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Establishment of Prediction Technology of Fatigue Strength in Roots of Internal Thread
for Crankcase Assembly and Application in Product Development
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Aluminum alloy crankcases are generally used
in motorcycle engines. Fatigue fractures sometimes
occur in the roots of the internal threads of the
cylinder head fastening bolts and the crankshaft
main bearing fastening bolts in durability tests in the
prototype stage. Conventionally, theoretical evaluation
of absolute values of fatigue strength in the roots of
the internal threads was a challenge, so evaluation of
fatigue strength had to rely on durability tests using
actual engines.

This study developed technology that uses FEM
analysis to theoretically evaluate the fatigue strength
of the entire crankcase, including the internal thread
portions of the main bolts. This technology performs
parallel calculation processing on a large-scale FEM
model that takes into account the forms and contact
characteristics of the external and internal threads, and
was found to be practical in terms of both calculation
accuracy and calculation time. Examples of applying
this new method to product design showed that
fatigue strength in the roots of the internal threads
for crankcase assembly can be enhanced without
increasing the weight, by modifying the form around
the bolt fastening area and the form of the bolt tip.
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Fig. 1 Location of starting point of fatigue fracture at
internal thread
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Fig. 2 FEM model for strain analysis at root of
internal thread
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Fig. 3 Measurement sequence for strain at root of
internal thread

— 203 —



Honda R&D Technical Review

Vol.22 No.2 (October 2010)

Top view

3 points in axial direction
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Fig. 4 Measurement point for strain at root of internal
thread
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Fig. 5 Strain at root of internal thread: Measurements
vs. FEM analysis
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Fig. 7 FEM model for strain analysis at external
surface of bolt fastening area
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Fig. 8 Strain at external surface of bolt fastening
area: Measurements & FEM analysis results
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Fig. 9 Stress analysis model for entire crankcase
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Table 1 Scale of FEM stress analysis model for

entire crankcase

Number of elements 10 million elements
Number of contact elements 1 million elements
Minimum mesh size 25 uym
Number of CPUs used in calculation 50 CPUs
Calculation time/One boundary condition 5 hours

Fig. 10 Engine used to measure strain when assembled
and under operating conditions
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Fig. 11 Locations for attachment of strain gauges
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Fig. 12  Strain at points of attachment of gauges on
crankcase: Measurements and FEM analysis
results
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Fig. 13 Method of calculation of safety factor
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Fig. 14  Form of hollow cylinder at tip of bolt
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Fig. 15 Reduction of stress at root of internal thread
using bolt with hollow cylinder at tip
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Fig. 16  Reduction of stress at root of internal thread
by changing form around bolt fastening area
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