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Abstract: This thesis proposes a speed control for induction motors
without and with multi-level inverter. In this proposed method, V/F
based speed control of Induction Motor drive has been simulated
using MATLAB. The simulated results have shown improved
performance over without Multi-level inverter & PI controller. It has
been seen that SVPWM technique generates lesser Harmonic
distortion in the output voltage and current applied to the phases of
an induction motor. Owing to its simplicity this strategy can be used
as backup control strategy in the event of sensor failure.

1. INTRODUCTION

Induction machines (IM) have been widely used in a variety of
industrial and residential applications. Right from its inception
its ease of manufacture and its robustness have made it a very
strong candidate for electromechanical energy conversion
device. Induction motor is existing from fractional horsepower
ratings to megawatt levels. To control the induction machine
there are different types of control strategies are used.

The most commonly used control strategies are constant V/f
control and vector control. In constant V/f control the working
principle is based on the constant relation between voltage and
frequency. By applying a specific phase voltage and frequency
to induction Machine, it can settle down at a desired speed.
However, the speed control of conventional constant V/f
controls lacks accuracy due to the existence of the rotor slip.
This results in the increase of error between reference speed
and actual speed. This method requires additional voltage and
current sensors, so the complexity of the system has been
increased.

To overcome this problem vector control method is preferred.
The vector control algorithm is based on two currents. An
induction motor can be

Modeled most simply using two quadrature currents rather
than the familiar three phase currents actually applied to the
motor. These two currents called direct (Id) and quadrature
(Iq) are responsible for producing flux and torque respectively
in the motor. In addition, at least two current sensors and one
position sensor is necessary to meet the minimum feedback

requirements of vector control. As a result, the failure of the
sensor or even the drift of system parameters could potentially
result in system malfunction.

This Thesis has simple, cost-effective and reliable control
strategy as a backup control strategy to continue operate the
system in case of failure of current and voltage feedback
sensors. In this method the space vector modulation technique
has been used because it generates less harmonic distortion in
the output voltages and or currents applied to the phases of an
AC motor and to provide more efficient use of supply voltage
compared with sinusoidal modulation technique. The fuzzy
logic bases intelligent controller is used instead of the PI
controller, excellent control performance can be achieved even
in the presence of parameter variation and drive non-linearity.

2. INDUCTION MOTOR

e Basic Construction and Operating Principle:

Like most motors, 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.

In an AC Induction Motor, one set of electromagnets is
formed in the stator because of the AC supply connected to the
stator windings. The alternating nature of the supply voltage
induces an Electromagnetic Force (EMF) in the rotor (just like
the voltage is induced in the transformer secondary) as per
Lenz’s law, thus generating another set of electromagnets;
hence the name-Induction Motor. Interaction between the
magnetic field of these electromagnets generates twisting
force, or torque. As a result, the motor rotates in the direction
of the resultant torque.

STATOR

The stator is made up of several thin laminations of aluminum
or cast iron. They are punched and clamped together to form a
hollow cylinder (stator core) with slots as shown in Fig. 1.1.
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Coils of insulated wires are inserted into these slots. Each
grouping of coils, together with the core it surrounds, forms an
electro- magnet (a pair of poles) on the application of AC

supply.

Fig. 1.1: Stator

ROTOR

The rotor is made up of several thin steel laminations with
evenly spaced bars, which are made up of aluminum or
copper, along the periphery. In the most popular type of rotor
(squirrel cage rotor), these bars are connected at ends
mechanically and electrically by the use of rings. Almost 90%
of Induction Motors have squirrel cage rotors.

This total assembly resembles the look of a squirrel cage,
which gives the rotor its name. The rotor slots are not exactly
parallel to the shaft. Instead, they are given a skew for two
main reasons. The first reason is to make the motor run quietly
by reducing magnetic hum and to decrease slot harmonics.
The second reason is to help reduce the locking tendency of
the rotor. The rotor teeth tend to remain locked under the stator
teeth due to direct magnetic attraction between the two. This
happens when the numbers of stator teeth are equal to the
number of rotor teeth. The rotor is mounted on the shaft using
bearings on each end; one end of the shaft is normally kept
longer than the other for driving the load. Some motors may
have an accessory shaft on the non-driving end for mounting
speed or position sensing devices. Between the stator and the
rotor, there exists an air gap, through which due to induction,
the energy is transferred from the stator to the rotor. The
generated torque forces the rotor and then the load to rotate.
Regardless of the type of rotor used, the principle employed
for rotation remains the same.

