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Abstract—Induction motors are used on greater scale in
industries due to their user friendly interface. Reese
induction motors are highly reliable, they are peono
many types of faults. These faults can become dauge
and can cause various problems such as personatiésj,
low production thereby bringing losses to industrie this

work we present communication media based system to

monitor the conditions of motor revealingthe faults
interrupting smooth performance of machinery in eryv
short span of time. Here we show the results tovst®
effectiveness.
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l. INTRODUCTION
Induction motors are very often used in industaeshese
have various advantages such as low maintenaneedst,
ruggedness etc. Although it is machinery and imerto
multiple types of faults and an intelligent monibgr can
ensure smooth operation of these motors. Welfahks in
these motors can occur from both mechanical andrile
forces. If these faults were not detected at estdge they
may lead to motor failure or any other such seriactvity
bringing losses to the industry.
Various fault observing methods have been devel@red
being effectively employed to track down machingtfat
various stages by using different machine varialitesce
for economic and safety considerations,it is nexgs$o
visualize the performance of motors. A systematitdition
monitoring scheme provide alarms and tracks dows th
faults at early stage. The performance of machiredone
by efficient condition monitoring providing certabenefits
such as increases machine life, reduces damagealaad
reduces breakdown maintenance.

Il. MONITORING MOTOR CONDITIONS
Here the motor conditions are monitored by statoremt
conditions. The stator current amplitudes can becrileed

by assigning fuzzy subsets by means of membership
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functions. To activate fuzzy inference a knowledugese
comprising the situations liable for faults in tmeotor
comprising rule base and data base can be corexirush
apparatus of fuzzy inference can be used for inolct
motor diagnosis .Using fuzzy inference we can have
improved and precise diagnosis as it comprises huma
knowledge with its own computing capabilities and
knowledge based training. They can be directly esged

by fuzzy system.Induction motor under considerat®of
1.8-KW, 220/360 V, 13/7.4 A, 50-Hz, 4 pole, squicege
type. The motor fault is characterized by the statarent
signal on the basis of set of rules, the fuzzy inpakes the
fault description robust in information processinghe
electromechanical characteristics of the motor matke
out coming faults be influenced greatly by apphedtage,
motor input current and internal temperature. Tinecture

of Fuzzy Monitoring and Diagnosis is shown in Fig.3
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Fig. 3: Schematic representation of Motor condition
Diagnosis layout

In the present study the motor phase currents lhaen
monitored and based on the subsequent trend iouttient
values diagnosis of motor status has been judgadiF&ult
Detection and Diagnosis of Induction Motor statarrent
amplitudesla, Ib, Ichave been considered as the input
variables to the fuzzy systems. The motor condjtiMchas
been chosen as the output variable. We have defimed
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fuzzy subsetd,/, and I for input variables given to the
fuzzy subsets antl for output variables as follows-

Ja = ua(ia)/ia , Via€la
=P yiben
Ic= uC(ic)/ic , Vicele

MC = “mc(mc)/mc , ¥’ mc eMc
Whereia, ib, ic and are elements of the discrete Universe of
Discourse (UoD) i.ela, Ib, lcandMc. Fuzzy logic works
with linguistic variables whose values are words or
sentences in a natural or artificial language. phaides a
means of systematic manipulation of vague and igipee
information. The term set (T) is a collection afiduistic
values assigned to linguistic variable. The terits ssed for
stator current and motor condition are as follows-
T (Ia, Ib, Ic) = {Zero (), Small§), Medium M), Big (B),
Very Big (VB)}
T (Mc) = {Open Phase, Damage, Critically Overloaded,
Overloaded, Good}
The optimized rule base has been developed so as to
encompass all possible healthy and faulty condstiohthe
motor.

. MEMBERSHIP FUNCTIONS CONSTRUCTION
After detailed study of the motor and various faulbne
situations, we could identify various situationsesd motor
condition is unhealthy. Well we can say it is thesn
important part of fuzzy system. These rules aloitf teir
firing weights are enlisted as-
1) If lais Very Big then Mc is Damaged
2) If Ibis Very Big then Mc is Damaged
3) Iflcis Very Big then Mc is Damaged
4) If lais Big then Mc is Critically Overloaded
5) If Ibis Big then Mc is Critically Overloaded
6) If Icis Big then Mc is Critically Overloaded
7) If lais Small and Ib is Small and Ic is zero then
Mc is Good
8) If lais Small and Ib is Small and Ic is Medium
then Mc is Overloaded
9) If lais Small and Ib is Small and Ic is PS then Mc
is Damaged
10) If la is Small and Ib is Zero and Ic is Small then
Mc is Damaged
After detailed analysis of all rules we developedila base
comprising only 5 rules covering whole health ctiodi of
motor.
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Table: 1 Rule Base for Motor Health

Rule | 1 L. Orlif | Orlf Motor Rule
B pis | leis condition | weight
1| z z | z |then| " |
phase
2 | B B | B | then| MY | 5g
overload
Over
3 M M M then load (0.8)
4 S S S then Good (0.7
5 VB VB VB | then| Damage )

The output on health of motor at any instant ofetiis
obtained by inference input conditions of Statorreots
being mapped with output motor health. The de-fuzzy
processor follower which indicates motor health rioye
firing of fuzzy inference. The Centre of Area typé d-
fuzzy method is chosen for the study because nhailtide
overlap of two areas are counted only once. ThghSli
voltage unbalance and faults are generated by Etub
corresponding to damage. The data pertaining thi i&
stored for further time analysis. Severe faulte lipen
phase, open coil, SLG, LL generate high damageutsitp
and the machine function should be terminated ftbm
supply. The stator currents from fuzzy inferenoe strown
as good, overload, critically overload, damagedopen
phase. Thus motor condition is determined by Fumisr.

