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Fault Detection and Protection of Induction Motor Using
Artificial Neural Network

Chanwit Tangsiriworakul'* and Sirivit Tudsurn?

Abstract

This paper presents the design and imple-
mentation of a system for detecting and protecting
faults of three-phase induction motor using Artificial
Neural Networks (ANNs). The developed 8 inputs
are composed of 3 voltage signals, 3 current signals, a
winding temperature signal and a speed signal. These
inputs were calculated to determine the RMS value to
be sent to the back propagation neural network. The 10-
output classification of the motor’s status include
the normal, single phasing, unbalanced voltage, over

voltage, under voltage, locked rotor, over load, over

temperature, over speed and phase sequence types.
The software is designed and implemented with
graphical user interface (GUI) based technique in
MATLAB program for interfacing with real-time
DAQ card. The DAQ card receives 8 input signals
from the sensor set and sends the output signal to
control the switch of motor supply. The experimental
results show that the proposed system can detect and

protect the faults effectively.
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Voltage L-L (380V) Wae Voltage L-N (220V) : Signal
Voltage (4.44V) aamainaa 49.549 : 1

3.1.2 MAaT13n3zua Wi (Current Sensor) [6]
Current (1A) : Signal Voltage (1V) aamaaufa 1:1

3.13 ﬂ’]ﬂ@li’sﬁ]ia‘mﬂ{\]ﬁ (Temperature Sensor)
Winding Temperature (150°C) : Signal Voltage (4.95V)
ga3RIUAB 30303 : 1
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Fault

Signal Condition

Normal (N)

u39a% 3.996 fiv 4.884 Vrms (+ 10%
289 4.44 Vrms) nszua 0.5 9 2.1Vrms (n3zua

no-load fisnszuafing)

Single Phasing (SP)

U396 3.996 f1a 4.884Vims nzuasnd 0.5 Vrms

Unbalanced Voltage
(UB)

wafiFudussaulwinldsugadanldifiun
2% [8]

Viax de ;
%Vyp = max dev %100 ° V,,w—
Vavg h 3

a

e

%Vus = wefifudussaulnilisuea

Vavg = wssduliiiadpszniana (V)

Vinaxdev = wnseulWiDougsgaszning
4 o .

walawanitery Vavg> VRS>

Vst ViR = ussauszninoa (V)

VstV

Under Voltage (UV)

WEUANIN 3.996 Vims 113 3 s

Over Voltage (OV)

Widugand 4.884 Vrms 3 s

Locked Rotor (LR)

nyzus 4.611 i 5 Vrms

Viated 380
Iig =1 M{L‘e} = 2.1[—} =4.61A
[ 4 Vg 173

V., faunsaufifinanszusnsdiveinaignia

agﬁ"uﬁ
Overload (OL) nyzus 2.11 fiv 4.61 Vrms
Over w396 4.62 fila 4.95 Vrms

Temperature (OT)

(Aafisusd 140°C 9 150°C)

Over Speed
(08)

us9au 5.1 o9 7 Vrms

(Aafinnn 1,520 - 2,086 rpm)

Phase Sequence (PS)

us96% VSN 0 fi9 -8V mh.1aan =0

.:' o v =< & =
M13IN 3 ﬂquauﬁ@]magaﬁjﬂﬁaumadwaa@LW]@&'ﬁﬂim

Fault Data set

Normal(N) 403
Single phasing(SP) 183
Unbalanced voltage(UB) 909
Under voltage(UV) 80
Over voltage(OV) 218
Locked rotor(LR) 61
Overload(OL) 61
Over temperature(OT) 51
Over speed(OS) 86
Phase sequence(PS) 148
Total fault 2,200
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@390 4 BUNAFYYIMUTIOU NIzUE gl ANTITauuazianana luanziiiawaaduadudaznadil
NMInasauluLoan el