Fig. 1.2: Typical Squirrel Cage Rotor

e Speed of Induction Motor:
The magnetic field created in the stator rotates at a
synchronous speed (Ns).

The magnetic field produced in the rotor because of the
induced voltage is alternating in nature. To reduce the relative
speed, with respect to the stator, the rotor starts running in the

same direction as that of the stator flux and tries to catch up
with the rotating flux. However, in practice, the rotor never
succeeds in “catching up” to the stator field. The rotor runs
slower than the speed of the stator field. This speed is called
the Base Speed (N,). The difference between Ng and N, is
called the slip. The slip varies with the load. An increase in
load will cause the rotor to slow down or increase slip. A
decrease in load will cause the rotor to speed up or decrease
slip. The slip is expressed as a percentage and can be
determined with the following formula:

AC Induction Motors are the most common motors used in
industrial motion control systems, as well as in main powered
home appliances. Simple and rugged design, low-cost, low
maintenance and direct connection to an AC power source are
the main advantages of AC Induction Motors. Various types of
AC Induction Motors are available in the market.

EQUATION 2:

% stip = 5= Nby g
e

the synchronous speed in RFM
the base speed in RPM

3. CONVENTIONAL TYPES OF SPEED CONTROL

3.1 Methods of speed control

The speed of a driven load often needs to run at a speed that
varies according to the operation it is performing. The speed in
some cases such as pumping may need to change dynamically
to suit the conditions, and in other cases may only change with
a change in process. Electric motors and coupling
combinations used for altering the speed will behave as either
a "Speed Source" or a "Torque Source". The "Speed Source" is
one where the driven load is driven at a constant speed
independent of load torque. A "Torque Source" is one where
the driven load is driven by a constant torque, and the speed
alters to the point where the torque of the driven load equals
the torque delivered by the motor. Closed loop controllers
employ a feedback loop to convert a "Torque Source" into a
"Speed Source" controller. Mechanical:

Magnetic

Hydraulic

Electrical

Universal Motor

Variablefrequencydrives
3.2 VFD Speed Control Techniques

Various speed control techniques implemented by modern-age
VFD are mainly classified in the following three categories:

e  Scalar Control (V/f Control)

e  Vector Control (Indirect Torque Control)

e Direct Torque Control (DTC)
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e Scalar Control

In this type of control, the motor is fed with variable
frequency signals generated by the PWM control from an
inverter using the feature rich PIC micro microcontroller.
Here, the V/f ratio is maintained constant in order to get
constant torque over the entire operating range. Since only
magnitudes of the input variables—frequency and voltage—are
controlled, this is known as “scalar control”. Generally, the
drives with such a control are without any feedback devices
(open loop control). Hence, a control of this type offers low
cost and is an easy to implement solution. In such controls,
very little knowledge of the motor is required for frequency
control.

Thus, this control is widely used. A disadvantage of such a
control is that the torque developed is load dependent as it is
not controlled directly.

e Vector Control

This control is also known as the “field oriented control”,
“flux oriented control” or “indirect torque control”. Using
field orientation (Clarke-Park transformation), three-phase
current vectors are converted to a two-dimensional rotating
reference frame (d-q) from a three-dimensional stationary
reference frame. The “d” component represents the flux
producing component of the stator current and the “q”
component represents the torque producing component. These
two decoupled components can be independently controlled
by passing though separate PI controllers.

e Direct Torque Control (DTC)

The difference between the traditional vector control and the
DTC is that the DTC has no fixed switching pattern. The DTC
switches the inverter according to the load needs. Due to
elimination of the fixed switching pattern (characteristic of the
vector and the scalar control), the DTC response is extremely
fast during the instant load changes. Although the speed
accuracy up to 0.5% is ensured with this complex technology,
it eliminates the requirement of any feedback device. The
heart of this technology is its adaptive motor model. This
model is based on the mathematical expressions of basic
motor theory. This model requires information about the
various motor parameters, like stator resistance, mutual
inductance, saturation co efficiency, etc.

