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ABSTRACT Due to the effect of the modulation part the energy diffuses around the surrounding area of dominating frequencies and
diminishes the readability of the time—frequency representation when short-time Fourier transform ( STFT) is used to process nonsta—
tionary signals. However when the instantaneous frequency slowly changes or is constant the effect is small and can even be neglec—
ted. Thus the time—frequency representations have high-energy concentration. Based on this feature a novel method called iterative
generalized short-time Fourier transform ( IG-STFT) was proposed which improved the readability of the time—frequency representa—
tion. First the stationary mono-components are separated using iterative generalized demodulation. Then the time—frequency repre—
sentations of each mono—component are acquired using STFT. Finally the time—frequency representation of the original signal is
obtained according to the analysis results of STFT and the phase function. The analysis results of a planetary gearbox simulation signal
and experimental signals verify the effectiveness of this method for analyzing nonstationary signals and diagnosing gear faults.
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1 - (a) ; (b) STFT
Fig.1 Analysis results of simulation signal: (a) true spectrogram; (b) STFT spectrogram
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2 . (a) ; (b) Fourier 7 (¢) STFT ; (d) IG-STFT
Fig.2 Simulation signal of a planetary gearbox with a sun gear fault: (a) time domain waveform; (b) Fourier spectrum; ( c¢) STFT spectrogram;

(d) IG-STFT spectrogram
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Table 1 Main parameters of gearboxes
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Fig.3 Experimental rig: (1) motor; (2) tachometer; (3) fixed— 3.2.1

shaft gearbox; (4) planetary gearbox stage 1; (5) accelerometers;

(6) planetary gearbox stage 2; (7) magnetic brake 5 . Fourier 5 ( b)
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Table 2 Fault characteristic frequencies of planetary gearbox

f.(t) /Hz S (1) /Hz f.(1) /Hz .
1 (20727) f, (5754) f4 (4727) f4 STFT 5(c) (e)
2 (175/1512) £, (175/7776) £, (175/5400) £, . IG-STFT
5(d) () 5(d)
S
filr) fl :fml _fsl fml +
zfsl _ﬂl“) . 5( f) : f(l
1 5(d4) ()
S
4 . (a) ; (b)
3.2.2
Fig.4 Sun gear damage: (a) sun gear distributed fault; (b) sun
gear localized fault 6 ) Fourier 6( b)
5 . (a) ; (b) Fourier ; (c¢) STFT (0 ~500Hz); (d) IGSTFT (0 ~500Hz) ; (e)

STFT (0~80Hz): (f) IG-STFT (0 ~ 80 Hy)
Fig.5 Normal signal analysis results: ( a) time domain waveform; ('b) Fourier spectrum; (¢) STFT spectrogram (0 —500 Hz) ; (d) IG-STFT
spectrogram (0 =500 Hz) ; (e) STFT spectrogram (0 —80 Hz) ; (f) IG-STFT spectrogram (0 —80 Hz)
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Fig. 6 Analysis results of sun gear worn vibration signal: ( a) time-domain waveform; ( b) Fourier spectrum; ( ¢) STFT spectrogram; ( d) IG-STFT

spectrogram

7 . (a) ; (b) Fourier i (c¢) STET 7 (d) IGSTFT
Fig.7 Analysis results of sun gear chipping vibration signal: ( a) time-domain waveform; ( b) Fourier spectrum; (¢) STFT spectrogram; (d) IG-

STFT spectrogram



° 610 -

39 4

Fourier 7(b)
60 Hz
. STFT  IG-STFT
7(c)  (d)
Sz
Jo 19 w20
3](22() - 2ﬂ2 fd
STFT
STET
Fourier
Fourier

Tian S S Qian Z. Planetary gearbox fault feature enhancement
based on combined adaptive filter method. Adv Mech Eng 2015
7(12): 1
Lei YG HeZ] Lin] etal. Research advances of fault diagno—
sis technique for planetary gearboxes. J Mech Eng 2011 47
(19): 59
( .
2011 47(19) : 59)
FengZP Fan Y X Liang M et al. A nonstationary vibration
signal analysis method for fault diagnosis of planetary gearboxes.
Proc CSEE 2013 33(17): 105
( LIANG Ming

2013 33
(17) : 105)
Feng Z P Qin S F Liang M. Time—frequency analysis based on

10

12

14

VoldKalman filter and higher order energy separation for fault di—
agnosis of wind turbine planetary gearbox under nonstationary con—
ditions. Renewable Energy 2016 85: 45
Li C Liang M. Time—frequency signal analysis for gearbox fault
diagnosis using a generalized synchrosqueezing transform. Mech
Syst Signal Process 2012 26: 205
Hlawatsch ' Boudreaux-Bartels G. Linear and quadratic time—
frequency signal representations. [EEE Signal Process Mag
1992 9(2): 21
Cohen L. Time—frequency distributions: a review. Proc IEEE
1989 77(7): 941
Chen X W Feng Z P Liang M. Planetary gearbox fault diagnosis
under time-variant conditions based on iterative generalized syn—
chrosqueezing transform. J Mech Eng 2015 51(1): 131
( LIANG Ming.
2015 51
(1):131)
Martin W Flandrin P. Wigner-Ville spectral analysis of nonsta—
tionary processes. IEEE Trans Acoust Speech Signal Process
1985 33(6): 1461
Yu G Zhou Y Q. General linear chirplet transform. Mech Syst
Signal Process 2016 70: 958
Cheng J S Yang Y Yu D J. The envelope order spectrum based
on generalized demodulation time—frequency analysis and its ap—
plication to gear fault diagnosis. Mech Syst Signal Process 2010
24(2) : 508
Li C LiuZ X Zhou F X et al. Application of generalized de—
modulation in bearing fault diagnosis of inverter fed induction mo—
tors // Proceeding of the 11th World Congress on Intelligent Con—
trol and Automation IEEE. Shenyang 2014: 2328
Wang Y Xu G H Luo A L et al. An online tacholess order
tracking technique based on generalized demodulation for rolling
bearing fault detection. J Sound Vib 2016 367: 233
Olhede S Walden A T. A generalized demodulation approach to
time— frequency projections for multicomponent signals. Proc
Math Phys Eng Sci 2005 461(2059) : 2159
Cheng J S Yang Y Yu D J. Application of the improved gener—
alized demodulation time—frequency analysis method to multi—
component signal decomposition. Signal Process 2009 89(6) :
1205



