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Effect of Multi-Impact on High Cycle Fatigue Properties of
1Cr11Ni2W2MoV Stainless Steel Subject to Laser Shock Processing
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Xi'an, Shaanxi 710038, China)

Abstract High cycle fatigue is one of the main failures of aero-engine. The improvement of HCF properties by laser
shock processing (LSP) with multiple impacts is researched. Vibration fatigue tests of different 1Cr11Ni2W2MoV
stainless steel samples are conducted at room temperature. X-ray diffractometry ( XRD), scanning electron
microscopy (SEM) and metallography microscope are used to investigate the influence on microstructure and
mechanical performances with different impacts. The results show that with the laser impact times increasing. the
residual stress and the roughness increase, while the depth of microstructure refining layer doesn’t change. The
surface compressive residual stress is driven to saturation and the saturation value is up to —100%gs,. .. The depth of
compressive stress has a wider increase with the impact times increaseing. Vibration tests show that the fatigue
properties improve with the impact times increasing. By the superimposed effect of shock waves in multi-impact
processing. the shock wave can translate into deeper materials, which make a great contribution to the greater depth
of compressive residual stress and deformation microstructure, and to the further improvement of fatigue properties
with multiple impacts at room temperature.
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Fig. 3 Metallography photographs of different samples. (a) Untreated; (b) 1 impact LSP; (¢) 3 impact LSP

4 ARG EERZHL SEM B, 5K
s AL IRE LB 4 (o) JH B L IR FEZE 1 R 3 ¥k LSP 4k
HUSERIZTAE TR AALMEZLE 4(b)
()], HEBEHRR R 4 pm. BT UL, 76 58 1L 2 508 2 1
LT L LSP B 1Cr1INi2W2MoV A 45 4K 41 41

AL 2R FE A T . H R 4Ce) Al %, 3 )k LSP 4t
MG EHAMZET A — 2R ERENR KK
)2 JREEL R 15 pm, T 1 IR LSP 20 B 5 1 i FE
RIBAIEZE . AT, RIREZIE R E H T 2ok
i B oot 3B S AN A 25 2R

K4 AFRER SEM . (a) RiEfk; (b) 1R LSP;(c) 3 Ik LSP
Fig. 4 SEM morphology of different samples. (a) Untreated; (b) 1 impact LSP; (¢) 3 impact LSP

F 55 3 1% LSP Jr 3k 45 1Y 40 1L 20 21, Bl g 4
b AT DL T RV RS I AR T T 3 B RS AR Y
TE AN FF 2 58 24 20y R i BEL A7, M 32 5 41 R
BRI S M RE . MRSV R T TRE AR AR
P 7RISR NI B2 5 T AR 7 R RE
3.3 FEHABEDN

2 0 HURE 3 2 R 1 SO R R 22 38 T %
AT LA 14 58 /) ) ol 6 2 ST 200 ) A5 08 LA T 4R
FEAE & 2 SR AE A RE 2 1 LA R AE 1) 2 80z — XA
B SR S R A mE R, WS MR,
IR, KPR .

1IR3 Wk LSP Ab 3 A1 5 Ak 1ol A MRS B2 X e 4n
5 N, JREGFRIE R, =0. 501 pym,R,=3.109 pm,
1k LSP b5 R, =0. 703 pm.R,=4. 304 pm,3 ¥
LSP 4b# /5 R, =0. 925 ym,R, =5. 172 pym. K% %
S B B, 1Cr1 INi2W2 MoV AS 45 49 22 i il
BERERIK

W ok 2 B v ook DA A RE R P A B B Y
PRAIMEARTE T BT NS JE BN A R 2

surface roughness of untreated samples

Yy /mm
(=T

L 1 L . . X
0 05 1.0 15 2.0 2:5 3.0
(@) R,=0.501 um, R =3.109 pm

Hi surface roughness of 1 impact
E 5r LSP samples
0 ______ - a4 -

_10 1 1 L 1 " 1 2 1 " 1 "
0 0.5 1.0 1.5 2.0 2.5 3.0
2 /mm
(b) R =0.703 pm, R =4.304 pm

surface roughness of 3 impact
LSP samples

005 L0 15 20 25 3.0
X /mm
(¢) R,=0.925 im, R =5.172 ym
B 5 AFEPRET AR R E . () Kl
(b) 1% LSP;(c) 3 % LSP

Fig. 5 Surface roughness of samples. (a) Untreated;

(b) 1 impact LSP; (c¢) 3 impact LSP

0103001-4



WA

ot b OB 1Cr1INi2W2 MoV R 45 4 55 J7] 9% 57 14 RE A 5%

M1 AN - 2 T RLRE J3E 728 O T 30O o oy OB 2
PO o 9 B ) e el R B L B T A 2
FETRLRE BE O . SO b o 9 A 51 RS 110 AR 18 78 T
BN 6 Brzm s R, 248 B fie K R BE S R 2 48 JB #. 0
9724 5 JEE

