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Abstract

An Early Detection and Diagnosis of Faults in Induction Motors with current spectrum

analysis is proposed.

The under test motors are braked by motor braking system. This computer controlled 1.5-kW
motor braking system can be controlled either speed or torque mode. Its controlled program is written
from LabVIEW. When under test motors are braked, then the motor current is measured by current
sensor and send to computer for analysis the current spectrum. All of these tasks are performed by

program written in LabVIEW.

It can be seen that the motor faults can be distinguished either rotor fault or Eccentricity

faults.
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worfnsnlFluauideiilsznou ldreTilsunsuilFdsdoyaninms Tanssuauds

a 4 4 a 4
ADUNIUNDT, Iﬂi!tﬂﬁﬂﬂ’)ﬂﬂﬂ"ljmﬂiﬂiJ’me’fJi, LLaZI“]JiLLﬂiiJ'JLﬂi1$Wﬂ§ZLLﬁ

I [ 1.5-kW Dynamometer

— | Eile Edit Operate Tools Window Help

1oy x|

S

15k
Dyne

1 Controls and Displays I Settings ]

i Speed Meter

-5000

H -g000
o

8 2500eqyy

[

Torque Meter

5250 25 ¢

T ) i 7.5
0 \m

Current Meter

5250 2J5

S 7{
10

Rotor Speed (rpm)

Torque (Nm)

1406.88

L]

50 700750 800 g5
5001 AL T onag

_Current (A)

05.25

-4.17

“ 950
so0 #1000
450 7 1050
B -
4nn\ ,1100
350 _Lis0
300~ ~1200
250- -1250
200~ ~1300
150 ~1350
100 1400
- “
o . 1450
u 1500

Setpoint(rpm) :1370.00

BT
.
Connection Fault Acknowledge

4_—‘ ]

Reverse OFF2
Forward

Run

STOP

L

-

X

& Starti ‘ & E} W | ‘ 1.5kW _Dyno i 1.5-kW Dynam... |_j C:iDocuments an...l ‘j 31aug_nok cnnneml (. A:DL_MISC

| &= Noload_normal m. .. I J

|« ] 10:28

5104 3.3 Tdsunsui 1Flumsmuguaasnueines

Waveform Analyzer |

Export signals

ﬂm:utslgnal

# Harmonics

Exported Time Signal, V 2
0.1

File path E
1% coafullioad.csv | ga

I T T T
0.0 250m  50.0m  75.0m

Fundamental Frequency, Hz

I I I D I
100.0m 125.0m 150.0m 175.0m  200.0m

Time (S)

litude, V' C % [50.010
f-208.75u | -1.0405 e G e LS
|27.70m |96.489 {50.0095 o
J24.63u | 0.085775 | 100.019 “#— 2nd Harmonic
|372.60u |1.2977 | 150.029 ~#— 3rd Harmonic
13.27 |0.046233 | 200.038 & 2th Harmonic
|386.10u |1.3447 [250.048 & Gk Harmonic
f2.65 0.033625 {300.057 “#— Gt Harmenic
|s6.450 |0.30125 350.067 ~“#— 7t Harmonic
J19.27u |0.067107 |400.076 ~#— 5th Harmonic
13.950 | 0.048586 | +50.086 & 5th Harmonic
14310 |0.043852 |500.085 & 10th Harmonic
|70.960 0.24716 [s50.105 “®— 11th Harmenic
28.43u 0.099016 |600.114 “— 12th Harmonic
|24.98u | 0.087003 |650.124 ~*— 13th Harmonic
12.130 |0.042251 |700.133
|10.850 |0.037803 |750.143
14.380 0.050092 {300.152
13.280 |0.046252 3s0.162
15.380 | 0.064001 {900.171
13.00u |0.045284 [950.181
5.41u | 0.032782 | 1000.19
11340 |0.038505 | 1050.2
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1509 7adan0 lail

1. 4-Channels oscilloscope - Yokogawa DL1540
2. Current probe - CHAUVIN ARNOUX E3n
3. Current measurement systems — Tektronix AM503S

