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Absract: This paper proposes fuzzy based current
control in the field weakening region of induction
motor. In this project it proposes an expert controller
before current regulators to process current command
and thus avoiding unreasonable fast tuning in the high-
speed flux weakening region so as to keep current
command followed by actual current. The proposed
topology consist of a single phase ac input source,three
phase IGBT inverters ,fuzzy inference mechanism and
a capacitor filter is used. Thus proposed fuzzy inference
controller is to handle the current commands before
current regulator and this is based on the consideration
of the bandwidth decreasing and for the critical voltage
limitation.At the load one induction motor is connected ,
here current control of motor is done with the help of a
fuzzy controller.Simulation and experimental results
are provided to verify the stability of current control.
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I. INTRODUCTION

In the fast running world the main problem is the
current global energy crisis. So the focus is on
efficiency and delivering high performance, while
consuming less power for the electronic components.
As a result of this crisis, various agencies around the
world have or are looking to increase their efficiency
standards for numerous products in their respective
specifications. In general among the motors, the
induction motors (IM) are widely accepted in the

recent days so that this has been used as the efficient

most promising candidate for electric propulsion of
hybrid electric vehicles (HEVs) and electric vehicles
,due to their reliability, ruggedness, low maintenance,
low cost, and the ability to operate in fast mode for
the extended high speed[1]-[7]. Recently proved that
in ,most of the research on the current control in the
flux weakening operation region is below 2 to 3 times
of the base speed. The most worse is that current
regulators are too unstable, and they even result in
damage to insulation gate bipolar transistors (IGBTS)
and drive equipment in some cases[10]-[11]. In the
view of temperature variable, magnetic hysteresis and
some other reasons, parameters are mainly variable.
Mostly the existing research focuses on flux
weakening strategy optimization and current
regulators design. In induction motor, the stator
winding is fed from 3-phase supply. The
electromagnetic induction is the mechanism in the
rotor winding. Generally the flux weakening strategy
are of two types. They are robust and model based.
The model based method uses motor parameters and
dc bus voltage to calculate current references.The
ideal optimal current trajectory which consists of the
maximum torque per current trajectory at a specified
contains an inductive output filter, to reducing the

conduction losses and the ripple voltage of the
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converter. Here a higher switching frequency implies
smaller and lighter inductor, capacitors, as well as
filter components of the converter. The soft switching
techniques used here will helps to avoid EMI and
switching losses during high frequency speed is
determined under the voltage and current limitation
due to the motor and inverter capacity. In the
proposed flux weakening scheme realises the smooth
transition between control modes and winding
resistance is accounted for the speed range. Although
the model based control guarantees the stability and
fast transient response, they are extremely sensitive
to the motor parameters and operating conditions.In
the flux weakening region, the current distribution
(ids and igs) is absolutely important to the torque
There

optimal strategies is to achieve maximum torque

capability . two major flux weakening
capability[1]-[3]. First, ids and igsare calculated by
the IM parameters Secondly, ids and igsare selected

by utilizing voltage regulators and the flux regulator .

The current regulators forming the inner
loop of the IFOC system are able to regulate the ac
current over a wide frequency range with high
bandwidth and zero steady-state error by
proportional-integral (PI) regulators. Anyways, there
will be cross coupling between ids and igs that is
proportional to the frequency of the fundamental
excitation. As a result of this , the performance of the
current regulator has been shown to degrade as the
excitation frequency increase. To eliminate the cross-
coupling influence, the complex vector synchronous
frame the PI current regulator was introduced [8]-[9].
A similar solution was proposed in using an internal
model control formulation and by using the complex

vector current control approach generalized with a

transfer function matrix In the existing system
approach the bandwidth of the current regulators is
decreased and voltage is critically limited in the high
speed flux weakening region. In voltage model the
direct and quadrature axis of rotating synchronous
coordination are computed to obtain mainly the
synchronic angular speed, direct axis stator flux

magnitude and quadrature axis stator flux magnitude.
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Fig.1 Flux Weakening Strategy.