R

6 oG b i AL 5 MR W 7R 1R
Fig. 6 Schematic of sample surface after LSP
TR BE AT 5 | RS SIOUL L g 4R v AL I A TS
Rz 3 AT st 11 07 g 28 R

o«:zz{wln(w%)] 4)

A o S AR 11 AR S0 0y T D A o R v 2
R, (R JE B F AR AR, 55 B ROCH S T R,
SEIE L. AT UL S0 el 5ik A 3 i Y A S TR R
W2 JER 14 IO 3 4 R R B S R B e KR I R, LR
P TS R 8. HLBEEE S8 R OR, Bk T 52
JE BRI 14 1 249 B B R B B i K i B L B O e ol
YR R, (R, MR NS SR REBE I . RS
AR AT VR TR 2 Th0 MRS J3E % RLRE 0 23 I8 4% 5 B
IS 3 8 o TS 95 I 7 A % 07 R B AN
NI AR A A6 14 082 7 6 B2 o DR b o L 2 i 52 i 1
B R S5 PERE B N R . i & 5 R . iR W
I el YRR 9 T 2 THTRELRES JBE (08 D AL 0 ) 4
TR o AR AR/ )N L N g B TR R L 3R T A BT
FIMRRE 2 .
3.4 BRRKRFMERE

3 MR BIEA 15 1R AR 265 R Xl ik
PPl T — W il PR sl 5 97 180 . 76 95 0 BAEE T

LSP (1 impact)

|7.07x 10°

LSP (3 impacts) 9.564 X10°

10° 10° 108 100 107
Median fatigue life

B 7 RERA 1CrlINi2W2MoV R4 (1% 55 7 1y
(6max = 640 MPa)
Fig. 7 Fatigue lives of different 1Cr11Ni2W2MoV
samples (o =640 MPa)

¥ BUHB/ Z112-86 M RHIE 55 1056 58 143 4 7 167 %k
R AT A A0 A L L A5 51 P % 57 75 i 45 3 An 1
TR o TE O = 640 MPa Jij J7 KR A A #UAFE
M EE 57 4 A 1,86 X 10° ;1 ¥k LSP 4b 1 f5 il A
B 55 A7 fim i 7. 07 X107 2 R AR 3. 8
3 R — 4R T 1Cr1INi2W2MoV R 45
B B 55 FF . N 9. 54X 107, & AR 1R Ak X RE Y
545, BEA BB KBS N, 1Cr1INi2W2MoV
AN B 57 5 v A v (H B v R B b o B
TR AN

Z T TR E I ST B AN AL R S IR R R
JEV 952 53 P RE A BB I THREURE J32 25 B XM ek 114 5
P57 PERE . AT SCI 25 R AT A, 1 IR LSP J5 5% 4% &
BB A 1.8 mm, 3 R LSP J5 B U 5% 4% I
2R BE RGN E] 2.5 mm. 5% A% R 7 B oK.
1 RLSP.3 ¥k LSP 4b ¥ J5 T8 B 1) 3% 1] 40 16 )2 )& B
FEAK Y AH 3 kb i 5 AR AR T KR R
AR TG 2 S m MR s B RS, 3 Wk i X A At
FEURE FE 52 M 45 Ko 5 T8 JNE g 4R v s B AT L 9% 57
PERE . AT OL L 58 4% H R RN BUAR T )2 0 3 IR o i
B e R 55 R RE AL T 1 kbl iy E R A

HAR 3 W o BURE B2 8K 2 BEARM R Y &
JEVI 57 Pk e o AH A 3R 0D = B AR R IR R R TR
e B A 1 B0 Jy B T AR 0 45 JES S ) B 3 TR b iy
SE AL TE B B3 A% He L T 43 A BE TR - fig 8 B g b 410
2480 W AE YR L DT — 2B 8 TR R 0 9 57
FF A

4 4k e

A SCE 3 X 1Cr1 INi2W2MoV A& HE1T1 Ik
3 e e Ak  IRAF DL 258

1) K& ¥ o6 v & iR bk BK o,
1Cr1INi2W2MoV AN 85 84 ¢ ) HH B B2 3% K, 41 2L 20
b )2 JE B VAT RO AE B A% R I 7 )2 i) 2 T 4
T A% A FE N 7 7% WA R A A 238 F — 100 %
00.2 3%

2) 3 LSP s fE v, ty F 2 W b i B ofr o g 7
Z 78 1Cr1INi2W2MoV By [G A& AN 45 89 P &8 T 1
TR R AR TE 2

3) £ G = 640 MPa i JJ K F R, 1 KAl 3 Ik
it JE R 98 55 i 43 i AR R AL U 1Y 3. 8 A A
5%, ZWEOG b R AR E— 2P B T R R 5T
e, Uk oo B LAY J2 TR B TR 1 B3 A I ) R 4]
AR TY i R 7 e RB I — B AR i R R

0103001-5



# ot

5 F X

1 Propulsion Directorate. High Cycle Fatigue (HCF) Science and
Technology Program[ S]. USA.: AFRL-PR-WP-TR-2001-2010,
2001.

