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ABSTRACT: Loading conditions and complex geometry have led the cylinder head to become the most
challenging component in the engine. The cracks in valves in bridge areas are one of the vital durability
problems in engines, showing the necessity of the simulation and analysis of fatigue cracks. The present
study used the finite element method to analyze the low cycle fatigue (LCF) life. The ANSYS software
was also used to predict the temperature, stresses, and LCF life through Morrow theory and nCode
Design Life software. The LCF tests were conducted at different temperatures to obtain the mechanical
properties of aluminum-silicon-magnesium alloy. The combination of the Chaboche nonlinear isotropic-
kinematic hardening model with viscous stress law was used to consider the effect of stress viscosity.
LCEF tests were simulated by ANSYS software, showing a very good fit between the experimental and
simulation results of LCF tests. The results of finite element analysis suggested that the maximum
temperature and stress values in the cylinder head were 205.67°C and 83.958MPa. According to the
fatigue life analysis results, neglecting the stress viscosity effect led to estimating 105 cycles, or about
5.9% higher than the limit. Therefore, it is necessary to consider the stress viscosity effect in the analysis
of the low cycle fatigue life of the cylinder head.
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1- Introduction

The cylinder head is under various thermal and mechanical
loadings during engine operation. Thermo-mechanical fatigue
loading is the most destructive loading for engine cylinder
heads due to the temperature fluctuation in the engine
running and shutting down. The produced temperature in the
aluminum cylinder head is so high that the generated strains
due to mechanical-thermal fatigue in the engine cylinder head
are generally in the plastic region and significantly decrease

proved that the lowest fatigue damage occurs in the intake-
exhaust valve bridge [4]. In the literature, although lots of
papers focused on fatigue life prediction of cylinder heads,
there is a lack of science in the field of studying fatigue life
prediction in engine cylinder heads considering the viscosity
stress effect. Therefore, the aim of this paper is to predict LCF
life prediction for cylinder heads considering the viscosity
stress.

the component life. Therefore, estimating the cylinder head
life in the designing stage has vital importance regarding its
guarantee [1, 2, 3]. In the literature, previous studies report
several researches related to the stress analysis and fatigue life
in the cylinder heads. Analysis of fatigue cracks of cylinder
heads was studied by Ashouri et al. Their simulation showed
that the valve bridge is under cyclic tensile and compressive
stresses [1]. Liu et al. simulated thermo-mechanical fatigue
life prediction of cylinder heads. Their simulation showed
that the creep damage is minimal and can be neglected [2].
Seifert et al. evaluated the fatigue life of cylinder heads
considering ageing effects. Their research proved that ageing
has a significant effect on the damage of materials [3]. Zeng
et al. evaluated the thermal and mechanical fatigue life
prediction of an engine cylinder head. The fatigue analysis
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2- Methodology

The sub-modeling technique was used to reduce the
analysis time in the finite element analysis and only modelized
the flame deck that entered the plastic region, as well as the
valve seats. Morrow equation is the main method of strain-
based approach applied widely in the engine industry. Morrow
criterion is used to estimate the LCF fatigue life. In this
research, the LCF tests, based on the ASTM E606 standard,
were conducted on aluminum specimens under mechanical
strain monitoring conditions at 25, 200, and 250°C.

3- Result and discussion

Regarding the lifetime estimation, thermal loading is
considered the most crucial loading due to its principal impact
on the estimation of the cylinder head life leading to thermal
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Fig. 1. The temperature distribution in the (a) cylinder
head and (b) sub-model

stresses, low-cycle fatigue, and occurring mean stresses in
high-cycle fatigue [4, 7, 14]. The resulting temperature field
on the cylinder heads is shown in “Figure 1”. “Figure 1’ shows
that the difference between the main model and sub-model
is less than 1%. Therefore, the sub-modeling technique was
used to reduce the analysis time in the mechanical analysis
and LCF life prediction.