The algorithm captures all these details at the start from the
motor without rotating the motor. But rotating the motor for a
few seconds helps in the tuning of the model. The better the
tuning, the higher the accuracy of speed and torque control.
With the DC bus voltage, the line currents and the present
switch position as inputs, the model calculates actual flux and
torque of the motor. These values are fed to two-level
comparators of the torque and flux, respectively.

The output of these comparators is the torque and flux
reference signals for the optimal switch selection table.
Selected switch position is given to the inverter without any
modulation, which means faster response time. The external
speed set reference signal is decoded to generate the torque
and flux reference. Thus, in the DTC, the motor torque and
flux become direct controlled variables and hence, the name—
Direct Torque Control.

4. INTRODUCTION

e Matlab (Matrix laboratory) is an interactive software
system for numerical computations and graphics. As the
name suggests, Matlab is especially designed for matrix
computations.

e Matlab program and script files always have filenames
ending with ".m"; the programming language is
exceptionally straightforward since almost every data
object is assumed to be an array. Graphical output is
available to supplement numerical results.

M-FILE PROGRAMMING

M files MATLAB allow users to write their own functions
using the MATLAB language. This functionality allows you to
execute the same code multiple times without having to type it
out, line by line, multiple times in the command prompt. All
that is to be done is call the function from the MATLAB
command prompt and MATLAB will execute all the code in
the function until its completed.

To save work and return to it later, see comments and even
leave code in that didn't work Using an M-File all the time is
especially helpful.

Program
Development

Procedures and tools used in creating,
debugging, optimizing, and checking in a
program

Working with|Introduction to the basic MATLAB program
M-Files file

M-File Scripts|Overview of scripts, simple programs that
and Functions |require no input or output, and functions,
more complex programs that exchange input
and output data with the caller

Function Packaging the access to a function into a

Handles function handle, and passing that handle to
other functions

Function Handling the data passed into and out of an

Arguments M-file function, checking input data, passing
variable numbers of arguments

Calling Calling syntax, determining which function

Functions will be called, passing different types of

arguments, passing arguments in structures
and cell arrays, identifying function

dependencies
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SIMULINK

Simulink is a software package for modeling, simulating, and
analyzing dynamical systems. It supports linear and nonlinear
systems, modeled in continuous time, sampled time, or a
hybrid of the two. For modeling, Simulink provides a
graphical user interface (GUI) for building models as block
diagrams, using click-and-drag mouse operations. Models are
hierarchical, top-down and bottom-up approaches are used for
building models. The system can be viewed at a high level,
then double-click on blocks to go down through the levels to
see increasing levels of model detail. This approach provides
insight into how a model is organized and how its parts
interact.

After defining a model, simulation is done, using a choice of
integration methods, either from the SIMULINK menus or by
entering commands in MATLAB's command window. Using
scopes and other display blocks, we can see the simulation
results while the simulation is running. In addition, we can
change parameters and immediately see what happens, for
"what if" exploration.

The simulation results can be observed in the MATLAB
workspace for post processing. Simulink can be used to
explore the behavior of a wide range of real-world dynamic
systems, including electrical circuits, shock absorbers, braking
systems, and many other electrical, mechanical, and
thermodynamic systems.

Simulating a dynamic system is a two-step process with
Simulink. First, we create a graphical model of the system to
be simulated, using Simulink's model editor. The model
depicts the time-dependent mathematical relationships among
the system’s inputs, states, and outputs. Then, we use Simulink
to simulate the behavior of the system over a specified time
span. Simulink uses information that you entered into the
model to perform the simulation.

5. MODELLING

5.1 Dynamic Modeling Of Induction Motor

Consider a space vector Y;® of stator voltage, current and flux
linkage.

Ys5=(2/3) (Yat+ allYp+a’Ye)

Where a = exp (j2I1/3)

The above transform being reversible

Ya=Re (Ys%), Yp=Re (@’ Y%, Y. =Re (a Y;°).

