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Abstract Effects of laser shock processing (LSP) on cavitation erosion behaviors of ANSI 304 stainless steel thick
sheets treated by laser welding are investigated. Mechanical properties and microstructure of laser weldments are
measured and observed by X-ray diffraction ( XRD), microhardness, electronic balance and scanning electron
microscope (SEM) tests in order to investigate cavitation erosion resistance of laser weldments. Results show that
with the increment of LSP pulse energies after cavitation erosion, the martensite intensity is improved relatively and
the removal of martensite is restrained, the hardness increases, and the cumulative mass loss and damaged surface
areas of laser weldments decrease. Meanwhile, the martensite grains are fined, and undulations and upheavals
become shallower and sparser, and the growth and propagation of the cracks on the surface are restrained. Thus,
cavitation erosion resistance of laser weldments is enhanced. In addition, cavitation erosion resistance of laser
welding zone (LWZ) is better than that of heat-affected zone (HAZ).

Key words laser technique; laser shock processing; cavitation erosion resistance; laser weldments

OCIS codes 120.6650; 140.3390; 350.3390; 350.3850

KR EHEE: 2012-08-23; WEIMEMFAR B HA: 2012-10-04

BEEWE: X ARBIFEEES (51105179,51275220,51175237) (L 95 48 WF 58 4 1 35 € 97 T8 (CXZZ11_0546) VL7574 H
SR L4 (BK2010352 . BK2011478) it [ 1 -+ J5 Bl 2% B 42 45 T AL 4 ) 9% By (2012750465) VL5 48 15 A BHBIF RS 772 Ak i
T H (JHB2011-38) Hr [H 14 J5 £} 22 3 45 (2011049134 9) FIVE H 44 1+ )5 3 45 (1101018B) ¥ B i 5,

EE BT 3K & Q987 2o s Ak BTN EHOL b d AL 7 T AT SE . E-mail: 2287jy@yeah. net

SUmE A HKKHEC1963—), I A AR, FEMNEROE I LIOrE P 5E . E-mail: zykseu@163. com

0203001-1



# ot

5 5

BAEIR H g3 O AT ST M9 AR R R AR AR
Bkl AR T TG g A RE IRl R AR
L RIRAAE — 160 CIE IR AL KA L(LNG)H
ANSI 304 G581 T HLARIE RE R 47 | O 4% I 1L 75
LNG B R > . B LNG &4 isf1id
(RPN B ITRAS R WLiE2 Ve Sy v P Lk L
R 5 BOM R AR TR L B AR B A T A
IR R EAT A B b b & %y IR
PRF] e U QR AR S o 2 il T 1) PR R BT 2R
VEU S EOBORL I B MR P R R AR AL L U RE A
RO 2P TR 3 58 VR RE L 3 R AR RE
PIREN

AR 1 06 o il g A6 (LSP) & — 30 55 i 1Y
FALBEEA o WOCAE T4 B 2 T T 240 i 7% vl DL
%1

1

SCHRL6~8 T4t ik . 28 LSP 4b 3R, A4 LB fiE L 40
RLAPPERE 5T PERE S B B R BT T
AE AL REIE - E R DA RS . HL. AR
B BE LSP JH R 2 AR e R pr U M RE . A SO

AR AR P BE A0 45 44 AT L F 58 LSP X ANSI
304 AN B JEE M IO A 42 1R e At b B A R )

2 EEITHE
2.1 PhEEERE

I YLS-4000 SE£F O 4% (IPG, USA) Xf 5 mm
JE& ANSI 304 A5 B9 JE AR E 47 XF H 7, T BE Ty 1l |
EIRBSRE R ESRER 1, BOLRERAE S
AE 12 %5 B VI BB AR 9 45 A, RO O 8 3 1 1 4
LI X (HAZ) AR /I, 7 T 18 48 X (LWZ) Fil B: 44
(BM) 2 Jd] .

WL RS R

Table 1 Welding parameters selected

. Laser power Welding speed Defocusing distance Spot diameter of laser Shielding
.aser type
P P /kW v /(mmes™ ') Af /mm beam /mm gas He: Ar
Fiber laser 4 35 —3 0. 27 1:1
2.2 #otmEEeEE #2 K25

T EXEOGREMF 20 mm X 15 mm 13X A4~ 3%
T AT T B A% 5 B2 L I3 K220 Q Nd: YAG
ML 2 (GAIA-R, THALES) %% 2% ifii #: 47 LSP 4b
B % R TAETE  J5 m A5 5 B g iz T
VETEHEAT s 505 4 2ok LSP A L5 19 38006 28 32 14
FH 28 F K38 DRI A 2 B8 7 0k 2595 .

LSP b # i BAR S8 WOk 2 K 1064 nm,
K 5E 9 15 ns 6B 3 mm, TE RN 1 Hz,
P4 RN 5020, SR FH W R bk o RE AL B 6 T AN
9 Jo S X PO K o RE Y R A 3 L B b R
FH OGRS, B 0. 1 mm 4596 1 g I )2
SO B R OB SR B AR s A 1~2 mm JEK
FRAE Sy 249 S22 386 i o' o o D6 1 W (L P gk o
YEF s ]

2.3 Sl

B A2 LSP 4b B 22 6 ] LSP AbFRAIZ 9 J LSP
Ab B ) O AR B A AT AR B . A B R Bk
AR IR S A I SRR 2, B AN
AR FF R S iR A 25 B K b OGS RR R 0 A
5705 i R A ity ) 2 422 e, 22 [R)B8E 8524 10 mm,

2.4 RBERNTFE

X 82 f7 4t A% (XRD, D/Max-2500/pc

type) . i BRE B A (HXD-1000 TMSC/LCD) | &5 K

Table 2 Testing parameters in cavitation erosion tests

Diameter of )
Frequency / Temperature / Total testing

vibrating horn /
kHz C time /h

mm

12

19~21 20 at least 6

BE L K OF A (SEMD) (JSM-7001F,
JEOL, Japan) 43 #r i J5 K 4 LSP b 3. 4 6 ]
LSP Ab# A2 9 T LSP Ab B 36 AR 422 140 1 A S
5 T FIRE AR L SR BT R PR R R A

3 SLHRGE R AT
3.1 XRD &#f
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K e S IRARAT S 5 2 TH . X 02 A Oy B IR R AE
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Fig. 1 XRD spectra of laser weldments without and

with LSP impacts after cavitation erosion
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Fig. 2 Surface hardness of laser weldments without
and with LSP impacts after cavitation erosion
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Fig. 3 Cross-sectional hardness of laser weldments without, with 6 J and 9 J] LSP impacts after

cavitation erosion. (a) LWZ; (b) HAZ; (¢) BM
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