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Effect of Laser Shock Peening on Surface Integrity and Fatigue Property of Ti6Al4V Alloy
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Abstract: The effect of laser shock peening (LSP) on the surface integrity and four-point bending fatigue life of
Ti6 Al4V alloy was investigated. The surface integrity including residual stress, micro-hardness and micro-structure of
LSP region was characterized by scanning electron microscopy( SEM) , micro-hardness tester, X-ray diffraction( XRD)
instrument and transmission electron microscope( TEM ). The fatigue property was tested by MTS fatigue tester.
And the fatigue fracture was observed with SEM. The enhancement mechanism of the LSP was also investigated. The
results show that the predicted median value of the four-point bending fatigue life of the LSP specimens with the laser
power density of 15.9 GW/cm” is about 4.2 ~23. 5 times larger than that of the non-treated specimens. The fatigue
performance of the specimens increases with the increase of laser power density. The LSP shows higher fatigue life
improvement than shock peening(SP). Besides, it is found that a residual compressive stress field with the depth of
about 600 ~1 400 pm is formed after LSP. The micro-hardness of LSP region is increased by about 10% compared
with un-treated region. And the density of dislocation in the LSP treated sub-surface layer is also larger than that of
un-treated specimen.
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Table 1 Mechanical properties of Ti6Al4V alloy forging

Alloy R,/MPa  Ry,/MPa  A/%  7/%

Ti6Al4V 910 826 10 25
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Fig. 1 Geometry of the specimen for four-point bending

fatigue test
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Table 2 The four-point bending fatigue life of specimens treated

by different processing methods

Processing Noin N N,

-
methods /cycle /cycle /cycle

Un-treated  2.92 x10* 4.22 x10* 3.48 x10* —
LSP-1 2.35x10° 1.00x10° 4.12x10° 5.2~24.5
ISP-2  5.74x10* 9.15x10* 6.88 x10* 0.4 ~2.9

Sp 5.41 x10* 8.05x10* 6.26x10* 0.3~3.1
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Fig. 2 Fatigue fracture morphologies of specimens treated by different processing methods: (a)macro photo of the crack of Un-treated

specimen; (b)crack initiation sites of Un-treated specimen; ( c)fatigue striation of Un-treated specimen; (d)macro photo of the

crack of LSP-1 specimen; (e)crack initiation site of LSP-1 specimen; (f)fatigue striation of LSP-1 specimen
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Fig. 3 Vicker’ s micro-hardness profiles of the un-treated
region and adjacent laser-shock-peened region on the

surface of specimen
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Fig. 4  Bright-field TEM images at the depth of 0. 2 mm

below the specimens surface: (a) Un-treated

specimen; (b)LSP-1 specimen
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Fig. 5 Residual stress distribution along the distance from the

surface of specimens with different processing method

BRAY N T 53 A A A6 B /N B B B e 5, A8 ARV Ly
~100 ~ +90 MPa, XfF LSP-1 F1 LSP-2 ik, Fifi
Kot FHARERIRES, 435004 - 702 MPa FI - 690
MPa, {H LSP-1 3 FE 15k 43 T B ) JE B EE (24 1 400
pm) L6 LSP-2 KL (29 600 wm) K, LSP-1 i{#£HY
WOCT R KT LSP-2 iR, RIWMOC U R %
B, A BB AR I ) 2 R BRSOt S
ARy b R SRR B T GPa g, I HBEE O
B SR DNITRTE 3N <A U g S 38U
BRI, WA —E R R B RIE R, JF

HLIRBE BEF PO'C D) A8 JE B3 R oK, 7272 W
RIAE IR RSN N )Z . EABIFERY], TR/
O3 2 HE 53R R 55 A0 PR A i/ 1N 7 ke 11 e g 2 B
Y fesz g B, R s A N I e IS
— AR I HNINRLIN T3 8T, A A AR <5 TR 2 T A 10
TR, DN R 57 S0 L A7 o

SP WAL I Ak T3k A% TR I 7 4R (- 720
MPa) ,  HEIBO il 0 26 T A9 24 TR L ) I o 5
RRIRAREN AT R)Z (2920 pm 4b) , THOE
ity LSP-1 F1 LSP-2 1R Y Jie KA A TR N ) ¥ 06 T
I SPAURERY R AR SRR AL 2 220 um, 32/
T LPS-1 1 LSP-2 i0AE A SR AR 1 2 IR

3 & g

(D) FoLrpd AL KiR$Em T TiOAI4V 5 419 Y
SIS N 57 A o R 57 A AT G T R B Y
WA K, MWL) % A F] 15.9 GW/em’ i,
A {EY% 75 Hfir 2 Un-treated iRFE 1 5.2 ~24. 5 £5%,

(2) Un-treated 9% 55 2 SR IR T 3R AN % 22
JHREAL, ot s, 9% 55 IR 5k i,
BB RIZE, HIE57REY R X W55 50 T8
FER Un-treated A BTN, %597 2480 e B2 10
EFEK

) otk s, TIOA4V & 4 3% 1 W i
FEWEARE S, IR T B TR R AR R
JZ, T2 N BB Y 0 5 9% B 0 PR, X LAk
X TIOAIAV & 42 95 57 24 00 0 i AL Ay JR At 25 i 91
lEH

(4) P % JUME IR B Y 2 THI 3% 4 R W 0 LR
Stopi AL AT m, IO eh s AR T B AR AR
I ST )R BE (600 ~ 1 400 pm ) 376K B 5 LIS AUIE 1
IER AT N )2 TR BE (29 220 pum) o OGP s A AR
LU B 2 FUMS AL BT TR A9 55 F5 A 3 25 80R

&% 3k

[1] Montross C S, Wei T, Ye L, et al. Laser shock processing
and its effects on microstructure and properties of metal
alloys: a review[ J]. International Journal of Fatigue, 2002,
24(10) . 1021 -1036.

