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Abstract: In this paper speed control of induction motor without using speed sensor is presented. Speed is
controlled by using both Pl and Fuzzy Logic Controllers. Observer method of speed estimation is done for
estimating the actual rotor speed. Speed of the induction motor is estimated by measuring stator currents and
voltages. The estimated rotor speed is compared with actual speed using PI controller. The rise time, settling
time and peak over shoot for the induction motor to attain the actual speed is high. When P1 controller is
replaced by Fuzzy Logic Controller, rise time, settling time and peak over shoot are reduced and speed is
controlled efficiently. The simulation is done using MATLAB/SIMULINK software.

Index Terms: Induction motor (IM), Space Vector Pulse Width Modulation (SVPWM) inverter, Proportional-
Integral (PI) Controller, Fuzzy Logic Controller (FLC).

I. Introduction

Induction motors are most widely used in all industries. The speed of the induction motor has to be
varied according to application requirement [1], [3]. So it is necessary to control the speed of induction motor
efficiently. The speed of the motor can be measured using sensor or speed can be estimated by measuring stator
current/voltage. Recently sensor less speed control method is widely used [1]-[3]. Pl controller is the most
commonly used controller for speed control of induction motor. Pl controller has demerits of high peak over
shoot and response will be sluggish when there is sudden load disturbance. The problems are reduced by using
fuzzy logic controller instead of PI controller and the simulation results are compared.

Il. Induction Motor Drive

In earlier days DC motor have been used for variable speed applications. Speed control of DC motor
was simple as the flux of both armature and field were decoupled in nature.

The ac-dc converter cost got increased with the invention of new semiconductor devices. When the
supply is given directly to induction motor, the motor runs at constant speed according to supply frequency.
Later AC motor evolved from constant speed motor to variable speed motor with the invention of variable
voltage variable frequency drive.
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Fig.1.Variable Voltage Variable Frequency Drive

The input supply of constant voltage constant frequency is first converted into fixed DC voltage. The
DC voltage is then converted to variable voltage variable frequency supply to the induction motor using inverter
circuit as shown in Fig 1. Pulse Width Modulation (PWM) controls switching of power semiconductor devices
in inverter so that variable voltage and variable frequency are obtained.

I11. Speed Control of Induction Machine
Induction motor is a rugged motor with simple construction and requires only little maintenance. Two
methods of speed control of induction machine are i) scalar control and ii) vector control. Constant VV/F method
of speed control comes under scalar control method. The V/F ratio is maintained constant so that the air gap flux
is maintained constant and also the torque will remain constant for all speed range.
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The performance of Induction motor is limited by simple control method like scalar control. The
dynamic performance of machine can be obtained by complex control schemes like vector control. Vector
control provides efficient and accurate control of the motor’s speed and torque [7], [12].

Vector control includes i) Field Oriented Control and ii) Direct Torque Control. Torque generation
and magnetization functions of induction machine are decoupled using mathematical transformations. Such de-
coupled control is commonly called rotor flux oriented control or Field Oriented Control (FOC) [14].

IVV. Open Loop and Closed Loop Speed Control

In open loop control by varying the supply voltage and frequency the speed of induction motor is
varied. V/F method comes under open loop control of induction motor. Poor precision is the major disadvantage
of open loop control.

In closed loop control the actual rotor speed is measured and feedback. The actual speed is compared
with reference speed at which the motor should run. The error signal is sent to controller. According to the
controller output the motor runs at desired speed. The closed loop speed control can be done using speed sensor
or without using speed sensor. The actual speed of rotor can be measured by using sensor like encoder or
proximity sensor. But recently the speed is estimated without using sensor by measuring stator voltage/currents.

V. Speed Estimation Methods

There are various methods of speed estimation. Some estimation methods are rotor slot harmonics,
injecting probing signal in to stator terminal voltage and/or current to detect the rotor flux and consequently the
motor speed [5],[15],[17]. Both of these methods have demerits of large computation time and complexity.
Alternatively speed information can be obtained by using the machine model and its terminal quantities like
voltage and current. These include different methods such as the use of simple open loop speed calculators,
MRAS, Extended Kalman filters, adaptive flux observer, Artificial Intelligent techniques and sliding mode
observer[7],[12],[14],[16].

