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Effect of laser shock processing on microstructure and
properties of high-temperature titanium alloy

JIA Wei-ju, HONG Quan, ZHAO Heng-zhang

(Northwestern Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The near a titanium alloy Ti834 was shock-processed by the high intensity laser. The surface microstructures
of specimens were characterized and the micro-hardness was measured before and after shock processing. The
room-temperature tensile properties and the fatigue life of the alloy were tested. The fractographs of fatigue specimens
were observed by SEM. The results show that, after the laser shock processing (LSP), the dislocation density is enhanced
and the microstructure is refined in the surface layer of the alloy. The room-temperature tensile strength has a little
increase and the fatigue life increases by about 1—1.5 times. The characteristics of the fatigue fractographs are changed
after LSP. The fatigue crack initiates on the surface of the specimens without shock-processing, while the crack initiates
at the center of the specimens after LSP. It is believed that the formation of the hardened layer after laser shock
processing can delay the initiation and growth of the fatigue crack.
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Table 1 Chemical composition of Ti834 titanium alloy (mass

fraction, %)

Al Sn Zr Nb Mo Si C Ti

5.8 4.0 3.5 0.7 0.5 035 0.06 Bal

El1 Ti834 A& WwiR
Fig. 1 Microstructure of Ti834 alloy
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Table 2 Micro-hardness of Ti834 before and after LSP

Before LSP After LSP
No.
Ap B Op B
1 351 330 383 362
2 356 334 378 367
3 349 324 387 364
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Fig. 2 Microstructures of specimens before and after LSP: (a)
Surface morphology before LSP; (b) Surface morphology after
LSP; (c) Cross-section morphology of specimen after LSP

B3 ot Al E iR TEM U
Fig. 3 TEM micrographs of specimens: (a) Before LSP;
(b) After LSP
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Table 3 Tensile properties of Ti834 alloy before and after

LSP at room temperature

Condition Ry»/MPa R, /MPa Al% Z1%
Before LSP 863 998 16.0 36
After LSP 887 1008 15.0 35
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Table 4 Effect of LSP on fatigue life of Ti834 alloy

Condition Fatigue life/10°
Before LSP 3.286
Single LSP 3.291

Two LSP 4.782

MBI, Ti834 G4k o7 A K 1~1.5 fi%,
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Fig. 4 SEM fractographs of fatigue specimens without LSP: (a) Macroscopic image; (b), (c) Crack initiation region; (d) Crack

propagation region
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Fig. 5 SEM fractographs of fatigue specimens with LSP: (a) Macroscopic image; (b), (c) Crack initiation region; (d) Crack

propagation region
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