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Application of the L-Wigner Distribution to the Diagnosis of
Local Defects of Gear Tooth

Sang-Kwon Lee*
{Received April 30, 1998)

The detection of impulsive signals causing the fracture of gears is a significant task for the
analysis of the characteristics of a damaged gear. However, this impulsive signal is hidden by
background noise such as meshing frequencies and broadband noise. Recently, conventional

time frequency methods have been used. In the case of a signal with a low SNR, these methods
are not sufficient for the detection of impulsive signals ; hence, the L-Wigner distribution with
an S-method kernel is used and applied to the diagnosis of local defects of a tooth in a gear,
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1. Introduction

The vibration signal measured on rotating
machinery is useful for system identification (Han,
et al., 1998) . Especially, several studies on detec-
tion and diagnosis for gear fault have been made
the using vibration signal analysis (Randall, etal,,
1982 and Lee, etal., 1997a). In general it is known
that the vibration signal measured on the gear box
consists of the meshing frequency, its harmonic
orders, side band, ghost components and broad-
band noise (McFadden, et al., 1987). When the
tooth has been damaged by the spall, side band
components of meshing frequencies increases and
have been used as an indicator for the early
detection of tooth damage (Wang, et al., 1996).
These increased side band components are formed
by amplitude and frequency modulated transient
vibration signal (i e., impulsive signals are
produced in the vibration signal), and are hidden
by background noise such as the gear meshing
frequency, its harmonics and broadband noise.
The time average method and the two stage
Adaptive Line Enhancer (ALE) have been used
as tools to reduce the background noise and then
enhance the SNR (Signal to Noise Ratio) (Lee,
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1997b). However, when fracture of a tooth
occurs, there are some cases where the amplitude
of the impulsive signal in the vibration signal is
larger than the amplitude of the meshing vibra-
tion. In this case, the amplitude of the impulsive
signal is the convolution between the impact force
and the system transfer function. The amplitude
of the impact force is a function of velocity which
in turn is proportional to the circumferential
clearance of tooth contacts and the actual width
of the tooth. The system transfer functions of a
gear depend on the pattern of damage. Therefore,
the correct detection and analysis of the impulsive
signal make the pattern analysis of the gear
damage easy. However, it sometimes is difficult to
detect the impulsive signal because the impact
force excites a lot of the frequency band and
produces the complex vibration signal. Recently,
in order to detect the impulsive signal, the use of
time scale methods
increases, However, in some cases, it is difficult
for the conventional time frequency methods to
detect the impulsive signal with a lower SNR
(Signal to Noise ratio). In this case, the higher
order time frequency method is a useful tool ; In
particular, the /.-Wigner distribution is useful for
detection of an impulsive signal with a wide band
frequency.

the time-frequency and

In this paper, the conventional time frequency
methods and the [-Wigner distribution (Stan-
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kovig, 1994) were applied to the data set signals
measured on the gear box with local defection of
a tooth. The test was carried out using 32 blocks.
The data length of each block is one revolution of
pinion. In order to analysis the characteristics of
the damaged gear, the probability density func-
tion {(PDF) was obtained by using hypothesis
testing. According to these results, the PDF by
using the [-Wigner distribution a was more
suitable detector for the characteristics analysis of
the damaged gear than the conventional time
frequency distribution.

2. The [-Wigner distribution

A dual form of WHOMS (Wigner Higher
Order Moment Spectra) is introduced by Stan-
kovié, and it called the multitime WHOMS. In the
multitime WHOMS, if we choose the principal
sticed lag axis, we can obtain the [-Wigner
distribution. The [,-Wigner distribution has been
developed for a nonlinear FM (Frequency Modu-
lation) signal. However, for a multi-component
signal, the .-Wigner distribution has cross-terms
similar to the Wigner distribution. In some cases,
there are non-oscillating cross terms which are
not smoothed by the conventional kernel function
(Cohen, 1995). In order to smooth them the
modified L-distribution (Staszewski, et al., 1997)
has been developed using “S methods”.

