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A Spectrum Synch Technique for Induction Motor
Health Condition Monitoring

De Z. Li, Wilson Wang, Senior Member, IEEE, and Fathy Ismail

Abstract—Induction motors (IMs) are commonly used in var-
ious industrial applications. A spectrum synch (SS) technique is
proposed in this paper for early IM defect detection using electric
current signals; fault detection in this paper will focus on defects
in rolling element bearings and rotor bars, which together account
for more than half of IM imperfections. In bearing fault detection,
the proposed SS technique will highlight the peakedness of the fault
frequency components distributed over several fault-related local
bands. These bands are synchronized to form a fault information
spectrum to accentuate fault features. A central kurtosis indicator
is proposed to extract representative features from the fault in-
formation spectrum and formulates a fault index for incipient IM
fault diagnosis. The effectiveness of the developed SS technique is
demonstrated on IM with broken rotor bars and IM with dam-
aged bearing. Test results show that the developed SS technique
can detect incipient IM faults effectively.

Index Terms—Bearing fault detection, broken rotor bars, cur-
rent signal, induction motor (IM), spectrum synch (SS) analysis.

I. INTRODUCTION

NDUCTION motors (IMs) are the workhorse of many indus-
I tries. IM fault detection and online monitoring have become
important aspects to improve productivity and reduce mainte-
nance cost. The IM faults can be classified into two categories:
mechanical faults and electrical defects. Mechanical faults in-
clude: bearing defects, air gap eccentricity, shaft misalignment;
electrical faults encompass stator winding defect, broken rotor
bars, etc. [1]. Investigations have revealed that faults in rolling
element bearings account for about 75% of small and medium
motor defects and 41% of large motor defects, whereas broken
rotor bar faults account for 10% of the motor imperfections in
domestic and industrial applications [2]. Accordingly, this pa-
per will focus on IM defect detection associated with rolling
element bearings and broken rotor bars.

IM fault detection can be performed based on the analysis
of vibration signals and/or stator current signals. Although the
former has higher signal-to-noise ratio (SNR), the vibration
sensors are more expensive and sensitive to installation location
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[3]-[5]. Accordingly, current signals will be used in this paper
for IM health condition monitoring.

The bearing fault detection using the current signal could be
a challenging task since the related signals are usually weak
and modulated by other strong signatures. Moreover, the com-
plex signal transmission route from bearing vibration to sta-
tor current poses higher impedance and hence results in lower
SNR [6], [7]. Several works have been undertaken on IM bear-
ing fault detection [8]-[10]. Schoen et al. presented a bearing
fault model in [11] to recognize IM bearing fault information.
This bearing fault model was then improved by Blodt er al.
[12] to enhance bearing fault characteristic frequencies. Ilonen
et al. used statistical discriminative measures to extract fea-
tures of different IM conditions, in order to improve bearing
fault detection accuracy [13]. Eren et al. applied wavelet packet
decomposition to analyze nonstationary current signals [14],
whereas Zhou et al. employed Wiener filter to remove non-
bearing fault frequency components [15]. The aforementioned
techniques, however, only examine the information about a few
specific characteristic frequencies rather than spectral features
over their neighborhood bands. These approaches may result in
less reliable IM condition monitoring in terms of false alarms
and missed alarms.

Rotor bar breakage is another common IM defect. A rotor
bar could be damaged partially or completely due to exces-
sive thermal stress, or manufacturing defects, or of both. Many
researchers have been working on IM broken rotor bar fault de-
tection. For example, Kim e al. presented a technique to detect
broken rotor bar fault in inverter-fed IMs under the standstill
condition [16]. Ordaz-Moreno et al. suggested a simplified al-
gorithm to detect broken rotor bar fault online [17]. Ayhan ez al.
employed the Fourier transform (FT) and autoregressive-based
spectrum method for IM broken rotor bar fault diagnosis with
low sampling frequency [18]. Haji ef al. utilized a Bayes mini-
mum error classifier to detect IM broken rotor bar defect under
steady state condition [19]. Zhang et al. employed the wavelet
ridge to detect broken rotor bars from IM starting current [20].
Kim et al. suggested a high-resolution parameter estimation
method to diagnose motor rotor bar breakage [21]. Soualhi
et al. employed the artificial ant clustering method to facili-
tate motor fault detection [22]. Rangel-Magdaleno et al. used
mathematical morphology and motor current signature analysis
for broken bars detection [23]. Xu et al. utilized estimation of
signal parameters via the rotational invariance technique and
the Hilbert method to detect rotor fault at low slip [24]. Most of
the aforementioned techniques examine some specific features
in the spectrum to detect the IM fault. Some high amplitude
outliers in the neighborhood local bands may interfere in the
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detection of these fault-related features, and therefore lower the
reliability of the fault detection.

