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Verification of Equivalent Indicated Mean Effective Pressure Measurement Method
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Indicated mean effective pressure (IMEP) is
generally used as a parameter directly expressing the
status of combustion in an internal combustion engine.
Issues of data stability, cost, and lifespan, among
others, have made the use of pressure transducers in
vehicle control applications challenging. The use of a
method in which changes in engine vibration and bolt
tightening force originating in the pressure diagram are
measured and used to monitor equivalent IMEP, which
has a strong correlation with IMEP, has potential for
the future.

The research discussed in this paper studied a
method in which signals originating in the pressure
diagram were measured using a piezoelectric ignition
plug washer-type force sensor and the results were
used in the calculation of equivalent IMEP. When
measurements were conducted in an actual engine, a
correlation coefficient of 0.799 was obtained between
IMEP, as determined from the pressure diagram, and
equivalent IMEP, as determined using the force sensor.
Alteration of the charge amplifier settings and the
setting of a computation gate increased the correlation
between equivalent IMEP and IMEP, raising the
correlation coefficient to 0.990.
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C, : Capacitance of piezoelectric element  C. : Capacitance of cable
Roc : Sum of piezoelectric element insulation resistance and cable
insulation resistance

C¢ : Feedback capacitance Ry : Feedback resistance

E;: Input voltage  E, : Output voltage

Z; : Input impedance of operational amplifier |, : Total current

lo, 11, I : Branch current  Q : Generated electric charge

Fig. 3 Measurement system
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Fig. 4 Results of calibration

Table 1 Sensor sensitivity
Calibration pressure (kPa) Sensitivity (kPa/V)
100 1721
200 1751
300 1864
400 1842
500 1849
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Table 2 Engine specifications and test conditions

Engine type Shibaura GEF30RE
Bore x Stroke 78 x 62 (mm)
Displacement 296 (cmd)

Compression ratio 7.4
Engine speed 1,800 (rpm)
Throttle 1/4 - 3/4

Ignition timing

BTDC 22 (deg)
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