VI. Existing Method

The 3 phase supply of 400V which is phase shifted by 120 degree is fed to induction motor through a
rectifier and inverter circuit. Indirect Field Oriented Control (IFOC) method is used where the rotor flux is
estimated from model of induction machine. Switching of power electronic devices in the inverter is done by
space vector pulse width modulation method (SVPWM).

The 3 phase stator currents are converted to 2 phase currents using abc-af transformation. Stator and
rotor flux are estimated from (1), (2), (3), (4) and (5). Torque and angle are estimated using (6) and (7). Simple
observer system is used and speed is estimated [14],[16],[19] and [21].

Stator flux, |l//s| = m (1)

Where Vo = .[(Vsa - RsiSa)dt

)

= (v,, —Ri,)dt
Vs I( sa s Sﬂ) 3
Rotor flux, |Wr| = (Ws _d-sis)/ Kr (4)

Where K, =L, /L,;o=01-L2)/LL,.

Magnitude of rotor flux, |1//r| = 1/%2(1 + l//fﬂ . (5)
Torque, Te = (3/ 2)F)(¢sdisq _¢sqisd) (6)

Estimated angle, & = tan‘1(¢sq lg,). 7

The 2 phase currents and voltages are used to estimate the speed, torque, angle and flux from the above
equations. The stator currents are separated into torque and flux producing components. The estimated speed
and flux are compared with reference values and error signal is given to Pl controller. The output of controller is
two phase voltages. The two phase voltage is again converted to three phase voltage using inverse transform and
fed to SVPWM block.
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VII. Space Vector Pulse Width Modulation

This is the advanced method of pulse width modulation with inverter switching states of
VO0,V1,Vv2,Vv3,V4, V56,7 where VO,V1 are null vectors and rest are active vectors. The vectors are used to
generate space voltage vectors as shown in Fig 2.

The magnitude of six active voltage vector is given by (2/3)VVbus which corresponds to maximum
phase voltage. The input to the SVPWM block is the 2 phase voltage output from PI controller.

Active vector is selected according to time interval which is less than one half carrier period. In order
to control the inverter switches, reference voltage Vout and PWM period T should be calculated.

s 2

V,(001) V5 (101)

Fig.2. Vector diagram representing voltage vectors in SVPWM.

If the reference vector lies sector 3 then V out and T are determined from the equations (8) and (9).
T=T,+T,+T, ®)

Vou =T, TV, + (T I T)vg ©)
Where T denotes the time period of corresponding voltage vectors.

VIII. Types of Controllers

Mainly the controllers are classified into two types as Linear Type controller and Non-linear type
controller. In linear type controller the output depends directly on the changes in input. The controller is already
tuned and the gain value for the controller is fixed. PI controller, State feedback controller, Predictive controller
with constant switching frequency controllers come under linear type controller [25].

Hysteresis controller and Predictive controller with online optimization come under non-linear type
controller. The output of these controllers depends not only on changes in input but also the controller
parameters [25].

Fuzzy logic and Neural Network based controllers are recently developed controllers.

IX. Simulation Work of Sensorless Speed Controlled Induction Motor Using Pi Controller
The simulation work is done in MATLAB software. Induction motor of rating 4000W is selected.
Parameters of induction motor are shown in Table.1

PARAMETER VALUE
Number of pole pairs, p 2
Stator resistance, Rs 0.5Q
Rotor resistance, Rr 0.25Q
Stator inductance, Ls 0.0415H
Rotor inductance, Lr 0.0412H
Mutual inductance, Lm 0.0403H
Leakage inductance, Lsc 0.0018H
Power, P 4000W
Supply voltage, V 400V
Frequency of input supply, f 50Hz

Table.1. Parameters of Induction Motor
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Fig.3. Simulation of sensor less speed control of Induction motor using PI controller.

Universal blocks are used for rectifier and inverter circuits. Asynchronous machine in Sl unit is
selected. The actual speed of motor and torque are displayed in scopel. The dc output voltage and the input
supply voltage to SVPWM block is displayed in scope 2. The overall Simulation is shown in Fig.3
Clarke transformation is done by using the formula:

v, ) 1 12 112
V| 0 3R -/3/2

Simulation for Clarke transformation is shown in Fig 4.

(10)

Fig .5.Estimation Block.

