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Abstract: This paper deals with the fuzzy logic approach of sensor less vector control of
induction motor using efficiency optimization technique. The efficiency optimization control
on the basis of search, where the flux is decremented in steps until the measured input
power settled down to the lowest value. The control does not require the knowledge of
machine parameters, is completely insensitive to parameter changes, and is applicable
universally to any arbitrary machine. a fuzzy logic based on-line efficiency optimization
control is proposed for an indirect vector controlled drive system. Energy optimizing
controllers interface with the ASD to minimize line power consumption and that controller is
on-line efficiency optimization controller using fuzzy logic. In this analysis the performance of
the drive without fuzzy controller & when it is incorporated is analyzed & compared. The
above analysis is done in MATLAB /SIMULINK/ using fuzzy logic toolbox.
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INTRODUCTION

Induction motor is the work horse in industry due to its rigid construction & can work under
all conditions of environment. But due to the factor that flux & torque cannot be controlled
individually as the stator current is a combination of both it is not popular like D.C. Motor.
But with the development of power electronics & Vector control concept the three phase
stator current can be resolved into two phase components by orthogonal transformation by
using Clarke’s transformation& to rotor reference frame by parks transformation. To do this
the position of flux vector is important. This position of flux vector can be found by direct &
indirect methods where direct method employs sensors incorporated in stator which adds
to cost, size & induction of harmonics. Hence in indirect control this flux vector can be found
by machine parameters & modeling equations governing its performance. Hence sensor less
vector control has gained importance. Basically there are various methods of indirect vector
control of which Kalman filter, MRAS, sliding mode observer are in major use in earlier days,
and hence these methods are prone to numerical & steady errors due to large calculations
involved. Hence with the development of software’s like Matlab/Simulink, & computer
methods like fuzzy logic, neural networks the complications have been resolved.

The Indian power sector has come long way in power generation from 1300MW capacity
during independence to 102907MW at present. However in spite of government’s plans, the
present power availability is not good enough to cater to the needs of the country, as there
is a peak shortage of the power of around 10,000MW (13%) and 40,000 million units deficit
(7.5%). Unless the system efficiency improves in terms of technical improvements, the crisis
will still continue. Energy savings possible due to some major energy equipments such as
transformers, motors etc.

The present paper deals with calculation of torque, speed of induction motor without
optimization controller & comparing it with after installing controller using fuzzy logic

approach.
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Modeling of induction motor
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A. Dynamic Modeling of induction motors
The dynamic model of the induction motor is derived by transforming the three-phase
guantities into two phase direct and quadrature axes quantities. The equivalence between
the three-phase and two-phase machine models is derived from the concept of power
invariance [16]. Induction motor modeling the synchronous reference frame is shown in
equation (1)

Electromagnetic Torque:

3P L. .
=2_5Lm(1qs Lgr-1gs 1qr) (2)

The dynamic equations of the induction motor in synchronous reference frames can be
represented by using flux linkages as variables. This involves the reduction of number of
variables in dynamic equations, which greatly facilitates their solution. The flux-linkages
representation is used in motor drives to highlight the process of the decoupling of the flux
and torque channels in the induction machine. The stator and rotor flux linkages in
synchronous reference frame are shown in equations (3)-(8)

Ags = Lsigs + Limigr (3)
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Ags = Lgigs + Linigr
Agr = Liigr + Lmigs
Agr = Ligr + Liyigs
7\qm=Lm(iqs+iqr)
Adm=Lin (gs+iqr)

B. State Space model of induction motors
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The space phasor model of the induction motors can be presented in state space equations

from previous equation, so it can be expressed in the synchronously rotating d-q reference

frame as shown in equations (9) to (17).
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Fuzzy efficiency Controller