[2] Xu Z K, Dunleavey J, Antar M, et al. The influence of shot
peening on the fatigue response of Ti-6Al-4V surfaces subject
to different machining processes[ J]. International Journal of

Fatigue, 2018, 111; 196 -207.



BTl Bk R

6 Titanium Industry Progress 37 %

[3] Ai Y J, Wang X, Song Y G, et al. Effect of cold expansion
on fatigue life of hole structure of TC17 titanium alloy[ J].
Journal of Aeronautical Materials, 2017, 37(6) . 82 —-87.

[4] Maroju N K, Jin X L. Effects of vibration assistance on
surface residual stress in grinding of Ti6A4V alloy [ J].
Procedia Manufacturing, 2017, 10 171 —182.

[S] ATR, BR&lR], REmHE, 25 Bha 4 TBO MUBE o 4
PESCER ()], AR LR R =44k, 2014, 40(6) = 849
-854.

[6] Thomas M, Lindley T, Rugg D, et al. The effect of shot
peening on the microstructure and properties of a near-alpha
titanium alloy following high temperature exposure[ J]. Acta
Materialia, 2012, 60(13 —14) . 5040 —5048.

[7] Yao CF, Wu D X, Ma L F, et al. Surface integrity evolution
and fatigue evaluation after milling mode, shot-peening and
polishing mode for TB6 titanium alloy[ J]. Applied Surface
Science, 2016, 387 1257 - 1264.

[8] Wang Y L, Zhu Y L, Hou S, et al. Investigation on fatigue
performance of cold expansion holes of 6061-T6 aluminum
alloy[ J]. International Journal of Fatigue, 2017, 95; 216 -
228.

[9] Yuan X, Yue Z F, Wen S F, et al. Numerical and experi-
mental investigation of the cold expansion process with split
sleeve in titanium alloy TC4 [ J]. International Journal of
Fatigue, 2015, 77, 78 —85.

[10] Altenberger I, Stach E A, Liu G, et al. An in situ trans-
mission electron microscope study of the thermal stability of
near-surface microstructures induced by deep rolling and
laser-shock peening [ J ]. Scripta Materialia, 2003, 48
(12): 1593 —1598.

[11] Rubio-Gonzilez C, Felix-Martinez C, Gomez-Rosas G, et
al. Effect of laser shock processing on fatigue crack growth
of duplex stainless steel[ J]. Materials Science & Engineering
A, 2011, 528(3) . 914 -919.

[12] Kashaev N, Ventzke V, Horstmann M, et al. Effects of
laser shock peening on the microstructure and fatigue crack
propagation behaviour of thin AA2024 specimens [ J ].
International Journal of Fatigue, 2017, 98. 223 —233.

[13] Bhamare S, Ramakrishnan G, Mannava S R, et al. Simula-
tion-based optimization of laser shock peening process for

improved bending fatigue life of Ti-6Al-2Sn-4Zr-2Mo alloy

[15]

[16]

[17]

[18]

[21]

[22]

[23]

[J]. Surface & Coatings Technology, 2013, 232. 464
-474.

Fang Y W, Li Y H, He W F, et al. Effects of laser shock
processing with different parameters and ways on residual
stresses fields of a TC4 alloy blade[ J]. Materials Science &
Engineering A, 2013, 559 683 —692.

PRI, T AN i PO ) 2 R R T SRS T
REMTFE[D]. BT YI9RR%, 2014

BET. WOCMULIRALER 5 8 M 57 RE R St 77
PLEEBFFE[ D], HHVL: VLJRR, 2012

Zhou L C, LiY H, He W I, et al. Deforming TC6 titanium
alloys at ultrahigh strain rates during multiple laser shock
peening[ J ]. Materials Science & Engineering A, 2013,
578. 181 -186.

LuJZ, WulL]J, Sun G F, et al. Microstructural response
and grain refinement mechanism of commercially pure titanium
subjected to multiple laser shock peening impacts[ J]. Acta
Materialia, 2017, 127 252 —266.

Ye C, Suslov S, Kim B J, et al. Fatigue performance
improvement in AISI 4140 steel by dynamic strain aging and
dynamic precipitation during warm laser shock peening[ J].
Acta Materialia, 2011, 59(3) . 1014 -1025.

Luong H, Hill M R. The effects of laser peening and shot
peening on high cycle fatigue in 7050-T7451 aluminum alloy
[J]. Materials Science & Engineering A, 2010, 527(3) ;
699 -707.

iz Tl F87S —— . HB/Z 112—1986 APk 57150
geitorbrorii[S]. dbat: s Tolkih bt 1986.
Borrego L P, Costa J M, Silva S, et al. Microstructure
dependent fatigue crack growth in aged hardened aluminium
alloys [ J]. International Journal of Fatigue, 2004, 26
(12): 1321 - 1331.

Huang S, Zhu Y, Guo W, et al. Impact toughness and
microstructural response of Ti-17 titanium alloy subjected to
laser shock peening[ J]. Surface & Coatings Technology,
2017, 327, 32 -41.

Thompson S R, Ruschau J J, Nicholas T. Influence of
residual stresses on high cycle fatigue strength of Ti-6Al1-4V
subjected to foreign object damage[J]. International Journal
of Fatigue, 2001, 23(S1) : 405 -412.