Voltage equations on the stator with respect to stationary
reference frame

Vs * =R, IsS'Fp)"sS
Voltage equations for rotor on rotor reference frame are:

V=R’ +pA; =0

Rs Lls Lir -~ Ar
t —

Rr
Frn— —MW
—
Is* I
Vs® L
. |

Fig. 4.1: Dynamic Equivalent Circuits on a Stationary Reference
Frame

e Need For Transformation of Frames:

e The voltage equations describes the performance of
induction and synchronous machine

e We found that some of the machine inductances are
functions of the rotor speed, where upon the coefficients
of the differential equations which describe the behavior
of these machines are time varying except when the rotor
is stalled.

e A change of variables is often used to reduce the
complexity of these differential equations

e There are several changes of variables which refers
machine variables to a frame of reference which rotates at
a n arbitrary angular velocity.

It is very convenient to transform actual rotor variables (Vr’,
Ir’, Ar’) on a rotor reference frame into new variables (Vr°, Irs,
Ars) on a stator reference frame.

Rotor reference frame to stator reference frame is:
I.°=(1/n) exp (jO) I’

A=nexp (O A’

R,=n’R;

Therefore the stator equation with respect to stationary
reference frame is:

VSS:RSISS+p7\SS

The rotor equation with respect to stationary reference frame
is:

0=R/ 1"+ (p-joo) A °

Where mg = pb, ; speed of motor in electrical frequency unit
The flux linkage equations are given as:
AS=L L+ L, L8

Mt =Ln L +LL°

Where Li= L+ Ly
L,=L, + L,
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Dynamic model of induction motor on a stationary (stator)
reference frame

ViP=R+Lip) [+ Lypl°
0=R+L; (p-jw,)) I°+ Ly (p—jwo) L )

For a arbitrary reference frame rotating at a speed ®,

R o' Lis I jm-o)h' R
20 :
o— W~ ——mmr—( )— :
+ \/VV\/ Fig. 2 Three phase voltages
Is* It
Vst Lm SYVPWM based Speed Control of PMSM by V/F Method

o

Fig. 4.2: Dynamic Equivalent Circuit on an Arbitrary Reference
Frame Rotating at @.

Yi=exp(-jw,) Y*

Reconstructing the equations:

V' =R+ Lip) "+ Lnp [ * + joo, A
Fig. 3: Simulation model with open loop
O:(Rr+Lrp) Ira'i_meIsa—’_j (ma'mo)}"ra’

Again reconstructing the equation: -5 |9-"® e T E]

V=R *+p (L "+ Ly L )+ jouis .
TG -

Since (N R AR ol

IR, - 4

0=R, L*+p (L, L*+L, L*)F (o —m)\"

xSa:LS Isa+Lm Ira l

i

AP=LyI*+ L. I,* we can write the above equations as:

il
I

VSa:RSISa+p>\’Sa+ja}\‘Sa

:erra+p}‘¢a+j((‘)a'0)0)>wa

Fig. 4: DC voltage

6. WITH MULTI-LEVEL INVERTER

SVPWM based Speed Control of Induction Motor with 3-Level Inverter using V/F method

SVPWM based 3-level Stand-Alone System with V/F Method

=1
F e
S
b
e e L

Fig. 5: Simulation model with closed loop
Fig. 1: Simulation model

Advanced Research in Electrical and Electronic Engineering (AREEE)
Print ISSN: 2349-5804; Online ISSN: 2349-5812 Volume 2, Number 1 October-December (2014)



Speed Control of Induction Motor with Three & Five Level Inverter Using V/F Control

JEmbedded M.

B Function

Fil= Edit Text Debug Tools Window Help x
E I Y- R LI R E-E L1 P T -
I |eumecion [Ualpha, Ubetal= f£on(Ua, Us, Uz) El
Z | % Thi= hlock supports an embeddsble subset of the MATLAB langusge.
35 % See the help mesu for decails.
4
5 -  Ualpha=2/3% (Ua-0.5%Uk-0.5%0) ;
& = Ubeta=2/3% (sqre (3) /2 "Ub—sgrc (3) /27U0c)
Ready n 1 Cal 1
Fig. 6:Simulation program for transformation
—>
Scope3d, Scope6

Scopel

Ualfa I Scope

(€D,

&> Ty |uete

N1
c > I n P remt Tem1
™
Constantl
o ! L
M P(Tcm2  puise
»| rz —pT
600 > z T N N
Constant
Xy.z =
r Subsystem ubsysem1 produce PWNI1

