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Fig.1 Microstructure of Ti834 alloy without LSP
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Fig.2 Schematic diagram of LSP impact path
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Fig.3 Roughness measurement path of LSP impact region
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Fig.4 Surface roughness variation of Ti834 alloy subjected to
LSP: (a) /;=0.8 mm and (b) /,=2.5 mm
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Fig.5 Distributions of microhardness along the depth direction

after multiple LSP impacts
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Fig.6 Residual stress distributions of the specimen subjected to

multiple LSP impacts along the depth direction

Jei s AR SR AR B N F7 H 3 e 1) A it 38 A 2R 4 B A
F R B i ot b di g i T SR (R
JEPER/INGED LUK B 2 23 45 K 240 R AR I g 43 AT
BG4 BERW . X1 Ti834 & &g
IR R T R A VR AR, R b i M T SR
T RE B A B AN S DL R BR A < o0t [ AR A AR Y
REPER2), R A B A A i AR TR R
T AR S R oy P T BRI AT B 7 B B B
iy, ZMBAEHADWI ST DRI . & 8 I HOLAE
B AR RS o R R ) A O
AN TR BRARPIN T, AR T R R I R 5 R s . )
B, AEAR AR N e KA IR RS2 iAS o 55— T
17, FEREW T AR KA, P TR RS S
A eI PR A P R o T R A e AR R ) AN 2 2
SAVEARTE , AE JRy R G T B AR T 2R 00 A 4 5 T
DL, AR JZ (A S A8 A T N ) B IR JZ i o B
A% N 7 37 B0 5 | N AT LY B0 55 484w 45 R 7 A
R J7, REABCEER LA Bk, WOkt
SR P A R BBCR (R B AR TN T3 5 W62 1T DA Rt stk Ak

SERIAE I 5T PR RE, RERILAT H A
24 HAHEHAEEMALATK

K9 herh T o Tis34 &4 B4R IE A,
& 9a From KL AR PP I 1) TEM R . oT LR
R o AHAVER A B AR RS B He A4 L B 7
M TiR34 Aa4id | ki g, R R JE 7 8 3 R
MR, P T2 PATHER A B 2, RN AEAR A
KA AR FERL, WK 9b Fian. 1Ml 9¢ A 2
i JE MR AL . B T a] DUG 8k A K
g, PrESEFLE RN, I A IR AL A

K7 ot FER I MYt N SEM A
Fig.7 SEM image of the surface pits of specimen subjected to
LSP

B8 OGS B 1 R

Fig.8 Laser plasma explosion model

B9 Wotrhiling e Ti834 & 4 B 21
Fig.9 Microstructures of Ti834 alloy subjected to LSP: (a) without LSP, (b) after one LSP, and (c) after two LSP



11

KB, WOk ph it Ti834 A EFR AN 1 K B 2 i

* 3539 -

TAh, e BEEARRL N IRAEBSMT) L, B0
MR 2 bl JE AR TE B, b0 T AE AL I Sl B
RS, AT 1 kb5 T B s OR . 72
Botrh gl Tis34 G e firh, MRS AR B
LA 2 2R &5 0 e AR AR Ak, AT 3 A — 2 VR TE N )
SRR SR . WOk A S Tis34 G 4a A mie
T 4R F N g LA R S8 ARl o PR B o 5 L P S8 FO0 465 4 1

A AT 4, Ak — T 70 1 2% T s AR B Ak
BRI N W
3 & 8

1) Ti834 & BT WOt ol i s IR I, X
FER 2 IR B W 1 K, B2 2 kil Ja 2 i e A A
JERRTE 2 . AEVREETT ) b, WG s AR 19
B LA Y A IRR )2 o B AR P KRR AR B, bl —
DT VB R T (HV) 3580 MPa, il 2 ks
e T 3 WA VT LAIK B 3740 MPa, $2THIE ) 10.32%.
2) IR T ) b AR 43 AT AN AROUL 2 2 45 4
M, WRE Ti834 4 1 IR Pt 2 (1 oAl J2 R
210170 um, 14 2 Kb Ja i 2R R T 2 265
um, B e OB A A TR e A 2 R
3) BEHEOG P AL R B, WA R B AR TR
N JTE WG R, 2 1 i A 2 Ykl i R AR s N
e F 33t AL IR JZ 5 73 035 $1-369 MPa Hil-511 MPa.
PO UCEIR) 38 T nT LA v R AR R s N ) R
JE R KB  N R, HARBE TS ) Ak A N J7 73 A1 A
IR R 23 A R G 0 DG I P AR 5 B P e AR AL S S R
JZ TR 4 (R AR A S DIAR O
4) AT REOE T, Tis34 G4 2 Ko
e SEAEAR T RE L R 2, 7 A s A R .
TE 2 AN R PR R0 DL R A2 28 it (R T e B
RESETH I 2R A
S 2 3k References
[1] Wanjara P, Jahazi M, Monajati H et al. Materials Science and
Engineering A[J], 2005, 396: 50

