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ABSTRACT

KEYWORDS: Finite Control Set Model Predictive Control (FS-MPC), Induction

Motor, Two level three phase Inverter, Predictive Torque Control

Model Predictive Control (MPC) is introduced in the field of control of Power Elec-
tronics and motor drives due to its advanced control techniques. From the past few
decades research in the field has been increased with the development of various con-
troller platforms which are required for their implementation. This report presents a
detailed explanation of the implementation of the MPC control technique to the power
converter and motor drive. A simple classification of MPC, Finite Control Set Model
Predictive Control is introduced which is applied to induction motor fed by the two-
level three-phase inverter. Among the various FS-MPC strategies, Predictive Torque

Control is explained in detail.

This project presents the detailed application of Finite Control Set Model Predictive
Control (FS-MPC) on the Induction Motor fed by a two-level three-phase inverter. The
explanation of the theory, concepts, methods, and implementation is shown for inverter,
induction motor and MPC algorithm with diagrams in every step is documented. PTC
predicts the electromagnetic torque and stator current of the induction machine to eval-
uate the cost function and selects the best switching state which is further fed to the
inverter. The results are presented in detail of the different tests performed on induction
motor by Predictive Torque Control to test the performance. The implementation of
PTC requires a deep understanding of the dynamics of the induction machine to pre-
pare a model to predict the control variables which uses the model of the motor and
appropriate cost function to control the torque and flux of the motor. The behavior and

performance in the steady and transient state are also discussed.
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CHAPTER 1

INTRODUCTION

For the past many decades, power electronics converters and control drives have helped
us with various kinds of applications from industrial to residential uses [1]. There has
been continuous research in this field to increase the efficiency and performance of
power electronics and drives as the widespread application in industries. With the in-
crease in demand for electrical energy with high efficiency and power quality, develop-

ment has been done in semiconductor devices, converter topologies, and control drives.

The induction motor has gained a lot of importance and wide usage due to its im-
portance in the field of industries, transportation, and common household applications.
Induction motor is usually preferred in terms of cost and installation in comparison to
DC and synchronous motors. Their construction and robustness make them useful in
most situations for a long time as they demand a very low maintenance cost [2]. The
speed control of the induction machines is necessary as different applications require
the motor to run at a different speed. Therefore proper controlling techniques are re-
quired to utilize induction motors for different applications. Pulse width modulation
(PWM) has a key role in today’s world of power electronics and inverters to control
frequency, voltage and maintain lower harmonics for the control of induction motors.
A wide range of research has been put to improve the methods of controlling the gating
signals of the inverter. The field of digital signal processing has played an important role

in the implementation of the controlling algorithms by reducing the cost and complexity

[3].

1.1 Classical Control Techniques

In the last few decades, to control the electrical drives two control strategies have domi-
nated high-performance applications: Field Oriented Control (FOC) and Direct Torque

Control (DTC). Both of these control techniques have been accepted widely [4].



The Field Oriented Control (FOC), introduced in the 1970s bought a revolution
in induction motor control [5]. To realize the behavior of the separately excited DC
machine, the stator currents are decomposed in the d-axis component for rotor flux and
the g-axis component for electromagnetic torque. Both of these currents are regulated
by two linear proportional-integral controllers in the synchronously rotating reference
frame. The d-axis is aligned to the rotor flux to achieve the decoupled control of the
torque and flux. Hence, in the rotatory frame the rotor flux magnitude is controlled by
the real part 7,4 and electromagnetic torque is controlled by imaginary part i,, of the
stator current. Finally, to produce the voltage vector the gate pulses are generated by
using space vector modulation. A good dynamic flux and torque responses are obtained
with constant switching frequency. With the presence of two PI controllers and axis

transformation, the control structure of FOC is complex.

Direct Torque Control (DTC) was introduced in the 1980s and emerged as the al-
ternative control strategy to FOC [6]. It has a much simpler complexity as it does not
require axis transformation between synchronous and rotatory reference frames and
does not require any modulation block. DTC used a predefined switching table based
on the stator flux position and error signs of torque and flux to select the best voltage
vector for the inverter. It includes two independent hysteresis blocks for controlling
torque and flux. This control strategy provides a quick dynamic response but due to the

presence of the hysteresis blocks, ripples in torque and flux are produced [7].