2.1 Definition of the [ -Wigner distribution

The multi-time WHOMS is defined by

Wear {Fs hs >0y ta) Efs(gfi
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where n is the order, When the order n is one, the
multi-time WHOMS is the Wigner-Ville distribu-
tion. The multi-time WHOMS for the multi-com-
ponent signal suffer from a number of cross terms
(Lee, 1998). For a two component signal, the
number of cross terms is 2°*% In order to over-
come this problem, if we take the principal plane

(t;=—t,=ts=—t,, -, t,) in the multi-time

WHOMS, eq. (1) is written as follow:
— Legy,_ L N L
Wt )= [ (t—5)s

(t+-p) e dr ey
Equation (2) is called the L-Wigner distribution
(LWD). When [,=I1, the LWD is the Wigner-
Ville distribution (WVD). The number of cross
terms of the LWD for a two-component signal is
oscillating in mid point between two components
like WVI»'s. However, the number of cross terms
of the LWD for s signal with components at the
same time, but at different frequency, increase
dramatically as [, increases. In this case, the non-
oscillating cross term also appears between two
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Fig. 1 The L-Wigner distribution (L=2) for the
two components signal (a) components
centred at 0.2 s with 3Hz and at 1.08 with
22Hz (b) components centred at 0.64s with
3Hz and 22Hz
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components. This non-oscillating cross term can-
not be smoothed by conventional methods.

These observations are verified via a pair of
simulations, the results of which are shown in
Fig. 1. In both cases the LWD is computed for a
128 point time series at an assumed sampling rate
of 100 Hz and in both cases the signal consists of
two complex exponential amplitudes modulated
by a Gaussian envelope. The first example con-
tains two components occurring at different times,
0.2 and 1.08 s, but at the same frequency, 12.5 Hz.
The LWD for this signal is shown in Fig. 1(a).
This plot uses a linear grey scale on which dark
levels depict high values and in which negative
values have been set to zero. The middle compo-
nent is the cross-term, whose oscillatory nature
can be seen. Such a plot is visually similar to that
one would anticipate from a WVD. In the second
case, the signal components occur at the same
time, centred on f=0.64, but at different centre
frequencies, specifically 3 and 22Hz. The LWD of
this signal is shown in Fig. 1(b). In this case there
are three sets of cross-terms, in contrast to a
WVD which would only generate a single set of
cross-terms. The LWD cross-terms appear at
quarter intervals between the two components.
The off-centre cross-terms at 1/4 and 3/4 of the
interval are oscillatory albeit only in the time
direction. However, the cross-terms appearing at
the mid point contains both an oscillatory ele-
ment and a non-oscillating element.

2.2 The smoothing of the 7-Wigner distri-
bution for a multi-component signal

2.2.1 Smoothing using conventional methods

For the multiple signals, Cohen’s class of distri-
butions has been developed to reduce and smooth
Cross using a variety of kernels
(exponential, cone, ---, etc.). Similarly the
L-class time frequency is defined as,

terms
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For I.=1 this is the Cohen’s class of time fre-

quency representation. The general properties of
this distribution are discussed in Ref. (Stankovig,
1996). A Fourier transformed form of eq. (3) is
given by
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The [-ambiguity function associated with
L-class of distribution is given by

Au& 0= [ w—D s+

u

e—jznudu (5)
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Fig. 2 Comparison of the LWD and the LWD with
Choi-Williams for the two components sig-
nal centred at 0.2 s with 3Hz and atl. 08 with
22Hz (a) The LWD (b) The LWD with
Choi-Williams kernel.
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and the [,-general ambiguity function is defined
as

ALL"(E’ T)ZALJ‘(é’ T)'¢'L($! T) (6)

The kernel ¢, (&, r) is the same as the kernel of
the Cohen’s class of time {requency representa-
tion.

The effectiveness of smoothing the LWD using
an exponential kernel is demonstrated via a few
simple simulations. Figure 2 depicts the LWD
calculated for a signal containing two compo-
nents in a 128 point time series, sampled at
100Hz. Each component is a Gaussian modulated
complex sinusoid ; the first component is centred
in the time frequency plane at 0.2 s and 3 Hz, the
second component is centred about 1.08s and 22
Hz. Figure 2(a) shows the unsmoothed LWD (L
=2) in which the interference term is clearly
evident as an oscillatory component midway
between the two auto-terms. Figure 2(b) shows
the result of applying an exponential kernel. Tn
this case the interference term has been removed
at the cost of some distortion to the auto-terms.

Figure 3 shows the results of applying the
exponential kernel to the data depicted in Fig. 1.
The results of this simulation are less satisfying
since the exponential kernel is poorly suited to
removing cross-terms between vertically and hori-
zontally displaced components, especially in fig. 3
(b), since it is impossible to smooth non-oscillat-
ing cross-terms by using the exponential kernel
function.

In summary, the LWD can generate cross-
terms which conventional smoothing fails to
attenuate effectively.

