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SUMMARY

This paper introduced some advantages of the time-frequency analysis of vibration and investigated, using
the time-frequency transform, the characteristics of the transient motion of a tractor seat, which occurred
during the tractor traversed over a rectangular obstacle on the flat surface.

The characteristics of the short-time Fourier and wavelet transforms as time-frequency analysis methods
were introduced and discussed to figure out which is more suitable to the analysis of the transient motions of
agricultural tractors. Using each transform, transient vibration of a tractor seat was analyzed. Results of the
analysis showed that the transient vibration of the seat was influenced by the natural frequencies of vertical
mode of chassis, pitching mode of engine and pitching mode of cab of the tractor. The time sequence of the
natural mode of tractor vibration was also revealed by the time-frequency analysis. The vibration path analysis
by the time-frequency transform showed that the vibration energies transmitted from the front mounts to the
seat were less than those from the rear mounts. The energy reduction ratios between the cab mounts and seat
were also estimated to be about 72~78%. The front mounts showed larger reduction than the rear mounts.
However, the reduction difference between the right and left sides mounts was negligibly small. The short
time Fourier transform was found to be a proper method for investigating the transient motions of farm
machines and their effects on the ride vibration.

Keywords : Time-frequency analysis, Short-time, Fourier transform, Wavelet transform, Vibration patt

analysis.
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Fig. 1 Time-frequency atoms of the short
time Fourier transform(Stephane,
1998).
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Fig. 2 Time-frequency atoms of the wave-
let transform(Stephane, 1998).

Fig. 3 A view of tractor traversing over a
rectangular bump.
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Fig. 4 Autospectra of seat accelerations
when ftractor traversed over a rect-
angular bump.
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Table 1 Natural frequencies of tractor
lower than 50Hz and their asso-
ciated vibrational modes (Park and

Kim, 1999)

frquI:;l::rya(le) Vibrational mode
4.7 Vertical mode of chassis
10.72 Pitching mode of engine
22.17 Pitching mode of cab
35.04 Vertical mode of cab
37.87 Vertical mode of engine
50.56 Vertical mode of seat-base
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Fig. 5 Autospectra of seat accelerations

when tractor traverses over a
rectangular bump with left wheels
only.
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Fig. 6 Autospectra of seat accelerations
when tractor traversed over a rectan-
gular bump with right wheels only.
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Fig. 7 Spectrogram of seat accelerations
when tractor traversed over a rect-
angular bump with four wheels and
engine speed of 900 rpm.
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Fig. 8 Spectrogram of seat accelerations
when tractor traversed over a rect-
angular bump with four wheels and
engine speed of 1,200 rpm.
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Fig. 10. Scalogram of seat accelerations
when ftractor traversed over a
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and engine speed of 900 rpm.
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when fractor traversed over a
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Table 2 Result of vibration path analysis
using short time Fourier transform

Side Mount | Seat Seat/ Time
(dB) (dB) | Mount | delay(sec)

Front-Left 97.614 | 70.399 | 0.721 0.082

Rear-Left 102.637 | 79.200 | 0.772 0.033

Front-Right | 97.880] 71.158 | 0.727 0.098

Rear-Right | 103.55 | 80.417 | 0.777 0.034
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