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Effect of laser shot peening on high temperature
property of Ti-6Al-4V titanium alloy

YANG Tao, ZHOU Wangfan, YANG Jinde, HOU Lihua, REN Xudong
( Department of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: In order to study effect of laser shock peening( LSP) on residual stress, micro-hardness and metallographic
structure evolution of Ti-6Al-4V titanium alloy at different temperatures, Ti-6Al-4V alloy samples were treated by LSP using high
power and short pulse Nd: YAG laser and then were annealed at the temperatures of 400°C ,500°C ,550°C and 600°C for 1h
respectively. Residual stress was measured by X-ray diffraction (XRD) method and metallographic structures were characterized
by scanning electron microscopy (SEM) and transmission electron microscope (TEM). The correlations between strengthening
effect and grain size, dislocation were studied based on microstructure observations. The results indicate that high amplitude of
residual compressive stress is induced on the surface via laser shock peening and micro-hardness is increased significantly. After
the 1h preheating of 550°C , the effect depth of residual stress is about 100pm. After the 1h preheating of 400°C and 600°C,
micro-hardness on the specimen surface declines 8. 3HV and 20. 1HV respectively. After heat processing, grain size has an
increasing trend in general. LSP can effectively improve mechanical property of Ti-6Al-4V titanium alloy at different
temperatures.
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Tablel  Parameters of laser shot peening technology

pulse spot laser pulse laser laser
energy/ diameter/ width/ frequency/  wavelength/
J mm ns Hz nm
8 3 10 1 1064

Fig. 1 Spot path and sample of laser shot peening
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Fig.2 Residual stress distribution vs. distance with LSP at different tem-

peratures
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Fig.3 Micro-hardness distribution vs. depth without and with LSP at at di-

fferent temperatures
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Fig.4 Dislocation configuration of Ti-6Al4V before LSP and after LSP
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Dislocation configuration of Ti-6A14V with LSP at different high

temperatures

Micro-structures of the specimen with LSP at different temperatures

500°C 15k T R P9 , 10RE 1 L AR SUR S A AR TR, 24
PR K F 550°C ~ 600°C 715 [l A I, bR Fr) BB i 41 41
TS0k e TR AE A, BRI A R AL B
T L 725 B AR BRI R RO RS R T R 2 R RE R,
(75 0 LT 2 5 HEA T4 B GBS , A L 7 e F Bl 2 /)
9 Rz, ARORLEL F AR D, RS8R, A 6 [ 6d BT
TR BEAN, T BAAL FRUR T A R, I R AE A F Ti-6AL-
AV R4 B RIS SRS DR T 3 95 A 1 A
(7R L BRI, SRR ST TE 400°C ~ 600°C 1 Bl A
BRI H, AT U, WORRULRLL T R
2 2 ROV U554 , I S0 1 i RE ) 3 2 RS

3 4 #

Xt Ti-6 ALV R G AT 1 OB AAS R i B
I AERAE B DB AR I T 3 A SO JEE ROV 2R 5
AT IR T HOEBOLXT Ti-6 A4V Bk 5 4 5 AL AL
.

(1) BOLBUILE P& 1 Ti-0A4V SR & SR
SRARNE ), HAEA IR T 22 A LA [RIREE B9 L 7 A%
b

(2) BOLmUILal LUA 2 = Ti-0Al4V BRE &
TRV RS, Ho a3 B s AssCRIC o e . s iR R B,
PEAE RS 4 R AR T A SR AL ; el B B
W o7 i s BE Y I S AR I R, i R R BE R A T
8

(3) BWOLBUILEYE 3 @ i A4 0F F Ti-6Al4V £k
B AR O B R BN o HOERUIL X IR R
FEAE R AL , B IR T et B AL
PLERYEES LA 2 RS, dioh RO B AR 2 B R
Hag, DA AT LB R RO A BE i B v el 4%
TFT Ti-6 ALAV B4 K A 1 A8 st S SOV st 2 78 1
LR

2 % X #

[1] PRAMANIK A. Problems and solutions in machining of titanium al-
loys [ J]. The International Journal of Advanced Manufacturing Tech-
nology, 2014, 70(5/8) : 919-928.

