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Effect of Laser Shock Peening on Fatigue Life for FV520B Steel
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Shenyang 110142, China)

Abstract: FV520B steel is primarily used in the manufacturing of blades for various centrifugal compressors because of its high
strength, good fatigue resistance, corrosion resistance, good toughness and plasticity, and excellent welding characteristics. The
service life of impellers can be increased by improving the anti-fatigue performance. Several methods have been proposed to enhance
the anti-fatigue performance of materials. Laser shock peening (LSP) is an important strengthening technology that can effectively
improve the fatigue, wear, and corrosion resistance of metallic materials compared to the traditional surface treatment methods. To
evaluate the effectiveness of LSP, experiments were conducted on FV520B steel-bar specimens by choosing the appropriate shock
energy, laser wavelength, pulse width, circular spot diameter, shock frequency, laser power density, and spot overlap ratio. Surface
hardness was measured using a digital microhardness tester (HVS-1000AT) before and after LSP. The results showed that LSP
increased the surface hardness of the specimens from approximately 330 HV to 490 HV; the depth of hardening was 0.25 mm. The
residual stresses of the LSP specimens were measured using a Proto-LXRD high-power residual stress tester—a residual compressive
stress of approximately 90 MPa was generated on the surface of the specimens. The low cycle fatigue experiments for FV520B
specimens with and without LSP were conducted for different strain amplitudes +0.5%, 40.6%, +0.7%, +0.8%, and =+ 1.0%,

respectively. The fatigue life decreased with the increasing strain amplitude for all specimens with and without LSP. The fatigue life
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of all specimens improved after LSP for the five strain amplitudes. For the strain amplitudes between +0.6% to £1.0%, it was
observed that the higher the strain amplitude, the more significant the improvement in fatigue life of specimens. The strain amplitude
of £0.5% showed the most significant improvement of 132.2%. Scanning electron microscopy (SEM) experiments for fatigue
fractures on smooth and LSP specimens showed that all the fractures presented three typical regions—the crack source region, crack
propagation region, and transient fracture region. Moreover, an obvious fatigue strip in the crack growth region and a secondary crack
perpendicular to the direction of crack propagation were observed for the smooth specimen. On the contrary, for the LSP specimen,
the fatigue source became fuzzy, and the residual compressive stress generated on the surface after LSP inhibited fatigue crack
initiation and propagation. This caused the location of crack initiation to transfer from the surface to the subsurface, and the fatigue
strip spacing and dimple size were reduced, which improved the fatigue life of the specimens. Further, the fatigue lives of the smooth
and LSP specimens were predicted using the Manson—Coffin equation. Overall, the prediction results for the smooth specimens
agreed well with the experimental results. For the LSP specimens, the predicted fatigue life was the same as that predicted for the
smooth specimens, and the prediction results were conservative. Furthermore, considering the effect of residual compressive stress on
the inhibition of fatigue crack initiation and propagation, a new fatigue life prediction method that can be used to predict the fatigue life
with residual compressive stress is proposed by modifying the Manson—Coffin equation. The predictions for the LSP specimens using this
method were in good agreement with the experimental results. The comparative analysis of the fatigue life between smooth and LSP

specimens for different strain amplitudes in this study can be used to select the appropriate process parameters of LSP for FV520B materials.

This fatigue prediction method provides a new concept for determining the fatigue life of materials with residual stress.
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(c) Crack propagation region

(d) Transient fracture region
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Fig. 5 SEM fracture morphology of LSP specimens for +0.5% strain amplitude.

Bl Sc rRROY X AFAEVFZ A LA TT 0 A i
W7o, HABUBOCIE AR R, RS
IR AT I IR, otk EE, LSP X
PRI 5T F SR BN, 3X 55 SCRR1 7145 30— 2.

Bl 5d BRI IX A7 FEVF 2 KNSR RIS TR
(&t T e R R NI 7 T TR S 1RO A i i A8
B, LSP AR IIEs RO/ B2, 73
ATSERYS] o Xt T LSP 58N 1 A kR 2 5 1) )
I, MEERR R RS AL, (AR, K
AR R AT B 2 R, Bl T
FHBPEA T 5,

3 FUR 5T A A TN 5 Tk b R

3.1 ESFHFmTUNAEE R TN L R

LU A A 451402 B Manson-Coffin 77 TP
FH T B 5 55 i il Lk 0 «

As, _As, A% _op

2 2 2 E
R, Ag /2. As, /2 F1Ag, [2 53500 i AR IR 3
PEN AR IR PE N AR NR, of o &f v b ATC Jp
97N FRAL WY IENE R 9 5T o R BRI 5
WEVERREL, E MPRPERCE . R Al o7 S
AR BB ZE08 of =1 105, £/=0.08.
b=-0.016 6 Fl c=—0.478 4.

