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Piston Slap-noise Prediction Using 3-dimensional Piston Secondary Motion Simulation
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ABSTRACT

A method of predicting piston slap noise was
developed. Conventionally, piston slap noise was
evaluated using moving energy or vibration of cylinder
liner obtained by simulating the piston secondary motion.
However, prediction accuracy and reliability were lower.
This new method focuses on cylinder liner vibration,
which has a high correlation with piston slap noise.
Increasing the accuracy of predicting the cylinder liner
thermal deformation, the piston and cylinder block
dynamic stiffness model, and the 3-dimensional piston
motion simulation program through oil film model
modification enabled cylinder liner vibration to be
predicted highly accurately. As a result, it was confirmed
that piston slap noise could be predicted with sufficient
accuracy for all practical purposes based on a
comparison with the measured values for an actual
engine under running conditions. By applying this
method to a newly developed engine, the piston
specifications could be determined at the initial stage of
development.
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Fig. 3 Cylinder block FEM model
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Fig. 4 Verification results for thermal distribution of
cylinder block

Fig. 5 Piston FEM model
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Fig. 6 Verification results for thermal distribution of piston
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Fig. 7 FRF verification results of cylinder block
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Table 1 Specifications of engine and piston

ltems Specifications
Cylinder configuration Inline 4-cylinder
Valve train DOHC 4 valves
Crank offset length
[mm] 0
Ignition system Single point ignition
Fuel supply system PGM-FI
Displacement
[cm?] 1998
Bore x stroke
[mm] 86 x 86
Compression ratio 9.8
Maximum power
Maximum torque
[Nm] 191
Compression height
[mm 26.2
Skirt width x height
[mm] 34 x29.5
Piston weight
(o] 310

Table 2 Variations among pistons
BASE A B C D
0.8 1.3 0.3 0.8 0.8

Pin offset
[mm]

Skirt form Base | Base | Base Thin | Thick
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Table 3 Specifications of newly developed engine

and piston
ltems Specifications
Cylinder configuration Inline 4-cylinder
Valve train SOHC 2 valves
Crank offset length 14
[mm]
o, Dual point
Ignition system sequential ignition
Fuel supply system PGM-FI
Displacement
[cm?] 1339
Bore x stroke
[mm] 73 % 80
Comepression ratio 10.8
Maximum power
Maximum torque
[Nm] 123
Compression height
[mm] 26.2
Skirt width x height
[mm 38 x29.5
Piston weight
(o] 205
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Fig. 13 Comparison of predicted cylinder liner
acceleration (TH side and AT side)
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