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Fractal model of thermal elasto-plastic contact of rough surfaces
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Abstract: Without considering the influence of heat, existing fractal contact models are not applicable to analyze the
contacts when the temperature changes. For this problem, the normal load model and the normal stiffness model of
thermal elasto-plastic contact of rough surfaces are developed respectively in this paper. The proposed model is based on
the normal contact mechanics model of fractal theory of anisotropic and thermal elasto-plastic contact theory which can
be used to characterize the rough surface thermodynamic properties. Then the validity of the model is verified. Finally,
the influence of main parameters on the total normal load and the whole normal stiffness of thermal elasto-plastic contact
at the interface is analyzed by contact simulation. The results show that the total normal load of thermal elasto-plastic
contact increases with the increases of temperature. The whole normal stiffness of thermal elasto-plastic contact increases
with increasing coefficient of linear expansion, scale factor, temperature difference or fractal dimension, but decreases
with increasing fractal roughness. This model expands basic theory and applications of traditional models, and can be
used to calculate and analyze the contacts when the temperature changes.

Key words: rough surfaces; thermal elasto-plastic; asperity; fractal model
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Fractal model of thermal elasto-plastic contact of rough surfaces [J]. Journal of Central South University, 2022, 29(5):
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microscopic scale. The essence of the mechanical

1 Introduction joint problem is the contact problem between two
rough surfaces with different roughness. Normal

The surfaces of the mechanical parts  contact stiffness of rough surfaces, such as that in
manufactured cannot be completely smooth and flat. adjacent engine parts, plays an important part in
They are rough surfaces composed of many matching design and structural components
irregularly shaped protrusions and depressions at the analysis. The acquisition of accurate load and
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Normal Load of Internal Combustion Engine Junction Based on Fractal
Theory of Thermal Elasto-Plastic Contact

Feng Yanu, Yu Xiaoli' , Liu Zhentao'
(1. Power Machinery & Vehicular Engineering Institute, Zhejiang University, Hangzhou 310027, China;
2. School of Mechanical and Automotive Engineering, Zhejiang University of Water Resources
and Electric Power, Hangzhou 310018, China)

Abstract: Based on normal mechanics model of thermal elasto-plastic contact adopting anisotropic fractal geometrical
theory, three parameters were used as argument, then the extended fractal model of thermal elasto-plastic contact of
rough surfaces was established for the problem of ignoring the effect of surface roughness in mechanical parts model-
ing. The theoretical values of normal load in the internal combustion engine cylinder head-cylinder head gasket joints
were calculated with constant properties and variable properties, respectively. Then, these theoretical values were
analyzed and compared with simulation values which resulted from the four-body contact simplified model composed
of cylinder head-cylinder head gasket-engine block-bolts. The results clearly show that in the cylinder ring near the two
exhaust valves, whether considering the variable properties or not has a significant impact on the results. Contact sur-
face roughness has an impact on the normal contact load. The results calculated from smooth surface finite element
modeling has great deviation from the actual situation.

Keywords: internal combustion engine; thermal elasto-plastic; fractal theory; normal load

Pl ) AU AR B AU SR AR S T B RIS S T TR, U T —
B EEe scERn TR AT fE 2 26H SRR, (R X SR AR TE AN S : O KERRT
S B BUNAS BT FOR R AR R ] 094 AU, R RS AR B O A1 2
fih V.t e L 2 T 110 580 900 4 i ) R, O 40k s, DR T A58 ANE T T N APLEE TR R B ak
Gonzalez, Buczkowski, FHZLZEFl Jiang 250Nt S54RSS (LY RIS ; n] B4 T T AR BRI

Wi AM: 2017-05-11; fEEIAHI: 2017-11-02.
EEWE: EFESHEARBI R (863) FEHhH (2012AA111709).
{EERMN: % %, P, Y, E-mail: fengyanllle@126.com.