This is critically limited as a result the differential
term cannot be ignored. Thus the proposed fuzzy
inference controller to handle the current commands
before current regulator, it is based on the
consideration of the bandwidth decreasing and the

critical voltage limitation

Il. FLUX WEAKENING STRATEGY

In the flux weakening strategy analysis is in order to
produce the maximum current g axis component is
proportional to current. .The basic strategy is that igs
is inversely propotional to speed.. The fig 1 shows
the advanced flux weakening strategy..The fig.1
shows the advanced flux weakening strategy in which
magnetizing current is inversely proportional to
speed [7]. This approach need to add just one
regulator.

Www.ijreat.org

Published by: PIONEER RESEARCH & DEVELOPMENT GROUP (www.prdg.org) 2

Vs



IJREAT International Journal of Research in Engineering & Advanced Technology, Volume 1, Issue 6, Dec-Jan, 2014

ISSN: 2320 - 8791
www.ijreat.org

I1l. BLOCK DIAGRAM DESCRIPTION
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Fig. 2. Block diagram for proposed fuzzy controlled induction motor.

In the fig.2 the induction motor is controlled by the
three phase inverter .The block diagram consist of
input supply, driver unit and a fuzzy based PIC
controller. Three-phase inverters are used for
variable-frequency drive applications and for high
power applications such as HVDC power
transmission. A basic three-phase inverter consists of
three single-phase inverter switches each connected
to one of the three load terminals. For the most basic
control scheme, the operation of the three switches. .
A dc supply is given to the driver unit and to the
control algorithm. The ac output is given to the
induction motor after rectification. In the power

supply unit, rectification is normally achieved using a

solid state diode. Diode has the property that will let
the electron flow easily in one direction at proper
biasing condition.The ac voltage coming after
resonant inverter is the input to this bridge rectifier.
Here the rectifier is in uncontrolled manner with
diode switches. It is very cheap and simple. This
rectifier converts ac to dc output and fed to capacitor
filter to reduce the ripples in the output voltage. The
induction motor may be considered to be a

transformer with a rotating secondary winding.
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IV. CIRCUIT DIAGRAM DESCRIPTION
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Fig.3. Circuit diagram for proposed fuzzy controlled induction motor drive

Here Fig 2 shows the proposed circuit diagram of
the ac to dc converter using fuzzy controller for an
induction motor is shown above. Here the driver
circuit is the key part, output from inverter is
effectively utilized for driving a induction motor, and
motor controlling is done with the help of a fuzzy
controller. In the circuit consists of an ac supply at
the input , this given to the rectifier for conversion
between the rectifier and three phase inverter. . Here
the induction motor is connected at the ouput
side..thus the proposed system includes appropriately
sized power supply unit, rectifier and voltage source
inverter to energize the Induction motor. along with
this auxiliary power supply unit also considered to
energize the control equipments. The rectification is
normally achieved using a solid state diode. Diode

has the property that will let the electron flow easily

in one direction at proper biasing condition. As AC is
applied to the diode, electrons only flow when the
anode and cathode is negative. Reversing the polarity
of voltage will not permit electron flow. As we know
any invention of latest technology cannot be activated
without the source power. So in this fast moving
world we deliberately need proper power source
which will be apt for a particular requirement. All the
electronic components starting from diode to Intel
IC’s work with DC supply ranging from +5v to +12v.
We are utilizing the same cheapest and commonly
available energy source 230V-50Hz and stepping
down transformer, rectifier, filter and voltage
regulator. Filter circuits which are usually capacitors
acting as a surge arrester always follow the rectifier

unit. The capacitor is also as a decoupling capacitor
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or a bypassing capacitor, is used not only to ‘short’

the ripple with frequency .[1]-[5].
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FUZZIFICATION +—i 1 DEFUZZIFICATION
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Fig.4 Fuzzy Logic Controller Block

V. PRICIPLE OF OPERATION

The operation of the induction motor in this
paper is by implementing the new expert controller
S0 as to improve the performance .This is done using
the fuzzy controller. The fuzzy control is explained in
detail.