1.2 Predicitve Control

The increase in the usage of power converters for different applications has given rise to
an increase in the research in control strategies. The control techniques of the convert-
ers are studied and new control techniques are proposed every year. Some of the control
techniques are shown in figure 1.1. Hysteresis and Linear control are the most estab-
lished control techniques. With the development of powerful microprocessors, more
advanced and complex algorithms have emerged such as sliding mode, predictive con-
trol, and artificial intelligence. Sliding mode control presents robustness and considers
switching states of the power converter [8]. Among all these control techniques, the

predictive control technique is the most interesting and advanced alternative as it has
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several advantages over others which makes it suitable for control of power converters

[9]:
* Intuitive and easy to implement the algorithm.
e It can include non-linearities and constraints easily.
* It provides a facility of inclusion and control of multi variables.
* Any modification and extensions can be done according to the requirement of its
application.
Converter Control
Hysteresis Linear Sliding Predictive Artificial
Control Control Mode Control Intelligence

Figure 1.1: Different types of Converter Control Schemes

Although predictive control requires a huge amount of computations as compared

to other control schemes, the availability of fast microprocessors has become easier to

compute and implement. Predictive Control has a wide variety of control methods and

is shown in figure 1.2 [9].

Predictive Control

Deadbeat
Control

1

Hysteresis
Based

Figure 1.2: Classification of Predictive Control Methods

l

Trajectory
Based

Model Predictive
Control (MPC)
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Set

The basic idea behind predictive control is to predict the future values of the con-

trolling variables of the model of the system. Further, the controller obtains the optimal

actuation according to predefined optimization criteria which is different for different




predictive control methods. In deadbeat control, the optimal actuation makes the er-
ror to zero for every next sampling time [10, 11]. In the hysteresis-based control, the
controlling variables are kept within the boundaries of the hysteresis area [12] whereas,
in trajectory based control, the controlling variables are forced to follow a predefined
trajectory [13]. In this Model Predictive Control, the cost function is evaluated and

optimized [1].

1.3 Model Predictive Control

Model predictive control (MPC) has been used in the chemical and oil industries since
the 1980s where the desired reference does not change frequently. This control tech-
nique became popular and later was introduced in power electronics [14-17]. In recent
times, MPC for power converters has gained a lot of attention despite high computa-
tional due to its capability of handling multivariable, system constraints, and nonlin-
earities in a very intuitive way [18]. At present time its applications have shown good
performances in power converters and high-performance motor drives. The main ad-
vantage of the MPC technique is its optimization in current values while keeping in
mind future values. The increase in development and advancement of the Digital Sig-
nal Processors (DSPs) in past decades has enabled the implementation of MPC in power
electronics, such as converters, energy storage and conversion, smart grid, and motor

drives [19].

MPC is considered as a wide class of controllers and its main characteristic is to use
the model of the system to predict the future values of the controlling variables over a
prediction horizon N. After the prediction of future values it provides the control action
sequence by optimizing a user-defined cost function. This algorithm is repeated for
every sampling period and the optimized sequence is applied to the system. Usually,

the cost function is defined as:

9= Al —ab)| (1.1)

where 7 is the reference value and 2% is the predicted value of the controlling variable

x;, A\; 1s the weighing factor and 7 is the total controlling variables. In this way, multiple
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variables, constraints and non linearities can be taken into consideration [16].

MPC fulfills the requirement of modern control systems as it considers many system
constraints and variables [20]. There are two types of MPC: Continuous Control Set
MPC (CCS-MPC) and Finite Set Control MPC (FS-MPC) [21-22]. In CCS-MPC, the
continuous output is generated by the controller for the modulator which generates the
switching state for the inverter and the controller yields constant switching frequency
whereas, in FS-MPC, it directly uses the finite number of control actions available for
switching states of the inverter. It does not use the modulator therefore the controller

yields variable switching frequency [20].

The design of the FS-MPC has the following ideas:

* Design of the model of the system and to predict the values of the future variables.
* The cost function takes account of all controlling variables and constraints.

* Minimization of the cost function for all the possibilities.

With the help of the system model and all the available information the future values
of all the variables till time, £ is used to predicted values for sampling time k + 1.
The cost function is minimized for all the sequences of optimal actuation and then the

minimum sequence is applied at the output.

1.4 Goal of the Project

The objective of the project is to implement the model predictive control algorithm to
control the induction motor fed by the two-level three-phase inverter to achieve a good

dynamic response and steady-state response.

1.5 Outline

The project work is structured in a manner such that it gives proper theoretical and

simulation implementation knowledge.

