of TiAl alloy shocked by the laser shock processing (LSP). When the high
amplitude shock waves introduced by high energy laser exceed its dynamic yield strength, the mechanical deformation
will occur in the shocked material, which will achieve the aim of surface strengthening. By changing the energy of
laser and peening times, we get the results of surface roughness and micro-hardness of the work-piece. The results
show that with the improvement of peening times and laser energy, the surface roughness and micro-hardness are
increased. The microscopic mechanism of peened materials is also investigated in this paper. Compared with un-
peened ones, it can be seen that the laser shock peening can effectively improve surface of the dislocation density.
When an obstruction impedes dislocation lines (DLs) motion, which will form dislocation tangles (DTs).
Accumulation of dislocations is hampered by grain boundary, and forms dislocation walls ( DDWs). The
transformation of DTs and DDWs into sub-grain boundaries can prepare for grain refinement. The analysis of the
mechanism is introduced by laser shock processing, which reveales that dislocation density is the essence of material
surface mechanical properties.
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Table 1 Power density with different energies

Parameter Value

Laser energy /] 2 4 6

Power density /(J/m? » ns) 0.0455 0.091 0.1365
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Table 2 Process parameters of laser shock processing

Process Laser energy Times
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Fig. 1 Sample photos of peened specimen
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Table 3 Microhardness of different process parameters
1 2 3 4 5 Average Amplification
Unpeened 291.3 296. 6 294.3 298.6 290.1 292.4 0.0%
Once 301.6 309. 4 306. 3 302.8 301. 2 302 3.3%
2] Twice 322.3 325.8 318.4 316.3 320.2 321.3 9.9%
Fourth 343.5 347.4 348.1 340. 8 332.7 344.7 17.9%
Once 356.7 355.6 355.9 356. 4 355.3 356.1 21.8%
4] Twice 365.4 363.9 365.7 366. 2 367.3 365.7 25.1%
Fourth 361.3 372.7 369. 8 369. 2 373.2 371.5 24.5%
Once 370. 6 369. 4 368. 2 371.6 370.6 370. 2 26.5%
5] Twice 380. 2 377.5 375.9 381.4 377.8 379.3 29.7%
Fourth 385.7 390.1 383.5 384.2 387.3 382.0 30.8%
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Fig. 2 Micro-hardness change with different process parameters. (a) Influence of laser energy on micro-hardness;

(b) influence of shock times on micro-hardness
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Table 4  Surface roughness along with the change of energy

1 2 3 Average Amplification
Unpeened 0.038 0. 050 0.042 0.043 0.0%
2] 0.188 0.104 0.143 0. 145 237.2%
4] 0. 257 0.274 0.255 0.263 510. 1%
6] 0. 369 0. 360 0.374 0.368 756.5%
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Fig. 3 Bright field image of specimen dislocation

organization unpeened
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Fig. 4 Bright field image of specimen dislocation organization peened. (a) Dislocations tangles; (b) dislocations

walls; (¢), (d) twin crystal
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