Speed, torque, stator flux and rotor flux are estimated using observer system as shown in Fig 5.
Parameter variation in induction motor due to load changes or temperature changes should not affect the speed
estimation. Similarly at low speeds the inaccuracy in speed estimation should not occur as the flux produced
will be low. Observer system is designed such that it over comes the above problems.
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Fig.6.Controller block

Reference speed and estimated speed are compared and error value is fed to Pl controller to produce
reference torque according to the equation (11)

Tref = Oret ~ Opstimated

(11)
The PI controller is tuned to the values of Kp=1/0.3 and Ki=80. Reference torque and estimated torque
are compared and the error value is again fed to PI controller which is tuned to values of Kp=1/0.05 and Ki=1.

The output of this controller is the voltage value in quadrature axis as in (12).

Vq =Tref _Testimated (12)
Vd = ¢ref _¢estimated (13)

Reference flux and estimated flux are compared and error value is fed to Pl controller to produce
voltage value in direct axis as in (13). The Simulation work using PI controller is shown in Fig 6.

Fig .7.0p to abc transformation.

Inverse transformation is done for converting voltage from of8 to abc co-ordinates. This value is given
as input to SVPWM block. The switching states are varied to the inverter only from SVPWM block. Simulation
for Inverse transformation is shown in Fig 7.

PI controller for generating reference torque is replaced by Fuzzy Logic Controller. The error values of
speed and differentiation of error value is taken as input and the rules are framed and the output of the FLC is
the frequency which is again converted reference torque value and the voltage values are generated for SVPWM
block.

X.SIMULATION RESULTS
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Fig.8. Output for sensor less speed controlled IM.
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The output for the Simulation is shown in the Fig.8. The rise time to reach reference speed is about 2

sec and settling time is about 1sec. when Pl controller is replaced by FLC the output is expected such that rise
time is reduced to 0.5 sec and settling time also reduces to 0.5 sec and smooth speed control is obtained.

XI. Conclusion
The sensor less speed estimation method is done by using observer system. The estimated speed is

against parameter variations. The speed control is obtained from very low speed to rated speed. When Pl
controller is used the performance of IM to attain reference speed is quite low. When PI controller is replaced by
FLC the performance of the motor to attain reference speed is improved.

(1]
[2]

(3]
(4]
(5]
(6]
[7]

(8l

[9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]

