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Influence of Microdefect on Rolling Contact Fatigue

Performance of Thermal Spraying Coating
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Abstract: Three kinds of NiCrBSi alloy coatings with different micro-defect types were sprayed on
1045 steel. Rolling contact fatigue (RCF) life of the coating was investigated using a ball-on-disc test-
er and the map of Weibull distribution failure probability was plotted. SEM was adopted to observe
the microstructure and fatigue trace of the coatings. In addition, the contact fatigue life and main fail-
ure mode of different coatings were compared and the failure mechanism was investigated as well. The
results showed that micro-defects in the coating were mainly composed of micro-pores and micro-
cracks. Contact fatigue life of the coating was in inverse proportion to the content of micro-defects.
Contact fatigue life of coating were 7.77X10°, 8,99X10°, 7. 81X 10° cycle, with the porosity of the
coatings 2. 5%, 1.3% and 2. 1% ,respectively. It also can be seen that, when the content of micro-de-
fects was low, the main failure mode of the coating was spalling failure while with the increasing of
micro-defects and the decreasing of combined strength the main failure mode changed into the interfa-
cial delimitation failure. The large pores existing in the coatings may result in the early failure of the
coating, at the same time increase the wear failure probability.
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Table 1 Plasma spraying parameter

Number of coating A= B* Cc#
Spraying voltage/V 120 140 140
Spraying current/A 360 360 360
Argon gas flow/(m® « h™ 1) 3.6 3.6 3.6
Hydrogen gas flow/(m?® « h™1) 0. 25 0. 25 0. 25
Nitrogen gas flow/(m® « h™1) 0.6 0.6 0.6
Powder feed rate/(g » min~ ') 35 35 45
Spraying distance/mm 120 120 120
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Fig. 1 Cross-section microstructure of sample
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Table 2 Results of contact fatigue lives and failure mode

Code  Fatigue life/10° cycle Failure mode Code  Fatigue life/10° cycle Failure mode Code  Fatigue life/10° cycle Failure mode
Al 0.5297 1D Bl 0. 5880 SP C1 0.4969 1D
A2 0. 5536 1D B2 0. 5816 SA C2 0.5431 SA
A3 0. 6320 SA B3 0.7651 SA C3 0.5948 1D
A4 0.6383 1D B4 0. 8440 SP C4 0.6573 SA
A5 0.6831 1D B5 0. 8599 SP C5 0.6622 SA
A6 0. 7645 SP B6 0. 8676 1D C6 0.7274 ID
A7 0.7893 1D B7 0.9026 SP C7 0.7843 SA
A8 0.8363 1D B8 0. 9644 SP C8 0. 8698 SA
A9 0. 8764 SP B9 0. 9658 SP C9 0.9053 SP
Al0 0. 9246 SP B10 1.0247 SP C10 0.9647 SP
Note: SA: Surface abrasion; SP: Spalling; ID: Interfacial delamination
s, e P -, S
2 REEMESTEFGREIER 99
s ool ° A data point
s - Bfdata point
s b o= A o= 4 L2 + (C*data point
2.1 REEMEZEGRIL E
o N . Y 2 K = -
R M2 3 Weibull 531 X i J2 9 4 filg 95 5 i g% >
Bl R AT A0 B oy A pR A 2 (D R T £ 30t
=)
<
F() =1— exp(— (Z/r))ﬂ) (D £
. N Y o TP £
K FOR ¢ IRPEFF IR 5 2R AIRSHL 10
B 2 5 1 24 0 5 5 W3 2 s I
55 W RRIE 5 N/ eycle

R B R ARLER Ak T 75 SR Ak 1F P AN 2 800 A8, an =X
() F(3) proaste,

> L1/84 Inte) —Ing— &/ pPInCe, /] = 0(2)
i=1

D=8+ @/p/pt] =0 (3)

AP on AR B A0 T AT S50 R

X B WA A BT LB B] AT LB LCT =Rl
WRIZE BAE K 5. 948,5. 915 1 5. 118, {H 4 51 K
7.77X10°,8. 99X 10°,7. 81X 10° JHIK.,

TEM Il 2 b RS 2 (D AT LAAS 3 A7, BT,
C* =i J2 2 il 9% 97 75 i (19 S B0 Weibull 2% 2081
AL AE 2 B B AL R S 98 BR JE U AR AR S R
BOWEAR . AT LU B TR 2 PN R R Y T R S
i % J2 ) 12 fih % 57 A7 fiw . NI Rl LU A7 CF
)2 B il 55 5 e DLRAR T BT IRIZAO I . B

K2 A7 .B7.C? IR 23 imy% 57 % ar i) Weibull 4347 i £k
Fig. 2 Weibull comparison of RCF lives of

A*®, B¥ and C* coating

i Weibull 2k i #4356 VR IR S 800 p AN Bt
TR R BB 0 HL R AR T IR 2 97 7 A 19 4 HORE
FE . BB /N, IR 75 A 10 S BORE B ORIl 22 B
K s FTR F Ay 0 43 BORR BB/ 0 R . AT
B7,C7 =F ik )2 p{EH B K 5. 948, 5. 915 I
5. 118, AR ZE BIAR K E CF R IZ N B AR W /1N, 3% 2
TR AR E AR A B AR . CTIRIZM B
E /N TR 2 3B AL R 22 1 FLE K L H Bl o 34 &
/D R o TE Ak T AR ERVE T L TR 2 P LR R
PR S 7 46 s SR IR L B0 8 I8 Lk 8, L 2
FEFLBREE KA B Y 8 R Tt R B0 2 W R 30 1
TR 2 P 1 O 2 B AR IR 2 T 95 M RE



Dol 0T RS TR R S A Rtz 57 11 FE B 52

75

CP IR 57 A7 dn 5 BT IRIZAH L L B T AL a3
B — 0 73U 2 1R A A ARG L 5 — 0 s 2 i s
Xl PR AL PR R AN N T 55 75 i ) B0 XL L i
EAERS AR T AR B AP A 7E 1 A A 4 ARt
2.2 REMERHEN

R T2 19 9 200 3 T A 8 3 i R A R i Ok R A
IR RB =T

2.2.1 M

T B B e — Tl DL A I U2 42 Mo o7 R o L 2
U R 3 BT . 2 R VR I IR LS DY R B
TR R BT . L R AU VR 2 I B R Y
IR IR B0 558 9 - M 5 0 0 3 R 00 A7 A W 25 B TR N
R 5 18 ) S48, i 2 2 Ak 5 (] 4 HiE K L 3 b 2k RO
AR 7T B 5 A8 ARV R AR =R R KAk

P&l 3 3 4L 2k OE 51
Fig. 3 SEM micrographs showing morphology of abrasion
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Fig. 5 SEM micrographs showing morphology of interfacial delamination
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