22,2 Smoothing of non-oscillating cross
-terms in the LWD
In order to effectively smooth the non-oscillat-
ing cross-terms in the LWD, consider the Wigner
-Ville distribution,

W(t, f) :'/‘S(l“i‘%Z’)S*
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The pseudo Wigner distribution (PWD) can be
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Fig. 3 Comparison of the LWD and the LWD with
Choi-Williams for the two components sig-
nal ; (a) compomnents centred at 0.2 s with
3Hz and at 1.08 with 22Hz (b) components
centred at 0.64 s with 3Hz and 22Hz

written using the time domain windowing func-
tion %(zr/2) as follows:

Wault, )= [0 (= 5)s(1 455"
<t—%r>e‘ﬂf’dt:%/h (Yh*(—1)s

(t+7)s*(t—1) e g’ (8)
where 7’=1r/2. Using convolution, equation (8)
may be written as follows:

Wew (£, £)=Su(t, 2f) X SE(t, 21) )
where Sy (f, £) is the STSF. Therefore, the PWD
can be written as,

pr(ts f):SII(t3 2f) ;’fs;(ts 2f)
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=fsﬁ<¢, FHESHL f—8) dE (10)

In order to emphasise the auto-terms of the PWD
for a multi-component signal, 4« window function
I (&) can be incorporated into eq. (10) and the
smoothed pseudo Wigner distribution (SPWD)
can be developed as follows;

Wiroow (£, F) :Lr(s) Si(t f+&) Sk

(t. f-8)d§ an
Therefore, using the ambiguity (O’Neill, 1995)
plane (£, r), the kernel function for this window
function ["(£) can be developed as follows:

@ (z, E):F(E)’:Ag.sp(fv 7) (12)

where A, . (&, 1) is the general ambiguity func-
tion associated with the spectrogram of signal s
() (Classen, 1980). We refer to this kernel func-
tion as “the S-method”. In Eq. (11), when ' (&)
=1, the SPWD becomes the WVD and when [
(&) =§(£) the SPWD becomes the spectrogram.
Therefore, in order to smooth the cross-terms of
the WVD, the duration B, for I’ (£) needs to be
selected in accordance with,

Bu< Br<min, Sl p, (13)

where the 7, and f; are the instantaneous fre-
quencies of the signal components and B, is the
bandwidth of H (f).

The SPWD is obtained by convolving two
signals S5 (¢, 27) and Sf (¢, 27) with respect to
frequency and using the S-method for smoothing
the cross—terms in Eq. (11). Similarly, a smoothed
version of the LWD (L=2) can also be obtained
by the convolution of two SPWD W;_y spw (£ 2F)
and Wi-1* spw (/. 27) with respect to frequency as
follows:

Wicnapa (b 1) =5 [T(&) * Wicrom

(&, f+8&) - Wrt,sow(f, f—E) dE (14)

Therefore, a general form of the smoothed version
of the LWD can be obtained as follows:

1
Werrano (1 ) =5 [T'(8) + Wosm
§

8« Weswlt, f~&)dE, L=123, -
(13)
where W, ., (#, f) is the smoothed pseudo
LWD (L=2, 3, ).

The effectiveness of smoothing the sliced
WHOMS using the y-method kernel and the
LWD using the S-method kernel is again demon-
strated via simple simulations. Figure 4(a)
depicts the LWD (L=2) calculated with the
same data set as used to compute Fig. (a) using
the S-method and Fig. 4(b) depicts the LWD (7.
=2) calculated with the same data set as used to
compute Fig. 1(b) using the S-method. In this
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Fig. 4 (a) The SWT with y-method kernel for the

two components signal centred at 0.02 s with
3Hz and at 0.18 s with 22Hz (b) The LWD
(L==2) with S-method kernel for the two
components signal centred at 0.64 s with 3Hz
and 22Hz
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Fig. 5 A Gaussian pulse and an impulse in noise
(a) Single impulse corrupted by broadband
noise, (b) FFT of signal (a)

case, the sampling frequency is 100Hz, the num-
ber of samples is 5312 for the f5, f;— f;=19Hz and
ti—#;=0.88 5. 2Hz is used as the width of the
window for I'(£) and 0.64 s is the duration of the
sliding window %(7). According to these results,
the non-oscillating cross-terms can be eliminated,
as shown in Fig. 4(b). Therefore, in order to
smooth cross-terms of the LWD, the S-method is
more effective than the conventional approach
adopted by Cohen’s class of time frequency repre-
sentations.

