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Nonlinear Adaptive Controller for Speed Control in
Induction Motor Drives

M. Jasmin, S. Philomina and G. Angelo Virgin

Abstract--- Induction motor is widely used in small scale aswell as the large scale industries. In industrial sector, there
prevails a major drawback in speed controlling of three phase induction motor drives when subjected to heavy loads. These are
called as disturbances in a motor. A motor can have both the internal disturbance as well as the external disturbance. To
eliminate this types of disturbance many controller where implemented with fast computing algorithm. To reduce the
computation time and also to get a minimum overshoot with respect to the changes in the state transient variables, a three first
order Auto Disturbance Rejection Controller (ADRC) is used for evaluating the squirrel cage induction motor drive co-ordinates
(d-g) as well as to regulate the speed of the motor under disturbances. It is clear that the control scheme of ADRC is much

feasible and effective when compared to conventional controllers.
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I.  INTRODUCTION
An induction motor is a nonlinear time varying system, whose state transient measuring is much difficult
resulting towards difficultly in controlling. Here, the electrical energy is converted into mechanical energy that has a
high performance drives system modifying the machine performance, dynamic model and parameter variations. An
AC induction motor has a fixed outer portion, called the stator and a rotor that spins inside with a carefully

engineered air gap between the two. Virtually all electrical motors use magnetic field rotation to spin their rotors.

A three-phase AC induction motor is the only type where the rotating magnetic field is created naturally in the
stator because of the nature of the supply [2]. DC motors depend either on mechanical or electronic commutation to
create rotating magnetic fields. A single-phase AC induction motor depends on extra electrical components to
produce this rotating magnetic field. Depending upon the type of control mechanisms like scalar control [2,3],
indirect torque control[4,5] direct torque control[1,5], field acceleration method, universal field orientation, direct

self control [1] the current regulation in the loops are studied.

Numerous methods are available for the control of induction motor drives exhibiting nonlinear character. When
it is related to the speed control, the following facts are to be studied since it is an extreme drawback due to the low

starting torque and its associated proportional increase in load.

Many controllers were employed before the evolution of the adaptive controller. Since the induction motor
drives are imposed with nonlinear characteristics, the developers made an Auto Disturbance Rejection Controller
(ADRC) to overcome these problems. The ADRC was proposed by Han in 1998. The ADRC is a nonlinear
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controller for an uncertain system, it estimates and compensates the external disturbances and parameter variations,
and as a consequence, the accurate model of the plant is not required. It means that the design of ADRC is inherently

independent of the controlled system model and its parameters.

The induction motor is classically known for their availability in the ranges of fractional horse power (FHP) to
multi megawatt capacity. Low power FHP can be applied for single phase machine. The stator and the rotor core

made up of laminated ferromagnetic steel sheets.

A sinusoidal disturbance is created in the air gap of the induction motor due to the magnetic field rotations. The
dynamic d-g modelling is done by considering the unit vectors of the field oriented control, where the direct axis and

the quadrature axis are differentiated by the sine and cosine terms.

These state variables of the steady state response and the transient response are controlled by using three
individual first order auto disturbance rejection adaptive mechanisms. The ADRCs have three function blocks 1)
Nonlinear Differentiator (ND) 2) Extended State Observer (ESO) and 3) Nonlinear State Error Feedback (NLSEF).
These controlling are stabilized using high power semiconductor diodes like Insulated Gate Bipolar Transistor
(IGBT) which is a hybrid model of MOSFET and BJT.

Il.  AC MACHINE DRIVES
Induction motor are categorized on the basis of the windings and their rotating winding which has non ideal

winding distribution for neglecting the effects of slots and apace harmonics. The classified elements are, 1) cage or
wound rotor (dually fed) and 2) rotating or linear. The single phase and three phase motor are prominently employed
throughout the industrial sectors. Among them the three phase winding plays a vital role in controlling the motion of

the associated systems.

Many drives are developed for the industrial application, among them power semiconductor drives are efficient
due to the silicon material. Some of the power semiconductor drives used is diode, thyristor, triac, GTO (gate turn-
off thyristor), BJT (bipolar junction transistor), SIT (static induction thyristor), IGBT (insulated gate bipolar
transistor) and power MOSFET.