EORIE N N ] ST | R B - Vol. 38 No. 1
201742 Chinese Internal Combustion Engine Engineering February. 2017

WEHE . 1000—0925(2017) 01—0094—08 380016

L 3 - 1 2 HL 4 S 50 B 7 5

DR GUNETLF N8 RREER R
(L RST 2 47 BB IR 7 36 T B 0BT B 3100272, 79T [ 5F RHE UL 2B BLEL R M 311231)

Study on Thermoelastic Contact of Cylinder Head-Cylinder Head Gasket-Engine Block

FENG Yan'*,YU Xiaoli' , YIN Xu',CHEN Xiaogiang' . LLIU Zhentao'
(1. Power Machinery & Vehicle Engineering Institute. Zhejiang University, Hangzhou 310027.China;
2. Department of Mechanical and Electrical Engineering. Zhejiang Tongji Vocational

College of Science and Technology. Hangzhou 311231.China)

Abstract: In order to study the influence of mechanical eonstraints and thermal state on thermoelastic
contact nonlinear problem that between cylinder head and cylinder head gasket. a four-body contact
simplified model of cylinder head-cylinder head gasket-engine block-bolts was built based on a four-valve
diesel engine. Under different bolt preload and thermal state, contact state and deformation of cylinder
head plate were calculated by using Augmented Lagrange multipliers as the contact algorithm. Then the
influence of contact stresses and nodal displacements of mechanical constraints on some parts of the cylinder
head plate were revealed in rated thermal state condition. Moreover the effect of different thermal state on
the results was similarly revealed. The study makes clear that, when preload maintains the rated value and
burst pressure is exerted. contact stresses in rated thermal state condition of the parts on cylinder head
plate that against the cylinder ring and around the screw, which is on exhaust valve side, are similar with
those values in cold state. while nodal displacements are reduced. and in different thermal states. the rates
of change among the nodal displacements around the screw and both contact stresses and nodal
displacements that against the cylinder ring are all less than 2 % ; with few exceptions, contact stresses and
nodal displacements of these parts of the cylinder head plate increase with the increases of the bolt preload.
The results also show that cylinder head gasket sealing tests in normal temperature condition is roughly

adequate to practical state.
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Fractal model of normal contact stiffness based on

thermal elasto-plastic theory

FENG Yan'?, YU Xiao-li', LIU Zhen-tao'

(1. Power Machinery & Vehicular Engineering Institute . Zhejiang University . Hangzhou 310027, Chinas;
2. Department of Mechanical and Electrical Engineering . Zhejiang Tongji Vocational College o f Science
and Technology, Hangzhou 311231, China)

Abstract: Without considering the influence of thermal stress, the existing fractal models of normal contact
stiffness are not applicable to analyze the contact issues when the temperature changes. Based on normal
contact mechanics model adopting anisotropic fractal geometrical theory. thermal elasto-plastic contact
theory that characterize thermodynamic properties of rough surface was introduced, then the fractal model
of thermal elasto-plastic contact of rough surfaces was established in order to analyze the real contact
conditions between fixed contact surfaces when the temperature changes. This model expands basic theory
and applications of traditional models. The effects of main parameters on the normal contact stiffness of
thermal elasto-plastic contact of joint interface was analyzed through digital simulation. The results make
clear that the normal contact stiffness of thermal elasto-plastic contact inereases with the coefficient of
linear expansion. scale factor. temperature difference. [ractal dimension, and decreases with fractal
roughness.

Key words: thermal elasto-plastic. fractal theory. asperity. normal contact stiffness
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A Normal Load Fractal Model of Joint Interface
Based on Thermal Elasto-Plastic Theory

FENG Yan'”, YU Xiaoli', LIU Zhentao'

(1. Power Machinery & Vehicular Engineering Institute, Zhejiang University, Hangzhou 310027. China; 2. Department of Mechanical and
Electrical Engineering, Zhejiang Tongji Vocational College of Science and Technology. Hangzhou 311231, China)

Abstract: Without considering the influence of heat, the existing fractal contact models are not
applicable to analyze the contact issues when the temperature changes. Based on thermal elasto-plastic
theory and contact fractal theory, a new fractal model of normal contact load is established in this study.
This model expands the basic theory and applications of traditional models, and comprehensively
considers the effects of such parameters as temperature difference, linear expansion coefficient,
mechanical load scale factor, etc. Therefore this model can help calculate and analyze the real contact
conditions between fixed contact surfaces when the temperature changes, and it shows better conformity
with objective laws. Besides, another expression of the model is proposed by introducing mechanical
load scale factor. Then the model is validated through a special case, and comparative study and analysis
are conducted between this model and TZQ model. The results show that the difference between the
model calculations increases with the junction temperature difference. In addition, the effect of
temperature difference on the normal contact load is also analyzed. The results reveal that the normal
contact load of thermal elastoplastic contact increases with the temperature difference at joint interface.
Keywords: thermal elastoplastic; normal contact load; joint interface; scaling factor; fractal model
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