To tackle the aforementioned difficulties, a spectrum synch
(SS) technique is proposed in this paper for incipient IM fault
detection. The SS will examine characteristic frequency com-
ponents as well as their features over their neighborhood local
bands, in order to comprehensively highlight fault features, and
mitigate the effects of high amplitude outliers. The proposed SS
technique is new in the following aspects.

1) A synch technique is proposed to form fault information
spectrum (FIS) by synchronizing several fault-related lo-
cal bands, so as to accentuate the fault features.

2) A central kurtosis technique is suggested to extract fault
information from the resulting FIS, and generate a fault
indicator for incipient IM fault detection. The effective-
ness of the proposed SS technique is verified by IM broken
rotor bar fault detection and IM bearing fault detection.

The remainder of this paper is organized as follows: the de-
veloped SS technique is described in Section II; in Section III,
the effectiveness of the proposed diagnostic tool is examined by
using two common types of IM fault conditions; finally, some
concluding remarks of this study are summarized in Section IV.

II. SS TECHNIQUE FOR IM HEALTH CONDITION MONITORING

The proposed SS technique is composed of two procedures:
local band synch and central kurtosis analysis. The local band
synch is used to form the FIS and enhance fault features. The
central kurtosis indicator is suggested to generate a fault index
for IM health condition monitoring. Details will be discussed in
this section.

A. Local Band Synch

The IM fault characteristic frequency components are dis-
tributed over the spectrum, which are, however, usually difficult
to recognize due to their low amplitude. To highlight the fault
features in the spectrum, the proposed FIS aims to enhance the
local peakedness of the fault frequency components. First, to
lessen the noise effect in the IM current signal, the spectrum

averaging of J datasets ¢;; j = 1,2,...,J, is taken to improve
the SNR, computed by
1 J
o=->  log(P(¢;) (1)

where @ is the spectrum average; P(¢;) represents the non-
parametric power spectral density (PSD) estimate of the dataset
[25], given by

9 N/2+1
Pé)) = 55 > @) )
s i=1

where F) is the spectrum of ¢; using the FT; N is the length of
¢j;and f, is the sampling frequency.

The fault features are related to fault characteristic frequen-
cies, most of which over the local bands are masked by some
other higher level signals considered as noise. To tackle this
problem, the local bands containing the fault characteristic fre-
quencies are synchronized to reduce the noise effect and pro-
trude the fault frequency components. In each selected local
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band, the theoretically calculated fault frequency component f.
is located in the center of the window, and the width of the local
band is selected to properly reveal the peakedness of f..

To synchronize the corresponding bands at different locations
(frequencies) of the spectrum, the spectrum is transformed from
frequency domain ®(f) to discrete point representation ®(d).
Each frequency f can be represented by its nearest discrete point
d. Then, fault characteristic frequency f,. (k) is transformed into a
discrete point, d,. (k), whose corresponding frequency is the one
closesttof,,where k = 1,2, ..., K, and K is the total number of
fault characteristic frequencies considered. Thus, K local bands
will be used for this synch operation. The widths of local bands
are set identical in this work to facilitate the synch operation.
Given the bandwidth in frequency b,,, the length of the local
band in discrete point representation, d,,, will be

