2023 42 H B SKBIM W45 % 55 2 WI(REE 359 1) - 79 -

doi: 10.3969/.issn.1001-3849.2023.02.013
RHALEETEE RIS HERR

FhAR T RaAE T AT BREAR AR A i
(1. dbJ7 Talk K2 WL S AR T RS2 B L AT 100144 ; 2. 5B RHE A BRA F L 65T 100160)

E: AT AR ABAQUS # 5 T 4 &-7& B o) Z 4 JUATA A, R A K #8669 B TR LM %, R GAT A
THERE WS FRAMTFRSEER@EES AP, SREAWN: B4 EFEE 100~200 pm B, %
B B @Al ) RS B B R A 3 K 36 e, Ak 163 MPa 3§ An £ 212 MPa, 38 K T 30.06 %; 445 B AR S 4
200~600 GPa Bt , & E -4 B S @i 8 A R4 B 3 AL 2 0938 K M 38 m , A 104 MPa 3% Jm £ 175 MPa, 3¢ X 7
68.27 %5 % ik BT K BAE 50~400 W-m KB, R E R EMEAL S S R R A B R m A A RBF R L,
A 171 MPa, %Z4&F B EFEMBORETE REFEEELL N EEELSGRENHEENEF LS EFRELT
LA ERJEVANS0 um £ A A E B VA SiC & B A4 E A A5 400~600 GPa h B . FRAAHATEREFER
oA TR,

KR FE AR SRR NIRE AR IR B R

FESHES: TG 174.441 SCHERARIAAD : A

Design and simulation research of electroplated coating on piston top of
gasoline engine

Sun Wei', Zhang Shuting", Du Kaiping®, Ouyang Peixuan', Yang Jinhe'
(1. College of Mechanical and Material Engineering, North China University of Technology, Beijing
100144, China; 2. Mining and Metallurgy Technology Group Co. , Ltd. , Beijing 100160, China)

Abstract: The effects of the coating thickness, elastic modulus and thermal conductivity on the peak
stress of the piston-coating interface were systematically studied by the finite element analysis method
with sequential thermodynamic coupling. A three-dimensional geometric model of the coating and
piston was established by using the finite element software ABAQUS. The simulation results show that
when the coating thickness is 100—-200 um, the peak stress of the interface increases from 163 MPa to
212 MPa with the increase of the coating thickness, increasing by 30.06 %. When the elastic modulus
of the coating is 200—600 GPa, the peak stress of the interface increases from 104 MPa to 175 MPa
with the increase of elastic modulus, increasing by 68.27 %. When the thermal conductivity of the coating
is in the range of 50-400 W-m™" K", the peak stress of the interface almost remains unchanged with the
increase of thermal conductivity of the coating, which is about 171 MPa. Considering the performance
requirements of the piston top surface, the evolution mechanism of interface peak stress and coating

bonding state, and the actual electroplating process, it can be concluded that the optimal coating thickness
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is about 150 um, and the optimal elastic modulus is 400—600 GPa of composite coatings with SiC. The

influence of thermal conductivity on the stress field of thin-coated piston is very limited.

Keywords: piston; composite coatings; 3D thermodynamic coupling; finite element analysis; coating

properties; interfacial stress
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