The performance of the drive is measured by its torque-speed characteristics. The dynamic performance of an
AC machine is complex because three phase rotor winding move along with the three phase stator winding. The
control methods employed in AC machines are 1) scalar control (V/F), 2) vector control or field oriented control
(FOC) and 3) direct torque control (DTC). The proposed scheme is experimented with the vector control

mechanism.

A. Field Oriented Control
Vector control deals with the variation of the control variables due to the changes in their magnitude and phase

orientation. Unlike the scalar control method, whose variations in the control variables are only due to the changes
in the magnitude values of the set point. The proposed method is well known as decoupling, orthogonal or

transvector control.
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The limiting factor in the scalar control like inherent coupling effect giving sluggish response and the system
instability to the higher order effect are sustained in this proposed scheme. There are two general methods of vector
control, studied and schematized as 1) direct or feedback method (by Blanschke) and 2) indirect or feed forward
method (by Hasse). Both the scheme generates a unit vector namely, cosine and sine angles for the control stator and
rotor flux that provides natural decoupling air gap and coupling effect which has to be compensated by the

decoupling compensation current.

At the low frequency response, the voltage signals are very low because of which the ideal integration is difficult
since its estimated signal accuracy is reduced. In indirect vector control the torque producing components are
controlled only after the transformation is undergone and not by its main reference input. The flux measurement is

carried out using flux sensing coil or hall devices.

Another type of vector scheme without using speed sensor requires low speed range, including zero speed start
up operation. Advanced scalar control techniques known as direct torque and flux control or direct self control is

introduced for the voltage fed PWM inverter drives.

1. SPEED CONTROL CLOSED LOOP FOR MOTOR DRIVES USING THREE FIRST ORDER
ADRCS

Disturbance Rejection controller is an adaptive based controller highly employed for uncertain systems that deals
with the Nonlinearities. The Auto Disturbance Rejection Controller (ADRC), used for the speed control of induction
motor drives is a first order system involving linear action while the disturbance induced into the motor make it

behaves as a nonlinear system.

Auto Disturbance Rejection Controller (ADRC) is a robust control scheme highly employ in adaptive controlling
of the system. Due to the fictitious variables the system modelling is not needed for the controlling, therefore the
analytical description is eliminated. The interesting scenarios in the proposed scheme are its robustness and their
adaptive ability.

A. Control blocks

The first order Auto Disturbance Rejection Control has three blocks that perform various functions like
performing state trajectory, obtaining dynamic feedback linearization through control law. The order of the system
increases the complexity of the system as well as the computation time. The ADRC-based speed control scheme for

the induction motor drives has the advantage of good robustness to parameter uncertainty and external disturbance.

There are three control loops in the ADRC block classifying the functionality. They are 1) Extended State
Observer (ESO), 2) Nonlinear Differentiator (ND) and 3) Nonlinear State Error Feedback (NLSEF). It is completely
based on the control law as well as the linear feedback loop employing stability constrains that are inherent

properties of a nonlinear system. Here, the steady state operation deals with the sinusoidal voltage-currents.

The extended state observer in the feedback state eliminates the error produced by the induction motor and the
reference point. It makes the controller to follow the output system response with minimum peak overshoot and

absence of the offset error in both steady state and transient state analysis.
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The Nonlinear Differentiator (ND) is used to define a desirable transition response for the step input. It smoothen
the sudden changes in the input signal in order to decrease the overshoot of the output response. It provides good
balance between the fast transient response and minimum overshoot. The phenomenal character of this nonlinear
differentiator is its reduction of chattering phenomenon by employing continuous power function to the derivative

estimator as well as linear correction terms for the improvement of dynamic performance.

The Nonlinear State Error Feedback (NLSEF) gives the control law to drive the state trajectory to track the
desired reference. State error feedback, is a method employed in feedback control system theory to place the closed
loop poles of a plant in pre-determined locations in the s-plane. Placing poles is desirable because the location of the

poles corresponds directly to the Eigen values of the system, which control the characteristics of the response.