D
w —— 3
fs> @

where f; is the sampling frequency in Hz, D; is the discrete
point representing f,, and R(e) represents round-off operation.
The kth local band ;. in the discrete point representation can
be determined by

1
dy =2R <2b

Yr = {cb(i)}i:d,.(k-)—%dw,m‘,d,‘(k)+%du,
1 de (k)+5d,, ‘
T dy 11 Zi:dmk)fé—du, (). @)

The ith discrete point in the kth local band v is denoted
as Yyt =1,2,...,d, +1;k =1,2,..., K. The ith discrete
points over K local bands {v; ;} are sorted in a descending
order in term of their values to generate 7; 1, k = 1,2,..., K.
The central point of FIS (i.e., i = %dw + 1) is formulated as

K/2
% Z i if Kiseven .
gi = Jj=1 i) = 5du +1. (5)
(KQT >, my,; ifKisodd
j=1

Other points of FIS are formulated as
) 1
9i= &{mij}; 10 xii=12..., §dw>

1
§d1u +27'~~adu; +]- (6)

where £ {o} represents the computation of median value. The
top 50% high amplitude fault characteristic frequency compo-
nents or center frequency components in local bands are av-
eraged in (5) to enhance the fault features. The median value
calculation in (6) will suppress other frequency components in
the local bands and reduce the amplitude of outliers. The pro-
cessing procedures of the proposed FIS formation are illustrated
in Fig. 1, where the frequency resolution A f = 0.5 Hz.

B. Central Kurtosis Indicator

The classic kurtosis is a measure of the peakedness of a sig-
nal, computed as y = y4/0*, where o and y4 are the standard
deviation and the fourth moment of the signal distribution, re-
spectively. The classic kurtosis measures all peaked frequency
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Fig.1. Formulation of FIS. (a) Original spectrum. (b)—(e) Respective extracted
local bands corresponding to the four circled fault frequency components (red,
green, pink, and black). (f) Formulated FIS. The dotted lines in graph (a) repre-
sent the boundaries of the local bands; the dashed rectangular represent outliers
in the local bands.

components of the FIS, which may not properly reveal the fault
information. In this paper, the fault detection aims to evaluate the
peakedness of the center frequency component in the FIS. There-
fore, a central kurtosis indicator is proposed in this paper to fa-
cilitate fault detection. Given the FIS g(i);i = 1,2,...,d,, + 1,
the relative amplitude of the center frequency components can
be determined by

Vs = Gs _g{g} (7)

where g;={gi }i—q, 241 is the center discrete point in the FIS.
The amplitude of fault frequency component over synchronized
local bands (i.e., FIS), rather than the entire spectrum as in the
classical methods, is used to examine fault information.

The variation of the FIS excluding center frequency compo-
nent g; can be evaluated by

oo=e{@-c@) ®

where E{¢} represents the expectation function, and § =
{givi=1,2,... dy/2,dy/2+2,... dy+1}.

Then, the peakedness of the fault frequency component in the
FIS can be measured by the central kurtosis, determined by

vi/ot if v >0
Xs =

v, < 0. ©)

0 if

C. Implementation of the SS Technique

To recapitulate, the proposed SS technique is implemented

for IM defect detection with the following steps.

1) Collect/ electric current datasets ¢;,7 = 1,2,...,.J, with
the same time delay.

2) Determine the spectrum average ®. Then, extract charac-
teristic local bands using (4), and synchronize the local
bands to form the FIS using (5) and (6), to reduce the
noise effect and highlight the fault features.

3) Compute the center frequency representative feature us-
ing (7), and the variation of the FIS using (8). The fault
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Fig.2. IM experimental setup: (1) tested IM, (2) speed controller, (3) gearbox,
(4) load system, (5) encoder, (6) current sensors, (7) data acquisition system,
(8) computer.

diagnosis can be performed by analyzing the central kur-
tosis computed from (9).

