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Abstract

Fault diagnosis of electrical machine is gaining particular importance in view of
machine down-time and revenue losses to the industry. Therefore, it is aways
essential to check motor performance from time to time. This paper use the
technology of fuzzy logic for detecting and diagnosing the stator faults in single phase
induction motor to avoid the damage of the motor. The application of fuzzy logic is
simulated using fuzzy logic tool box in MATLAB. The main function of fuzzy logic
fault detection consists of two inputs the first for stator current and the second for the
rotor speed and one output which isthe incipient fault.
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1. Introduction

Single phase induction motors are Preferable to find faults before

the most common type of electric
motors which find wide domestic,
commercial and industrial
applications [1]. They are subjected to
different ambient and working
conditions. Which lead to occurrence
of incipient faults at an early stageto

the down time of the motor [2]. These
incipient faults if left undetected,
contribute to the degradation and
eventual failure of the motor [3]. Itis

complete motor failure. This is called
incipient faults detection, often the
motor can run with incipient faults but
eventually it will lead to motor failure
causing down time and large losses
[4]. There are several different types
of faults that can manifest themselves
in an induction motor. Faults are often
classified according to where they
occur in motor. The percentage of
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falures in  induction  motors
components are as following:-

- Stator faults (38 %).

- Rotor faults (10 %).

- Bearing faults (40 %).

- Other faults (12 %).

It is important to note that even if the
stator fault account makes up (38 %) of
the all faults it is very important to spot
them in time because they can lead to
the total destructions of the motor [5].
Many of the motor incipient fault
detection schemes can be applied
noninvasive on-line with out the need
of expensive monitoring equipment by
using microprocessor. With proper
monitoring and  fault  detection
schemes, the incipient faults can be
detected in their early stages. Thus,
maintenance and down time expenses
can be reduced and reliability can be
improved [6]. Methods of faults
diagnostic are used to identify incipient
faults involving several fields of
science and technology. They are
generally classified as those based on
mathematical models of machine [2].
Fuzzy logic based technique is
proposed in this paper to detect the
stator winding faults in single phase
induction motor. The data is provided
by MATLAB Simulink of a (1/4) split-
phase induction motor with fault in
stator winding for two load conditions.
The stator current and rotor speed are
considered as the base parameters for
constructing the member ship function.
2. Modeling of a single phase

induction motor

The equivalent circuit of a single
phase induction motor is shown in fig
(1). The superscripts s and prime can
be used to denote the transformed rotor
variables in the stationary dq reference
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form and the referred quantities to the
stator gs windings respectively. For
simulation purposes the necessary
guantities such as voltage, flux, torque
and rotor motion equations are [7]: -

r
= Ly - d(t
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dt
where:-

Y ¢ = g-axis main winding flux linkage,
W, = base electrical frequency, V= o
axis main winding voltage, r = g-axis
main winding resistance, X, e g-axis

leakage
main

reactance,
winding

main winding
Y = g-axis
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3. Fuzzy logic

Fuzzy logic (FL) is a multivolume
logic that allows intermediate values to
be defined between conventional
evaluations like trueffase, yes/no,
high/low. It is a branch of mathematics
that counters the traditional assumption
that every thing within universe of

magnetizing flux linkage, y (= d-
axis auxiliary windings flux linkage
referred to main winding, V(= d-axis
auxiliary winding voltage referred to
main winding, r{= d-axis auxiliary
winding resistance referred to main

. ¢ = cooi -
W! nd! N9 Kus d-axis - auxiliary discourse either belongs to a given set
winding leakage reactance referred to within that universe or doesn't [8].

main  winding, y (,= d-axis Fuzzy logic concepts

magnetizing flux linkage referred to
main winding, y § = g- axis rotor
flux linkage referred tov§= g-axis
rotor voltage referred to main
winding, w, = rotor speed, , r{=rotor
resistance referred to main winding,
X{ = rotor reactance referred to maim

winding, y §=d-axis rotor flux
linkage referred to main winding,
v§ = d-axis rotor voltage referred to

main winding, o

g-axis main
winding current, igz g-axis rotor
current referred to main winding, (.=
d-axis auxiliary winding current
referred to main winding, i§ = d-axis
rotor current referred to  main
winding, X, = g-axis main winding
magnetizing reactance, X.,= d-axis
main winding magnetizing
reactance, T,,= development torque,
w, =base electrical frequency, J=

rotor moment of inerttia, T =
mechanical torque, T, = damping

torque,

damp
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Let X be some set of objects, with
elements noted asx .Thus X ={x}

X is called universe of discourse and x
represents the generic element of X
the universe of discourse represent the
input to the fuzzy logic and its range
normalized data is a mapping of
operating range to [0,1]. For checking
the motor performance, the motor
current operating range is chosen from
(-2) to (1.7) and the rotor speed range
is taken from (-10) to (300) these
ranges are taken according to the
simulation results of the healthy and
faulty operation of the motor .
1. Fuzzy set
A fuzzy set A in X is characterized by
a membership function mA(x) which
maps each point in X onto the real
interval [ 0.0 , 1.0]. As mA(x)
approaches 1.0, the "grade of
membership" of x in A increases [9].
2. Fuzzy set operations
Let A and B two fuzzy sets with
membership functions m, and mg
respectively. The set operations of
union, intersection and
complementation are defined in terms
of characteristic function as follows
[10].