Finally, one of the interesting properties in the
LWD is its superior detection performance of
impulse embedded in the broadband noise to the
WVD. In order to examine, thus consider a data
set containing one component in a 128 point time
series, sampled at 100 Hz. The signal component

Fig. 6 Comparison of the WVD und LWD (L=2)
for the impulsive signal embedded in broad-
band noise ; (a) The WVD (b) The LWD
(L=2)

is impulsive at 0.32 s, as shown in Fig. 5(a).

The WVD and the LWD for this data set are
shown in Fig. 6(a) and (b), respectively, The
WVD fails to give clear information about the
impulse. However, the LWD (7,=2) for this data
set does give clear information about the impul-
sive signal component. According to the defini-
tion of the LWD form, Eq. (2), the squaring
operation in the time domain, serves to accentuate
the peak. From this intuitive point of view, we
can explain why the signal component is more
visible in the LWD (Fig. 6(a)) than in the WVD
(Fig. 6(b)).
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3. Vibration Data Measured
on a Gear Box

Figure 7 shows a defected tooth of a gear box
which consists of 30 tooth pinions and 45 tooth
wheels. This data was also used in reference
(Reynolds, 1995). Fig. 7(a) shows teeth of pinion
gear with partial tooth loss over 40% facewidth /
20% facewidth(at root), due to a root to root
fracture : defect A. Figure 7(b) shows a similar
situation but due to a face to root fracture : defect
B.

Fig. 8(a) and (b) show the time history of a
vibration signal measured on the gear box as-
sociated with Fig. 7 (a) and (b), respectively. The
sampling frequency is 8773Hz and 512 sample per
cycle. In case of defect B, the impact caused by
tooth fracture is clear whilst in the case of defect

Lost part of tooth

Lost part of tooth

{b)
Fig. 7 The shape of local fault tooth,

A, the impact is not very clear. In defect B, the
impulsive vibration signal is larger than the back-
ground vibration such as meshing frequency, its
harmonic components and broadband vibration.
However, in defect A, the impulsive signal vibra-
tion is not much more dominant than the back-
ground vibration. These results are caused by
different system transfer functions of the tooth
and different impacting forces on the tooth due to
different types of failure.

4. Application of Time Frequency
Methods

4.1 Application of conventional time-
frequency methods

4.1.1 Application of Wigner-Ville
distribution
The Wigner-Ville distribution is defined by

Wt f) Zfs(t+7r_)s*(t—77)e—jzmdr

(16)
where s (t) is the signal and 7 is the time lag. The
Wigner-Ville distribution has good time and
frequency resolution but cross term interference as
its representative properties.

Figures 9(a) and (b) show the Wigner-Ville
distribution for the vibration data of defect A and
defect B, respectively. The left box presents the
averaged magnitude along the time axis at a
certain frequency. The bottom box presents the
time history for signal s(t). According to Fig. 9
(a), it is very difficult to identify the characteris-
tics of the damaged gear because of background
noise, meshing frequencies and their cross terms.
In Fig. 9(b), the similar phenomenon takes
places even if the impulsive signal is clear in the
time domain. Therefore, the WVD is not very
good time frequency method for the fault analysis
of the gear fajlure.

In order to reduce or smooth the cross terms,
the kernel function can be used. Hence, if we
apply the exponential kernel function to the
vibration data we can obtain the smoothed time
frequency distribution called the Choi-Williams
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(a) Defect A ; 40% facewidth and 20% tip lost at root to
root of tooth
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(b) Defect B ; 40% facewidth and 20% tip lost at face to
root of tooth

50 30 350

Fig. 8 Vibration data measured on the gear box
with partial lost tooth.

distribution,

T u

s+ s (u—F) du|de ()

where ¢ is the coefficient controlling the fre-
quency resolution and the degree of smoothing of
the cross terms.

The Choi-Williams distribution for the signal s
(t) is shown in Fig. 10(a) and (b). In Fig. 10(a)
we can see the meshing frequency and its har-
monic frequencies clearly. The dominant impul-
sive signal also appeared at the 110° of shaft angle
with centre frequency between 70" order and 90t
order, However it is not clear due to interference
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(a) Defection A ; 40% facewidth and 20% tip lost at root
to root of tooth

L] 100 150 200 50 300 350
Angle{degree)

(b) Defection B ; 40% facewidth and 20% tip lost at face
to root of tooth

Fig. 9 Wigner Ville distribution for the vibration
data measured gear box with partial lost
tooth.

by other components. However in Fig. 10(b) two
dominant impulses appear at 125° and the 1%
meshing frequency (30™ order) appeared along to
time axis clearly. Therefore the Choi-Williams
distribution is sufficient for the detection of gear
failure in case of defect B.

