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Abstract- This paper presents the development of a
fuzzy logic library using the dynamic simulation
software SIMULINK under MATLAB
environment. The developed library includes the
main blocks: MIN (minimum operation), MAX
(maximum operation), MFG (membership function
generator), FUZ (fusilier to convert a crisp input into
fuzzy labels), F-RULES (fuzzy rules matrix), F-INF
(Min-Max fuzzy inference), DEFUZ (defuzzifier to
obtain a crisp output) and other blocks to simulate
easily the fuzzy systems. The developed fuzzy logic
library provides additional features for: education of
fuzzy logic concepts for undergraduate engineering
students, simulation of fuzzy logic controllers with
ease and verifying the analog hardware
implementation of fuzzy logic components.
Simulation examples are included to show the
potential of the developed simulink fuzzy logic
library. The permanent magnet synchronous motor
(PMSM) has been used widely in different areas. As
its high efficiency and high power density, the
PMSM will replace more and more other types of
motors in the future. Therefore, in the PMSM
research, the pursuit to develop effective diagnostic
technology to judge the performance of PMSM is a
concern research topic

Keywords:Adaptive ~ Neuro-Fuzzy  Inference
system, Fuzzy Logic, Intern-turn stator winding
fault,permanent magnet synchronous motor(PMSM

Introduction-Nowadays PMSMs are very suitable
for industrial applications because of its high
efficiency, compactness, low weight and high
torque. So it is more and more in use and running
in many systems, therefore fault detection of it
seems necessary to protecting the system. The
permanent magnet synchronous motor (PMSM) has
been used widely in different areas. As its high
efficiency and high power density, the PMSM will
replace more and more other types of motors in the
future. Therefore, in the PMSM research, the pursuit
to develop effective diagnostic technology to judge
the performance of PMSM is a concern research
topic. PMSM becomes more favorable in wide speed
range application due to their high efficiency and
wide constant power speed range. With a hybrid
torque production mechanism, PMSM motor
combines the reluctance torque generated by rotor
saliency and magnetic torque due to the permanent
magnet. Because of excellent performance
characteristics including high power density, large
constant power ratio and high efficiency PMSM is
very important with wide variety of industrial and
transit application. These applications include safety
critical application.

As in common PMSM is also susceptible to various
faults and these faults may leads to serious
consequences, such as plant shutdown, huge
economic loss, and
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human casualties.  Analysis and simulation is
important in PMSM compared to building system
prototypes because of the cost. In these review paper
valuable work done by some authors have been
highlighted. Fuzzy logic has two different meanings.
In a narrow sense, it is an extension of multi valued
logic. But in a wider sense, it is almost synonymous
with the theory of fuzzy sets, a theory that relates to
classes of objects with unsharp boundaries in which
membership is a matter of degree. The past decade
has witnessed a rapid growth in the number and
variety of applications of fuzzy logic. The
applications range from consumer products such as
cameras, camcorders, washing machines, and
microwave ovens to industrial process control,
medical instrumentation, and decision-support
systems.

The choice of using simulink offers the following
advantages: Build block diagram models using
familiar point-and-click manipulations. Conduct
live simulations that display results during the
simulation. Change the system parameters
interactively and see the results immediately.

The available fuzzy logic toolbox for matlab
masks the technical details during implementation
to simplify the simulation interface with users who
are familiar and understand well the fuzzy logic.
But for education, it is much better to integrate in
step by step the fuzzy blocks to implement a higher
level functions like fuzzy inference mechanisms.
Therefore, The simulation using the developed
fuzzy blocks library enables the students and
beginners to learn more and more about fuzzy
logic. The paper is organized as follows: It presents
the motivation to design fuzzy logic library in
simulink. Then it is devoted to the development of
fuzzy logic library where main blocks are
demonstrated and design details are given. In last
section, illustrative examples are considered and
presented such

as fuzzy inference and fuzzy logic controller.

I.I.  Structure of Fault Detection and

Identification System

Structure of fault detection and identification system
is shown in Figure 1. An electric vehicle system
based on PMSM is developed using the vehicle
dynamics implemented in MATLAB/Simulink is
used to design and implement the proposed
algorithm. Initially, three-phase motor current is
converted to two-phase (a-f) using Clarke
transformation and features are extracted from the
Clarke transformed current pattern. These features
are given as an input to a neural network that
computes the output on the basis of the training data.