XH Manson-Coffin J5 F2 JEAT 75 iy Tt , it
iR 6 Fron. XFORMRAE, M NARE KT
T0.5%IN, TS5 R 5 LR AR A R qNAR
ik £ 0.5%I5, Manson-Coffin 75 F& 5 () 5 fir A ik
AR 223 %, TR TS R . X
LSP R4, AH R 445 TR0 (198 55 7 iy 5 o ol

(2N,) +el(2N) (D

FEamAH A, DR 25 A RS o
3.2 {&IF Manson-Coffin 7512

LSP b PEJS e BRI A4 TR RN ), $2
o UMEHEM AR, WK TR S A, Rk
FEFR AN ) 2% Manson-Coffin J7 #2iHAT
BIE, 1931RIAN:

Ae,  Ag, Ag, ol -0,
22 T T
X oy 4 LSP Ja AP RHER AR AR Y )

KH EIRMEIE S ) Manson-Coffin J7 FEEAT %3
AT, M EE R 6 fn. NARIR KT +0.5%
INF, P PR A i BRI 2 A% 4 B Y, SR & SRR
AR A +0.5% K, PN 7 i R 5 R 1
(R AH R A5 1F R P A5 21 /%) LSP 30 25 d K T Tl
(R A A, IR 28 R AR AR S N ) [R5 M2 1E
Ja AR UEAT LSP AL H S 9% 55 75 iy T 2 m]
ATH.

(2N, ) +&l(2N,) (D)

10°g
E B,
-
104 ~
S ey
> .
o .
~ 3 i
o 10°E .
= E . 7
< . -
> L7 A
= e 4
£ 5 e 8%
510
g .
e
~ L - -
101 L s _+”0.5% Strain amplitude M Smooth [J LSP F} Modified result for LSP
E 4 4 0.6% Strain amplitude @ Smooth () LSP & Modified result for LSP
0.7% Strain amplitude A Smooth /\ LSP Modified result for LSP
0.8% Strain amplitude @ Smooth > LSP Modified result for LSP
1.0% Strain amplitude Wy Smooth \v4 LSP Modificd result for LSP
DA R B A R T B S A S R T TT] R S W R T B S S|
100 10! 107 10° 104 10°

Experimental data / cycles

6 JGHBUREAT LSP 1R I8 57 A7 i T 45 2R
Fig. 6 Fatigue life prediction results for
smooth specimens and LSP specimens



1 4

FF, 2 WO RS FV520B 4X90% 25 6y [ 54 285

4 4w

EFX} FV520B 403E T LSP 35 . A3t LA Ay
I JE9E 57 190 A1 SEM RS,  HbAT 95 55 75 i Ll o
(CEp R

(1) FV520B 4MZs it LSP AbFH 5, H it i
H1 330 HV $#£FH45 490 HV, #2501k 48%; H M
724290 MPa 5k R KN ). &% FV520B S0
TFEFT LSP AR AT AN [ B AR MR AT IR 9% 5718
Ko BTN 4 KM, LSP WG KM T
FV520B 95 55 A i, 55 6 H R L £0.5%),
ARMRAE N9 57 At dd i 132.2%.

(2) JE57 Wi SEM &5 4878 T LSP 4bBE )5
9% 57 75 0 45 ARE K 1) SR PRIAE T LSP AR B Ji5 7= A= 1 %
RIERN T, $0 T R 55 8 a2 )
I LSP AL BRALAGI 57 R AR B AR T2 750 pum
WA, HE 57 A SR EE IR o

(3) X Manson-Coffin J5 FL4t 6 Yeig AL il
LSP ARFEHEAT I 55 A5 e P, S Rk i X T ik
FEFI0I 45 5 51006 45 ) &30, (T LSP ilAe,
TR R TR o 5 SEIR AR RN s, X
Manson-Coffin /5 FEHATIEIE, 152 T 8B AF I T 4
Ro I TR AR Y )RR 10 9% 55 A7 i
.

2 x X W

[1] ZHANG Ming, WANG Weiqiang, WANG Pengfei, et al.
Fatigue behavior and mechanism of FV520B-I welding
seams in a very high cycle regime[J]. International Journal
of Fatigue, 2016, 87: 22-37.

[2] ZHANG Ming, ZHANG Han, LI Mengli, et al. Fatigue
behavior and mechanism of dog-bone-shaped specimens
of FV520B-I in a very high cycle regime[J]. Fatigue &
Fracture of Engineering Materials & Structures, 2022,
45(12): 3658-3676.

[3] #Rid, Jréeke, #ibE, 4 FV520B AMEMNEOLH
VR A AV Y EES AN R L A Al A L R g
2238, 2016, 52(1): 1-9.
XU Binshi, FANG Jinxiang, DONG Shiyun. et al.
Heat-affected zone microstructure evolution and its effects
on mechanical properties for laser cladding FV520B
stainless steel[J]. Acta Metallurgica Sinica, 2016, 52(1):
1-9. (in Chinese)

[4] WANG Jinlong, ZHANG Yuanliang, LIU Shujie, et al.

(7]

[11]

Competitive giga-fatigue life analysis owing to surface
defect and FV520B-I[J].
International Journal of Fatigue, 2016, 87: 203-209.