Union
m, U mg =max (M, (X) mg(x))... (7)
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Intersection
m, N mg =min (M, (x) M (x)).. (8)
Compliment
m,-1=m,”
3. Fuzzy number
A fuzzy number A is a continuous
universe X. eg. , red line, is a fuzzy
set A in X which is norma and
convex, i.e.
Max m,(x) =1 (normal)
X€X
and
My, (4 HL-1)xg)=min
(M, (X;), M, (X,)) (convex)
X, X, €X
4. Linguistics variable
A linguistics  variable
(ingeneral, X) isexpressed as
T (speed) = {low, medium, high}
Where
T(x) is called term set and each term
in t(x) is characterized by asset in a
universe of discourse [11].
The linguistic variables in
research are (ids) and (w, ).
5. Derivation of rule
Generally, deign of fuzzy controllers
is based on the operators
understanding of the process instead
of its detailed mathematical model.
The main advantage of this approach
isthat it is easy to implement "rule of

speed

this

thumb" experiences and heuristics
[11].

4. Simulated, Results and
discussions

The MATLAB fuzzy logic tool
box has been used to simulate the
performance level of the motor
considering the incipient faults. The
data is generated for two incipient
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faults with two different load
conditions; no load and step changing
with load. fig. (2) Shows the
simulation results of stator current and
rotor speed with healthy and faulty
situations.
Theincipient faults considered are:-
1. Phase failure in auxiliary
winding which can be
simulated by increasing the
value of auxiliary resistance.
2. Inter —turn short circuit which
is ssimulated by decreasing the
vaue of the auxiliary
resistance to the half.
The stator current and rotor speed
which are the input variables are
classified in region with low (L),
medium (M), and high (H) through
the member ship function while the
fault which acts as an out put variable
is classified with phase failure (PH),
short circuit (SC) and healthy (H) of
operation thorough their fuzzy fault
diagnosis system. The current range is
chosen from (-2 to 1.7), rotor speed
range is taken from (-10 to 300), and
the fault rang from (0 to 1). The
linguistic variables are given in table
D).
The membership functions used in
this paper are the triangle membership
which includes two values for input
and one value for output. Fig. (3)
shows the memberships for stator
current, rotor speed and the outpuit.
The fuzzy rules from expert
knowledge are given in table (2) the
rules of fuzzy logic system are in if
then form for example:-

If idsL and w, L Then fault is PH

with step change with load, thisisrule
no.(1). In the final stage the fuzzy
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action are reconverted in crisp ones by
using the center of area method.
According to this method, each
affected output membership is cut at
the level indicated by the previous
max-rule, then the gravity center of
the possible distribution is computed
and becomes the numerical output
value. Fig. (4) shows the test result for
the cases of headlthy, short circuit and
phase failure of the motor. Fig (5)
shows resulting surfaces for the
output variable fault .it graphs the
crisp values of fault condition versus
stator current and rotor speed. The
shape of this surface is depending
upon the membership functions and
fuzzy rule base.
The simulik model of faults detection
system is shown in fig.(6).The fault
will detect in this system according to
the information in which the fuzzy
logic fault detection system was built
5. Conclusions

The fuzzy logic system is
proposed in this paper to detect the
phase failure and inter-turn short
circuit faults in single phase
induction motor. The fuzzy logic
system is used to simulate the
problems related to fault detection in
single phase motor by designing the
proper membership functions. The
stator current and rotor speed are
considered as the base parameters for
constructing the membership
functions. Depending upon the
linguistic variables, stator current and
rotor speed whether low, medium or
high . The simulation results show
the use of fuzzy logic in fault
detection provides more accurate
results with less time and cost. Such
a system can also be applied for other
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type of eectricd machines by
forming appropriate  membership
functions and rules by knowing the
behaviors of the machines.
6. Appendix

The parameters of single phase
induction motor in this paper are:-
14 HP, 110V, 4- pole, 60 Hz

[ =2.02Q, X =279Q, 1,=714
Q, Xg= 322 Q, Y .= 66.8 whi,

r.=4.14Q, J= 1.46e-2 kg.m"2
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Table (1) linguistic variables

L M H
min | max | min | max | min | max
ids -2 03 (025 14 | 137 | 17
W, -10 55 5.3 8 7.99 | 500
Table (2) fuzzy logic rules
rule 1 2 3 4 5 6 7 8 9
ids L L L M M M H H H
W, L M H L M H L M H
fault PH null PH no null Healthy | Healthy SC null SC no
with load with no load with load
step step step
change change change
with with with
load load load

Figure (1) Equivalent cir cuit of single phaseinduction motor

SR e
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i- healthy w, at step load change
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Ids
(amp)

j- - idswith phase failure at step load change
Figure (2) Stator current and rotor speed when healthy and faulty motor under
different load conditions.

Ids
(ampy

m- w, with inter-turn short circuit at step load change
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Figure (4) test resultsfor the cases of healthy, short circuit
and phase failur e of the motor

Figure (5) resulting surfaces for the
output variable fault
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Figure (6) the smulink model of fault detection system
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