Tnput uir) Output W
"——{ Contrel System
—’{ Fault Informarion Extraction

o
<\\D< |¢ukn|_>—‘

Fault tsoltion

Fig shows: structure of fault detection and control
system.

I.11. PMSM Control:

The proposed system comprises of a PMSM driven
by an inverter.
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Figure 2 shows the control mechanism used to
operate the PMSM. In case of an electric vehicle, the
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main source of power is batteries. Batteries provide
DC power regulated by a DC/DC converter and this
regulated DC power is converted to three phase
controlled AC using a three-phase inverter to operate
the motor. In order to control the PMSM operation,
vector control technique is implemented. The control
technique comprises of two loops of operation:

1) Outer control loop (speed controller). 2) Inner
control loop (current controller or vector controller).
The outer control loop works by taking the motor
output speed ol and speed reference wref as inputs
and gives torque reference Tex as an output. A Pl
controller is used to control the operation of the
system. Torque reference generated by the outer
speed control loop is given as an input to the inner
control loop. The torque reference is converted to
three-phase current reference using d — q
transformation and compared with the motor three-
phase current to generate the gate driving pulses. Eq.
(1) was used to convert reference torque to current.
Tex =3 2 np [Amiq + (Ld — Lq)idiq].

Theory of Permanent Magnet Synchronous
Motor

Construction:

Synchronous motors operate at a constant speed in
absolute synchronism with the line frequency.
Synchronous motors are classified according to their
rotor’s design, construction, materials and operation
into the four basic groups: electromagnetically-
excited motors, PM motors, reluctance motors,
hysteresis motors.

In electromagnetically excited and PM motors a
cage winding is frequently mounted on salient-pole
rotors to provide asynchronous starting and to damp
oscillations under transient conditions, so-called
damper. Recent developments in rare-earth PM
materials and power electronics have opened new
prospects on the design, construction and
application of PM synchronous motors. Servo
drives with PM motors fed from static inverters are
finding applications on an increasing scale. PM
servo motors with continuous output power of up to
15 kW at 1500 rpm are common. Commercially, PM
a.c. motor drives are available with ratings up to at

least 746 kW. Rare-earth PMs have also been
recently used in large power synchronous motors
rated at more than 1 MW. Large PM motors can be
used both in low-speed drives (ship propulsion) and
high speed drives (pumps and compressors). PM
synchronous motors are usually built with one of the
following rotor configurations.

Il. LITERATURE SURVEY

According to Garance Vinson, Michel Combacau,
Thomas Prado, Pauline Ribot, “Permanent Magnets
Synchronous Machines Fault Detection and
Identification”, IEEE ECON 2012, Oct 2012,
Montr_eal, Canada. pp. 3925-3930, 2012. The
reported work is the design of a Fault Detection
system for permanent magnet synchronous
machines (PMSM). Two main faults occurring on
these machines are identified as inter-turns short-
circuits and rotor single pole demagnetization, and
characterized. An analytical model of the PMSM is
developed and simulated using Matlab Simulink.
The model enables simulating nominal and faulty
PMSM behaviour, with several stages of
degradation, and is supported by tests results.
Specific indicators are proposed for each fault. They
do not require additional material or sensors since
they are based the signals already monitored for the
machine control[1].

According to Li Liu, David A. Carets and Wenxin
Liu, “Application of particle swarm optimization to
PMSM stator fault diagnosis”, 2006 International
Joint Conference on Neural Networks Sheraton
Vancouver Wall Centre Hotel, Vancouver, BC,
Canada July 16-21, 2006. They propose the new
scheme for the automatic diagnosis of turn-to- turn
short circuit faults in PMSM stator windings. For
this they used particle swarm optimization (PSO)
algorithm to diagnose both fault location and fault
severity. The performance of the motor under the
fault conditions is simulated through lumped-
parameter models. Waveforms of the machine phase
currents are monitored based on which a fitness
function is formulated and PSO is used to identify
the fault location and fault size. Simulation results in
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MATLAB provide preliminary verification of the
diagnosis schemel[2].

