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Effects of Laser Shock Processing on High Temperature
Fatigue Properties and Fracture Morphologies
of K403 Nickel-Based Alloy

Luo Sihai' He Weifeng' Zhou Liucheng' Lai Zhilin® Chai Yan' He Guangyu'
(1Key Laboratory of Plasma . Air Force Engineering University, Xi'an, Shaanxi 710038, China>
2 People's Liberation Army of 95321, Wuhan . Hubei 430222, China

Abstract Laser shock processing (LSP) is carried out on K403 nickel-based alloy turbine blades and the high
temperature high and low cycle complexed fatigue tests are conducted to verify the reinforcement effect. The results
of the fatigue experiments show that a greater flatness area near the fatigue crack initiation (FCI) is induced by LSP,
the fatigue striation spacing on the fatigue crack growth (FCG) area decreases and lots of second cracks are generated
after LSP. Grain refinement and high residual compressive stress on the surface layer are induced by LSP. But when
the K403 nickel-based alloy after LSP is subjected to heat treatment at 550 ‘C for 150 min, a part of residual
compressive stress has got relaxation while the refined structure has still remained good thermal stability. Compared
with the untreated samples, the fatigue life of turbine blades is increased by 140% after LSP. The grain refined
structure and residual compressive stress after relaxation are the main causes of improvement of nickel-based alloy
fatigue life.
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Table 1 Chemical composition of K403 nickel-based alloy /%
C Cr Co w Mo Al Ti
0.11~0.18 10.0~12.0 4.5~6.0 4,8~5.5 3.8~4.5 5.3~5.9 2.3~2.9
Fe B Zr Mn Si P Ni
<2.0 0.012~0.022  0.03~0.08 <0.5 <0.5 <0.02 Remainder
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Fig. 1 K403 nickel-based alloy turbine blade laser

shock processing area
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Fig. 2 Compound fatigue load spectrum
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Fig. 3 Fatigue life of turbine blades before and

after LSP treatment
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Fig. 4 Morphologies of the fracture. (a) Untreated;

(b) with LSP treatment
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Fig. 5 Fatigue crack growth area and final area. (a) Fatigue banding without LSP treatment;

(b) fatigue banding with LSP treatment; (c) secondary crack of FCG; (d) macroscopic fracture of final area
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Fig. 6 Residual compressive stress profiles with
depth under different shock times
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Fig. 7 Relaxation of surface residual compressive

stress in K403 alloy
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Fig. 8 SEM images of surface. (a) Before LSP;
(b) after LSP

700,

600F

’ .

3 500F ‘ 200) A

< 4004 |

‘G 300} |
g

5 200}

100f

(111)
:

Ni, (AL, Ti)
Ni

L]
| /with LSP

9 #suhdi Al s K403 1y XRD fir 4t &
Fig. 9 XRD patterns of K403 without and with LSP

A e L R R 2 A N S A e
it AEL IR B AR O o i B SR AL ROR . AT O
el 375 5 (0 AOUL 2 23 40 A 82 55 5 R 1 4R v A T
S L JE A T A3 AT R K403 SREE S S Ee i
DT 11 35 T S I A 9 AT ) A LT R AR D) R T T
PR AR R ) e AR R 55 A% . O b e AL R Bk
A7 KA03 BRI 45 6 e T e IR 52 5 82 97 2R S0l A
PREHLH . AE9E 57 i Bt T EOE b R A S
BJZ v R AN AR DL B e 4 AL L A SIOHE OB S B
AT T e AR it S A R L ) 23 41T 8 43 R R
T A B0/ N BB L TR T 1 R R80T B AL 4R
15 LY T W B0V T o AR SR ik % L 3 B I
HF A2 R AT e DXAR X 5 Ak i S - 38, 9% 55 2%
A /N o T e e R R A AR A L K 1A
A S B 574" e DX AN Bk W DX AR X o i WA 2 KR
U MU T BB R T 1] A AR M B A SR AL
JB L AR TR R SR AR A . DR IR st S

0903001-4



T B4

WOt X K403 A

<G e T 55 1 RE A BT 1 T 450 A4 5 1

{1 5 A% S L 3 RT3 THT e 200 A SR 4 v R O O
PERE P2 i 19 2 A

4 4k ®

WF9E 7 ot b s AL X K403 B3 & 4 w5 1R %
55 PEBE A 52 ) o 38 5 9 55 T 1T L B A R I T L (O 2
1= T AT T Ot o o SR AR R L A A TR OF
PERE RS 258 A F -

D WOt oAb 5 )2 a0k kA Ak . BB K
TREAE R I ) R R T 1.5 mm, R AR
IO 3 0 55 M o % B e o BRI AR R,
WAERR B RN 1 & ARl AR HF T — 8 5K
1B, i RE b9 55 PR REAT A 42 v

2) AHRS T s B A4 5 b T R TE R R A A Ak
DA B FAHA LS B A 1 ) B AEAE S B80T e L 1 08/
FEOF I XAE K RGO 55 4% (A FE W/ [8] B AE 9
Ji DX I I T XA R ot IR S0 A A RO AR L 4L
PR AL RS R IR I R IR 55 A A s

3D ren ek e UK R 9 55 K BG4 SR R L ok b S
W% 97 FEATAE S 140 Y0 PAS 5t 5 1 5% A% R N S Fn 3R
T it L 240 A2 8 3 57 P BB o Y 2 A

& F X

1B A Cowles. High cycle fatigue in aircraft gas turbines-an
industry perspective[ J]. International Journal of Fractrue. 1989,
80(2—3): 147—163.