In the mechanical analysis of the components, the
temperature distribution obtained from thermal analysis with
mechanical loads, which the component tolerates during
its operational condition, is applied as mechanical loads on
the finite element model. “Figure 2” shows the distribution
of Von-Mises stress in the cylinder head. “Figure 3” shows
that the peak of Mises stress is in areas between valves and
the seat of valves. The maximum Mises stress is 83.958MPa,
which occurs in the bridge between intake valves.

Analysis of low cycle fatigue demonstrates that 1856
cycles is the minimum life and occurs between intake valves.
As shown in “Figure 3”, the minimum thermo-mechanical
fatigue life occurs in an area with maximum stress due to the
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Fig. 2. The Von-Mises stress distribution in the cylinder

head
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Fig. 3. The LCF life prediction in the cylinder head

high plastic strain in the bridge between intake valves, which
makes this area susceptible to fatigue cracks.

Evaluation of the viscosity stress in the fatigue life of
cylinder heads is the main focus of this research. The fatigue
damage estimation has been performed according to LCF
approach, also considering the effects of the viscosity stress.
“Figure 4” indicates the number of cycles to failure cylinder
heads, also considering the viscosity stress.

As can be seen from “Figures 3” and 4, the result of
viscosity stress is considerable. Thus, viscosity stress must be
investigated in the fatigue life analysis of the cylinder heads.

4- Conclusions

In this study, LCF life prediction for cylinder heads
considering viscosity stress is investigated. The finite
element method is a potent instrument in designing. The
LCF tests were conducted at different temperatures to obtain
the mechanical properties of aluminum-silicon-magnesium
alloy. The combination of the Chaboche nonlinear isotropic-
kinematic hardening model with viscous stress law was
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Fig. 4. The LCEF life prediction in the cylinder head un-
der viscosity stress

used to consider the effect of stress viscosity. LCF tests
were simulated by ANSYS software, showing a very good
fit between the experimental and simulation results of LCF
tests. The results of finite element analysis suggested that
the maximum temperature and stress values in the cylinder
head were 205.67°C and 83.958MPa. The LCF life results

showed that 1856 cycles is the minimum fatigue life and
occurs between intake valves. According to the fatigue life
analysis results, neglecting the viscosity stress effect caused
an estimation of about 5.9% higher than the limit. Therefore,
it is necessary to consider the viscosity stress effect in the
analysis of the low cycle fatigue life of the cylinder heads.
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Fig. 1. (a) cylinder head, (b) cylinder head used in FEA analysis, (c) sub-model of the cylinder head and (d)
finite element model of sub-model
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Table 1. Boundary conditions in thermal analysis [1]
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Fig. 4. Flowchart of the LCF analysis of cylinder head
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Fig. 5. Experimental and simulated LCF test results at (a)20, (b)200 and (c¢) 250°C
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Table 2. Isotropic hardening constants and Young's modulus at different temperatures

Yo Yoo Y. T(°C)
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Table 3. Kinematic hardening constants at different temperatures

Yo Yoo Y- T(°C)
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TV . YVAY- \YY. 72(MPa)
YAR- Y VY04 v3(MPa)

207.72 Max
200,07

205.67 Max
l 197.21
188.75

192.41
184,76 i 02
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115.9 1042
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Fig. 6. The temperature distribution in the (a) cylinder head and (b) cylinder head sub-model
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Fig. 7. The Von-Mises stress distribution in the cylinder head
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Fig. 8. The plastic strain distribution in the cylinder head
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Fig. 9. Critical areas of the cylinder head
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Fig. 10. The Von Mises stress distribution in the cylinder head considering viscosity stress
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Fig. 11. The variations of the normal stress at the critical node versus time
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Fig. 12. Mesh convergence in the cylinder head sub-model
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Fig. 13. The LCF life of the cylinder head
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Fig. 14. The LCF life of the cylinder head considering viscosity stress
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Fig. 15. The variations of the LCF in the bridge between intake valves
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Fig. 16. Comparison of temperature changes in the bridge between intake valves with the results
of source [20]
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Fig. 17. Fatigue crack initiation areas, (a) Zhang et al. study [27] and (b) the present study
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