4. Tachometer — Yokogawa 3632

d
4.2 MINAABIYAIUINNBINDF

1.5-kW Dynamometer

A 9 A a 4 Y] [ 9 4
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[E 1.5-kW Dynamometer P [m[ 53]
File Edt Operats Tools Window Hep [
By
> I
|
Controls and Displays iSettlngs |
Speed Meter Rotor Speed (rpm)
-5000 4 E\l ZSDDSDDD
o0 ‘ \auﬂﬂ 1 3 9 9 2 2
- i
o™ 65\0 i ER 0 8,50 w0
| Torque Meter Torque (Nm) s s i
| | 450, > SR
e \ 2‘5 a 25 5 = 400\ ’llEIIJ
W \ \m 4 34 380 _1150
-
. 300- 3 ~1200
PR S 250- ~1250
200~ ~1300
Current Meter current (A) ) | B
5250 25 o 100” \\14EIIJ 1
<R 0536 ¢
* 0 1500
. o
Setpoint{rpm) {1370.00
Connection Fault Acknowledge Reverse OFFQ
—
| STOP
Forward
L4 | [
start| | & 3 o | B sk oo [ 1.5kW Dynamometer |y i{DL_MISC | [« DB@% s

‘]Jﬁ 4.2 ﬂWWﬁHWﬂfJﬂﬁUﬂﬂJﬂﬂ@NW’Jlﬁﬂiﬂlm L”]Jﬁﬂﬂ’)ilﬂ’ﬂmﬁﬁ 1,370 rpm

4.3 Manaasianszualunamosilnd

Stopped — | 2010/09/02 09:56:54
: : : : CHi=10dBY:  10Hz/div
DC 11 :
: NORM
ar

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00Y Main - 10K kKode : AUTO
BW : FULL CH2 : 0.00Y Zoom [ 10K Type : EDGE LINE
CH3 : 0.00% Delay : 0.0ns
CH4 : 0.0000% Hold OFf : 0.2us

‘]J‘i?l 4.3 wamsiauay ’Jlﬂﬁu‘ﬂ FFT v mmumau‘lﬂﬂwaﬂ (10 HZ/GIf’EN) ‘nmmm 1492.0

rpm
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Stepped [ | 2010/09/02 095720
: : : : CHA=10dBY: 100Hz/div
DC 11 : :
: NORKM
ar
VHJH I | |
1 I ! [
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00% Main : 10K Mode : AUTO
BW © FULL CHZ : 0.00% Zoom 10K Type : EDGE LINE
CH3 o0.0o0v Delay : 0.0ns
CH4 : 0.0000% Hold Off : 0.2us

A @ a s o A Y 1 A 3
ZJ:‘]J‘VI 4.4 HaN1IIALASUAIIEH FFT mmzmamuau”lm”lﬂwaﬂ (100 Hz/¥93) NANULTI 1492.0

rpm
Stopped 2010/89/02 09:54:46
: : : : CHA=10mY . 10ms/div
DC 11 ¢ (10ms/div)
: HORM: 100KS /5

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00Y Main - 10K Mode : AUTO
BW : FULL CHz : 0.00Y Zoom @ 10K Type : EDGE LIME
CH3 : 0.00% Delay : 0.0ns
CH4 @ 0.0000% Hold Off : 0.2us

517 4.5 mamsianszuavazihaulonly1d Tnan (1omsaes, 1 A/509)



Stepped [ | 2010/09/02 10:04:35
: : : : CHA=10dBY:  10Hz/div
DC 11 : :
: HNORM
ar

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00% Main : 10K Mode : AUTO
BW © FULL CHZ : 0.00% Zoom 10K Type : EDGE LINE
CH3 o0.0o0v Delay : 0.0ns
CH4 : 0.0000% Hold Off : 0.2us
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A o a 7 o A 3 A 1 i 3
}"‘]J‘Vl 4.6 NAN1IIALUASAUATIEU FFT ﬂlﬂ!%ﬂNWUNﬂuul"UIWamﬁilﬂ (10 Hz/¥93) NI 1400.0

rpm
2010/09/02 1000144

Stopped [ |

CH4=10dBY = 100HZ /div
DC 11 :