V. SIMULATION EXPERIMENTAL RESULTS
The experimental setup has a pulse width modulation (PWM), based on feed forward or feedback methods. The

space vector PWM is used for the variable frequency drives. If the load neutral is connected to the centre tap of the
dc supply, all three half bridges operate independently. Inherent coupling effect giving sluggish response as well as

instability over higher order system

V. VEXPERIMENTAL RESULTS

A. Load Disturbance Performance
Speed decreases with increase in load, since its starting torque is low. The loads are classified as internal and

external disturbances. The internal disturbances are the coupled terms of input and output variables. Among them
the three loops are given as, 1) load torque and coupling term between the speed loop and flux loop for the speed
regulation of ADRCs that are compensated by ESO. 2) The g-axis stator current loop of ADRC is coupled by the
rotor flux and rotor angular speed as well as the d-axis stator current and speed angular synchronization. 3) The
product of the synchronous angular speed and g-axis stator current are the coupling terms considered for the ADRC

d-axis stator current loop.

B. Parametric variation
Considering the step response fro the reference variation and the response of the disturbance as rapid in general

case even though the rotor resistance is still chosen for obtaining the rapidity and the accuracy of the control
algorithm. The steady state analysis and the transient response of the system analysis are much efficient while
varying the set point under no load and load substitution condition. The varied parameters are the speed of the

mechanical loop and electrical components (stator-rotor flux). The set point is a sinusoidal signal.

C. Model uncertainty
Uncertainty of the system results due to the impact of non ideal factors such as saturation, iron loss and core loss.

Hysteresis band control generates flux torque ripple and switching frequency is not constant.

D. Analysis
The existing system involving the conventional Pl controller provides low response since the inner loop

characterization should be faster the outer loop. In ADRC, the disturbances occurring in the system and the internal
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disturbance are evaluated in the state observer block and are neglected, so that the output response follows the input

response. The ADRC is an adaptive controller where self tuning is one of the beneficiary facts.

The prior scheme employs first order ADRC and concentrated only on the stator current and its associated flux.
The increase in the order of the ADRC control loop makes the system as complicated and the evaluation of rotor

flux due to the unit vectors.

The performance and application of the three phase induction motor delivers high performance more than 6 KHz
of torque bandwidth, 200Hz small signal speed loop bandwidth, precise and smooth signal operations, trouble free

four quadrant operation as well as fast torque and speed reversal.

The induction motor is the widely used in large scale industries due to its reliability, rugged construction, high
efficiency, good power factor and it has a simple starting arrangement. Numerous methods are available for the
control of induction motor drives exhibiting nonlinear character. When it is related to the speed control, the
following facts are to be studied since it is an extreme drawback due to the low starting torque and its associated

proportional increase in load.
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Fig.5.b Model Uncertainity
Fig.5 Simulation results of induction motor drive speed control at 1410r/min. (a) vector control of individual

loops including electromagnetic torque. (b) ADRCs output at rated speed and induced disturbances
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VI. CONCLUSION

The internal disturbance and the external disturbance induced in the system are compensated by using the
Extended State Observer (ESO) of the ADRC block. It is shown that the outcome of ADRC overshoot recovery is
much prior to any other controller.

The implementation of the proposed scheme on a digital signal processor (DSP) is formulated, where the runtime
of the ADRC algorithm is shorter. A TMS320F2812 DSP- based prototype is developed with the capability of
compensating various disturbancdes occurring in the system and results as a feasible and effective controller. The
digital signal controller comprises all the capabilities of the DSP processor into a small integrated chip likely dsPIC
33/30.

The performance of the proposed control scheme using MATLAB/simulink model has been established for a
Squirrel cage induction motor driven by voltage source inverter (VSI). The robustness of the following scheme is
investigated under the following three cases 1) Loaddisturbance; 2) the motor parameter variations; 3) The model
uncertainty. The slip speed and the skews are two advantages of induction motor drive that helps it to run quietly by

reducing the magnetic flux and reduces the locking tendency of the rotor at constant speed.
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