Input Output
Fault

VRN | VSN | VIN IR 1S 1T Temp | Speed | NM | SP | UB | UV | OV | LR | OL | OT | OS | PS
Normal (N) 4425 | 4455 | 4442 | 1296 | 1.166 | 1.345 | 1.521 | 4.988 1 0 0 0 0 0 0 0 0 0
Single Phasing (SP) 4474 | 4492 | 4464 | -0.02 | 1.626 | 1.673 | 2.968 | 4.839 0 1 0 0 0 0 0 0 0 0
Unbalanced Voltage (UB) 2.872 | 4512 | 4299 | 0.548 | 1.680 | 1.197 | 2.009 | 4.891 0 0 1 0 0 0 0 0 0 0
Under Voltage (UV) 3.100 | 3.143 | 3.111 | 2.051 | 1.852 | 1.960 | 1.316 | 4.153 0 0 0 1 0 0 0 0 0 0
Over Voltage (OV) 5.062 | 5167 | 5.158 | 1.882 | 1.804 | 1.932 | 1.514 | 4.922 0 0 0 0 1 0 0 0 0 0
Locked Rotor (LR) 4.435 | 4423 | 4402 | 5.163 | 4.542 | 4.889 | 3.859 | 2.099 0 0 0 0 0 1 0 0 0 0
Overload (OL) 4417 | 4411 | 4363 | 2498 | 2.156 | 2308 | 2.345 | 4.28]1 0 0 0 0 0 0 1 0 0 0
Over Temperature (OT) 4411 | 4432 | 4415 | 1.998 | 1.697 | 1918 | 4.755 | 4.327 0 0 0 0 0 0 0 1 0 0
Over Speed (OS) 4.243 | 4402 | 4334 | 0.730 | 0.807 | 0.797 | 1.005 | 5.912 0 0 0 0 0 0 0 0 1 0
Phase Sequence (PS) 4325 | 4207 | 4431 | 1448 | 1.144 | 1341 | 1.635 | 4.760 0 0 0 0 0 0 0 0 0 1

A197199 Sﬁuv!m‘%a"uml,mﬁu NISH qm%n“ﬁ ﬂ’ﬂ&lL%’ﬁaULLa&ﬂ'}@T‘V\!(ﬂ luﬁﬂ’]’nﬁLﬁ@Wﬂa@TﬂadLL@iﬂ$ﬂifﬁ
ﬁ]'mﬂ'li‘ﬂ@lﬁﬂﬂLLU‘Uaa%vLﬂﬁ

Input
Fault
VRN VSN VTN IR (A) IS (A) IT (A) Temp (°C) Speed (r.p.m)
Normal (N) 219.25 220.74 220.09 1.296 1.166 1.345 46.09 1,486
Single Phasing (SP) 221.68 222.57 221.18 -0.02 1.626 1.673 89.93 1,442
Unbalanced Voltage (UB) 142.30 223.56 213.01 0.548 1.680 1.197 60.87 1,457
Under Voltage (UV) 153.60 155.73 154.14 2.051 1.852 1.960 39.878 1,237
Over Voltage (OV) 250.81 256.01 255.57 1.882 1.804 1.932 45.87 1,466
Locked Rotor (LR) 219.74 219.15 218.11 5.163 4.542 4.889 116.93 625
Overload (OL) 218.85 218.56 216.18 2.498 2.156 2.308 71.06 1,275
Over Temperature (OT) 218.56 219.60 218.75 1.998 1.697 1.918 144.09 1,289
Over Speed (OS) 210.23 218.11 214.74 0.730 0.807 0.797 30.45 1,761
Phase Sequence (PS) 214.29 208.45 219.55 1.448 1.144 1.341 49.54 1,418
5. a1

@ & o ¢ A °
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4. DC Machine W8 Terco §% MV 1028
5. Synchronous Machine E‘i‘vqfa Terco g’u MV 1008
6. Digital Oscilloscope fike Yokogawa 3"% DL1640
7. Differential Probe §Wa Tektronix 3% P5200
8. Digital Wattmeter fa Metrix I PX110
9. Tachometer £%a Digicon 31 DT-250TP
10. Temperature Indicator fva Digicon E % ID-8
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