III. IM FAULT DETECTION APPLICATIONS

To evaluate the effectiveness of the proposed SS technique
for IM fault detection, a series of tests have been conducted for
the two common types of IM defects, IM broken rotor bar fault
and IM bearing defect, using stator current signals. In rolling
element bearings, defect occurs on the race of the fixed ring first
since fixed ring material over the load zone undertakes more
cycles of fatigue loading than other bearing components (e.g.,
the rotating ring and rolling elements). Correspondingly, this
test focuses on incipient bearing defect, or fault on the outer
race (fixed ring in this case).

A. Experimental Setup

Fig. 2 shows the experimental setup used in this test. The
tested IMs (3-phase, 2-pole, 50 Hz, 1/3 hp) are made by
Marathon Electric, each having 34 rotor bars and 24 stator slots.
Its speed is controlled by a speed controller (VFD-B from Delta
Electronics) with output frequency 0.1-400 Hz. A magnetic
clutch system (PHC-50 from Placid Industries) is used as the
dynamometer to provide external loading, with torque ranging
from 1 to 40 N-m. A gearbox (Boston Gear 800) is used to adjust
the speed ratio of the dynamometer. An encoder (NSN-1024-
2M-F) is used to measure the shaft speed. Stator current signals
are measured by the use of current sensors (LTS 6-NP). A data
acquisition board (Quanser Q4) is used for signal measurement.

B. Broken Rotor Bar Fault Detection

The fault detection of IM broken rotor bar defect is generally
based on spectral analysis by inspecting sideband components
of fault indicator in the spectrum

for = (1—2ks) f, (10)
Jor = (1 +2ks) f, (11)

where f;; and f;, are the respective left sideband and right
sideband of the IM broken rotor bar fault, £ =1,2,...; f, is
the power supply frequency of the IM; s = *+="+ x 100 % is
the slip of the IM. n; (1/min) is the speed of rotating magnetic
field, and n,, (r/min) is the shaft rotating speed. In the following
tests, IMs with one broken rotor bar, two broken rotor bars, and
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three broken rotor bars are used to evaluate the proposed SS
technique.

To evaluate the proposed SS technique, the PSD-based fault
detection is used for comparison. In the PSD-based fault detec-
tion, the fault indicator can be represented as

Xp:{ug/af; it 1,>0

v <0 (12)

0 if
where v, represents the averaged amplitude of fault frequency
components, o, represents the standard deviation of the aver-
aged local band, and Y, is the fault indicator. A discrete wavelet
transform (DWT)-based fault detection method [26] is also used
for comparison, which can be represented by

Xd:Fc/Ec

where F, is mean current; F, is the root mean square value of
detail level in DWT containing fault frequency components of
interests.

1) Full-Load Condition: First test aims to detect the IM bro-
ken rotor bar fault, 50 Hz power supply frequency, and full-load
condition ((100% of rated power)). To reduce the noise effect in
the spectrum, 20 datasets are collected for spectrum averaging
(i.e., J = 20). Other settings are f; = 16 384 Hzand b,, = 6 Hz.
The frequency band [32 Hz 68 Hz] is used to detect broken rotor
fault, because the amplitudes of high-order [i.e., k in (10) and
(11)] characteristic frequencies are not prominent in the spec-
trum. Fig. 3 illustrates the PSD of a healthy IM [see Fig. 3(a)],
and PSDs of IMs with one broken rotor bar [see Fig. 3(b)], two
broken rotor bars [see Fig. 3(c)], and three broken rotor bars
[see Fig. 3(d)]. From Fig. 3(b)—(d), it is seen that the magni-
tude of broken rotor bar fault frequency components varies and
some are not prominently protruded. Therefore, a better fault de-
tection technique is needed to extract useful information from
multiple characteristic frequency components in the spectrum
to generate a more reliable fault indicator.

The FIS, corresponding to a healthy IM [see Fig. 3(a)], one
broken rotor bar-faulted IM [see Fig. 3(b)], two broken rotor
bars-faulted IM [see Fig. 3(c)], and three broken rotor bar-
faulted IM [see Fig. 3(d)] are given in Fig. 4(a), (b), (c), and
(d), respectively. It is seen from Fig. 4 that the center frequency
components (i.e., synchronized broken rotor bar fault frequency
components) in Fig. 4(b)—(d) have higher relative amplitude than
that in Fig. 4(a), which is evaluated by the indicator v in the
proposed SS technique. The spectrum variations of Fig. 4(b)—(d)
are similar to that of Fig. 4(a), which is examined by the value
o, in the SS technique. Therefore, the fault information in the
FIS can be characterized by the indicator y using the proposed
SS technique.