4.1.2 Application of spectrogram

The spectrogram (Cohen, 1995), a most popu-
lar and basic time frequency method, has been
applied widely in the science fields for long time
and is defined as
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Fig. 10 Choi-Williams distribution for the vibration
data measured gear box with partial lost
tooth,

S(t,f)zvlz*(r—t)s(r)e’“"”dr (18)

where h(t) is a sliding window,

Figures 11 and 12 are the spectrogram for the
vibration data measured on the gear box. Figure
11 is the result of using a large window size and
Fig. 12 is the result of using a small window size.
The window size must be selected carefully depen-
ding on signal. In Fig. 1l(a), the 1% meshing
frequency (30%™ order) is seen but many peaks
make the decision about detection of fault of gear
confuses because the dominant impulse does not
appear. In Fig. 12(a) we cannot see the |*

] 100 2% o 50

1% a0

A d o)

(a) Defection A : 40% facewidth and 20% tip lost at root
to root of tooth

10 20 2 w0
Asge(degree)

(b) Defection B ; 40% facewidth and 20% tip lost at face
to root of tooth

0 10g

Fig. 11 Spectrogram with large hanning window size
(nfft=64/512 with 50% overlap) for vibra-
tion data measured gear box with partial lost
tooth.

meshing frequency due to the small window size
but it is much easier to find the dominant
impulse, However still many scattered peaks
make the decision about the detection of faults in
gear difficult. On the other hand, the spectro-
grams for the vibration data on gear box with
defection B are shown in Fig. 11(b) and Fig. 12
(b). According to these results, in the case of
defect B, the impulses are clearly shown in the
plot but with poor time or frequency resolution.
Thus it is not easy for the spectrogram to detect
faults of a gear.

41,3 Wavelet analysis
Since 1980, the wavelet analysis has been rapid-
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(a) Defection A : 40% facewidth and 20% tip lost at root
to root of tooth

50 ]?w ].H 200 50 )&} 3")
(b) Defection B ; 40% facewidth and 20% tip lost at face
to root of tooth

Fig. 12 Spectrogram with large hanning window size
(nfft=32/512 and 30% overlap) for vibration
data measured gear box with partial lost
tooth.

ly developed and applied in many science areas
(Chai, 1992). The wavelet analysis is classified as
orthogonal and non-orthogonal, depending on
the mother wavelet function. The representative
orthogonal mother wavelet is the Daubechies
(New land, 1994) wavelet function and it is
useful for the imaging process. The representative
non orthogonal wavelet is the Morlet wave func-
tion and is suitable for the detection and analysis
of gear faults. The Morlet (kronland, 1987) wave
function is defined as

m(l.)ze—\tzlefznfu!tl (]9)

where 7, is the frequency of the wavelet. This is a
form of Gaussian windowed sinusoidal function.

o 0 100 1% 200 2% W 350
‘Anghe(cegren)

(a) Defection A : 40% facewidth and 20% tip lost at root
to Toot of tooth

(] % 0 1% E™ 1% 30 350
Aagle(degree)
(b) Defection B : 40% facewidth and 20% tip lost at face

to root of tooth

Fig. 13 Wavelet analysis using Morlet mother wave-
let {(fm=1, fms=512(length of time¢ his-
tory), La(step of frequency) =128, Lb(step
of time) =128, fs=R8772Hz, amin=fm/ (fms/
2), amax—1} for vibration data measured
gear box with partial lost tooth (L. =3).

The decomposition wavelet coefficients is

obtained by
Wata ) === “sym E=Lyar o)

where ¢ is the scale factor of frequency, and p is
the scale factor of the time shift. According to eq.
(20) signal s(t) can be decomposed as mother
function m(t) within local time window whilst
signal s(t) can be
decomposed as sine and cosine functions during

the Fourier transform

infinite time. Thus wavelet analysis is useful for
time frequency decomposition of 4 transient sig-
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Fig. 14 L-Wigner distribution with recursively
applied S-method kernel for vibration data
measured gear box with partial lost tooth (L
=3).

nal such as an impulsive signal. Wavelet analysis
is also affected by the uncertainty principle, like
the spectrogram. However, the window size can
be controlled by scale factor ¢ and p. The signal
is decomposed with a narrow frequency band at
lower frequencies and with a wide frequency
band at high frequencies by scaling factor o as
keeping the shape of the mother wavelet.

