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Abstract. Head-feed combine harvester transaxle transmits motive force to the header and driving
system, with adverse working conditions transaxle is especially prone to failure. It is not easy to
detective and recognize faults of transaxle with traditional diagnostic methods as “Listening,
Observation and Touch”, because it has complex inner structures, especially number of meshing
gears. In order to find fault components and distinguish failure types, analyzing the vibration signal of
the transaxle. In the present paper, vibration signals of a certain type head-feed combine harvester
transaxle are extracted by SENDIG S956Y vibration analyzer; fault shaft (frequency is 6.34Hz) and
meshing gears (quefrency is 3.9ms) of the transaxle are located by cepstrum and the zoom amplitude
spectrum and failure types of fault shaft and meshing gears are diagnosed out based on the exclusive
characteristics of vibration signal of different faults in rotating machine. The results show that
cepstrum and the zoom amplitude spectrum approaches that are proposed in the paper are
successfully to ascertain the combine harvester transaxle fault.

1. Introduction

Transaxle is a key part of the combine harvester drive system, it has a great influence on harvest
operation. Once a serious fault or damage occur in transaxle, the combine harvester has to stop
harvesting and to repair it, and great economic loss would be caused. It is very significance to
improve the economic performance and avoid having a major accident when diagnosing and dealing
with a fault before it becomes serious.

Statistics show that the highest failure proportion in all kinds of transmission is gear, about 60%.
At present, extracting the fault information from the gear vibration signal and noise signal (especially
vibration signal) is the effective way of gearbox fault monitoring. The existing methods of fault
diagnosis include the power spectrum analytic method, side-band algorithm and the cepstrum
analysis, etc. ™ The effectiveness of autocorrelation and cepstrum analyses in detection and diagnosis
of rolling bearing has been shown in [2]. In order to ascertain the gear fault, in [3] both the
Wigner-Viller distribution and Fourier transformation cepstrum have been used to locate the fault. [4]
has proposed an experimental sideband algorithm for an automatic wind turbine gear tooth fault
detection and diagnosis. The method of aero-engine rubbing positions identification based on
cepstrum analysis has been proposed in [5]. In order to monitor and maintain a turbine gearbox in
time, a method to diagnose turbine gearbox gearcrack based on wavelet packet and cepstrum analysis
has been proposed in [6].

Cepstrum analysis has been validated in gearbox fault diagnosis of aviation, oil equipment and
wind turbine, etc. Because of number of meshing gears in the transaxle, when gears mesh at the same
time will produce cluster of side band spectrum in spectrogram. Traditional Fourier transform is
difficult to distinguish the fault signal, but cepstrum analysis can reduce the cluster of side band
spectrum to single lines, and then easier to identify cycle structure of complex spectrogram. [ &
Therefore, cepstrum and the zoom amplitude spectrum approaches are proposed for fault diagnosis
and analysis of combine harvester transaxle.
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2. The principle of cepstrum

In 1962, the cepstrum analysis was put forward by Bogert, Healy and Tukey, etc. The failure
frequencies hide in multiple clusters modulation frequency can be decomposed and recognized
through cepstrum analysis. The cepstrum transformation is actually the Fourier integral
transformation of frequency domain signals transform again. !

The measured vibration signal x(t) output signal y(t) through a system impulse response function
h(t). Output signal y(t) is equal to the convolution of x(t) and h(t):

y(®)=x(®)*h(t) 1)
The equation of power cepstrum:
y(5)={F*[1ax (1) ]} ={F*[tos, (1))} @

In the equation (2), X (f)and S, ( f)is the Fourier transform and the power spectral density function
of x(t) respectively. The square root of the equation (2) called amplitude cepstrum is commonly used
in engineering:

C,(r)=F*[lgs,(f)] (3)

The convolution of x(t) and h(t) in the equation (1) can be reduced to simple superposition by
using the cepstrum technology:

C,(7)=C\(r)+C, (7) (4)
Extracting signal components through the cepstrum transformation to achieve the purpose of fault
diagnosis. The basic steps of cepstrum analysis of signals is shown in figure 1.
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Fig. 1 The basic steps of cepstrum analysis of signals

3.  The cepstrum analysis of transaxle vibration signal

A certain type head-feed combine harvester transaxle was heard abnormal sound when doing
running-in test on the bench, which is designed by our project group and manufactured by a harvester
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manufacturing company of Sichuan. In order to locate the fault component with abnormal sound,
cepstrum analysis was carried out on transaxle vibration signal.