References
JaroslawGuzinski and Haitham Abu-Rub, “Speed Sensor less Induction Motor Drive with Predictive Current Controller”, IEEE
Trans on Industrial Electronics, Vol. 60, no. 2, Feb 2013.
Francesco Castelli-Dezza, MatteoFelicelacchetti and Roberto Perini, “An Observer for Sensor less DFIM Drives Based on the
Natural Fifth Harmonic of the Line Voltage, Without Stator Current Measurement,” IEEE Trans on Industrial Electronics, Vol. 60,
no. 10, Oct 2013.
Mohamed S. Zaky, “Stability Analysis of Speed and  Stator Resistance Estimators for Sensor less Induction Motor Drives,” IEEE
Trans on Industrial Electronics, Vol. 59, no. 2, Feb 2012.
Wheel-Min Lin Tzu-Jung Su, and Rong-Ching Wu, “ Parameter Identification of Induction Machine With a Starting No-Load Low-
Voltage Test”, IEEE Trans on Industrial Electronics,Vol.59, no. 1, Jan 2012.
Young-Doo Yoon, Seung-Ki Sul and Kozo Ide, “High-Bandwidth Sensor less Algorithm for AC Machines Based on Square-Wave-
Type Voltage Injection,” IEEE Trans on Ind. Appl., Vol. 47, no. 3, May/June 2011.
Aldo Boglietti, Andrea Cavagnino and Mario Lazzari, “Computational Algorithms for Induction-Motor Equivalent Circuit
Parameter Determination—Part I: Resistances and Leakage Reactance,” IEEE Trans on Ind. Electronics, Vol. 58, no. 9, Sept 2011.
Chintan Patel, RijilRamchand, K. Sivakumar, Anandarup Das and K. Gopakumar, “A Rotor Flux Estimation During Zero and
Active Vector Periods Using Current Error Space Vector From a Hysteresis Controller for a Sensor less Vector Control of IM
Drive,” IEEE Trans on Ind. Electronics,Vol.58, no. 6, June 2011.
Xavier Kestelyn and Eric Semail, “A Vectorial Approach for Generation of OptimalCurrent References for MultiphasePermanent-
Magnet SynchronousMachines in Real Time,” IEEE Trans on Ind. Electronics, Vol. 58, no. 11, Nov 2011.
CristianLascu, Ion Boldea and Frede Blaabjerg, “A Class of Speed-Sensor less Sliding-Mode Observers for High-Performance
Induction Motor Drives,” IEEE Trans on Ind. Electronics, Vol. 56, no. 9, Sept 2009.
Lie Xu, DaweiZhi and Barry W. Williams, “Predictive Current Control of Doubly Fed Induction Generators,” IEEE Trans on Ind.
Electronics, Vol.56, no. 10, Oct 2009.
Ye-Then Changand Yen-Shin Lai, “Parameter Tuning Method for Digital Power Converter With Predictive Current-Mode Control,”
IEEE Trans on Power Electronics, Vol. 24, no. 12, Dec 2009.
lon Boldea, MihaelaCodrutaPaicu, and Gheorghe-Daniel Andreescu, “Active Flux Concept for Motion-Sensor less Unified AC
Drives,” IEEE Trans on Power Electronics, Vol. 23,n0. 5, Sept 2008.
Patricio Cortés, José Rodriguez, Daniel E. Quevedo and Cesar Silva, “Predictive Current Control Strategy with Imposed Load
Current Spectrum,” IEEE Trans on Power Electronics, Vol. 23, no. 2, Mar 2008.
Marcello Montanari, Sergei M. Peresada, Carlo Rossi, and Andrea Tilli, “Speed Sensor less Control of Induction Motors Based on a
Reduced-Order Adaptive Observer,” IEEE Trans on Control Systems Technology, Vol. 15, no. 6, Nov 2007.
Joachim Holtz, “Sensor less Control of Induction Machines—With or Without Signal Injection?,” IEEE Trans on Ind.
Electronics,Vol.53,no. 1, Feb 2006.
Veli-MattiLeppédnen and Jorma Luomi, “Observer Using Low-Frequency Injection for Sensor less Induction Motor Control—
Parameter Sensitivity Analysis,” IEEE Trans on Ind. Electronics, Vol. 53, no.1, Feb 2006.
CristianLascu, lon Boldea and Frede Blaabjerg, “Very-Low-Speed Variable-Structure Control of Sensor less Induction Machine
Drives Without Signal Injection,” IEEE Trans on Ind. Applications, Vol. 41, no. 2, Mar/Apr 2005.
AlfioConsoli, Giuseppe Scarcellaand Antonio Testa, “Speed- and Current-Sensor less Field-Oriented Induction Motor Drive
Operating at Low Stator Frequencies,” IEEE Trans on Ind. Appl., Vol.40, no. 1, Jan/Feb 2004.
Haithem Abu-Rub, JaroslawGuzinski, Zbigniew Krzeminski, and Hamid A. Toliyat, “Speed Observer System for Advanced Sensor
less Control of Induction Motor,” IEEE Trans on Energy Conversion,Vol.18, no. 2, June 2003.
JaroslawGuzin’ski, Haithem Abu-Rub, and Hamid A. Toliyat, “An Advanced Low-Cost Sensor less Induction Motor Drive,” IEEE
Trans on Ind. Appl., Vol. 39, no. 6, Nov/Dec 2003.
Chun-Chieh Wang and Chih-Hsing Fang, “Sensor less Scalar-Controlled Induction Motor Drives with Modified Flux Observer,”
IEEE Trans on Energy Conversion, Vol. 18, no. 2, June 2003.
KanAkatsu and Atsuo Kawamura, “Sensor less Very Low-Speed and Zero-Speed Estimations with Online Rotor Resistance
Estimation of Induction Motor Without Signal Injection,” IEEE Trans on Ind. Appl., Vol. 36, no. 3, May/June 2000.
KanAkatsuand Atsuo Kawamura, “Online Rotor Resistance Estimation Using the Transient State Under the Speed Sensor less
Control of Induction Motor,” IEEE Trans on Power Elec.,Vol.15, no. 3, MAY 2000.
JehudiMaes and Jan A. Melkebeek, “Speed-Sensor less Direct Torque Control of Induction Motors Using an Adaptive Flux
Observer,” IEEE Trans on Ind. Appl., Vol. 36, no. 3, May/June 2000.
Marian P. Kazmierkowski and Luigi Malesani, “Current Control Techniques for Three-Phase Voltage-Source PWM Converters: A
Survey,” IEEE Trans on Ind. Elec., Vol. 45, no. 5, Oct 1998.

www.iosrjournals.org 46 | Page