. 1A !
=Filter= =0ffset= =Record Length= =Trigger=

Smoothing ! OFF CH1 : 0.00v Main @ 10K KMode : AUTO

BW @ FULL CHZ2 : 0.00v Zoom @ 10K Type ! EDGE LIME

CH3 : 0.00%
CH4 © 0.0000%

Delay 0.0ns
Hold OFf : 0.2us

A @ a o 0 A 3 A 1 A 3
Qij“lJ‘Vl 4.7 HaNIaasUAIIEH FFT mmzmammau”lﬂwa@muw (100 HZ/GHEN) NAULTI 1400.0

rpm



Stopped

2010/49/02 100507

CH4=10mV ©  10ms/div
DC 111 ¢ (10ms/Adiv)
: HORM:100kS /s

=Filter= =0ffset=
Smoothing : OFF CH1 : 0.00v
BW © FULL CHZ : 0.00v
CH3 : 0.00v

CH4 © 0.0000%

517 4.8 wamsdanszuavaziinuouly1i Tnan (10msao9, 1 A/v09)

=Record Length= =Trigger=
Main : 10K Mode : AUTO
Zoom @ 10K Type . EDGE LIMNE
Delay : 0.0ns
Hold Off : 0.2us

27
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Waveform Analyzer
Fundamental Frequency, Kz
| sty PR | Congonents mpide V- Component, g
Bpotsigas ot Tie S, V2 e i) .--- e o | = 0C Cmorer
iirputsiqnal 01 1'—'-44&53“ I-LBBS Ha"""f“‘ﬁ"}‘\m?rl'h Fundamental
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Time (5)

U oo fess b

e % i

o petun, fims 1 om oo fsess % b

o s % Dl

o fuss  fes % Db
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511 4.10 namsTns e anlaauvaLe Fullload 910 11/51AT1 LabVIEW
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Stopped — | 2010/09/02 09:10:28
; ; : : CH4=10dBY: 10Hz/div
DC 11 :
1 NORM
e S SR oo e

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 0.00v Main @ 10K Mode  AUTO
BW © FULL CHZ : 0.00v Zoom @ 10K Type . EDGE LIME
CH3 : 0.00% Delay : 0.0ns
CH4 © 0.0000% Hold OFf 0.2us

30

A @ a o ° A v ' A <
2‘].]‘1/] 4.11 HaNIIALSUAIIEH FFT mmzwmumau%‘lﬂﬂaﬂ (10 Hz/¥93) NANULD

1492.4 rpm

2010/49/02 09:12:57

Stopped

CHA=10mY & 10ms /div
DC 11 (10ms/div)
' HORM: 100kS /5

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00% Main : 10K Mode : AUTO
BW © FULL CHZ : 0.00% Zoom 10K Type : EDGE LINE
CH3 : 0.00v Delay : 0.0ns
CH4 :  0.0000% Hold Off : 0.2us

U

5107 4.12 mamsdanszuavazinanuaeu 1u'l3 Tvana (10ms/¥09, 1 A/%99)



Stepped [ | 2010/09/02 09:17:20
: : : : CH4=10dBY:  10Hz/div
DC 11 : :
E MORM
I 1,
[ LYY,
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00% Main : 10K Mode : AUTO
BW © FULL CHZ : 0.00% Zoom 10K Type : EDGE LINE
CH3 o0.0o0v Delay : 0.0ns
CH4 : 0.0000% Hold Off : 0.2us
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A o a e o A 3 A 1 ~ <
}"‘]J‘Vl 4.13 HaN1IIALASUAIIEHN FFT ﬂlmmwmmau"lﬂwaﬂmw (10 HZ/"IffN) NAIULTI 1398.5

rpm
2010/49/02 09:18:18

Stopped

CHA=10mY . 10ms/div
DC 11 (10ms/div)
' HORM:100KS /5

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main @ 10K Mode © AUTO
BW I FULL CHZ : 0.00v Zoom @ 10K Type : EDGE LIMNE
CH3 : 0.0o0v Delay : 0.0ns
CH4 : 0.0000YV Hold OFF : 0.2us

A @ o A 3 A ] '
gﬂ‘ﬂ 4.14 wammﬂm‘zmemz‘ﬂNmm’au"lﬂwaﬂmu‘w (10ms/¥94, 1 A/%0)



Slip
0.0676667

Frequency (Hzj Pale

’5150 ’5;14 D"

rotor faults {broken bar}

Measured speed (rpm)