2 R Fabbro, P Peyre, L. Berthe, et al.. Physics and applications of
laser-shock processing[J]. Journal of Laser Applications, 1998,
10(6): 265—79.

3 Li Wei, Li Yinghong, He Weifeng, et al.. Development and
application of laser shock processing[J]. Laser & Optoelectronics
Progress, 2008, 45(12): 15—19.

o S Y VA R TN ER = S & R T v s 7 N D
[, #ot5em T80, 2008, 45(12); 15—19.

4 Li Yuqin, He Weifeng, Li Yinghong, e al.. Effects on
technology of aluminizing after laser shock processing in
1Cr11Ni2W2MoV steel [ ] ]. Chinese ] Lasers, 2011, 38 (7).
0703005.

ZERIE, o T, ZEML, % 1Cr1INi2W2MoV 4 #t wh i
fLEBHR T O] P EBOE. 2011, 38(7): 0703005,

5 Li Yugin., Li Yinghong, He Weifeng, et al.. Wear resistance of

12CrNi3 A steel after carburization and laser shock[J]. Chinese ]

Lasers, 2013, 40(9): 0903004.
AR, WAL, T AR, 5. BB Bk 12CeNI3A B9 AY JE
WdERE(T ). HEEOE, 2013, 4009 0903004,

6 R Fabbro, J Foumier, P Ballard, et al.. Physical study of laser-
produced plasma in confined geometry [ J]. Journal of Applied
Physics, 1990, 68(2). 775—784.

7 J Z Zhou, S Huang, ] Sheng, et al.. Effect of repeated impacts
on mechanical properties and fatigue fracture morphologies of
6061-T6 aluminum subject to laser peening[ J]. Mater Sci Eng A,
2012, 539(1).: 360—368.

8 M Dorman, M B Toparli, N Smyth, et al.. Effect of laser shock
peening on residual stress and fatigue life of clad 2024 aluminium
sheet containing scribe defects[ J]. Mater Sci Eng A, 2012, 548
(4) . 142—151.

9 O Hatamleh, A DeWald. An investigation of the peening effects
on the residual stresses in friction stir welded 2195 and 7075
aluminum alloy joints [ J ]. Journal of Materials Processing
Technology, 2009, 209(10); 4822—4829.

10 H Luong, M R Hill. The effects of laser peening on high-cycle
fatigue in 7085-T7651 aluminum alloy[J]. Mater Sci Eng A,
2008, 477(1) . 208—216.

11 L Zhou, Y Li, W He, e al.. Deforming TC6 titanium alloys at
ultrahigh strain rates during multiple laser shock peening[ ] ].
Mater Sci Eng A, 2013, 578(4). 181—186.

12 X Nie, W He, L Zhou, e al.. Experiment investigation of laser
shock peening on TC6 titanium alloy to improve high cycle fatigue
performance[ J]. Mater Sci Eng A, 2014, 594(11): 161—167.

13 Cao Ziwen, Zou Shikun, Liu Fangjun, et al.. Laser shock
processing on 1Cr11Ni2W2MoV martensite steel[ J]. Chinese ]
Laser, 2008, 35(2): 316—320.

WS, ARt XA, S WOt AL B 1Cr1INi2W2MoV
AWML, HEBOE. 2008, 35(2): 316—320.

14 Y Li, L. Zhou, W He, et al.. The strengthening mechanism of a
nickel-based alloy after laser shock processing at high
temperatures[ ] |. Sci Tech Adv Mater, 2013, 14(5): 055010.

15 “China Aeronautical Materials Handbook” Editorial Board. China
Aeronautical Materials Handbook[ M ]. Beijing: China Standards
Press of China, 2001.

CoE s ORI S Z 2. S E AU ORI LML Jeae.
b of 4 A . 2001,

16 J M Yang, Y C Her, N Han, e al.. Laser shock peening on
fatigue behavior of 2024-T3 Al alloy with fastener holes and
stopholes[J]. Mater Sci Eng A, 2001, 298(1): 296—299.

17 Li Wei, He Weifeng, Li Yinghong, e al.. Effect of laser shock
processing on vibration fatigue properties of K417 material[ ] ].
Chinese ] Lasers, 2009, 36(8): 2197—2201.

A . AT AR, BRNLL, S Ol R Ae X K417 B oRHR 3h
3% 55 HERE AR IR (D], A E O . 2009, 36(8) . 2197—2201.

18 N Tao, W Tong, Z Wang, e al.. Mechanical and wear
properties of nanostructured surface layer in iron induced by
surface mechanical attrition treatment[ ]J]. J Mater Sci Tech,
2003, 19(6): 563—568.

EERE REE

0903001-5



