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Effects of Temperature and Thickness on Residual Stresses of
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ABSTRACT: The work aims to improve microhardness and bonding strength of nano-diamond coating by changing process
parameters of nano-diamond coating which was prepared in the method of suspension plasma spraying. Numerical simulation
was applied to residual stress of nano-diamond coating using finite element software ANSY S. Finite element analysis model and
heat conduction equation were established for nano-diamond coating. The effects of coating thickness and cooling rate on resid-
ual stress of the nano-diamond coating were discussed. Surface of the nano-diamond coating was analyzed by scanning electron
microscope, and microhardness and bonding strength were measured by microhardness tester and surface scratch tester. Princi-
pal stress of the nano-diamond coating was tensile stress, and the maximum principal stress first increased, then decreased and
finally increased as the coating thickness increased. The maximum shear stress of the coating was transferred from coating sur-

WHS HHA: 2018-01-18; &iTHHEA: 2018-07-02

Received: 2018-01-18; Revised: 2018-07-02

EE2WB: BRAKAFLALMA (51301192); R A4)#R A (16KY0511)

Fund: National Natural Science Foundation of China (51301192), Graduate Student Innovation Project (16KY 0511)
EE®N: KF (1992—), B, ALARAE, RS @AAG LREL HMER,

Biography: ZHANG Yong (1992—), male, Master, Research focus: surface engineering and numerical simulation.
BIREE: &dE (1982—), B, W4, a3k, ML @h @i,

Corresponding author: YUAN Jian-hui (1982—), male, Doctor, associate professor, Research focus: surface engineering.



- 266 * wm #H R

2018 4 8 A

face to coating interface as the coating thickness increased. Moreover, the maximum shear stress first decreased and then re-

mained stable. For the bulk coating, coating interface or coating surface, the maximum principal stress and the maximum shear

stress decreased linearly with the increase of coating temperature. The maximum principal stress was concentrated around the

coating while the shear stress was distributed on the coating surface. The surface of the nano-diamond coating was smooth be-

cause its smooth surface consisted of compact flat particles through a large number of nanoscale particles. The microhardness

and bonding strength of the 0.1 mm thick nano-diamond coating prepared provided with proper process parameters is about

150HV and 9 N, respectively.

KEY WORDS: nano-diamond coating; residual stress, numerical simulation; heat conduction equation; maximum principal

stress; maximum shear stress
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Fig.1 Finite element mesh model of nano-diamond coating
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Fig.2 Maximum principal stress and maximum shear stress
at different thickness: (a) bulk coating; (b) coating
interface; (c) coating surface
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Fig.3 Different temperature variations of diamond coatings
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Tab.1 Spraying parameters for coating preparation
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Fig.6 Surface morphology of nano-diamond coating
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