1395.5

f roktor_upperiHz)
56,7667

Stopped

Uz 42.23 Hz

2010/09/02 09:17:20
CH4=10dBY:  10Hz/div
DG 1:1 :
: NORM

U207 56.76 Hz

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main 10K Kode : AUTO
BW : FULL CHZ 0.00v Zoom 10K Type . EDGE LINE
CH3 0.00v Delay : 0.0ns
CH4 © 0.0000% Hold Off : 0.2us
Stopped — | 2010/09/02 10:04:35
: : CH4=10dBY:  10Hz/div
DC 111 :
: NORM
_________________________________________________ _nsaamafilnd
hidaanfuainfiaind
ar 42,23 Hz Az 56.THz

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main © 10K Mode : AUTO
BW @ FULL CH2 : 0.00v Zoom @ 10K Type : EDGE LINE
CH3 0.00v Delay : 0.0ns
CH4 : 0.0000V Hold Off : 0.2us

stop
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STOR

f rokor_lower{Hz)
43,2333

A a 7Y Y I 1 a 4 A A
?J‘]J‘V] 4.15 Nan1s AT IEYiAe 1Usunsu LabVIEW wearee IMfiuIsnaesuelni 56.67 Hz oy

4223 Hz
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Fundamental Frequency, Kz
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Waveform Analyzer

Bport signals
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Fle path
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Fundzmental Fraquency, Hz
s [ | v eV e, 5y
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: ey | 4 S
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sz 42,33 Hz

323717 56.76 Hz
Ty

/

1 | 1 1 1
40,0 S0.0 &0.0 70.0 Q0.0

Frequency in Hz

1 4.19 jvenemams sz alaasuvag Full load 9101151050 LabVIEW
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Stopped [ | 2010/09/01 1720048
: : : : CH4=10dBY: 100Hz/div
DC 11 : :
: NORM
ar
Il
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 0.00v Main : 10K Mode ©: AUTO
BW : FULL CHZ : o.00v Zoom @ 10K Type : EDGE LINE
CH2 : 0.00v Delay 0.0ns
CH4 : 0.0000V Hold OFF : 0.2us
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‘]_Iﬁ 420 HAMIIALALIUATIE ‘H FFT vyaue VIWQWHLQ’P)H%GIJ[ISI‘HQQ (100 HZ/G]f’fN) ‘VIﬂ’JTJJLS’J 1492.8

rpm

2010/49/01 17:05:39

Stopped

CH4=10mY :  10ms/div
DC L1 (10msAdiv)
: NORM 1l]lest

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main ;10K Mode | AUTO
BW  FULL CHzZ 0.00v Zoom @ 200 Type : EDGE LINE
CH3 0.00v Delay : 0.0ns
CH4 : D.0000v Hold OfF : 0.2us

l]ﬁ 421 HAMIIANTZUAVUL ‘1/]1@1141,\‘1@1!“16]]13114@1@ (101115/6]5@\1 1 A/GIf’E’N)
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Stopped — | 2010/09/01 17:18:13
: : : : © CHA=10dBY: 100Hz/div
DG 1:1 :
: NORM
ar
! | :
'I il ....... '.L|| BT '
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00% Main @ 10K Mode © AUTO
BW © FULL CHz : 0.00v Zoom @ 10K Type : EDGE LINE
CH3 0.00% Delay : 0.0ns
CH4 : 0.0000% Hold Off : 0.2us

A 9 a 7 ° A 3 A 1 ~ <3
'37,‘]_]‘1/1 4.22 HaNIIALSUAIIEHN FEFT mmzwmumau"lﬂﬁaﬂmw (100 Hz/¥949) NANULII
1404.7 rpm

Stopped 2010/49/01 17:1251
: : : : CHi=10mY : 10ms/div

DC 111 (10ms/div)

: HORM:100KS /5

=Filter=
Smoothing : OFF
BW : FULL

=0ffset=
CH1 : 0.00v
CHZ : 0.00v
CH3 0.00v
CH4 © 0.0000v

=Record Length=

Main 10K
Zoom @ 200

=Trigger=
Mode : AUTO
Type : EDGE LINE
Delay 0.0ns
Hold OFf : 0.2us

A [ o A g A [ [l
17 4.23 wamsdanszuavazitinuiton lay TnaaAui (10ms/Foq, 1 A/509)
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13633.33 063,33
1463.33 53,333
1563.33 63,333
1663,33 63,333
1763.33 03,333
1863.33 63,333