A. Efficiency Optimization Control

Fig. 1. shows the indirect vector controlled induction motor with efficiency optimization

controller block diagram

The principle of efficiency optimization control with rotor flux programming at a steady-
state torque and speed condition is explained in Fig.: 1 The rotor flux is decreased by
reducing the magnetizing current, which ultimately results in a corresponding increase in
the torque current (normally by action of the speed controller); such that the developed
torque remains constant. As the flux is decreased, the iron loss decreases with the

attendant increase of copper loss.
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Fig.2.Efficiency optimization control block diagram
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The above figure2 explains the fuzzy efficiency controller operation. The input dc power is
sampled and compared with the previous value to determine the inct@ment Pd. In
addition, the last excitation current decrement (L Aigs) is reviewed. On these bases, the
decrement step oA ids* is generated from fuzzy rules through fuzzy inference and
defuzzification. The adjustable gains P, and I, generated by scaling factors computation
block, convert the input variable and control variable, respectively, to per unit values so that
a single fuzzy rule base can be used for any torque and speed condition. The input gain Pb as
a function of machine speed w; can be given as Py=a w,+b Where the coefficients a and b
were derived from simulation studies. The output gain |, is computed from the machine
speed and an approximate estimate of machine torque Te lp=c; w,-c; T.+cs Again, the
appropriate coefficients c1, c2, and c3 were derived from simulation studies. In the absence
of input and output gains, the efficiency optimization controller would react equally to a
specific value of APy, resulting from a past actionAids*(k-1), irrespective of operating speed.
Since the optimal efficiency is speed dependant, the control action could easily be too
conservative, resulting in slow convergence, or excessive, yielding an overshoot in the
search process with possible adverse impact on system stability. As both input and output
gains are function of speed, this problem does not arise. The above equation also
incorporates the a priori knowledge that the optimum value ofA ids* is a function of torque
as well as machine speed. In this way, for different speed and torque conditions, the same
Aids*(p.u) will result in differént ids*, ensuring a fast convergence. One additional
advantage of per unit basis operation is that the same fuzzy controller can be applied to any
arbitrary machine, by simply changing the coefficients of input and output gains.

The membership functions for the fuzzy efficiency controller are shown below. Due to the
use of input and output gains, the universe of discourse for all variables are normalized in
the [-1, 1] interval. It was verified that, while the control variable Aids*, required seven fuzzy
sets to provide good control sensitivity, the past control action L Aigs* (i.e. Aigs™ (k - 1))
needed only two fuzzy sets, since the main information conveyed by them is the sign. The
small overlap of the positive (P) and negative (N) membership functions is required to
ensure proper operation of the height defuzzification method, i.e., to prevent indeterminate
result in case L Aigs* approaches zero. The rule base for fuzzy control is given below. The

basic idea is that if the last control action indicated a decrease of dc link power, proceed
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searching in the same direction and the control magnitude should be somewhat
proportional to the measured dc link power change. In case the last control action resulted
in an increase of Pd (APd > 0), the search direction is reversed, and the Aids*, step size is

reduced to attenuate oscillations in the search process.

=] o o= o o= o= x ey I

Fig.3a,b&c Membership functions for efficiency controller change of DC link power
(AP4(pu)) ,Last change in excitation current (LAids*(pu)) & Excitation current control

increment(Aids*(pu)).

Table |
YOV N P
PB PM NM
PM PS NS
PS PS NS
ZE ZE ZE
NS NS PS
NM NM PM
NB NB PB

Rules base for Fuzzy Efficiency Controller:

As the excitation current is decremented with adaptive step size by the fuzzy controller, the

rotor flux Wy, will decrease exponentially which is given by equation (18)
d Lmids-Wdr
o gy e (18)
Where A, = L./R, is the rotor time constant and L., the magnetizing inductance. The decrease

of flux causes loss of torque, which normally is compensated slowly by the speed control

loop. Such pulsating torque at low frequency is very undesirable because it causes speed
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ripple and may create mechanical resonance. To prevent these problems, a feed forward

pulsating torque compensator has been proposed.

