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Microstructure and thermal fatigue resistance of

Co-Cr-W alloy coating by laser cladding
ZHU Tian-hui' YU Gang'  HE Xiudi' LI Shaoxia'  NING Weijian'
ZHENG Caiyun'  WANG Gaoei'  LIU Hao®
(1. Key Laboratory of Mechanics in Advanced Manufacturing Institute of Mechanics Chinese
Academy of Sciences Beijing 100190 China; 2. School of Mechatronic Engineering China University of
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Abstract: Considering the problem of thermal fatigue damage for some steel components the Co-Cr-W alloy coating was fabricated on
surface of medium-carbon steel 38MnVS6 for piston by laser cladding with synchronous powder feeding method. The microstructure and
element distribution of the coating were investigated by means of optical microscopy SEM EDS and XRD. The hardness and thermal
fatigue resistance of the coating were measured by the Vickers hardness tester and laser thermal fatigue experiment platform. The results
show that the coating is metallurgically bonded to the substrate and free of crack and pore. The coating strength is improved due to the
solid solution and dispersion strengthening. With the powder feeding rate of 5.9 g/min the microhardness of the coating is 530-
590 HVO. 1 which is twice as much as that of the substrate. Meanwhile the thermal fatigue resistance of the coating is improved
significantly compared with that of the substrate.
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Fig. 1 Microstructure of medium carbon steel 38MnVS
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Fig.2 Schematic of laser thermal fatigue test
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Fig.4 Surface morphology of multi-pass cladding layer
(a) before the dye penetrant inspection; (b) after the dye
penetrant inspection
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Fig.3  Surface morphology of single pass cladding layer
(‘a) before the dye penetrant inspection; ( b) after the dye

penetrant inspection
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Fig.5 Microstructure of heat affected zone
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Fig. 6 Microstructure of the cladding layer ( a) bottom region; (b) middle region; ( c) top region
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Fig.7 X-ray diffraction pattern of the cladding layer . o . . .
Fig.8 Elements distribution in dendrite and interdendrite

8
o EDS Co.Ni.Fe
Cr W Cr W
v-Co Cr W
o 9
o 9
Fe Co.Cr.Ni.W
X 9
N ° Fig.9 Distribution of alloying elements of the cladding layer
2.2
10 5.9 g/min . Co.Cr-W
0 10 9 Fe
530 ~590 HVO. 1 Co.Cr W
(270 HVO. 1) 2 °
400 HVO. 1 Cr,C; WC 1500 HV

1.5 o ; Cr W v-Co



11 : Co-Cr-W 223
11
(a2) . 11(a3) 2000
; 11( b1)
11(b2) . 11( b3)
2000 3000 0
2000
2000 ; 3000
10
Fig. 10 Microhardness distribution of the cladding layer
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Fig. 11 Surface images before and after laser thermal fatigue test
(al) ~(a3) sample without coating; ( bl) ~(b3) sample with coating
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