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A Method for Measuring the Exciting Forces inside Engines
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ABSTRACT

This paper presents a method for directly measuring
the exciting forces exerted on the main bearing journal
from the crankshaft. A method was developed for
obtaining the size and direction of the constantly
changing exciting forces, which was formerly impossible.
The exciting force direction and absolute value are
obtained when the relative error between the strain
during actual operation obtained from multiple strain
gauges affixed to the inner surface of the main bearing
journal and the strain estimated from calibration curves
is at a minimum.
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Table 1 Test engine major specifications

Type: Water-cooled,
in-line four-cylinder

Valvetrain: SOHC 16 valves
Displacement: 1493 cc
Bore/Stroke: 75.0 mm/84.5 mm
Compression ratio: 9.4:1

Maximum power:
Maximum torque:

105 PS /6400 rpm
13.6 kgm /4500 rpm
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Fig.1 Calibration test device

Fig.2 Calibration jig
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Fig.3 Attached Strain Gauges and Applied Load

Fig.4 Strain gauge attachment
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Table 2 Roundness measurement result

Roundness (um)

Mass-produced metal 10.25
Successful notch 9.05
Failed notch 20.01

No stress
concentration
around the

notched area

Successful product

Stress
concentration
around the

notched area

Failed product
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Fig.6 FEM analysis of bearing metal
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Fig.7 Calibration test result
(for 10°and 160° load direction)
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Table 3 Measuring conditions

1600 ~ 6000 rpm
Wide open throttle

Engine speed range
Dynamometer torque

40 Nm

While motoring

Lubricant temperature 85°C ~95°C
Coolant temperature 82 °C
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Fig.10 Pulse examples under running conditions
(wide open throttle, 4,000rpm)
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Fig.11 Internal force at each main bearing journal

(wide open throttle, 1 600rpm)
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Fig.12 Lissajous figure for internal forces
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Fig.13 Internal force variation

(40Nn torque, no.3 journal)
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