Under correct field orientation control, the developed torque is given by equation (19)

T, =KigsWar (19)

For an invariant torque, the torque current Iy, should be controlled to vary inversely with
the rotor flux. This can be accomplished by adding a compensating dignal 4* to the
original I4s*’ to counteract the decrease in flux AW 4 (t) where t € [0, T] and T is the sampling
period for efficiency optimization control. Let igs (0) and Wy, (0) be the initial values for igs
and Wy, respectively, for the k-th step change of ids*. For a perfect compensation, the
developed torque must remain constant, and the following equality given by equation (20)
holds good.

[War(0)+AU4 (D][igs (0) +Aigs (D] =04 (0)igs (0)  (20)

Solving for Algs (t) yields

lI"dr (t)iqs (0)
War(0)+ Warc

Where AWy, (t) is governed by above equation with, substituted forA ids*. To implement

igs (D= 1)

such compensation, above equations are adapted to produde Iy (t), using flux estimate
Wdr and command in lq* place of actual signals. A good approximate solution forAl 4(t) can
be obtained by replacing the denominator of the above equation by its steady-state value
estimate AWy, (t).In this case the compensation can be implemented in two steps as shown

in Fig. 4. First, the value for the compensating torque current step is computed by

. *
discrete lgs (k) given by equation (22) as

.k r* k-1)-Pgr(k) .
igs (k)=% igs(k-1) 22)

Next, the current step is processed through a first order low pass filter of rotor time
constant, and then added to the previous compensating steps. This current is added to the
original speed loop generated current ls* so that, at any instant, the product Igqs Wy,

remains essentially constant.
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Il.  RESULTS

Table Il

Specifications of the Induction Motor:

HP=5 Power rating of motor
V=440v Voltage applied

F=50HZ Frequency

N=1500RPM Speed in RPM

P=4 No of poles

Rs =0.406Q Stator Resistance

R =0.478Q Rotor Resistance

Ls =2.13mH Stator Leakage Resistance
L, =2.13mH Rotor Leakage Resistance
Ln =49.4mH Mutual Inductance

The above block diagrams represent the Simulink model of the proposed methods. Figure 4
shows the model without fuzzy controller & only using Pl control & Fig 5 shows the
proposed fuzzy control model incorporated in vector control method. The simulation of the
induction motor was done with fuzzy controller & without fuzzy controller for a simulation
time of 2 seconds & the graphs for speed; voltage & torque with & without controller
incorporated are as shown below.

Wave forms of voltages with Pl Controller &fuzzy controller

T

——

From the simulation studies of voltage wave forms it can be concluded that the voltage is
smooth & ripple free with more pulses in a given interval. Hence by using fuzzy controller

the voltage is maintained at highest value with less distortion hence better performance.
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Rotor speed wave forms with Pl controller & with fuzzy controller

Fig. 7.
From the analysis of rotor speeds it is observed that the maximum speed that can be
attained is more with controller & it is found that this speed is maintained constant.
Whereas without controller the maximum speed attained is less & after a short while speed
drops drastically . Hence with fuzzy controller maximum speed can be increased &

maintained constant.

Wave form for torques with Pl controller & with fuzzy controller
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Fig. 8

The above simulation wave forms for torque show that the behavior of induction motor ie
as torque decreases speed increases. The torque with controller is less distorted, almost all
constant without jerky operation. Hence torque is improved & almost all constant with fuzzy

controller
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CONCLUSION:

This was observed mainly through the graphs obtained as outputs from the MATLAB simulink the
graphs were obtained for the system with and without fuzzy controller The performance of the drive
with fuzzy optimized controller is better when compared to without fuzzy controller. It is found from
the graphs for voltage ,speed ,torque that voltage wave form is improved ,torque is stabilized &
speed is increased with fuzzy controller . from this it is concluded that this controller gives better
performance & it is superior ..It was further concluded that that for all load torques the output
power is maintained almost constant. Input power minimization has been done at all load torques

and the input power decreases i.e. the efficiency is increased at all loads.
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