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Abstract Motors can have a variety of faults, including damage to bearings, dynamic and static
eccentricity due to wear, damage to rotor bars, and short circuits due to deterioration of insulation in
windings. These faults depend on the period of use and operating circumstances. If a fault is not
discovered right away, an induction motor and the equipment that it drives will both fail. This has a
negative impact on the system at a production site, which is where it is used most frequently. As a result,
there will be financial loss, an increase in labor requirements and recovery time, and potential harm to
people in more serious circumstances. It is crucial to monitor and diagnose induction motors as soon
as possible. Much research has been done on how to diagnose the type of fault by extracting and
analyzing the characteristics of the voltage and current signals acquired from a motor. In this study, we
derived a more precise parameter that can identify the type of defect. Existing signal analysis techniques
such as FFT, short time FT (STFT), and wavelet analysis have limitations such as resolution. In this study,
we propose a technique that overcomes the limitations by using super-resolution techniques (MUSIC
(multiple signal classification), root-MUSIC, ESPRIT, Pisarenco, MPM (matrix-Pencil method), etc.). By
developing a condition diagnosis algorithm, it is possible to use the proposed technique in operation

information monitoring or a facility health index system.
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Fig. 1. Frequency spectrum of a motor with a rotor
defect
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Fig. 2. Current frequency spectrum of a motor
indicating a stator defect

11
— T —

°~%ﬁ$¢¢HlEQHWﬂﬂé
L ERE

E™o]

A4

2.3 Hlojg Zgtol TH
Ee T2 /9 HoiRgelA

Asto] €

2% Y=o



ks e

pil

S]=8A] A24d A5Z, 2023

olZ0] eI o9 BWali o FH5e B4 Fu

ST AR ol ASEA 52 ol§et MM s

74 F1eolA] QAEST AHBElo] & 71ewH, A Al
SRAE o] oS At B4 Fuvt £yt

1.00
0.75

050 ‘

0.00 I J I Jo_c

‘ .
T T T T T T T T T T T

175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550

3% 28 Hz

3. Current spectrum in case of bearing outer
ring failure

Fig.

Wol=] olg Aol WARIGS o FuFolA HA
A5 AMERS Uehich ulmA wde Fupgol
B4 Fu 48 BASHE 2] M5 ol Ytk
AL olg A Ao et 7R Fs

Q1571 A9 Futso] WxEo] A A

dgoltt. o] 4
E] yeA "o

2.4 TAlO| gt

A WAL B Fu4 o AMEYoY B F
nh AMEYS PAS e Ak 4 Yk B Fue
gele ol get A WA Ak F4 Fukso] Evjo]

ABS o]&3i) fecc_static =RB-frm)Etn-fe 2]

hul

oM B4 ke AR AN ehed) ol B4 F
sk SAEY GoIA JHOR et A10] o
242 93 7122 Uehhe Zlol7] ol

50
45

4.0

35

3.0

25

2.0

15

1.0

05

00—

25 50

Vit Chart 0 Hz

Fig. 4. Low-band frequency spectrum of current at
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Table 1. Motor condition monitoring technology
recommended by ISO 19035-2

condition What can be .
- . What can be monitored
monitoring monitored
On-line measurement, supply
Power voltage, | voltage asymmetry is current
current, input, asymmetry,
Performance o L asy 'y A
output, coupling | Identification of causes of
stress winding overheating and
insulation defects
. Cracks in rotor rods and
air gap o .
current, voltage | short-circuits in stator coils
torque . .
during start-up and operation
Vibration . . .
. Able to identify mechanical
R Displacement, .
vibration . and electrical faults
Velocity,
g stator current
Acceleration
stator motor suppl
PPy Identify rotor rod damage
current current
Vibration L
R Shock wave monitoring due to
shock pulse acceleration . .
. X rolling bearing defects
(bearing housing)
. Audible and Contact between rolling
acoustic .
L ultrasonic elements, presence or absence
emission .
frequencies of cracks
, Identification of rotor defects,
speed Rotational speed , .
. air gap eccentricity,
fluctuations | change of motor o
misalignment, etc.