FUZZY LOGIC CONTROLLER:
INTRODUCTION

In the recent years the fuzzy logic has
become popular in many applications of electrical
drives and control, where classical Pl controllers
were used. Several design techniques exist to tune
the classical Pl controller parameters, but they can be
time consuming and moreover fixed controller
settings cannot usually provide good dynamic
performance over the whole operating speed range of
the drive. Varying load conditions, changes of
mechanical parameters and process non linearity and
inaccuracy in the process modeling can cause

degradation of the performance. Fuzzy control

technique does not need accurate system modeling. It
employs the strategy adopted by human operator to
control complex process and gives superior
performance than the conventional PI control. The
fuzzy algorithm is based on the human intuition and
experience and can be regarded as a set of heuristic
decision rules. It is possible to obtain very good
performance in the presence of varying load
conditions and changes of mechanical parameters and
inaccuracy in the process modeling .Comparing the
traditional current control in IFOC, an expert
controller is added to preprocess current commands
before the current regulators. The expert controller
based on the fuzzy inference consists of the following
components. They are knowledge database, the fuzzy
inference  mechanism and the characteristics
recognition. The feature recognition records the
waveform features of idsfed, igsfed, vds, and vgs.
When a period of the tuning ends, it calculates
mainly the properties of the current control, such as
the rise time, the ratio of attenuation and the
oscillation period. The characteristic recognition
provides references for the fuzzy inference
mechanism . Fuzzy logic (FL) is one of the main
artificial intelligent techniques. Fuzzy logic apart
from Boolean logic, deals with problems that have
fuzziness or vagueness. The classical set theory is
based on Boolean logic, where the particular object
or variable is either a member of a given set (logic 1),
or it is not (logic 0). On the other hand, in fuzzy set
theory is based on the fuzzy logic, where in a
particular object has a degree of membership in a
given set that may be anywhere in the range of 0
(completely not in the set) to 1 (completely in the
set). For this reason, FL is often defined as multi-
valued logic, compared to bi-valued Boolean logic by
B.K. Bose, in 1986. The self-tuning mechanism
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consists of a performance model, an evaluation block
and a fuzzy logic control (FLC) block. This
reference  model defines the desired dynamic
performance of the motor drive. It is selected based
on the maximum performance of the drive and to
avoid the excessive control action. For the IFOC of
the induction motor, the reference model can be
approximated by a second order system. Mainly the
second order model is obtained from the procedure
used in and the constants a and b are adjusted to
meet the specific requirements of the induction
motor.

The actual speed of the motor wr is
compared with the output from reference model o’r,
to generate the speed signal e’r , which is the
difference between wr and w’r . The error signal is
given as an input to the evaluation block. The
evaluation block is designed in such a way that, if the
error signal is within + 1 rad/sec, the self-tuning
mechanism will not operate perfectly . If the error e’r
exceeds the specific range of +1 rad/sec, the
evaluation block generates the tuning error e ® which
is given as an the input to the fuzzy logic control
(FLC) block. The first input is error ‘e’ and second is
the change in error ‘ce’ at the sampling time ‘ts,. The
two input variables are calculated e(ts) and ce(ts) at
every sampling time as e(ts) = or*(ts) — wr(ts) ce(ts)
= e(ts) - e(ts-1) Where ‘ce’ denotes the change of
error ‘e’, wr*(ts) is the reference rotor speed , wr(ts)
is the actual speed, e(ts-1)is the value of error at
previous sampling time. The output variable is the
change in torque AT which is integrated to get the
reference torque as shown in the equation T*(ts) =
T*(ts-1) + AT .

The fuzzy logic controller has four functional
blocks. They are the Fuzzification, Interference

mechanism, knowledge the fuzzy inference.base and

Defuzzification. The stability of a current control
depends on the bandwidth of current regulators and
the voltage that can be utilized in the mechanism.. As
previously mentioned , the bandwidth of current
regulators is decreased and voltage is critically
limited in high-speed flux weakening region. The
differential items are always ignored by considering
the stable condition. However, it is unreasonable
when a motor is in dynamic process because the
differential items take an important part in the valid
voltage. Particularly, when a motor is in high-speed
flux weakening region, the valid voltage except
CEMF is mostly critically limited[1]-[3]. As a result
of this, the differential items cannot be ignored any
more. For improving the current control stability in
high-speed flux weakening region, a fuzzy inference
expert controller is proposed to handle current
commands before current regulators. This is based on
the consideration of the bandwidth decreasing and the
critical voltage limitation. The controller performes
mainly has two purposes. Firstly, it can avoid
unreasonable fast tuning of current concerning the
bandwidth of regulators. Secondly, it can limit the
current margin concerning the .valid voltage.
Comparing with the traditional current control in
IFOC, an expert controller is added to preprocess
current commands before the current regulators. The
expert controller based on the fuzzy inference
consists of the following parts , knowledge database,
the fuzzy inference mechanism and the
characteristics recognition. The feature recognition
records the waveform features of idsfed, igsfed, vds,
and vgs. When a period of the tuning ends,it
calculates the properties of the current control, the
rise time, the ratio of attenuation and oscillation
period. These are the main properties of fuzzy

inference.
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Fig..5 Main Simulation Circuit.

