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Abstract : Finite element analysis was performed to analyze structural safety of a new heavy-duty direct injection
diesel engine. A half section of the in-line 6-cylinder engine was selected as a computational domain. A mapping
method was used to project heat transfer coefficients from CFD resuits of engine coolant flow onto the FE model. The
accurate setting of thermal boundary condition on the FE model was expected to result in improved prediction of
temperature, cylinder bore distortion, and stresses. Characteristics of high cycle fatigue were investigated by assuming
the engine was operated under the following five loading conditions repeatedly; assembly force, assembly force with
thermal loading, alternating maximum gas pressure loading at each cylinder combined with assembly force and thermal
loading. Distribution of fatigue safety factor was calculated by using a Haigh diagram in which the maximum and the
minimum stresses were selected from the five loading cases.
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Fig. 2 An FEA model of the half section of the engine
(an explosion view with the liners shown outside)
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Table 1 Material properties

Properties E v a k
Unit MPa - 10%K | WmmK
Head (CGI) 130,000 | 027 10.0 0.050
Block (CGI) 130,000 | 027 10.0 0.050
Gasket (steel) 210,000 | 0.30 11.0 0.039
Crankcase (CGI) | 130,000 | 027 10.0 0.050
Liners (CGI) 150,000 | 0.26 10.0 0.046

Bolts (steel)) | 210,000 | 030 | 110 | 0039

E: Young's modulus, v: Poisson's ratio,
a: Thermal expansion coefficient, k: Thermal conductivity

N/mm?
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Fig. 4 A loading curve of the cylinder head gasket
(bead height: 0.26mm)
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Fig. 6 Mapped heat transfer coefficient on the FEA model
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Fig. 8 Stress distribution on the cylinder head face resulting
from the assembly load
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Fig. 9 A cross-section of the deformed cylinder head
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Fig. 10 Liner deformation: assembly load (scale x1000)
{Cut-out view for #4, #5 cylinders)
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Fig. 11 Liner deformation at the top section (assembly load)

Fig. 12 Liner deformation: A+T+G#5 gas (scale x500)
{A: Assembly, T: Thermal, G: Gas load at # cylinder}

Fig. 13 Liner deformation at the top section (A+T+GH#5 gas

load)
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Fig. 14 3rd order liner deformation in ym along the liner
height (A+T+G#5 gas load)

Harmonic order

Fig. 15 Harmonic analysis of the liner deformation in ym
along the liner height (A+T+G#5 gas load)
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Fig. 16 Head gasket pressure (MPa) (assembly load only)
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Fig. 17 Head gasket pressure (MPa) ( A+T+ G#5 gas load)
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Table 2 Loading cases for the fatigue analysis

Loading conditions Remark

1 A Max. principal stress

2 A+T Max. principal stress

3 A+T+GH#4 Max. principal stress

4 A+T+GH#5 Max. principal stress

5 A+T+GH#6 Max. principal stress
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Fig. 18 A Haigh diagram of a typical cast iron
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(c) Safety factor of the coolant side of the cylinder block

Fig. 19 Distribution of fatigue safety factor
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Fig. 20 All the max. principal stresses plotted in the tensile
side of the Haigh diagram
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