28305 7S o83 57 FE e
partial . . . N
discharge impedance Check motor insulation status gear fault Fyr 60}%
Identification of rotor rod P
leakage flux |Axial leakage flux damage, stator winding C
R . P
short-circuit belt fault Fgerr = T *Np
Bearing outlet
temperature, Bearing friction, overheating Faulty blade or _ .
temperature winding of winding impeller foiage = Npiage " frm) % fe
temperature frm = operation frequency
Abrasive n = Number of rolling elements (balls)

Friction, abrasion, partial

particles, dust in X o
discharge, contamination

the lubricating oil

oil particles

Echo pulses of
high-voltage,

surge test T Diagnosis of winding defects
8 high-frequency 8 J
pulses
visual visual, camera, L
. X : trend monitoring
inspection videotape

Table 2. Possible types of status diagnosis with
power supply voltage/current monitoring

fault type fault determination

speed calculation

rpm = 60 - (f — fsp)
torque, torque Tka - TQSS)
Tqss

ripple %Tqripp[e = 100~ (

driving efficiency

P
nlgg.(lloss)
P

electrical

- According to plate information
connectivity

static shaft
eccentricity

fecc_static =@RB-frm)tnfe

Ecce

ntric dynamic

shaft
eccentricity

RB - frm) £ (0" fo) £ frm

f ecc_static —

fstator = (85 frm)  frm

stator defect

Broken rotor

il

rotor
rod
rod
C(?ndl Rotor rod
ton | contaminati fecc_smtic =B frm)xn-f
on
Bearing
outer ring fouter = f;m [1 COS ﬁ]
defect
Bearing
beari| inner ring finner = f;m [1 —— COS ,Q:I
ng defect
condib . f
; earing cage| rm
tion — —
fault fcage - [1 COS'B]

bearing ball
defect

(*)[H]
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BD= rolling element diameter
PD= pitch diameter

B = rolling element contact angle
fouter = outer race frequency
finner = Inner race frequency
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3.2 MUSIC, root MUSIC
MUSIC gr8j&e

matrix)9] 11-97-F(eigen structure)E ©]-835H 1L
54s EHFH(high resolution multiple signal
classification technique) ©]tH11].

MUSIC ¥€18&9] AHL olF 77k 7H29] A5

2 Hsle] 243 2 9t o] 9lom. FFTS}

2 Qg FEAF FH(input covariance
1A



fill‘

WeH7|&etsl =2 A AM244 A5E, 2023

STFTY @& BEae 4 Qirh
Root-MUSIC €T 8&2 MUSIC AHEH| tf
5= MUSIC th4]9] & Hoto] gk S743irH12
Root-MUSIC &2 8&2 MUSIC 1859 WY
52 FIAIZIAINE ofFlo] A Q] A4 F ul Ao
th219] siE Fstr] ol Hole e A
MUSIC €1 2|&HET} B2 Akt AJ7to]

oo

—

5]

(e]

3.3 ESPRIT

ESPRIT ¥18]&S MUSIC Eae]&9] Akt A%
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3.4 Matrix Pencil
Matrix Pencil& o]&3%t d1g&2 B4 A&
(complex exponentials)?] $FO & YEJo]X]+= Al
geEEe 47 dgHoJA= Matrix pencil?]
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Fig. 5. Low-band frequency spectrum of current at
outer bearing defect with no noise
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Fig. 6. Low-band frequency spectrum of current at
outer bearing defect with SNR 20dB
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Table 3. Simulation results of bearing defect

frequency] Real | FFT | STFT | MUSIC TOOSII’CMU o
frm | GOHz | 58 | 585 59 | 59.5 | 60.1
Sinner | 18333 | 180 | 180 | 182 | 1827 | 1835
Souter | 1000 | 111 11 10 10.1 10

Table 4. Error in the estimation of inner bearing
defect with respect to SNR

noise level N,O 20dB 10dB 5dB
noise
FFT 1.0% 4.0% - -
STET 1.0% 4.0% - -
root MUSIC 0.1% 0.1% 5% -
Matrix Pencil 0.0% 0.8% 4% -

51

5. 22

2 A

o %

o 71&

A= H5719 29 FF nfof
gk geEE EE5she 7S o
o] Alga47]4&<2l FFT, STFT(short time FT),
Wavelet SjH2 ST 52 SHAE 7IA 1L QU B
AFoN A% super resolution 71HE MUSIC(multiple
signal classification), root-MUSIC, ESPRIT, Pisarenco,
MPM(matrix-Pencil method) 5& AR&sto] 7|&9]
AE Hold= 71HS 11]*]'5}911’4. 2 ATE 5519
As719 e ¢SS Lo EN, 2R
TA = AHAAS AA"] "@A7F 7hsslit)

et
4

At

P

References

P. Chattopadhyay, N. Saha, C. Delpha, and J. Sil,
"Deep Learning in Fault Diagnosis of Induction Motor
in 2018 Prognostics and System Health
Management Conference (PHM-Chongqing), 2018, pp.
1068-1073.

DOI: http://dx.doi.org/10.1109/PHM-Chongaing.2018.00189

Drives,"

P. Gangsar and R. Tiwari, "Comparative investigation
of vibration and current monitoring for prediction of
mechanical and electrical faults in induction motor
based on multiclass-support vector machine algorithms,"
Mechanical Systems and Signal Processing, vol. 94,
pp. 464-481, 2017.