2 Universal Technology Corporation. High cycle fatigue ( HCF)
science and technology program 2002 annual report[ C]. AFRL-
PR-WP-TM-2004-2040, 2003.

3 Cao Ziwen, Zou Shikun, Liu Fangjun. et al.. Laser shock

processing on 1Cr11Ni2W2MoV martensite steel[ J]. Chinese ]

Lasers, 2008, 35(2): 316—320.

W3, ARtitd, X0y %, & Ot ol 43 1Cr1INi2W2MoV

ANEMLI]. P EBOE, 2008, 35(2): 316—320.

Yan Hong., Hua Yinqun, Chen Ruifang, et al.. Study on the

.

tribological and wear behavior of FeNi alloy treated by laser shock
processing[ J]. Chinese J Lasers, 2010, 37(s1): 364—367.
B2, AR, RIS, %L oL s R R A 4 R R S
PERERIBESELT]. T E#OL, 2010, 37(s1): 364—367.

B P Fairand, A H Clauer. Laser generation of high-amplitude
stress waves in materials[J]. Appl Phys, 1979, 50(3); 1497 —
1502.

Li Wei, Li Yinghong , He Weifeng, et al.. Development and

ol

o

application of laser shock processing[J]. Laser & Optoelectronics
Progress, 2008, 45(12).: 15—19.

&S RN IR N § U PR L v N8y g
(], #os 5 72k . 2008, 45(12): 15—19.

R D Tenaglia, D F Labrman. Preventing fatigue failures with
laser peening[J]. The AMPTIAC, 2003, 7(2). 1.327. 8.

Ma Zhuang. Basic Research for Application of Laser Shock

-

oo

Processign on Aero-Engine Components[ D]. Xi'an: Engineering
Academy of Air Force Engineering University, 2008.
B oM iz R SR EOE thd iR AL B AR DR SR [D]. s E
TR TR B 22 i 30, 2008.

9J7ZLu, KY Luo, Y K Zhang, et al.. Grain refinement of 1.Y2

aluminum alloy induced by ultra-high plastic strain during

multiple laser shock processing impacts[J]. Acta Materialia,
2010, 58 3984—3994.

10J Z Lu, K Y Luo, Y K Zhang, e al.. Grain refinement
mechanism of multiple laser shock processing impacts on ANSI
304 stainless steel[J]. Acta Materialia, 2010, 58: 5354—5362.

11 J Z Lu, K Y Luo, F Z Dai, et al.. Effects of multiple laser shock
processing ( LSP) impacts on mechanical properties and wear
behaviors of AISI 8620 steel [ J]. Materials Science and
Engineering A, 2012, 536 57—63.

12 China Aeronautical Materials Handbook Editorial Committee.
China Aeronautical Materials Handbook [ M ]. Beijing: China
Standard Press, 2002.
oh A A AR T AR 2 B o P LA MR CMO. dE st
rp AR E R . 2002,

13 ] N Johnson, R W Rohde. Dynamic deformation twining in
shock-loaded iron [ J]. Journal of Applied Physics, 1971, 42:
4171—4173.

14 Qian Weichang. Armor Pirecing Mechanics [ M ]. Beijing:
National Defence Industry Press, 1984,

B, FH EIM deat: EBE Dol A, 1984,

15 R Fabbro, P Peyre, L Berthe, e al.. Physics and applications of
laser-shock processing[ J]. J Laser Appl, 1998, 10(6): 265 —
279.

16 P Peyre. R Fabbro, P Merrien, et al.. Laser shock processing of
aluminum alloys: Application to high cycle fatigue behavior[J].
Materials Science and Engineering, 1996, A210. 102—113.

17 Wang Kai. Surface Texture [ M ]. Beijing: China Plannning
Press, 2004.

O RmaiIMLL b B E R AR, 2004,

18 Lin Jizhong, Liu Shuhua. Fracture and Fatigue of Metal[ M].
Beijing China Railway Press, 1989.

AR XPHAE. SR AR WA 5% 57 (M. dbat. o [ Bkl
R AL . 1989.
=B RE: R

0103001-6