The transaxle combines with HST (Hydro Static Transmission), transmits motive force to the
header and driving system. There are two independent gear transmission chain in the transaxle: the
gear transmission chain of the header and the gear transmission chain of the driving system. The gear
transmission chain of the header was heard abnormal sound when doing running-in test. So only fault
diagnosis of the gear transmission chain of the header was taken in this paper. The gear transmission
chain of the header is shown in figure 2.
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Fig. 2 The gear transmission chain of the header
Axis I is the input shaft, with the rotating speed n;=1400rpm. The number of gear teeth
respectively: Z1=29, Z,=32, Z3=19, Z4,=19, Z5=19, Z=13, Z;=31, Zg=12, Z9=40. AxisVis the
output shaft which can outputs different rotating speed by sliding the clutch gear K to mesh Zg and Z-
or Zg and Zgy. The rotational frequencies (quefrencies) and meshing frequencies (quefrencies) of the
transaxle are shown in table 1.
Table 1 The rotational/meshing frequencies (quefrencies) of the transaxle

Frequency (Hz) Quefrency (ms)
Axis 1 23.33 43
Axis 11 21.14 47
Axis III 21.14 47
Axis IV 21.14 47
Axis V 6.34/8.87 158/113
Z41Z, 676.57 15
Z3lZ, 401.66 2.5
Z4lZs 401.66 25
ZslZ4 274.82 3.6
ZglZy 253.68 3.9

The SENDIG S956Y vibration analyzer was used to detect vertical vibration signals of the input
shaft I and output shaft V. The layout of measuring points on field test is shown in figure 3.

The zoom amplitude spectrum of signals were detected from the input shaft I and output shaft V
is shown in (a) and (b) of figure 4. Can be seen in the figure (a), the amplitude of the frequencies:
2.5Hz, 7.5Hz, 12.5Hz, 25Hz, 32.5Hz fluctuate significantly. In the figure (b) the amplitude of the
frequencies: 2.5Hz, 7.5Hz, 15Hz, 22.5Hz, 30Hz fluctuate significantly. Two groups of frequencies
are similar to the rotating frequency and frequency doubling of the output shaft V (6.34Hz), so that
proves that shaft V has failure symptoms. Contrasting figure (a) and (b), the abnormal vibration of

1490



shaft V can be deduced. Judging shaft V has bending faults of shaft and partial abrasion based on the
exclusive characteristics of vibration signal of different faults in rotating machine.

Fig. 4 The zoom amplitude spectrum
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Fig. 5 The cepstrum of meshing gears
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The cepstrum of signals were detected from the input shaft I and output shaft V is shown in (a)
and (b) of figure 5. The cepstrum of figure (a) is basically same as (b), this just reflects a major
advantage of the cepstrum: it is not sensitive to signal transmission path and measuring position, and
this insensitivity is benefit to observe the characteristic frequency and resonant frequency. The
cepstrum components are seen in figure (a): 3.91ms, 8.2ms and 10.16ms, or in figure (b): 3.91ms,
7.42ms and 10.16ms, are similar to the quefrency, second and third quefrency of the meshing gears
ZglZg (3.9ms). So it proves the meshing gears Zg/Zg have faults.

Shaft V is diagnosed with bending faults of shaft and partial abrasion by analyzing figure 4, and
faults of the meshing gears Zg/Zg are located by cepstrum. Judging the meshing gears Zg/Zg have
localized wear based on the exclusive characteristics of cepstrum of gear vibration signal. Finding
Shaft V has a bending deformation symptom and the meshing gears Zg/Z4 have localized wear when
stop to checking. So the diagnosis results have been verified.

4. Conclusion

In this paper, the cepstrum analysis has been used in fault diagnosis of the head-feed combine
harvester transaxle based on the spectrum characteristics of gear vibration. Faults of the transaxle
have been located by cepstrum and the zoom amplitude spectrum approaches, and the axis (V) and
gears (Zg and Zg) with faults have been found out. Failure types of fault shaft and meshing gears have
been diagnosed out based on the exclusive characteristics of vibration signal of different faults in
rotating machine. The results show that cepstrum and the zoom amplitude spectrum approaches are
successfully to ascertain the combine harvester transaxle fault.
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