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Abstract: An electric drive performance is paramount for crucial motion application and greatly influenced by
capabilities of controller. For high performance application, vector control technique is normally applied with
the permanent magnet induction motor (PMSM) drive. Instead of conventional PID controller fuzzy logic
controller (FLC) has been widely used for such application. However, the real time computational burden is
directly influencing by size of rule-based of FLC, which subsequently restricts its application with the
processors of limited speed and memory. The performance of drive and the number of rule base are inversely
with each other. It is evident that don’t equally participate all the rules in the response and can be reduced for
simplicity which utilizing less computational resources. In this paper, presented for three different rule based
namely 49, 25and 9 rules for the performance of vector controlled PMSM drives. The performance of the drive
has been investigated for speed control at load and at no load. With larger FLC rule base the performance of
drive system is found superior as compared to the lesser rules at the cost of large computational resources and
speed.
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I.  Introduction

Induction motor speed control despite of various advantages due to complex mathematical model,
nonlinearities such as core saturation, unpredictable load disturbances and coupling of variables. For speed
control application where high performance needed such as aircraft, surgical and robotics application sometimes
these factors make the precious speed control impossible with the conventional controllers making them
inefficient and inaccurate.

In recent years, for its superior performance in speed control application FLC is distinguished and
captured the attention of researchers. FLC’s have the advantage to handle the system nonlinearities, and its
control performance is not much affected by system parameter variation.

Numerous researchers have proposed the different aspects of designing of FLC rule base. Mostly
compared the designed FLC with PI controller in terms of speed control performance. In most of the study’s
authors have used performance of the fix and distinctive parameters for FLC designing. The first choice for the
simpler FLC designing is standard rule base 49 rules with triangular membership functions. In the decision
making all the rules from the rile base doesn’t contribute significantly and can be eliminated leading to a less
computational burden and reduce memory requirement.

The objective of this paper is providing a detailed comparative analysis of FLC with different rule base
size, employed in

PMSM drives. For different loading condition performance evaluation was carried out through
simulation result. The system is dynamically simulated using Simulink /MATLAB Software

Il.  Vector Control Of Pmsm Drives

A. Pmsm Drives

Permanent magnet induction motor is introduced in order to overcome the problem associated with
synchronous motor. In PMSM a permanent magnet is used in place of excitation coil. The stator current of an
IM contain magnetizing as well as torque producing component. The use of the permanent magnet in rotor of
the PMSM makes it unnecessary to supply magnetizing current through the stator for constant air gap flux, the
stator current need only to torque producing. At the higher power factor, the PMSM will be more efficient then
the 1M.

B. Vector Control Technique

For ac IM the most popular technique is vector control. In the special reference frames, the expression
for the smooth-air -gap machine is similar to the expression for the torque of the separately excited DC machine.
In case of IM, the reference frame (d-q) attached to the rotor flux space vector, the control is usually performed
in this reference frame. That’s why the implementation of vector control requires information on the module and
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the space angel of the rotor flux space vector. By utilizing transformation to the d-q coordinate system, the stator
current of the IM are separated into flux and torque producing component, whose direct axis is aligned with the
rotor flux space vector. That means the rotor flux g-axis component of space vector is always zero.

¥,=0  and d =0 (1)

The main objective of the vector control of IM is that, by using a d-q rotating reference frame
synchronously with the rotor flux space vector is to independently control the flux and the torque. In ideally
field-oriented control, the rotor flux linkage axis is forced to align with the d-axis. Applying the result of both,
equation namely field-oriented control, the torque equation becomes analogous to the DC machine and can be
described as follows,

Te: § me H 2
2L Wi 2

I11.  System Discription And Control
The Fig.1 shows the schematic diagram of FLC based IM drive system under analysis. The basic configuration
of the drive consists of an IM fed by a current-controlled voltage- source inverter.
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Fig.1 Schematic diagram of indirect vector control PMSM drive

In this work for high performance the indirect vector control technique is incorporated. The actual rotor
speed ©r measures @Nd compared with the a): The reference torque Tr* is calculated as the output, when the
resulting error generated from the comparison of the two speeds processed in the controller. A limiter is used to

limit the reference torqueT," in order to generate the g-axis reference currentigS . The d-axis reference current

set to zero. Both d-axis and g-axis stator current generate three phase reference current (i;, i; and i: ) through