DOL: http://dx.doi.org/10.1016/j.ymssp.2017.03.016

K. Kim and A. G. Parlos, "Induction motor fault
diagnosis based on neuropredictors and wavelet
signal processing,” IEEE/ASME Transactions on
Mechatronics, vol. 7, no. 2, pp. 201-219, Jun. 2002.
DOI: http://dx.doi.org/10.1109/TMECH.2002.1011258

H. Razik, G. Didier, M. B. R. Correa, and E. R. C. da
Silva, "The remote surveillance device in monitoring
and diagnosis of induction motor by using a PDA," in
2007 International Conference on Power Engineering,
Energy and Electrical Drives, 2007, pp. 84-89.

DOIL: http://dx.doi.org/10.1109/POWERENG.2007.4380216

N. Mehala and R. Dahiya, "Motor current signature
analysis and its applications in induction motor fault
diagnosis," 2nd National Conference on Recent
Trends in Communication and Computing (RTCC),
2008, pp. 442-448.

H. Jeong-ho, S. Joong-ho, and C. Kyu-hyung, "Fault
Diagnosis of Induction Motor Using Inverter Input
Current Analysis," Journal of the Korean Society of
Industrial Science and Technology, vol. 17, no. 7, pp.
492-498, 2016.

DOI: http://dx.doi.org/10.5762/KAIS.2016.17.7.492




FAte7|&atel= Al A24W A5E, 2023

[71 K. B. Kim, T.-U. Jung, Y.-W. Yoon, D.-H. Hwang, and
J.-H.  Seon, '"Development of Fault Diagnosis
Technology for Inverter Driven Induction Motors by
Current and Vibration Signal Analysis," Proceedings of
the Korean Institute of Electrical Engineers
Conference, 2013, pp. 729-730.

[8] Y. S. Byun, H.-J. Park, G.-D. Kim, and Y.-J. Han,
"Induction  Motor  Failure Diagnosis  System,"
Proceedings of the Korean Electrical Society
Conference, 2001, pp. 2172-2174.

[91 S. M. Park, O. Jeon, and J.-S. Kim, "Motor failure
diagnosis method wusing motor voltage current
measurement and PLL technique,” Proceedings of the
Korean Society of Power Electronics Conference, (TR

2021, pp. 518-519.
HEA], ABAE, 71€8%
[10] J. Han, D. Choi, S. Park, and S. Hong, "Motor failure
prediction based on DT-CNN considering outlier
data,” Journal of the Korean Society of Control and
Robot Systems, vol. 26, no. 11, pp. 932-939, 2020.

gt 2 7|(Yong-Gi Park) (X319

£ 20179 3¢ AA=Edsty
224 399 &4

+ 20239 2¢ : Ad=EdiEa
71€7 4%} BrteR

+ 20054 4Y ~ @A =g
oIEo|A}

kd
g}

SH i X3
[11] R. O. Schmidt, "Multiple Emitter Location and Signal #(inhwan Koh) [gal2]

Parameter Estimation,” IEEE Transactions on Antennas
and Propagation, vol. 34, no. 3, pp. 276-280, Mar.
1986.

+ 19999 129 : AEFAadEtn
A71get A 24
A A=

sl gaujel, gorATY, HA

[12] A.]. Barabell, "Improving the Resolution Performance
of Eigenstructure-based Direction Finding Algorithm,"
Proc. Of the IEEE Int'l Conf. On Acoustics, Speech,
and Signal Processing-83, 1983, pp. 336-339.

[13] R. Roy and T. Kailath, "ESPRIT-estimation of signal
parameters via rotational invariance techniques," IEEE
Transactions on Acoustics, Speech, and Signal
Processing, vol. 37, no. 7, pp. 984-995, 1989. (FFAIEo})

.
[3®)
S
(e}
W
r
W
s

L

[14] Y. Hua and T. K. Sarkar, "Generalized pencil-of-function do|gAAEH, FHEAMA, QETAS
method for extracting poles of an EM system from its
transient response,” IEEE Transactions on Antennas
and Propagation, vol. 37, no. 2, pp. 229-234, 1989.

[15] T. K. Sarkar and O. Pereira, "Using the Matrix Pencil
Method to Estimate the Parameters of a Sum of
Complex Exponentials,” IEEE Antennas and Propagation
Magazine, vol. 37, no. 1, pp. 48-54, 1995.

[16] F. R. Gantmacher, "Theory of Matrices Volume 1,
Chelsea, New York, 1960.

52



