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Two Dimensional Vibration Analysis of Cranck Shaft
by Using Transfer Matrix Method
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Abstract

This paper presents an analysis method of crankshaft of four cylinder internal combustion
engine for studying dynamic characteristics of the shaft. For simple analysis, uniform sections of

journal, pin and arm parts were assumed. Transfer Matrix Method was used, considering

branched part and coordinate transformation part. Natural frequencies, natural modes and

transfer functions of crank shaft were investigated based upon the Timosenko beam theory: It

was shown that the calculated natural frequencies, modeshapes agree well with the experimental

results.
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Fig. 1 Definition of coordinate and variables for a
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Table 1 Comparison of natural frequencies (rad/sec)

Timonshenko beam
Mode | Euler beam

Ref® Author
1st 3.516 3.50 3.516
2nd 22.034 21.35 21.355
3rd 61.697 57.47 57.471
4th 120.900 106.93 106.926
5th 199.860 166.62 166.660
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Table 2 Comparision of natural frequencies of bran-

ched beams(Hz)

Inplane Outplane
Mode
(a) (b) (a) (b)
1st 10.23 10.23 2.19 2.19
2nd 19.98 19.98 26.37 26.37
3rd 27.35 27.35 46.72 46.72
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Table 3 Natural frequency of crank shaft by com-
puter simulation (Hz)
(a) Inplane mode (free-free)

Mode Case “A” Case “B”
1st 398.8 395.4
2nd 903.6 884.3
3rd 995.0 958.3
4th 1373.1 1315.3

(b) Outplane mode (free-free)

Mode Case “A” Case “B”
1st 519.4 496.0
2nd 1018.3 1044.1
3rd 1533.0 1368.0
4th 1681.6 1754.0

Ist mode

2nd mode

4th mode

4th mode

INPLANE QUTPLANE

Fig. 11 Mode shape of crank shaft by computer simu-
lation
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Fig. 12 Transfer function by computer simulation
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Fig. 13 Experimental set-up and measurement sys-
tem
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Table 4 Comparison of natural frequencies of experi-
mental and computer simulation
(a) Inplane mode(Hz)

Experi Computer simulation
Mode|
mental (Timoshenko| Error% | Euler | Error%
1st 395 398.8 0.9 402.1 1.7
2nd 895 903.6 0.9 944.7| 5.6
3rd 985 995.0 1.0 1034.1 4.9
4th 1350 1373.2 1.7 1474.9 9.2

(b) Outplane mode (Hz)

Experi Computer simulation
Mode
mental i Timoshenko| Error% | Euler | Error%
1st 550 519.4 —5.6 | 528.1] —4.0
2nd 985 1018.3 3.4 [1098.7| 11.5
Ird | 1430 1533.0 7.2 {1783.1] 24.6
4th | 1695 1681.6 —0.1 |1841.9 8.6
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