V. SIMULATION AND RESULTS
As we know these induction motors play very impotta
role in these textile industries and hence theseitoring is
very essential. The machine parameters should bevrkn
for using real machine as a model. These machine
parameters can be found by performing various ssth as
no load test, DC test and short circuit test. Thmmete set
up of Fuzzy based Fault Detection and Diagnosis for
Induction Motor has been built around the Fuzzetehce
System designed in Simulink for detection of mdtealth
condition and it is shown in Fig. 4.
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Fig.4: Simulink Diagram of Fault Detection Technéqu
The built-in block set of Induction motor has been
employed for the purpose of study. Simulink model i
categorized into different categories like Inductidotor
Drive with Power Supply, FIS, and RMS to DC conians
and Fault creation. Three phase voltage supplpied to
induction motor. The induction Motor parameters are
specified in the specific block like speed, torgas
indicated in figure. Induction Motor Drive blockdludes
the three phase induction motor in same block. Staeor
current of the induction motor is in AC form, itngcessary
to convert it into DC. Therefore next block is RMSDC
conversion, which converts the RMS value into D@fo
Different faults like open phase, unbalance of tngltage
are artificially generated in this block. Differeitocks like
Sum, Product, Step input and Constant are useduit f
creation.

Fuzzy inference is the process of formulating thepping
from a given input to an output using fuzzy logitwus in
our case is Stator current from each phase andubigp
condition of motor in linguistic form using fuzzgdic. The
output is having range from 0 to 1 which is storsl
variable M_COND in workspace and display on scope a
well as its value on Display block. The mappingnthe
provides a basis from which decisions can be made,
patterns discerned. The process of fuzzy inferemoalves
all of the pieces that are Membership Functiongyital
Operations, and If-Then Rules. The motor condititay be
good, damaged, overloaded, critically overloadedpen
phase. The standard test input signals to the iop8tator
currentla, Ib, Icare applied to fuzzy logic controller for
observing the motor condition output.
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Fig.5: Implementing Rules to the FIS
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Fig.6: Representation of Implemented of Rules
After simulation for normal operation, the faultdseated in
part of winding R. Therefore the resistance valtehis
time is Rstator. Hence with the help of resistanai#os
inductance values can be calculated.

Rstator, normal Lstator, normal

= n =
Rstator, fault Lstator, fault

As usual the simulation is started by normal patense
after 0.5 sec the fault is created by changingatheve said
parameters. With this we found motor conditions a&rs
healthy during normal operation and obviously ngatwe
sequence component found in both stator currentstatdr
voltage. When fault is created the stator curresgsdnot
remain in balanced condition and obviously motoesinot
remain healthy. We can see there is a presencegztine
sequence components in both statorcurrent.

Figure 7 &8 shows the Stator current and health of
induction motor, symmetrical components of statorent.
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Fig. 8: Symmetrical component waveforms of stator cur
4.1 Al Technigues with communication media devic
(Android):

In android library, they allow us an open soijfuzzy logic
through which we can design and develop FLCs fatgy
the standard for HCreducing the level of knowledge a
accordingly experience in fuzzy logic control regdi of
researchers, through which only less knowledgearekers
will be able to successfully apply FLCs to theiolplems
when using this library. This open souraunction permits
complete implementation of a fuzzy inference sys(Eifs)
and also provides a programming interface. Fuzgicl®s a
fully functional and it has ability as eclipse p-in which
makes it easier to write and test FCL c

With several adwatages and functions, it makes the libr
open source software and increases standardisiatioime
fuzzy system community which reduces programn
work. Since jfuzzy logicfollows a platform independe
approach that is why it can run as any hardwarth
operating system configuration that supports oaklaj Its
developers can extend it easily due to the strigea
oriented approach and the modular design of tbiady.
Jfuzzy logi¢cs main goal is to facilitate and accelerate
development ofifzzy systems. We achieve this goal

i) Using standard programming language (FCL)
reduces learning curves;
i) Providing a fully functional and comple

implementation of FIS;
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iii) Creating API that developers can use or ex

iv) Implementing an Eclipse pl-in to easily write
and test FCL cod

V) Making the software platform independent;

Vi) Distributing the software as open sou

The development and testing in industrial and aced
environment of fuzzy system are extended by theve
functionalities, which is useful for developers at
researchers who are looking to accelerate
functionalities.

V. CONCLUSION
Detection and diagnosis of these induction motoosiges
good solution for detecting the various faults. ekegaving
the motor from damage, also giving quick signalsthe
communication media devices connected to it. gling
decreasing the losses tine industries. Its integration wi
communication media devices will provide an easyeas
to the remote operation and detection which cardmly
adapted in the industrial atmospt.
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