The mean value of E, and F, (i.e., root mean square value of
detail level 9 (D9) in DWT) over 20 runs is shown in Table I. D9
corresponds to frequency band [32 Hz 64 Hz], which contains
main broken rotor bar fault frequency components. The mean
value of indicators corresponding to PSD and the proposed SS
and running time over 20 runs are also summarized in Table I.
v represents v, in the PSD method or v, in the SS method; o
represents o, in the PSD method or o, in the SS method. x
represents x, in PSD or x, in SS or x4 in DWT. The values

(13)
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Fig. 3. Spectrum average ® corresponding to (a) healthy IM, (b) IM with
one broken rotor bar, (¢) IM with two broken rotor bars, and (d) IM with three
broken rotor bars, under full-load condition. The red solid circles specify fault
frequency components.

of slip for IMs with healthy condition, one broken bar, two
broken bars, and three broken bars are 0.048, 0.049, 0.050, and
0.049, respectively. From Table 1, it is seen that it is difficult to
differentiate the IM broken rotor bar fault condition from the IM
healthy condition using DWT, because the interested detail level
contains high amplitude interference such as supply frequency
component. The PSD and SS can be used to detect broken rotor
bar fault because the value y of faulted IM is larger than that
of the healthy IM. Moreover, the value of y increases as the
number of broken bars increases by using SS. Consequently,
the proposed SS technique can be used as an effective indicator
for IM broken rotor bar fault detection under full-load condition.

2) Half-Load Condition: The proposed SS technique is then
used for IM broken rotor bar fault detection with 50 Hz supply
frequency and half-load condition (50% of rated power). Other
settings remain the same as in previous tests. The spectrum
of frequency band [32 Hz 68 Hz] is used for fault diagnosis.
Fig. 5 shows the PSD of a healthy IM [see Fig. 5(a)], and
PSDs of IMs with one broken rotor bar [see Fig. 5(b)], two
broken rotor bars [see Fig. 5(c)], and three broken rotor bars [see
Fig. 5(d)]. The corresponding FIS is given in Fig. 6. The related
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Fig. 4. FIS generated by the SS technique under full-load condition from:

(a) healthy IM; (b) IM with one broken rotor bar; (c) IM with two broken rotor
bars; and (d) IM with three broken rotor bars.

TABLE I
COMPARISONS OF MEAN VALUES OF INDICATORS FOR IM BROKEN ROTOR BAR
FAULT DETECTION OVER 20 RUNS UNDER FULL-LOAD CONDITION

Indicators F.(A) E.(A) v(dB) o (dB) % Time (s)
PSD Healthy — — 0.231 0.190 2.185 0.588
1 Br — — 0.339 0.205 7.478 0.608
2 Brs — — 0.543 0.224 34.531 0.582
3 Brs — — 0.443 0.185 32.880 0.599
DWT  Healthy 0.229 0.014 — — 16.357 0.074
1 Br 0.265 —0.012 — — —22.083 0.074
2 Brs 0.221 0.090 — — 2.456 0.098
3 Brs 0.270 0.003 — — 90 0.100
SS Healthy — — 0.036 0.064 0.100 0.626
1 Br — — 0423 0.056  3.255 x 10° 0.583
2 Brs — — 0.618 0.073 5.136 x 103 0.606
3 Brs — — 0.598 0.064 7.622 x 10° 0.608

averaged IM condition indicators and running time over 20 runs
are summarized in Table II. The values of slip for IMs with
healthy condition, one broken bar, two broken bars, and three
broken bars are 0.025, 0.026, 0.026, and 0.025, respectively. It
is seen that the relative amplitude of fault frequency component
in Fig. 6(b)—(d) is greater than that in Fig. 6(a). From Table II,
itis seen that DWT cannot effectively differentiate IM fault. On
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Fig. 5. Spectrum average ® corresponding to (a) healthy IM, (b) IM with
one broken rotor bar, (c) IM with two broken rotor bars, and (d) IM with three
broken rotor bars, under half-load condition. The red solid circles highlight fault
frequency components.

