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Prediction Technology for Thermal Mechanical Fatigue Strength of Cylinder Head
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A method was established for predicting the
thermal mechanical fatigue strength of a cylinder head
without the need for verification by engine tests. The
accuracy of thermal analysis was enhanced by revising
the turbulent model and physical property values used
in CFD calculations to calculate the thermal boundary
conditions. Thermal mechanical fatigue analysis used
a material model that takes into account the kinematic
hardening rule and hardness overaging, which is
dependent on temperature. The analysis accuracy was
also increased by changing the bolt connection model
from FEM node merging to multi-point constraint
connection. Engine durability tests using an actual
engine were performed to verify the accuracy of this
CAE prediction technology, and the results confirmed
that cracks occurred at the durability test cycle
predicted by CAE. This research helped eliminate
the former need for verification with measured
temperatures, and enabled model-based prediction
of thermal mechanical fatigue strength in the design
phase.
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Table 1  Thermal boundary conditions
Previous
method New method
Turbulent Standard Realizable
Water jacket model k-& k-€&
and
exhaust port | Gas/LLC Constant Variable with
property onstan temperature
Combustion Boundary Empirical Combustion
chamber condition value CFD
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Fig. 3 Turbulent model verification in back-step flow
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Table 2  Engine specifications

oo
Bore x Stroke [mm] 73.0 x 89.4
Displacement [cm?®] 1496
Compression ratio [-] 10.6

Maximum power [kW/rpm] 110/5500
Maximum torque [Nm/rpm] 203/1600-5000
Fuel type Gasoline (RON91)
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Fig. 16 Combustion chamber after durability test
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