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The cylinder head is one of the most important and complex parts of the engine that withstands thermal and mechanical
loads. Thermomechanical stresses applied to the cylinder head can lead to fatigue damage. The aim of this research is
to evaluate the effect of local plasticity on the low-cycle fatigue (LCF) life of the cylinder head. For this purpose, in
the first step, thermo-mechanical analysis of the cylinder head was performed using ANSYS software to predict
temperature and stress. Then, the effect of local plasticity on the low-cycle fatigue life was evaluated using the Neuber
method using ANSYS nCode Design Life software. Constants of the Chaboche hardening model of the aluminum alloy
were calculated using low-cycle fatigue tests at different temperatures. LCF tests were simulated by ANSYS software,
showing a very good fit between the experimental and simulation results of LCF tests.The results of thermo-mechanical
analysis showed that the maximum temperature and stress in the cylinder head were 212.8°C and 87.211 MPa,
respectively. The minimum LCF life of the cylinder head with and without considering local plasticity was predicted
to be 1486 and 3058 cycles, respectively. Based on the results of the low-cycle fatigue life, not considering the effect
of local plasticity causes the LCF life of the cylinder head to be estimated significantly higher than the allowable limit.
Therefore, it is necessary to consider the effect of local plasticity in the analysis of the LCF life of the cylinder head.
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Fig.2 Boundary conditions in mechanical analysis
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Table 1 Boundary conditions in thermal analysis [1]

o Heat transfer
Area Temperature(°C) coefficient(W/m?K)
Inlet duct 55 260
Exhaust duct 850 500
Areas contacting air 30 60
Areas contacting oil 60 150
Areas of combustion chamber 960 1100
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Fig.1 (a) Cylinder head, (b) sub-model of the cylinder head and (c)
finite element model of sub-model
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Fig.6 The temperature distribution in the (a) cylinder head and (b)

cylinder head sub-model
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Table 2 Isotropic hardening constants at different temperatures

T(C) 100 300
E(MPa) 64.7 51.7
k(MPa) 101.9 481
Q(MPa) 21.25 -32.62

b() 8.6 1.9

cilizeo (slales ;3 Soiloipw (Suigd i glacoli ¥ Jgaz

Table 3 Kinematic hardening constants at different temperatures

T(C) 100 300
C:(MPa) 79993 76850
C;(MPa) 64327 11810
C3(MPa) 11743 7858
y1(MPa) 1063 353
y2(MPa) 4206 590
ys(MPa) 862 655
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