According S. M. A Cruz and A. J. M Cardoso
,”’Diagnosis of stator inter-turn short circuit fault in
DTC induction motor drive.” IEEE trans.. On
industry Application, vol 40. No. 5 pp. 1349-1360
sept/oct, 2004. Stator winding fault are one of the
most frequent IPM motor damages resulting from
the degradation of the inter turns inter phase and
main isolation of the motor winding. This internal
fault will increase the torque ripple that deteriorates
machine performance. However such fault can be
rapidly propagated to motor stator turns since it
makes large circulating current in the shorted path
yielding excessive heat. The adverse condition of
heat will occasionally lead to progressive
deterioration and eventual breakdown of winding
insulation in the phase of motor[3].

This paper develops an online inter-turn fault
diagnosis method for permanent magnet
synchronous machine (PMSM). The mathematical
model of the PMSM with interterm fault is
established. The zero-sequence voltage component
and zero-sequence current component are analyzed
in the PMSM, respectively. Then, the new fault
indicators are defined to remove the influence of the
variation of the rotor speed and an effective
frequency tracking algorithm is presented to extract
fault indicators. In this proposed method, not only
the inter-turn fault can be effectively detected, but
also the phase in which this fault occurs can be
accurately identified. The experiments are carried
out and the experiment results verify the
effectiveness of the proposed method[4].

Inter-turn short-circuit fault is a kind of initial failure
of the permanent magnet synchronous motor
(PMSM) and serious consequences may be caused if
it is left undetected. In this letter, a simple fault
indicator is defined as the sum of the absolute values
of amplitude differences between the stator currents,
where the amplitudes of fundamental components of
the stator currents are calculated by the frequency-

tracking algorithm. Then, an online inter-turn short-
circuit fault detection method is proposed for the
PMSMI5]

This paper proposes an efficient and integrated
fault detection and identification system for power
converters and permanent magnet synchronous
motor in electric vehicles. Switching faults of
power converters (single, double and triple
witching faults), electrical and mechanical faults of
the permanent magnet synchronous motor (bearing
fault, stator electrical faults) are considered. Fault
detection is done using Clarke transformed (a-f3)
three-phase current analysis. Features are extracted
from the current signals and artificial neural
network (ANN) is used for the fault identification.
Using motor current signature analysis and by
selecting simple and suitable features, the system
can detect and distinguish between .
overall faults of power converters and permanent

magnet synchronous motor in an electric vehicle; it
requires no complex calculations. The proposed
system is designed in MATLAB/Simulink. The
system is tested under different fault scenarios and
performance is evaluated. The simulation results
have proved that the proposed system can detect and
identify overall faults of power converters and
permanent magnet synchronous motor easily and
effectively with no need for complex calculations
and techniques[6].overall faults of power converters
and permanent magnet synchronous motor in an
electric vehicle; it requires no complex calculations.
The proposed system is  designed in
MATLAB/Simulink. The system is tested under
different fault scenarios and performance is
evaluated. The simulation results have proved that
the proposed system can detect and identify overall
faults of power converters and permanent magnet
synchronous motor easily and effectively with no
need for complex calculations and techniques[6].

Permanent magnet synchronous motors (PMSM)
have been used in a lot of industrial fields. In this
paper, a review of faults and diagnosis methods of
PMSM is presented. Firstly, the electrical,
mechanical and magnetic faults of the permanent
magnet synchronous motor are introduced. Next,
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common fault diagnosis methods, such as model-
based fault diagnosis, different signal processing
methods, and data-driven diagnostic algorithms are
enumerated. The research summarized in this paper
mainly includes fault performance, harmonic
characteristics, different time-frequency analysis
techniques, intelligent diagnosis  algorithms
proposed recently and so on[7].

Inter-turn short-circuit fault (ISF) degrades its
reliability and may cause serious catastrophes for
direct-drive permanent magnet synchronous motor
(DDPMSM). Fault location technology can reduce
maintenance time, increase the mean time between
failure (MTBF), and then improve the reliability of
DDPMSM. Hence, an intelligent fault locating
system for DDPMSM is proposed in this paper. This
system proposes a knowledge graph (KG) based
diagnostic tool for detection and location of the fault
coil. First, the fault model of the DDPMSM with
multiple branches parallel winding is established,
which is used to analyze the fault characteristics of
motor. Second, the BDC and BRC are proposed as
the fault indicator. The effectiveness and robustness
of fault indicator are analyzed. Then, the KG system
are designed and established according to the
relationship between fault indicator and location of
fault coil. Finally, the system is tested by data under
different fault and operation conditions. The test
results showed that the proposed fault locating
system can detect and locate the fault coil in early
stage. The minimum ratio of shorted turns to branch
turns that can be detected is 0.52%. The minimum
ratio of shorted turns to branch turns that can be
located is 6.25%[8].

