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Measurement of Piston Skirt Oil-film Pressure when Piston Slap Noise Occurs
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A small thin-film pressure sensor that does not affect
the piston skirt surface geometry, stiffness, and mass was
directly deposited onto the piston skirt surface by
physical vapor deposition, and the oil-film pressure on
the skirt surface which is closely related to the cylinder
liner excitation force when piston slap noise occurs was
measured. The oil-film pressure corresponding to the
cylinder liner acceleration, which is an indicator of
piston slap noise, was measured in an engine under
running condition, and the accuracy of this measurement
was confirmed. It was also possible to measure the
change in the oil-film pressure distribution on the piston
skirt surface corresponding to changes in engine speed
and the piston pin offset. The difference of the oil-film
pressure on the piston skirt surface when the piston
collides with the cylinder liner, which was not possible
to explain from cylinder liner acceleration alone, allowed
the mechanism where the piston secondary motion
differs to be identified. As a result, the accuracy of the
piston secondary motion simulation was enhanced,
enabling effective measures against piston slap noise to
be studied.
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Table 1 Alloy composition of sensors [wt%]

Cu Mn Ni
Cu-Mn-Ni alloy 87.8 8.75 3.45
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Fig. 1 Shape of thin-film sensor (Plain view)
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Fig. 2 Structure of thin-film sensor (Cross section)
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Fig. 3 Pressure-resistance characteristics
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Fig. 4 Simulation results of oil-film pressure
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Fig. 5 Thin-film pressure sensors on anti-thrust side
skirt

Table 2 Engine specifications

Water-cooled, DOHC,

; 4-stroke 16 valves,

Engine type In-line 4-cylinder,
gasoline

Bore x Stroke [mm] 86.0 x 86.0
Displacement [cm3] 1998
Compression ratio 9.8:1
Max. power [KW/ (r/min)] 118 / 6500
Max. torque [ N-m/(r/min) ] 191 /4000
Piston pin offset [mm] (Sta(r){gard) 1.3
Cylinder offset [mm] 0.0

./ Rotational
> direction of
7 engine

Fig. 6 Linkage and wiring from thin-film sensors
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on piston skirt Output
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Fig. 7 Measurement circuit (Wheatstone bridge)
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Fig. 9 Pressure measured by sensor 1 versus
cylinder liner acceleration at two different
piston pin offsets
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Fig. 10 Experimental and calculation results for different engine speeds
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Fig. 13 Experimental and calculation results for different piston pin offsets at 3500 r/min
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