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Effects of Thermal Barrier Ceramic Coating Materials on Diesel Engine Piston
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ABSTRACT: The work aims to study the effects of different ceramic materials on the piston temperature and thermal stress.
With MgO-partially stabilized zirconia ceramic (Mg-PSZ) and yttria-partially stabilized zirconia ceramic (Y-PSZ) as objects of
study, plasmas Mg-PSZ and Y-PSZ were sprayed on the top of AlSi alloy piston. The effects of two different coating materials
on piston temperature and thermal stress field were studied, contrastive analysis was performed to change of piston temperature
field and thermal stress field with ceramic coating or not. Compared with the uncoated piston, surface temperature of Mg-PSZ
coating piston and Y-PSZ coating piston increased obviously by 50.49% and 34.81% respectively while corresponding maxi-
mum substrate temperature decreased by 28.49% and 17.34% respectively. Meanwhile, distribution of temperature and thermal
stress on the Mg-PSZ coating piston was same as that of Y-PSZ coating piston, so was the distribution of piston substrate and
uncoated piston. Both the Mg-PSZ coating piston and Y-PSZ coating piston can lead to the increase of the surface temperature

and the stress. Y-PSZ has greater impact on substrate temperature while Mg-PSZ has greater impact on stress.
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Tab.1 The properties of the Mg-PSZ coatings piston with

AlSi alloy
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Tab.2 The properties of the Y-PSZ coatings piston with
AlSi alloy
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Fig.1 Finite element model of the thermal barrier coating
piston
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Tab.3 The piston temperature and heat transfer coefficient
of different positions
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Fig.3 Temperature distribution of piston along the radial dis-
tance OA: a) top surface of thermal barrier coatings piston; b)
substrate surface
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Fig.2 The temperature distribution of piston: a) uncoated; b) Mg-PSZ coating; ¢) Y-PSZ coating
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Fig.4 Thermal stress distributions of piston along the radial
distance OA: a) piston crown; b) substrate surface
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