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Study of Modal Analysis from Order Tracking Data
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ABSTRACT

A Modal analysis technology using engine data taken
under operational conditions is proposed. Taking the
features of engine vibration into consideration, order
tracking vibration data is used as an input to the
subspace method and the identification of modal
parameters is enhanced.

Paying attention to the mode shape used to validate
FEM, and an accuracy validation by the proposed
method was conducted. In the excitation test using
pulses, pseudo tracking analysis was conducted. The
results were compared with the modal analysis using the
transfer function, and it was confirmed that a similar
mode shape was obtained. By applying this method to
actual engine vibration, the chain cover mode of diesel
engines was identified, and it was confirmed that the
orthogonality of the mode shape was enhanced compared
to the mode shape obtained using conventional
operational deflection shape and using average spectrum.

From the above, it is determined that the proposed
method offers enhanced identification accuracy of the
natural modes under actual engine operating conditions,
as compared to the conventional method.
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Fig. 3 Order tracking of engine vibration
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Fig. 5 Chain cover and measurement points
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Mean (Nonfdiag): MAC((])r, ¢s) (ris) (2)

Mean (Diag)= MAC(¢,, 0.) (r=5s) (3)
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Fig. 6 MAC from excitation test

1320 Hz Point A

|
1440 Hz
Nz

Point B

Acceleration [m/s?]

1000 2000 3000 4000
Engine speed [rpm]

Fig. 7 36th order vibration of chain cover

Table 1 Comparison of natural frequencies of head
cover by OMA and EMA
Natural frequency
Mode no. (Hz] Difference [%)]

OMA EMA

1 831 829 0.2

2 901 901 0.0

3 947 947 0.0

N=E— FESHELITH D, OMA B EMA LRFEDE—

RIEOEEEZE T 2 LR TE 2.
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Fig. 10 MAC from operational condition

Table 2 Comparison of MAC mean from operational
condition

Mean of non-diagonal MAC
Tracking OMA Averaging OMA Tracking ODS

0.06 0.20 0.44

Table 3 Comparison of natural frequencies of chain
cover by OMA from tracking and averaging

Natural frequency
Mode no. (Hz] Difference [%]
Tracking Averaging
1 1320 1322 0.2
2 1425 1466 2.9
3 1512 1518 0.4
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