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Prediction of Fracture of Cylinder Block Main Bearing by Fretting Fatigue and Development of
Verification Method
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A method of prediction of the occurrence of
fretting fatigue fracture of the main bearing in the
cylinder block development process and a method of
verification of the results of predictions have been
developed.

Because fretting fatigue strength differs from
material fatigue strength when fretting does not occur,
a fatigue limit diagram when fretting occurs was
obtained using material test pieces, and criteria for
the evaluation of stress generated in an actual engine
were determined. A method of measurement of stress
amplitude and relative slip using a unit test apparatus
was developed, making it possible to predict fretting
fatigue fracture before the stage of tests using actual
engines. The development of a method of conversion
of strain values determined using the unit test
apparatus into figures for relative slip made it possible
to formulate a method of evaluation of relative slip in
an actual engine.
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Fig. 1 Fretting fatigue test method

Table 1 Test conditions

Test machine SERVO PULSER

Test temperature, atmosphere 150°C, air

Test speed 15 Hz

Contact pressure 50, 100, 150 MPa

Max 107

Number of cycles
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Fig. 2 Fretting fatigue test pieces
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Fig. 3 Relationship between stress and relative slip
measurement
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Fig. 5 Cylinder block and main bearing with strain
gauges
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Fig. 6 Method of calculation of slip

Fig. 7 Test equipment with clip gauge
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Table 2 Test conditions

Force amplitude 15 kN
Frequency 100 Hz
Phase difference 90 deg

Bolt axial force Base: 11% reduction

Stiffness Base: Width 5% reduction
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Fig. 8 Relationship between strain gauge and clip
gauge
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Fig. 11 Results of stress and relative slip

measurements
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Fig. 12 Results of material inspection after cylinder
block test
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Table 3 Test conditions

Test 1 Test2
Engine type 1.5L Engine | Same as left
Qil temp 80°C Same as left
Water temp 80°C Same as left
Engine speed 6800 r/min Same as left
Endurance test time 100 hr 26 hr
Bolt axial force Base 11% reduction
Force amplitude on Base 56% increase
crankshaft
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Fig. 13 Results of stress and relative slip
measurements
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Fig. 14 Results of material inspection after actual
engine test
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