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The Transfer Matrix Method for Three-Dimensional
Vibration Analysis of Crank Shaft
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ABSTRACT

This paper presents a vibration analysis method of crank shaft of six cylinder intemal
combustion engine. For simple analysis journal, pin and arm parts were assumed to have
uniform section. Transfer Matrix Method was used, considering branched part and coordinate
transformation part. Natural frequencies, modeshapes and transfer functions of crank shaft were
investigated based upon the Euler beam theory: It was shown that the calculated natural
frequencies, modeshapes agree well with the existing paper results.

Z= 071449 : Euler Beam(Euler B), Transfer Matrix Method(F @3 24), Natural Frequency(i-f-
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Fig.6 Model of Two-dimensional Crank Shaft

Table 2 Natural Freqguencies of Crank Shaft
by Computer Simulation(Hz)

Reference”’ Author

Mode

In~plane | Out-plane
Table 1 Comparision of Natural Frequencies 1st 4055 - 4065
of Branched Beams(Hz) _ 2nd - 533.1 533.0
3rd 933.3 - 933.3
Model

Mode : 4th 1086.0 - 1055.1
(a) (b) 5th - ur2 | 1772
1st 1639 1639 6th 14307 - 1430.7
Znd 3746 3746 7th - 1729.0 1729.3
3rd 505.9 555.9 8th - 1845.3 1845.2
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Table 3 Specification of Three-Dimensional

Crank Shaft

Element Dimension{mm)
Parts Number length X cross section
Journal 1 &80 x 024
Left end 2 205 x 4294
Journal right end |21 485 x 4301
Joumal 389141520 2225 x 042
Crank pin 561L1217)8 | 205 x 942
Crank arm 4710131619 | 365x T x 165 h=19

. RRUBHT | A0x 19 x 14
Count weight
8290313233 1 490 x 102 x 165

Fig.7 Model of Three-dimensional Crank Shaft

No.3 Crankthrow - Projection

(a) Simulation by author

(b) Simulation by ref®

No.3 Crankthrow Projection

(¢) experiment by ref®

Fig8 Comparision of Mode Shape of Experiment and Simulation
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Table 4 Comparision of Natural Frequencies
of Experimental and Computer
Simulation (Hz)

Computer

. i Relative error %
simulation

Mode | Experi=

Ret? | Author| Ref® | Author

Ist 5184 | 4/B9 | M13| -82 -52

2nd 5662 | 9606 | 5134 -10 -93

3rd 804 | 7TR5 | 63| -149 | -110

4eh | 10560 | 11331 | 10492 73 06

-bth | 11540 | 11638 | 12110 08 49

6th - - 13775 - -

7th | 15040 | 14795 | 14%5 | -16 -04
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Fig9 Transfer Function by Computer
Simulation
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