=] Block Parameters: Three
Three-Level Bridge (mask) (link)

evel B

This block implements a three-level bridge of selected forced-
commutated power electronics devices. Series RC snubber circuits
are connected in parallel with each switch device. Press Help for
suggested shubber values when the model is discretized,

Parameters

Number of bridge arms:

Snubber resistance Rs (Ohms)
[so |

Snubber capacitance Cs (F)

[1e-8 |

Power Electronic device [IGBT / Diodes ~|

Internal resistance Ron (Ohms)

[o.2e-3 |

Forward voltages [ Device Wi(v) , Diode Wid(v)]

ge (3

[T =11 |
MeasUrements ‘AII voltages and currents vl
~
[ oK | [ cancel ] Help Apply
Conversion block when in phasor
i
Model
Vabc_ »in1outl >
Vabc
labc_ ——p
Complex labc

Mode |
Complex

A a

De «2

2)>e versysdom @

B b

Se «&

c c

ThreePhaseVIMeasurement

Subsystem of Three-phase V-1 measurement

=] Block Parameters: Asynchronous Mach

Asynchronous Machine (mask) (links

Implements a three-phase asynchronous machine Gwound rotor or sguirrel
cage) modeled in & selectable dg reference frame (rotor, stator, or
synchronous). Stator and rotor windings are connected in wye to an internal
neutral point.

Configuration Pararneters Advanced
Mominal power, voltage (line-line), and frequency [ Prifva),vnvrms), fdHz)

[ 13730 350 501

Stator resistance and inductance[ Rsdohm) LlisdH) 1:
| [1.115 0.005974]

Rotor resistance and inductance [ Rr'(obhm) L' 10
|[1.08= 0.005974]

rUtEl Inductance Lim gH)
|0.2037

Inertia, friction factor, pole pairs [ Jgkg.m~2) F@.m.s) pOl:
| [0.0z D.00S752 2]

Initial conditions

[rim o0 o0
<

[ f=r | [ cancel | Help Apply

Advanced Research in Electrical and Electronic Engineering (AREEE)
Print ISSN: 2349-5804; Online ISSN: 2349-5812 Volume 2, Number 1 October-December (2014)

e S1 Units ]




30

T. Sripal Reddy, K. Raghu Ram and B.V. Sanker Ram

) Phase voltages w.r.t DC -ve

S B oL aREE B a-w

Wm—=w ol Nk
BE PP ABRALS 83 A5 ARG BAS :
h

5
000 0@ 0m 0¥ 05 0% 1 0 omooe om0 0E 0%

Thzoset 0 Time szt 0

SVPWM hased speed control of induction motar with 3-levelinverter using V/f control

S.No. | Description | Risetime | Settlingtime | Steadystate error
1 Torgue 0.01 0.07 23
2 Speed 0.01 0.04 15
3 THD 0.245

SVPWM based speed control of induction motorwith 5-level inverterusing V/f control

5.No | Description | Risetime | Settlingtime | Steadystate error
Torgue 0.002 0.005 0.01
2 Speed 0.002 0.005 0.01
3 THD 0.128

7. COMPARISION OF SIMULATION RESULTS

SNo Descrigtion | Risetime | Settlingtime Steady state

error

1 Torgue 0.01 0.07 25

2 WITH 3- MLI Speed 0.01 0.04 15

3 THD 0.245

4 Torgue 0.002 [ 0005 ] 0.01

5 WITH 5- MLI Speed pooz | oaons | 0.01

[ THD 0.128

8. CONCLUSIONS

Induction machines have been widely used in a variety of industrial
and residential applications. It is commonly used due to their
compactness, reliability and low cost. There are different kinds of
control techniques emerged in the past. The most commonly used
control strategies are constant V/f control and vector control. Due to
the complexity of these methods, the reliability can be reduced. In
this proposed method the space vector pulse width modulation
technique is used. The specific duty cycles of PWM which produces
the phase voltages with different magnitude of phase windings is
done. The conventional PI controller demoralizes the performance of
the overall system. To overcome this problem fuzzy logic controller
based intelligent controller is proposed. The performance of the
intelligent controller has been inquired through digital simulation
using MATLAB-SIMULINK software.
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