Park’s Transformation which are compared with sensed winding current (i,, i, and ic) of the IM. The control
signals generated after the comparing the sensed current and reference current will fire the power semiconductor
devices of the three-phase voltage source inverter (VSI) to produce the actual voltage to be fed to the induction
motor. In synchronously rotating reference frame the mathematical model for a three-phase y-connected
squirrel-cage induction motor under steadt state condition and load is given as [10-11].

los R ol 0 oLV
I gs _ 0 Ls Rs 0 Lm 0 V;S (3)
I §|r 0 wsl I‘m Rr wsl I‘r 0
|§r 0y Lm 0 0y Lr Rr 0
3p iete  sere
Te = EE I‘m (Iqsldr ~ sl ) (4)
do,
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T= 2, ®
dé,
el (6)
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HEE- - . e e - . -e
Where 1, lqs are d,g-axis stator current respectively, are V., Vgs are d,g-axis stator voltages respectively, 1, ,

igr are d,g-axis rotor current respectively R;, R, are stator and rotor resistance per phase respectively, L, L,

are the self inductances of the stator and rotor respectively, Lm is the mutual inductance, @, is the speed of the
rotating magnetic field , @, is the rotor speed, p is the number of poles,T, is the developed electromagnetic
torque, T is the load torque, J is the inertia, B is the rotor damping coefficient and 6, is the rotor position. The

key feature of the vector control is to keep the magetizing current at a constant rated value by setting ig‘, =0.

Thus, by adjustihg only the torque —producing current component the torque demand can be controlled. With

this assumption , the mathematical formulation can be rewritten as
H

R s
=T & 7
] Lr |§S ( )
. Lo,
Iqs Zrlqr (8)
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Where oy is the slip speed l/er is the d-axis rotor flux linkage. The indirect vector controlled drive
system with FLC assisted speed controller model is represented from equation (1) to equation (7).

IV.  FLC Designing
Fig.2 show the general block diagram of FLC. The main objective of the designed FLC is to maintain
the performance obtained by ‘standard design’ while reducing the complexity of fuzzy rule base design . FLC
has mainly four intrenal component from which input has to be processed to come out as output.

input ﬂ

‘ Fuzzification

l

Inference Rule

Engine < Base

-

Defuzzification

output ﬂ

Fig.2 Block diagram of FLC

These component are —

Fuzzification- is the conversion of crisp numerical values into fuzzy linguistic quantifiers. Fuzzification is
performed usin membership functions. Each membership function evaluates how will the linguistic variable
may be described by a particular fuzzy qualifier.

Inference Engine- The inference engine uses the fuzzy vectors to evaluate the fuzzy rules and producing an
output for each rule. Mandani type fuzzy inference engine is used for this particular work.

Defuzzification- in this process the combined output fuzzy set produced from the inference engine into a crisp
output value of real- world meaning. Center of gravity defuzzification technique is used in this particular work.

A. Scaling Factor Calculation

For FLC the role of scaling factor is similar to gain coefficient in conventional controller, and it affect
the oscillation, damping and stability of the system. Three scaling factor Ge, Gs and G, for fuzzification as
well as for obtaining the actual output of the command current are calculated using knowing motor data. A
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common universe with values between [-1, 1], into it all the linguistic variables of the fuzzy controller system
(speed error, speed error variation) were scaled.

The motor run 52.3 rad/s at rated speed and an assumption is made that this value is maximum speed of
operation of the motor. Thus, maximum speed error is 52.3 for start-up from standstill and scaling factor for the
speed error is obtained as [13]:

Gs=1/52.3 =0.01912 (10)

For change in speed error, scaling factor is calculated on the basis of maximum torque and rated inertia that the
motor is allowed to develop, taking sampling time 20 pis.

Temax=In/p(Aw/Ts) — Aw = 0.0487 rad/sec

Gese=1/cse=1/(e(Ts)-e(0)) = 1/Aw =20.5 (11)

Output scaling factor is set to Gey = 2.

B. Rule Base Designing

In this paper, with different rule base size the performance of FLC in order to compare with size of 9,
25 and 49 rules are designed for speed control of PMSM drives. A matrix basically used rule base for
determining the controller output from their input(s) as it hold the input/ output relationships.