Stopped — | 2010/09/01 17:18:13
5 5 : : CHA=10dBY: 100Hz/div

DG T

Ugzanm 763 Hz

Alsanm 663 Hz

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main @ 10K Mode : AUTO
BW @ FULL CH2 : 0.00v Zoom @ 10K Type : EDGE LINE
CH3 : 0.00v Delay : 0.0ns
CH4 : 0.0000V Hold Off : 0.2us

{ a < 1 a a y
5109 4.24 wam3ANI12H A8 11/5UnTH LabVIEW tiaad 1¥ifiunazinaesuaiini 563.33 Hz,

U

663.33Hz ...
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Wavefom Analyzer
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F.Iﬂ_ g
Fwﬂlno\oadlﬂr“s‘ |_l E Uﬂ'

Al [ [ [ [ [ [ \ [
00 &m MIm Alm 1000m 1250m 1500m 1750m 2000m
Time [5)

19 4.25 wamsuas Iz aaasuune Noload 910 11/51051 LabVIEW
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Fundamental Frequency, Kz
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Waveform Analyzer

Eportsignds  Expoted Time Signel, V2
iliﬂpu siondl 04

 Hmanis
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File path

i

sl | 8 ?M-

A | [ [ | | [ [ \
00 Bim H00m 7Adm 000m 1250m 1500m 1750m 200.0m
Time (5]

) [ [Pt ey

314 4.26 wamsAmsgialaasuume Full load 910 TUsUn51 LabVIEW
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Fundamental Fraquancy, bz
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5.1 UNiN
Y

a A A
N1UHI98UY

[

s Ay A o = o A o 1 9
@f}ﬂﬁgﬁﬂﬂﬂ%3'3%‘(’JLﬂfJ'Jﬂ‘Uﬂ']ﬁﬁi'Jfﬂﬁﬂﬂi’)']ﬂ']ilﬁﬂ‘ll@\‘]llﬂm'ﬂﬁL‘WU?J'J‘L!']'G'NWU']

Tagldnatiamsianszud Faamsoversnad msunugasvnssuao 1 1a

5.2 agiwaminaasy
{ Y = J { o a )
TaiimsnageunenumIasagoueIMsdevenemes mileniidesyinfomsdga
. ) .4 ; - 2 iy
(@ereiiied9n 151mes (Rotor faults) tag M31gadeneiiiosnInmatiaiied (Eccentricity faults)

P
Yo A

4 Iy 1
viomsoe laviduan higndes nazagiwa Il

o S A J
5.2.1 mﬁ%11mﬁ&mmummﬂsmm (Rotor faults)
o = A 4 1 Y] 4 a ~ A o' &
fﬂﬁ5])'12@!,?{81’?']8!,14’f)\ﬁ]"lﬂjilﬂﬂifﬂzﬁﬂwaulllﬂfl%”IiiJ@Hﬂ‘Uf]\iﬂi%!Lﬁ'Vlﬂ']ﬁJﬂﬂW PIFIWTD

o ] o o ] a 4 a oA {
ﬁ\uﬂﬁllﬁlQTfJ tazgaunauru luHamInaasIzNae1suendNAINe 42.33 Hz 11ag 56.67 Hz

o a | A A . A ¢ Y Ay 1
5.2.2 mim;mﬁammuawmmmm‘um (Eccentr1c1ty faults) mamsa"laumuw"lu
Y
9NADY
o =) a dy 1 [ 4 a d‘ d' d! [ 9 1 ]
mﬁm;mﬁamwuﬂmzmwamawmauﬂmmﬂﬁmﬁmmmaqa "Nf’ﬂuﬁﬂﬁﬂlﬂ@”lﬂ Lmhlll
@ o & ' a A [ o = a dy Y %
FALRUUN %’Quﬁglﬂﬂuimﬂﬂﬁ‘ﬂUliJfﬁllﬁﬂi]Waﬂﬂi’)”lﬂﬁlﬁﬂ%uﬂu"lﬂm/\lﬂ (Glumsmamﬁ]ﬂﬁﬂam
A2 = v Yy &y A o qya e @ v < 2o o
wuu"lﬂ‘nuem@Nwﬂiammwummmumwﬂmﬂﬂmmmg{uﬂ ) ugiegna lsnaundanodane
1@ InaasupiinueanseuanaNMuD 563.33 Hz, 663.33 Hz, 763.33 Hz, 863.33 Hz, 963.33 Hz,

1,063.33 Hz, ...
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