[2] Bache M R, Cope M, Davies H M et al. International Journal
of Fatigue[J], 1997, 19(93): 83

[3] Zhao Yongqin(G* 7K ). Titanium Industry Progress(Ek T\ 3k
J#)[J], 2001, 18(1): 33

[4] Spence S H, Evans W J, Medwell N. International Journal of

Fatigue[J], 1997, 19(1): 33

[5] Hatamleh O, Lyons J, Forman R. International Journal of
Fatigue [J], 2007, 29(3): 421

[6] Tao N R, Wang Z B, Tong W P et al. Acta Materialia[J], 2002,
50(18): 4603

[71 Gao Y K, Yao M, Li J K. Metallurgical & Materials
Transactions A[J], 2002, 33(6): 1775

[8] Wang Z B, Tao N R, Li S er al. Materials Science &
Engineering A[J], 2003, 352(1): 144

[9] Yang J M, Her Y C, Han N et al. Materials Science &
Engineering A[J], 2001, 298(1): 296

[10] Kattoura M, Mannava S R, Dong Q et al. International
Journal of Fatigue[J], 2017, 102: 121

[11] King A, Steuwer A, Woodward C et al. Materials Science &
Engineering A[J], 2006, 435(4): 12

[12] Montross C S, Wei T, Ye L et al. International Journal of
Fatigue [J], 2002, 24(10): 1021

[13] Chu J P, Rigsbee J M, Banas G et al. Materials Science &
Engineering A[J], 1999, 260(1-2): 260

[14] Ren X D, Zhou W F, Ren Y P et al. Materials Science &
Engineering A[J], 2016, 654: 184

[15] Rubio-Gonzalez C, Ocafia J L, Gomez-Rosas G et al.
Materials Science & Engineering A[J], 2004, 386(1): 291

[16] Cellard C, Retraint D, Francois M et al. Materials Science &
Engineering A[J], 2012, 532(1): 362

[17] Peyre P, Fabbro R, Merrien P et al. Material Science &
Engineering A[J], 1996, 210(1-2): 102

[18] Morales M, Ocafia J L, Molpeceres C et al. European
Conference on Lasers & Electro-optics[C]. Munich: 1EEE,
2007

[19] Benedetti M, Fontanari V , Scardi P et al. International
Journal of Fatigue[J], 2009, 31(8): 1225

[20] Li Y, Zhou L, He W et al. Science and Technology of
Advanced Materials[J], 2013, 14(5): 055 010

[21] Li Yinghong(ZE N £L) Theory and Technology of Laser Shock
Processing(BOG i i AL 3118 5 . AR)[M]. Beijing: Science
Press, 2013: 185

[22] Zhao Yongqing(# /K [X), Chen Yongnan(Fk 7K i), Zhang
Xuemin( 5K 2% %) et al. Phase Transformation and Heat
Treatment of Titanium Alloys(iK £ 4 A0 A8 J 44k 2EH[M].
Changsha: Central South University Press, 2012: 15



+ 3540 « WE @ E ks TR 48 4

Effect of Laser Shock Processing on Residual Stress and Microstructure of Ti834
Titanium Alloy

Zan Yaoxu %, Jia Weijuz, Zhao Hengzhangz, Mao Xiaonan?, Fan Jianfengl, Zhou Lian?
(1. Taiyuan University of Technology, Taiyuan 030024, China)
(2. Northwest Institute for Non-ferrous Metal Research, Xi’an 710016, China)

Abstract: Laser shock processing (LSP), also known as laser shot peening, is a novel surface strengthening treatment technology. The
surface roughness, residual stress and microhardness distribution of Ti834 alloy before and after LSP were analyzed by surface
roughometer, X-ray diffraction and microhardness tester, respectively. And the surface morphology and microstructure of the impact area
were characterized by scanning electron microscope (SEM) and transmission electron microscope (TEM). The results show that the
surface roughness, microhardness and residual compressive stress of Ti834 titanium alloy increase after LSP. Moreover, the depth of the
strengthening layer formed after one impact and two impacts is 170 and 265 um, respectively. After LSP treatment, a high compressive
stress field is produced on the surface of Ti834 alloy. The peak value of residual compressive stress, after one impact and two impacts,
appears in the subsurface layer, and reaches —369 and —511 MPa, respectively. A large amount of dislocation entanglement can be observed
in the plastic deformation layer induced by laser shock wave. The increase of dislocation density and the formation of deformation twins
are conducive to improvement of mechanical properties of Ti834 alloy subjected to LSP.

Key words: laser shock processing; titanium alloy; residual stress; mechanical property; microstructure
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