ZHANG Xiushuo, MA Yu, YANG Meng, et al. A

internal  inclusion for

comprehensive review of fatigue behavior of laser shock
peened metallic materials[J].
Fracture Mechanics, 2022, 122: 103642.

ZHANG Chaoyi, DONG Yalin, YE Chang. Recent

Theoretical and Applied

developments and novel applications of laser shock
peening: A review[J]. Advanced Engineering Materials,
2021, 23(7): 2001216.

BRI, EHpR, suETE, AE OGR4
P57 5 A S SR (] h E R LR, 2022, 35(2):
103-112.

QIAN Liyan, WANG Yanhu, DAI Fengze, et al. Laser
shock processing and its effect on fatigue life of titanium
alloys: A review[J]. China Surface Engineering, 2022,
35(2): 103-112. (in Chinese)

SANCHEZ A G, YOU C, LEERING M, et al. Effects of
laser shock peening on the mechanisms of fatigue short
crack initiation and propagation of AA7075-T651[J].
International Journal of Fatigue, 2021, 143(3): 106025.
WANG Bohan, CHENG Li, LI Dongchun. Study on very
high cycle fatigue properties of forged TC4 titanium alloy
treated by laser shock peening under three-point
bending[J]. International Journal of Fatigue, 2022, 156:
106668.

SUN Rujian, LI Liuvhe, GUO Wei, et al. Laser shock
peening induced fatigue crack retardation in Ti-17
titanium alloy[J]. Materials Science & Engineering A,
2018, 737: 94-104.

LI Wei, CHEN Huitao, HUANG Weiying, et al. Effect of
laser shock peening on high cycle fatigue properties of
aluminized AISI 321 stainless steel[J]. International
Journal of Fatigue, 2021, 147: 106180.

Fuk, mEE, PR BOUWUL S HUMBT R A il
X 2124-T851 45 Gl 55 AF dir (A LT]. SRR,
2021, 50(4): 96-102.

WANG Qiang, GAO Guogiang, LUO Xuekun. Effect of
laser shot peening and shot peeing compound
strengthening process on fatigue life of 2124-T851
aluminum alloy[J]. Surface Technology, 2021, 50(4):
96-102. (in Chinese)

WANG Lingfeng, ZHOU Liucheng, LIU Lulu, et al.
Fatigue strength improvement in Ti-6Al-4V subjected to

foreign object damage by combined treatment of laser



286

b =B X W L =

2024 4F

[14]

[15]

[16]

shock peening and shot peening[J]. International Journal
of Fatigue, 2022, 155: 106581.

U, TR, ERAESE, AR WO TC1T SR 4k
FrRE R[], R T AR, 2017, 30(3): 40-47.
LI Yuan, HE Weifeng, NIE Xiangfan, et al. Fatigue crack
growth behavior of TC17 titanium alloy with laser shock
peening[J]. China Surface Engineering, 2017, 30(3):
40-47. (in Chinese)

BTIELR, FIRERG, AR, 4% GH4169 i & ot
T oA R SOV S R AN Bl 8 55 AT AT FE[]. AR T
A, 2022, 51(10): 38-48.

YU Yanqging, ZHOU Liucheng, GONG Jianen, et al.
Microstructure and fretting fatigue behaviour of GH4169
superalloy after laser shock peening[J]. Surface
Technology, 2022, 51(10): 38-48. (in Chinese)

P, HER, B, S BmESEot 321
ANEEAW B o S5 PERE R SE WA [T]. PR T R, 2022,
35(2): 140-151.

LI Wei, XIAO Guoyuan, CHEN Huitao, et al. Effect of
aluminizing and laser shock peening on corrosion fatigue

steel[J].
Engineering, 2022, 35(2): 140-151. (in Chinese)

properties of 321 stainless China Surface

[17]

[18]

[19]

[20]

PRAVEENKUMAR K, MYLAVARAPU P, SARKAR A,
et al. Residual stress distribution and elevated temperature
fatigue behaviour of laser peened Ti-6Al-4V with a curved
surface[J]. International Journal of Fatigue, 2021, 156:
106641.

DWIVEDI P K, VINJAMURI R, RAI A K, et al. Effect of
laser shock peening on ratcheting strain accumulation,
fatigue life and bulk texture evolution in HSLA steel[J].
International Journal of Fatigue, 2022, 163: 107033.

GAO Yi, YANG Wenyu, HUANG Zhouzhou, et al.
Effects of residual stress and surface roughness on the
fatigue life of nickel aluminium bronze alloy under laser
shock peening[J]. Engineering Fracture Mechanics, 2021,
244:107524.

COFFIN Jr L F. A study of the effects of cyclic thermal
stresses on a ductile metal[J]. Transactions of the
American Society of Mechanical Engineers, 1954, 76(6):
931-949.

fEEEN: &b o 1976 R4, Wi, BdR. BEEIROT A
JEAF R 55 T
E-mail: jindan76@163.com.