[2] HACKELL A, CHEN H L. Laser peening-A processing tool to
strengthen metals or alloys to improve fatigue lifetime and retard
stress-induced corrosion cracking [ R]. Berlin, Germany: Springer-
Verlag, 2003 : 9.

[3] ARMENDIA M, OSBORNE P, GARAY A, et al. Influence of heat
treatment on the machinability of titanium alloys [ J]. Materials and
Manufacturing Processes, 2012, 27(27) ; 457461.

[4] WANG C, SHEN X J, AN Z B, et al. Effects of laser shock process-
ing on microstructure and mechanical properties of K403 nickel-alloy
[J]. Materials and Design, 2016,89 ;:582-588.

[5] LUJZ, LUOKY, DALF Z, et al. Effects of multiple laser shock

processing ( LSP) impacts on mechanical properties and wear behav-



530

L - S

2017 47

[7]

[8]

(9]

[10]

(1]

iors of AISI 8620 steel [ J]. Materials Science and Engineering,
2012, A536(3): 57-63.
MONTROSS C S, YE L. Laser shock processing and its effects on mi-
crostructure and properties of metal alloys: a review[ J]. International
Journal of Fatigue, 2002, 24(10) : 1021-1036.
REN X D, ZHOU W F, LIU F F, et al. Microstructure evolution and
grain refinement of Ti-6Al14V alloy by laser shock processing [ J].
Applied Surface Science, 2016,363 :44-49.
ZHOU Z, BHAMARE S, RAMAKRRISHNAN G, et al. Thermalre-
laxation of residual stressin laser shock peened Ti-6A14V alloy[J].
Surface & Coatings Technology, 2012, 206(22) . 4619-4627.
ZHANG Y K, HU C L, CAI L, et al. Mechanism of improvement on
fatigue life of metal by laser-excited shock waves[ J]. Applied Phys-
ics, 2001, A72(1).113-116.
HOU L H, REN X D, ZHOU W F, et al. Change of surface integri-
ty of Ti-6Al4V titanium alloy by laser shock processing at middle
and high temperatures [ J]. Lasers Technology, 2016, 40(2) ; 288-
291 (in Chinese).
LUOKY, LUJZ, WANG Q W, et al. Residual stress distribution

[12]

[13]

[14]

[15]

[16]

of Ti-6Al14V alloy under different ns-LSP processing parameters
[J]. Applied Surface Science, 2013, 285(19) : 607-615.

REN X D, RUAN L, HUANGFU Y Z, et al. Experimental research
of laser shock processing 6061-T651 aluminum alloy during elevated
temperature [ J]. Chinese Journal of Lasers, 2012, 39 (3) . 108-
111 (in Chinese).

XIONG Ch, LI Z F, WANG X D. Thermal stability of microstruc-
ture of laser shock processed TC11 titanium alloys[ J]. Journal of
Plasticity Engineering, 2013, 20(3) : 116-120(in Chinese).
NIKITIN I, SCHOLTES B, MAIER H J, et al. High temperature fa-
tigue behavior and residual stress stability of laser-shock peened and
deep rolled austenitic steel aisi 304 J]. Scripta Materialia, 2004,
50(10) : 1345-1350.

LIU Y, ZHU J Ch, YIN Z D. Phase particle coarsening dynamics
and pattern change in Ti-6A14V alloy [J].
als, 2002, 27(2) : 23-25 (in Chinese).
JIAW J, LIUH T, ZHAO H Zh, et al. Thermal stability of near
titanium alloy by laser shock process [ J]. Hot Working Technology,
2014, 43(16) : 112-114 (in Chinese).

Heat Treatment of Met-