the other hand, the IM broken rotor bar fault condition cannot
be differentiated from healthy condition using PSD, because the
indicator values y are similar for different IM health conditions.
The fault indicator y, related to the proposed SS technique can
accurately discern the healthy condition and broken rotor bar
fault, and its s value increases as the number of broken bars
increases.

C. Incipient Bearing Defect Detection

The type of bearings used in the test IMs is NSK6203. As
mentioned earlier, the bearing defects are the most common
faults in IMs [2], which also represent the most challenging
task in IM health condition monitoring, especially when using
current signals [13]-[15]. Pitting defect is induced on the outer
race of the bearing. Whenever a rolling element rolls over the
damaged region, impulses are generated, which then excite the
resonance frequencies of the IM structure.

The IM characteristic frequency depends on rolling element
bearing geometry (e.g., number of rolling elements /N, pitch
diameter D, roller diameter d) and shaft speed f,.. The vibration-
related outer race bearing defect characteristic frequency f, can
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bars; and (d) IM with three broken rotor bars.

COMPARISONS OF MEAN VALUES OF INDICATORS FOR IM BROKEN ROTOR BAR

TABLE II

40

50

FIS generated by the SS technique under half-load condition from:
(a) healthy IM; (b) IM with one broken rotor bar; (c) IM with two broken rotor

FAULT DETECTION OVER 20 RUNS UNDER HALF-LOAD CONDITION

Indicators F.(A) E . (A) v (dB) o (dB) X Time (s)
PSD  Healthy — — 0.193  0.190 1.065 0.593
1 Br — — 0.249  0.184 3.354 0.615
2 Brs — — 0308  0.186 7.519 0.607
3Brs — — 0335 0212 6.235 0.614
DWT  Healthy 0197  —0.027 — — 7.296 0.077
1Br 0122 —0.056 — — —2.179 0.079
2 Brs 0.190 0.007 — — 27.143 0.086
3Brs 0.178  —0.042 — — —4.238 0.074
SS Healthy — — 0.059  0.072 0.451 0.623
1 Br — — 0234 0077  85.291 0.630
2 Brs — — 0282 0080 154396  0.590
3Brs — — 0372 0070  797.590  0.581
be computed by
N, dcos(6
fo== <1 - ()) fr (14)

2

where 6 is the contact angle.

The corresponding characteristic current frequency f. can be

calculated from

D

fe= |fp + mf1:|

5)
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Fig. 8.  FIS generated by the SS technique under no-load condition: (a) from

a healthy IM; and (b) from an IM with the outer race bearing defect.

where f, is the power supply frequency, and m =1,2,3,...,
is a positive integer.

1) No-Load Condition: The proposed SS technique is first
tested with current signals collected from an IM with an outer
race defect, 50 Hz power supply frequency, and no-load con-
dition (0% of rated power). The settings for the proposed SS
technique are selected as J = 20, f; = 16384 Hz, b,, = 6 Hz,
and f, = 3.066f,. To obtain representative fault features, the
frequency band [1000 Hz, 2000 Hz] is selected for bearing fault
detection.

The frequency band [1000 Hz 2000 Hz] from a healthy IM
and an IM with outer race bearing defect is shown in Fig. 7(a)
and (b), respectively. It is seen that the bearing fault frequency
components are difficult to recognize due to the modulation of
the signals with other IM frequency components.

