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Abstract Chaboche’s model of nonlinear continuum fatigue damage is modified based on the impact of crack
closure and residual tension stress of laser cladding effect on fatigue damage. A cumulative fatigue damage model
is developed accordingly to predict the fatigue life for laser cladding component. The related parameters are
concluded from fully reversed fatigue experiment and static tension test and residual tension stress test. To verify
the proposed model, tension—compression fatigue tests under two stage loadings (high—-low loading and low—high
loading) are carried out. The results show that the calculated value and experimental value are in good agreement.
It has been proved to be an efficient method to predict the fatigue life of the laser cladding component.
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Table 1 Model of crack growth effective factor

Model Material Reference
£=0.9+0.2R-0.4R",(R>0)
7075 [19]
£=0.9,(R<0)
£=055+035R+0.1R,(-1<R<1) 2024 [20]

£=0.52+0.42R + 0.06R*,(R = 0)

2024 [21]
£=(0.52-0.1R)/(1 - R),(-2<R <0)

£=0.6684 - 2.4135R +7.0077R*,(0<R<0.5) Steel 316L [22]

£=0.75+03R+0.15R(-1<R< )M Mild steel [23]
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2.2 REMBNSHNHE
2.2.1 BRI B X B A H
FEARTE T s B VEBE R 47 (19 Q345R(16 MnR)HY , 1 B3 83 K 1E ] Ni60 H 45 & 4 By AR RLEE g 44~105 pm . JiE
A R0 7 W R 2 Ak A 3R 2 TSR 3 TR .
F2 Q345R ALl (Bt 434k, %)
Table 2 Chemical component of Q345R (mass fraction, %)

Element C Si Mn S P
Q345R <0.20 0.20~0.60 1.20~1.60 <0.035 <0.035

3 Ni60 fb2# il o (i 43440, %)

Table 3 Chemical component of Ni60 (mass fraction, %)

Element C Cr B Si Fe Ni
Ni60 0.6~1.0 14~17 2.5~4.5 3.0~4.5 <15 Bal.

F5 L T R H O B 3 O T R R AT R T AR . SR Nd = YAG HOG #2% 3E 47 [7) il 26 4 5008 OB G
B . RIS REFA &4 6 HIC RGBS HON BT 1 =210 A JKTE 7=3.5 ms Ji% [ =15 Hz,
FAHHEEE » =180 mm/min, £ K R K 6 ofs , BOECH I EHAA N 2 mm, B A H+1.5 mm, R RS F R Y,
I A 10 L/min,

2.2.2 R AE

H5E AU v K (%) A8 6k iR B I I R 25 B IR 43 01 b e fof e 0 0 57 3 50 i R P 3 Y O s R A

FAR 5 RS 1z, B ARl A oo 52 58 0 D e 2 DX, 98 28 1 mm , 38 3 TR 0 0.5 mm

@ ® §
ﬂ e
S
60 |$= N
220 + 220

B B AR KR STE (mm) o (a) FLALE; (b) 952 55 308
Fig.1 Shape and dimensions of cladding specimen (mm). (a) Tensile specimen; (b) fatigue specimen
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RN,

o, =0, to, (7)
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RERAHLI 14 315.3 MPa,
0903006-3



S I S

280r

240+ R

< 200}
b

& 160}
120}

*

80

3.0 35 40 45 5.0 55 60 65 7.0
Log N

2 Q345R A BHKF 1 HL RS- il £
Fig.2 S—N curve of Q345R cladding specimen
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Fig.3 Fatigue life of experimental data and modified model
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Table 4 Comparison between the experimental and predicted results

Secondary load times Results of Results of

Load sequence Error Error
1 2 3 Average formula (9) formula (13)

High—low 406000 386000 357000 383000 540820 41.21% 416276 8.69%

Low—high 117000 123000 119000 120000 110001 8.33% 123576 2.98%

4 4 ik

1) X Q34SR K B Ni6O £ IR P45 K IR HE T HEAT T B OR SR R 35 3450, 78k 0 7 L 36
7 SN Lk .
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