Recently, the permanent magnet synchronous motor
(PMSM) drive system has replaced traditional
actuators in more and more occasions, especially in
some cutting-edge application areas, the reliability
and safety of its drive system are very critical, which
requires faults after that, it can detect and solve in
time, and even continue to run stably with the failure.
Therefore, the fault-tolerant control of the motor
through the reconstruction of hardware circuits and

software algorithms to ensure the undisturbed
operation of the system after a fault has become a hot
issue in current research. This article focuses on the
four main types of inverter faults, stator winding
faults, sensor faults, and permanent magnet
demagnetization faults that have the highest failure
rates in PMSM drive systems. First, the research
results of fault detection and diagnosis technology of
PMSM drive system under four fault conditions are
described. Then, the research status of active fault-
tolerant control technology of the PMSM drive
system under different fault conditions are
summarized. Finally, the future development of the
PMSM drive system fault diagnosis and active fault-
tolerant control technology is summarized and
prospected based on the research status[9].The
permanent magnet synchronous motor (PMSM)
drive system has replaced traditional actuators in
more and more occasions, especially in some
cutting-edge application areas, the reliability and
safety of its drive system are very critical, which
requires faults after that, it can detect and solve in
time, and even continue to run stably with the failure.
Therefore, the fault-tolerant control of the motor
through the reconstruction of hardware circuits and
software algorithms to ensure the undisturbed
operation of the system after a fault has become a hot
issue in current research. This article focuses on the
four main types of inverter faults, stator winding
faults, sensor faults, and permanent magnet
demagnetization faults that have the highest failure
rates in PMSM drive systems. First, the research
results of fault detection and diagnosis technology of
PMSM drive system under four fault conditions are
described. Then, the research status of active fault-
tolerant control technology of the PMSM drive
system under different fault conditions is
summarized. Finally, the future development of the
PMSM drive system fault diagnosis and active fault-
tolerant control technology is summarized and
prospected based on the research status [10].

PROPOSED WORK
Proposed work consists of Fuzzy logic based Fault
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detection in PMSM. This Fuzzy logic interference
consists of rule based and data based interfacing
module which interface in fuzzy logic.

METHODOLOGY
Why Use Fuzzy Logic?

Here is a list of general observations about fuzzy
logic:

* Fuzzy logic is conceptually easy to understand. The
mathematical concepts behind fuzzy reasoning are
very simple. Fuzzy logic is a more intuitive approach
without the far-reaching complexity.

* Fuzzy logic is flexible. With any given system, it is
easy to layer on more functionality without starting
again from scratch.

e Fuzzy logic is tolerant of imprecise data.
Everything is imprecise if you look closely enough,
but more than that, most things are imprecise even
on careful inspection. Fuzzy reasoning builds this
understanding into the process rather than tacking it
onto the end.

» Fuzzy logic can model nonlinear functions of
arbitrary complexity. You can create a fuzzy system
to match any set of input-output data. This process is
made particularly easy by adaptive techniques like
Adaptive Neuro-Fuzzy Inference Systems (ANFIS),
which are available in Fuzzy Logic Toolbox
software

 Fuzzy logic can be built on top of the experience
of experts In direct contrast to neural networks,
which take training data and generate opaque,
impenetrable models, fuzzy logic lets you rely on the
experience of people who already understand your
system.

e Fuzzy logic can be blended with conventional
control techniques. Fuzzy systems don’t necessarily
replace conventional control methods. In many cases
fuzzy systems augment them and simplify their
implementation.

CONCLUSION

An effective and efficient method to detect and
identify the faults for PMSM in an electric vehicle
system has been proposed in this work.
MATLAB/Simulink is used to model and implement
the proposed method. The system works on the
motor current signature analysis phenomenon with
the ANN based fault detection and identification
technique. The system is tested for electrical as well
as mechanical faults. The simulation results show
that the proposed fault detection and identification
system is able enough to identify the faults for
PMSM in an electric vehicle system.
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