Fig..6 Simulation of Three phase inverter circuit.

VI. EXPERIMENTAL RESULTS
The proposed circuit is developed and analyzed with
MATLAB software. for analysis of the current
controlling for the field weakening operation and
output voltage is fed to induction motor. Here for the
analysis we use a 230 V 50 Hzac supply in the input
side. This is then given to the rectifier side. In the

simulation results Fig.8 shows the converter output

voltage.The motor speed range is between 600 and
700 rpm . The motor current and the torque ranges

are shown in the simulation output results.

=7

mef Soeea (7
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Fig.7 Sub System Circuit

MATLAB simulation circuit diagram, resultant
waveforms for converter output voltage, current and

motor speed is given below. The fuzzy controller
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block is used for better performance in the drive. This
is shown in the sub system circuit. Similarly Fig.6
shows the simulation of the three phase inverter

circuit. The output results are from fig.8 to fig.11.

Resultant Waveforms :

Fig. 9 Motor speed waveform

The simulation resultant waveform of motor speed
waveform is shown in fig.9 .

Fig.10 Motor current waveform

The motor current and the current waveforms are
shown in the fig. 10 and fig.11 respectively.

Fig.11 Motor torque waveform

VII. CONCLUSION

In this new proposed paper a simplified flux
weakening strategy for engineering application is
introduced. This strategy can improve the current
control performance significantly even in too high
flux level. This paper thus investigates the influence
of the rapid current regulation in the high-speed flux
weakening region. The main concept has been proved
in this project , that an expert controller based on the
fuzzy inference has been proposed to self-tune the
current commands.This is done in order to avoid the
unreasonable variation of current commands. The
extensive simulation have been performed and the
results verify that the performance of current control
has been improved. Thus it is proved that the scheme
proposed is very much effective.

REFERENCES

[1] H. Liu, Z. Q. Zhu,Y. Fu, and X. Qi, “Flux-
weakening control of nonsalient pole PMSM having
large winding inductance, accounting resistive
voltage drop and inverter nonlinearities,” IEEE Trans
Power Electron., vol. 27, no. 2, pp. 942-952, Feb.
2012.

[2] M. Mengoni, L. Zarri, A. Tani, G. Serra, and D.
Casadei, “A comparion of four robust control
schemes for field-weakening operation of induction
motors,” IEEE Trans. Power Electron., vol. 27, no. 1,
pp. 307-320, Jan.2012.

[3] D. Zhang, F. Wang, S. El-Barbari, J. A. Sabate,
and D. Boroyevich, “Improved asymmetric space
vector modulation for voltage source converters with
low carrier ratio,” |IEEE Trans. Power Electron., vol.
27, no. 3, pp. 11301140, Mar. 2012.

Www.ijreat.org

Published by: PIONEER RESEARCH & DEVELOPMENT GROUP (www.prdg.org) 8



IJREAT International Journal of Research in Engineering & Advanced Technology, Volume 1, Issue 6, Dec-Jan, 2014

ISSN: 2320 - 8791
www.ijreat.org

[4] G. Thangavel and A. K. Ganguli,”Dynamic
Modeling of Directive Drive Axial Flux PM Linear
Oscillatory  Machine Prototype Using FE Magnetic
Analysis”, Iranian Journal of Electrical and
Computer  Engineering, Vol. 10, No. 2, Summer-
Fall 2011

[5] D. Casadei, M. Mengoni, G. Serra, A. Tani, and
L. Zarri, “A control scheme with energy saving and
DC-link overvoltage rejection for induction motor
drives of electric vehicles,” IEEE Trans. Ind. Appl.,
vol. 46, no. 4, pp. 1436-1446, Jul./Aug. 2010.

[6]C. Zwyssig and J. W. Kolar, “Megaspeed drive
system:  Pushing beyond Imillion r/min,”
IEEE/ASME Trans. Mechatronics, vol. 14, no. 5, pp.
564-574, Oct. 2009.