The FIS, corresponding to a healthy IM and an IM with the
outer race defect, is given in Fig. 8(a) and (b), respectively.
The values of indicators corresponding to three fault detection
techniques PSD, DWT, and SS and running time are summarized
in Table III. It is seen from Fig. 8 that the fault frequency
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TABLE III
COMPARISONS OF MEAN VALUES OF INDICATORS FOR IM BEARING FAULT
DETECTION OVER 20 RUNS UNDER NO-LOAD CONDITION

Indicators E.(A) F.(A) v(dB) o (dB) X Time (s)
PSD Healthy — — 0.105 0.131 0.413 0.226
Bearing fault — — 0.134 0.122 1.455 0.166
DWT Healthy 0.013 —0.040 — — —0.325 0.072
Bearing fault 0.011 0.098 — — 0.112 0.071
SS Healthy — — 0.117 0.141 0.474 0.181
Bearing fault — — 0.527 0.140 200.785 0.146
8 5
8
2 6
Q.
: 4
< H.’Il Ll m‘m'“ LA |“| |H|| L ’ ‘ I |
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Fig. 9. Spectrum average ® from (a) healthy IM and (b) IM with the outer

race bearing defect, under light-load condition.

component in Fig. 8(b) protrudes more significantly than that in
Fig. 8(a). In Table III, the fault indicator x s of the IM with faulty
bearing is greater than that of a healthy IM using the proposed
SS technique, whereas the PSD and DWT cannot recognize
different IM health conditions. Therefore, the SS technique can
be used effectively for IM outer race bearing fault detection
under no-load condition.

2) Light-Load Condition: In this test, the IM supply fre-
quency is set as 50 Hz, and light-load condition (20% of rated
power) is used. The other settings remain the same as in previous
test. The frequency band [1000 Hz 2000 Hz] of an IM with the
outer race bearing defect is used for testing. The band [1000 Hz
2000 Hz] is shown in Fig. 9, corresponding to a healthy IM
[see Fig. 9(a)] and an IM with the bearing defect [see Fig. 9(b)].
From Fig. 9, the bearing fault frequency components in the spec-
trum are masked by higher amplitude frequency components
unrelated to the bearings, which will reduce the fault detection
reliability.

The FIS of a healthy IM and an IM with outer race bearing
defect is shown in Fig. 10. The indicators of PSD, DWT, and the
proposed SS technique and running time are listed in Table I'V.
It is seen that peaked center frequency component can be high-
lighted in Fig. 10(b) than in (a). From Table IV, it is seen that the
values of x in the proposed SS technique is much greater than
that from a healthy IM. Thus, the SS technique and its indicator
Xs can be used for IM outer race bearing defect detection under
different load conditions.
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Fig. 10. FIS generated by the SS technique under light-load condition: (a)
from a healthy IM; and (b) from an IM with the outer race bearing defect.

TABLE IV
COMPARISONS OF MEAN VALUES OF INDICATORS FOR IM BEARING FAULT
DETECTION OVER 20 RUNS UNDER LIGHT-LOAD CONDITION

Indicators E.(A) F.(A) v(dB) o (dB) X Time (s)
PSD Healthy — — 0.007 0.160 0 0.166
Bearing fault — — 0.167 0.149 1.578 0.169
DWT Healthy 0.012 0.098 — — 0.122 0.075
Bearing fault 0.014 —0.032 — — —0.438 0.081
SS Healthy — — 0.270 0.188 4.254 0.142
Bearing fault — — 0.570 0.175 112.550 0.147

IV. CONCLUSION

An SS technique has been proposed in this paper for IM fault
detection using stator current signals. This research focuses on
broken rotor bar fault and outer race bearing fault detection. The
local band synch technique is employed to synthesize bearing
fault-related features to form an FIS to enhance IM defect-
related features. A central kurtosis analysis method is proposed
to extract features from the FIS, which are then used to formulate
a fault indicator. The effectiveness of the proposed IM fault
detection technique is verified using IMs with the bearing defect
and different broken rotor bars, under different load conditions.
Test results showed that the proposed SS technique and the
related central kurtosis indicator can capture IM defect features
effectively and can provide more accurate IM health condition
monitoring information. Further research is underway to verify
and improve the effectiveness of the proposed technique using
larger horsepower IMs.
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