Figure 13 shows the wavelet analysis for vibra-
tion signals. The wavelet analysis for defect A
gear is shown in Fig. 13(a). There are many trace
about meshing frequency around 30 order (the 1
st meshing frequency) and 60orders (the 2™
meshing frequency). However, the information
about the dominant impulsive signal is not clear.

On the other hand, in Fig. [3(b), the information
about the dominant impulsive signal is clear, like
the result of the spectrogram for the same signal
as shown in Fig. 12(b).

42 Application of the L-Wigner distribution

In case of defect A, as discussed in the previous
section the conventional time frequency method is
not suitable for the detection of gear faults.

Figures 14(a) and (b) show the [-Wigner
distribution using the S-method for the vibration
data measured on the gear box. The [-Wigner
distribution for the vibration data using the gear
with defect A is shown in Fig. 14(a). In this plot,
we see a impulsive signal clearly at the 110° of
shaft angle with centre frequency around between
70" order and 80' order. This result corresponds
to the result of the Choi-Williams distribution
and spectrogram but this plot emphasises the
impulse signal effectively because of the squaring
effect of the LWD (L=2) for the relatively large
impulsive signal to meshing frequencies. For this
plot, we use L =3 and S-method kernel functions.
Similarly the L~Wigner distribution for the vibra-
tion data using the gear with defect B gear is
shown in Fig. 14(b). In this plot the two impulses
appear more clearly than those in the conven-
tional time frequency method. The fault occurs at
the 120° of shaft angle with 85" order and 170%
order frequency components.

5. Discussion

The comparison between conventional time
frequency methods and the L-Wigner distribution
for the measured signal on the gear box has been
discussed. According to the results, the L-Wigner
distribution is a better solution for the detection
of impulsive signals and diagnosis of gear faults.
As for the more robust methods for testing perfor-
mance of detection tools, the hypothesis testing
can be used. If we calculate the probability den-
sity function (PDF) by using 32 cycles in mea-
sured data on a gear box, the PDF for each time
frequency method is obtained as shown in Fig. 15.

For the calculation of the PDF we assume the
distribution to have Gaussian distribution, but it
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Fig. 15 Probability density function comparison for
peaks by using Spectrogram (a) defection A
(b) defection B (¢) Normal gear.

is difficult to find how many Gaussian distribu-
tions are in Figs. 15, 16 and 17 via bar graphics.
Therefore we use the Separability Criteria refer-
red to in Ref. (Fukunage, 1990)(22) and the
results are listed in Table, 1. If J2 is higher than
3. we can say there are two Gaussian distribu-
tions. Using this method the Gaussian distribu-
tion curve is plotted in Figs. 15, 16 and 17.
According to these results, the spectrogram (Fig.
15) and wavelet analysis (Fig. 16) for defect A
have the PDF with large variation. Thus, both
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Fig. 16 Probability density funclion comparison for
peaks by using Wavelet analysis {a) defec-
tion A (b) defection B (¢) Normal gear.

time and frequency methods will give some confu-
sions for decision between fault and normal gear
at lower frequency bands around 60-100 order.
The reason for this phenomenon is that both time
frequency methods are affected by the uncertainty
principle. The PDF by using the L-Wigner distri-
bution shown in Fig. 17 is more useful for
identifying the dominant faulty and distinguish-
ing between fault and normal because the PDF
curves have a narrow band of variation and are
separated.
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Table 1 Separability criteria (J2)

Fault 1 Fault 2 Normal
{Defect A} (Defect B)
Spectrogram NaN 5.9702 NaN
Wavelt
. NaN 5.6715 NaN
Analysis
Modified
o l © 4.4296 6.0797 2.2841
L-Wigner
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Fig. 17 Probability density function comparison for
peaks by using the L-Wigner Distribution ;
(a) defection A (b) defection B (¢) Nor-
mal gear

6. Conclusion

For the convenient detection of local gear
defect, the [.-Wigner distribution is discussed and
applied to a data set measured on the gear box.
Compared to the conventional methods such as
the spectrogram, Wigner-Ville distribution and
wavelet analysis, the [-Wigner distribution has
the advantage of enhancing the impulsive signal.
This properties is useful tools in the diagnosis of
typical gear faults like local defect. The hypothe-
sis testing for the detection performance demon-
strates that the L-Wigner distribution has better
detection performance than the conventional time
frequency method and is very helpful in the char-
acteristic analysis of gear damage.
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