The rules used in the rule base of 9, 25 and 49 rules with the different FLC’s are given in table shown
inTab. I, Il and 111 respectively. For input and output variables the linguistic terms used are described as: “Z” is
“Zero”; “N” is “Negative”; and “P” is “Positive”, NL is Negative Large, NM is Negative Medium, NS is
Negative Small, PL is Positive Large, PM is Positive Medium and PS is Positive Small The rules are in general
format of “if anticedentl and antecedent2 then consequent”.

Table:1:Rule Base Array For FLC (9)

SE/CSE N z P
N N N z
z N z P
P z P P

Table: I1: Rule Base Table For FLC (25)

SC/CSE NL NS Y4 PS PL
NL NL NL NL NS 4

NS NL NL NS 4 PS
4 NL NS z PS PL
PS NS z PS PL PL
PL Y4 PS PL PL PL

Table:111:Rule Base Arrey For FLC(49)

SE/CSS NL NM NS z PS PM PL
NL NL NL NL NM NM NS V4

NM NL NL NM NM NS Y4 PS
NS NL NM NM NS Y4 PS PM
Z NM NM NS z PS PM PM
PS NM NS z PS PM PM PL
PL NS z PS PM PM PL PL
PM Y4 PS PM PM PL PL PL
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C. Membership Function
In order to have unbaised compacison between the FLC’s triangular membership function are used for
deigning the rule based in the work. For particular FLC the commom inputs and output function are used as
shown in Fig.3(a),Fig.(b) and Fig.(c) for 49,25 and 9 rule base respectively. All the membership functions are
symmetrically spaced over the universe of discover.
Membership function plots  PIot points: 181

nlit nmi ns1 zel ps1 prm pl

-0.8 0.5 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

input variable "input1™

Membership function plots  RICt points: 181

ni2 nmz2 ns2 ze2 ps2 pm2 pl2

-0.8 -0.5 -0. -0.2 0 0.2 0. 0.6 0.8

input variable "input2”

Membership function plots  Rlot points: 181
ni3 nm3 ns3 zed ps3 pm3 pl3
1
0 1 1 1 1 Lol 1 1 = 1
1 08 -06 04 02 0 0.2 0.4 05 0.8 1
output variable "output1”
Fig.3 (a)
Membership function plots  PICt points: 181
nl nes Ze ps pl

-0.8 0.5 -0. 0.2 0 0.2 0. 0.6 0.8

input variable “input1™

DOI: 10.9790/1676-1013037 www.iosrjournals.org 34 | Page



Comparison of Different Rules Based Fuzzy Logic Controller for PMSM Drives
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V.  Result & Discussion

The performance evaluation of the FLC based PMSM drives shown in Fig. 4 the results of 9, 25 and 49
rules. It is evident from this figures that undershoot in the responses leads to increase in settling time when
changing from 49, 25 and 9 rules base FLC system respectively.

Under consideration of discussed PMSM drives of the three FLC, the load rejection capability is shown
in Fig.5 at rated speed 52.3 rad/sec. At time t=1 sec the step rated load is applied suddenly when the drive
running at no load steadily. It is shown in the figures that the load rejection capability is improved in terms of
steady state error and settling time when moving from lower rule base to higher rule base.
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Fig.4. Speed tracking capability of drive for three FLC rule base at speed of 52.3 rad/sec
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Fig.5. Load rejection capability of drive for three FLC rule based at speed of 52.3 rad/sec.

VI.  Conclusion

In this paper compare the performance of indirect vector controlled technique with proposed FLC for
speed control loop for three different FLC rule bases namely 49, 25 and 9rules. The dynamic model of drive
system has been developed in Simulink/ MATLAB. The drive performance has been evaluated for reference
speed tracking, disturbance rejection control capability. In Fig.4 and 5 x-axis is show’s time (10 sec.) and y-
axis speed (rad/sec.), yellow line show the response of FLC with 49 rules base, pink line used for FLC with 25
rules based and blue line shows the response of FLC with 9 rules based. It has been observed that the
performance of drive system using larger FLC rule base has been found excellent as far as performance indices
have been concerned in comparison with the performance with lesser rules but at the cost of large
computational resources and speed.
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