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Study on the Thermal Deformation Characteristics
of the Automotive Diesel Engine Piston

ABSTRACT

A 3-dimensional finite element model was developed for the analysis of the automotive diesel

engine piston. The model, which consists of a full piston to accomodate the eccentric bowl in the

piston crown, is used to calculate steady state operating temperature, thermal stress and thermal

deformation of the piston. Roundness measurement tests, which are new approaches to the analy-

sis of piston abrasion and deformation, were done for the comparision of two states of a piston-be-

fore and after operation. Numerical prediction shows good agreement with roundness measure-

ment test results.

=9 7]489] : Diesel engine(tj&alAl), Finite element model(# 38 4% 9), Temperature distri-
bution(-&&=2 %), Thermal stress(@<3), Thermal deformation(<g®¥8), Round-

ness measurement( A Y =2])
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Table 1.1 Specification of test engine

Type Direct injection 6 cylinder
Induction type Natural aspiration
Displacement volume 7545¢e
Cylinder bore x stroke 118 x 115mm
Compression ratio 175
Fuel injection timing 14° BTDC
Ignition oprder 1-5-3-6-2-4
Maximum torque 495N-m at 1400rpm
Maximum power 123kW at 2200rpm
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Table 2.1 Properties of aluminum alloy

{at 300C)
Thermal conductivity, k[ W/mK] 161
Young's modulus, E{GPa] 75
Poisson’s ratio, v 0.33

Thermal expansion coefficient, £1/K]|2.25x107*
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Fig.2.2 Gas temperature as a function of
crank angle

B8 § ¢

Heat transtar cosficient (W/mK]

§

% 250 300 350 400 450 600
Crank angle [degres]

rred

Fig.2.3 Heat transfer coefficient as a function
of crank angle
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Table 2.2 Contact time between rings and ring groove surfaces

Ring A HFA(C) ofAH HEAIZH®) G FHAIZH®)
1st compression ring 138 490 92
2nd compression ring 317 288 115
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Table 3.1 Specification of the RoundTest RA-400
maximum measuring diameter 300mm
maximum loading diameter $550mm
Main maximum load 30kg

Unit maximum measureing height RA-424 : 0.D.—500mm, 1L.D.=300mm
RA-424 : 0.D.—700mm, 1.D.=500mm

maximum measuring depth 100mm

detectable range | magnification [100200500] 1k [ 2k | 5k [10k |20k |50k
Detector : +30m measuring range +300 +40 +14
measuring force 70—100mN
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Fig.4.1 Maximum temperature of a piston vs.
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Fig.4.2 Termperature distribution of a piston,
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Fig.4.3 Maxirmum Von-Mises stress of a pis-
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Fig.4.4 Von-Mises stress distribution of a pis-
ton, 2500rpm[ ]
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