[7] L. G. Gallegos, F. S. Gunawan, and J. E. Walters,
“Current control of induction machines in the field-
weakened region,” IEEE Trans. Ind. Appl., vol. 43,
no. 4, pp. 981-989, Jul./Aug. 2007.

[8]M. Zeraoulia, M. E. H. Benbouzid,, and D. Diallo,
“Electric motor drive selection issues for HEV
propulsion systems: A comparative study,” IEEE
Trans. Ind.Appl ., vol. 55, no. 6, pp. 17561764, Nov.
2006.

[9]F. Briz, A. Diez, M. W. Degner, and R. D. Lorenz,
“Current and fluxregulation in field-weakening
operation,” IEEE Trans. Ind. Appl., vol. 37,no. 1, pp.
42-50, Jan. /Feb. 2001.

[10] Govindaraj Thangavel, Debashis Chatterjee, and
Ashoke K. Ganguli,” Design, Development and
Finite Element Magnetic Analysis of an Axial Flux
PMLOM,,” International Journal of Engineering and
Technology, Vol.2 (2), 169-175, 2010

[11] Govindaraj Thangavel, Ashoke K. Ganguli and
Debashis Chatterjee,”’Dynamic modeling of direct
drive axial flux PMLOM using FEM analysis”
International journal of Elixir Electrical
Engineering Vol.45 pp 8018- 8022, April 2012

Dr.Govindaraj Thangavel born in Tiruppur ,
India , in 1964. He received the B.E. degree
from Coimbatore Institute of Technology,
M.E. degree from PSG College of
Technology and Ph.D. from Jadavpur
University, Kolkatta,India in 1987, 1993
and 2010 respectively. His Biography is
included in Who's Who in Science and
Engineering 2011-2012 (11th Edition).
Scientific Award of Excellence 2011 from
American Biographical Institute (ABI).
Outstanding Scientist of the 21st century by
International ~ Biographical  centre  of
Cambridge, England 2011.

Since July 2009 he has been Professor and Head of the Department
of Electrical and Electronics Engineering, Muthayammal
Engineering College affiliated to Anna University, Chennai, India.
His Current research interests includes Permanent magnet
machines, Axial flux Linear oscillating Motor, Advanced

Embedded power electronics controllers,finite element analysis of
special electrical machines,Power system Engineering and
Intelligent controllers.He is a Fellow of Institution of Engineers
India(FIE) and Chartered Engineer (India).Senior Member of
International Association of Computer Science and Information.
Technology (IACSIT). Member of International Association of
Engineers(IAENG), Life Member of Indian Society for Technical
Education(MISTE). Ph.D. Recognized Research Supervisor for
Anna University and Satyabama University Chennai. Editorial
Board Member for journals like International Journal of Computer
and Electrical Engineering,International Journal of Engineering
and Technology,International Journal of Engineering and
Advanced Technology (IJEAT).International Journal Peer
Reviewer for Taylor &Francis International Journal “Electrical
Power Components & System”United Kingdom,Journal of
Electrical and Electronics Engineering Research,Journal of
Engineering and Technology Research (JETR),International
Journal of the Physical Sciences,Association for the Advancement
of Modelling and Simulation Techniques in
Enterprises, International Journal of Engineering & Computer
Science (IJECS),Scientific Research and Essays,Journal of
Engineering and Computer Innovation,E3 Journal of Energy Oil
and Gas Research,World Academy of Science, Engineering and
Technology,Journal of Electrical and Control
Engineering (JECE),Applied Computational ~Electromagnetics
Society etc.. He has published 132 research papers in
International/National Conferences and Journals. Organized 40
National / International ~ Conferences/Seminars/Workshops.
Received Best paper award for ICEESPEEE 09

conference paper. Coordinator for AICTE Sponsored SDP on
Computing Techniques In Advanced Special
Drives,2011.Coordinator for AICTE Sponsored National Seminar
on Computational Intelligence Techniques in Green Energy,
2011.Chief Coordinator and Investigator for AICTE sponsored
MODROBS - Modernization of Electrical Machines Laboratory.
Coordinator for AICTE Sponsored International Seminar on
“Power Quality Issues in Renewable Energy Sources and
Hybrid Generating System”, July 2013.

Www.ijreat.org

Published by: PIONEER RESEARCH & DEVELOPMENT GROUP (www.prdg.org) 9



