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Crankshaft Stiffness Matrix Construction for the Vibration Analysis
Coupled with Torsional and Axial Directions of a Marine Engine Shaft
System

Won Jin Kim*, Min Kyu Jeon**, and Dong Gwan Jeong**

ABSTRACT

The torsional and axial vibrations of shaft system have been calculated independently because of both the
limitation of computing time and the complexity of crankshaft model. In actual system, however, the torsional
and axial vibrations are coupled. Therefore, in recent, many works in the coupled vibration analysis have been
done to find out the more exact dynamic behavior of shaft system. The crankshaft model is very important in the
vibration analysis of shaft system because most of excitation forces act on the crankshaft. [t is, however, difficult
to establish an exact model of crankshaft since its shape is very complex. In this work, an efficient method is
proposed to construct the stiffness matrix of crankshaft using a finite element model of half crankthrow. The
proposed and existing methods are compared by applying to both a simple thick beam with circular cross section

and an actual crankshaft.

Key Words : crankthrow( 3 229, stiffness matrix(%d ) 3 H), marine engine(2H-&A7),
coupled vibration(1 3 2 %)
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section
m
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length of beam, | :
cross sectional area, A
Young's modulus, E
shear modulus, G :

Fig. 4 Thick beam with circular cross section
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lable 1 Stiffness matrix of thick beam obtained by
the exsiting method
[<10" N/m, N, N/rad Nm/rad]

Us, Ry Uy Ry
Ual 126 | 314 | -126 | 3.4
Ra| 314 | 1100 | -314 | 464
Us| 126 | -314 | 126 | 314
Re| 314 | 464 | -314 | 11.00

Table 2 Stiffness matrix of thick beam obtained by
the proposed method
[< 10" N/m, N, N/rad Nm/rad]
Uy Ry Uy2 Ry
Uy | 1.22 3.05 -1.22 3.05
R« | 3.05 109 -3.05 4.40
Up | -1.22 | -3.05 1.22 -3.05
Re | 3.05 4.40 -3.05 10.9

Table 3 Difference values of two stiffness matrices
(%]
Uy Ry Uy2 Ry
Uy | 318 2.87 3.18 2.87
Ra | 2.87 091 2.87 5.17
Uy | 318 2.87 3.18 2.87
R | 2.87 517 2.87 0.91
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Table 4 Comparison of natural frequencies

[Hz]
1st mode | 2nd mode | 3rd mode
proposed | 3 50 6.76 18.90
existing | 374 6.80 18.70
1.2

—O~existing method
—@—proposed method

1.04

0.8+

ratio

0.6

0.4

0.2}

0.0

2 4 6 8 10 12 14 16 18
node number

Fig. 5 Comparison of the first mode shapes
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Fig. 6 Comparison of the second mode shapes
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