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A Study of Crankshaft Vibration Mechanism in Operation
(Visualization of the Vibration Mechanism by means
of Time History Response Analysis is Consideration of Nonlinearity of Oil film)
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** Isuzu Motors Limited, Hokkaido Engineering Center Eniwa, RB Park,
3-1-1 Megumino-kita, Eniwa-shi, Hokkaido, 061-1374 Japan

The vibration behavior of the crankshaft in operation is complex to simulate because there are
many contributing factors, some of which are varying oil film stiffness and damping, coupled
vibration of the rotating crank train and cylinder block. This paper describes a new method of
analyzing the nonlinear vibration of rotating crank train, in which calculations are made of using
nonlinear equation of motion. This method uses stiffness and mass matrices of the component parts,
which have been extracted from the finite element model using in-house software. The coupled
vibration of the rotating crankshaft and cylinder block is calculated by means of time history
response analysis, in consideration of the non-linearity of the oil film stiffness, damping and friction.
The accuracy of this calculation technique was demonstrated by comparing the calculated results
with the actual vibration measured with LASER equipment.
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Fig.1 The schematic drawing of the diesel engine
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Fig.2 The finite element of the crankshaft system

Table.1 The element properties and material constants

Material |The type | The number of [Young's modulus| Density
_constants |of element| elements (nodes)l  [N/m?*] | [kg/m’]
Crankshafi Beam 147 (99) 7.81 x10°

Flywheel | Shell 72(73) 726x10°% 0.3

Poisson

0.98 x 10!

Stiffness and mass matrices extracted from the crankshaft
and flywheel FEM model: Matrix size =2 X (172 X 6)2
— Guyan reduction and diagonal mass matrices

Matrix size =2 X (72 X 6)*
Nonlinear thrust ~ Nonlinear friction
Laser Doppler bearing stiffness  Friction torque
velocity meter | 111

Exciting
force

. 7 7, 7z 77
. / Nonlinear oil film .
Restrain stiffness and Cylinder block stiffness

damping (6% 105N/m)

Fig.3 The nonlinear vibration model
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Fig. 4 The detail of the crankshaft FEM model
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Fig. 5 The validity of the new crankshaft model
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A: The load except on the journal beside the firing cylinder
B: The journal #5 load influenced by the rear bending
(nonlinear analysis) , C: The linear analysis
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Fig. 12 The bearing load in the y-axis direction
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