In chapter 2, the explanation of the three-phase inverter with the equation involved

in the implementation is shown. Chapter 3, explains the dynamic modeling of the in-
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duction machine. Chapter 4, gives a detailed explanation of the implementation of the
PTC scheme which is the brain of the project. Chapter 5, shows the process of im-
plementation of the PTC of induction motor fed by the inverter in MATLAB. Chapter
6, explains the results of various tests performed to test the performance of predictive

torque control of induction motor.



CHAPTER 2

MODELING OF INVERTER

In this project, a two-level three-phase voltage source inverter (2L-3P-VSI) topology is
considered to produce the voltage vectors as shown in Figure 2.1. The 2L-3P-VSI pro-
duces two voltage levels of +V/. or =V, at the output, therefore it is called a two-level
voltage source inverter. For each of the three phases, the switching state for each switch
Sa, Sp and S, is either 0’ or 1’ and switching state for each state is complementary
which is generated by using logic inversion. The possible switching states for the are

shown in table 2.1.

sa so] | A

Va
Vde —= Mh Ve

Figure 2.1: Two level three phase inverter

In the term of vector, the three phase switching state can be expressed as

S = g(sa + aS, + a*S,) .1)

where @ = ¢/% . The voltage vector generated by the inverter can be given by
2 2
V= g(va +al, +a®V,) (2.2)

where V,, V;, and V. are the phase voltages.



Table 2.1: Switching State and Voltage vectors

S, [S [S. |V |
0 0 0 Vo=0
1 0 0 Vi =2V
1 1 0 Vo = 5Vie +j 5 Vae
0 1 0 Vi =—5Vae +j 75 Vae
0 1 I V=2V
0 0 1 Vs =—5Vae —j5Vae
1 0 1 Vo = 3Vae —Jj 5 Vae
1 1 1 V; =0

The 2L-3P-VSI produces 8 voltage vectors corresponding to 8 state vectors at its
output terminal as shown in figure 2.2 and possible switching states are shown in table

2.1.

Im

V3(010)

V4(011) <

Vi) Re

V5(001) Vs(101)

Figure 2.2: Voltage Vectors of two level three phase inverter

This inverter model can include dead time, IGBT saturation, and diode forward

voltage drop but in this project, a simple model of the inverter is used for simplicity.



CHAPTER 3

DYNAMIC MODELING OF INDUCTION MACHINE

This chapter presents the dynamic modeling of the three-phase squirrel cage induction

motor in state space, which analyzes AC circuits easy to understand and implement.

3.1 State space representation of the three-phase system

to two-axis system

The state-space representation makes an AC circuit simple to represent and easy to
understand and analyze. The three-phase AC voltage source V,, V}, and V,, which are
located at 120 degrees to each other is supplied to the three phase induction motor [23].
These three phases are linearly dependent on each other, due to which the modeling
of the equation becomes complicated. To simply this complication, the three-phase
electrical variables such as voltage, current, and flux are modeled properly using a two-
axis reference frame. The two-axis representation of the three-phase system is called
‘state-space representation’. The two-axis stationary reference frame (a-(3) is shown in
figure 3.1. The components of the three-phase variable along a — b — ¢ coordinates are
projected on « — 3 coordinates. These two coordinates in the o — 3 reference frame are

mutually perpendicular to each other and hence linearly independent [24, 25].

b

Figure 3.1: State-space two-axis («-/3) representation of three-phase (a —b— c) systems



The Clarke transformation is used to convert the three-phase system to a two-axis

system using the matrix as shown in the matrix equation for three-phase (a, b, ¢) current

to (a-3).

» 2/3 —-1/3 —1/3
Wl e s s o

ig 0 1/v3 1/V3

e

The state-space representation of Induction Machine variables in (a-3) reference

frame are as follows:

Vs = Ugq + JUsB (3.2)
Vp = Upgq + jvrﬁ (33)
is = lga T+ jisﬂ (34)
i?‘ = lpo + jirﬁ (35)
(ps - Lpsa + jcpsﬁ (36)
(Pr - (Pra + ,](P»,‘B (37)

where v, and v, are stator and rotor voltages, i; and i, are the stator and rotor

currents, ¢, and ¢, are the stator and rotor flux linkages.

3.2 Machine Modeling

The state-space model of a squirrel cage induction machine in «-f reference frame are

shown in the equations below.
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dep

Vs = Rsis + W + ]'LUk‘PS (38)

. de,
0= err + dt + j(wk - we)‘pr (39)
@. = Lais + L, (3.10)
@, = Lunis + Lo, G3.11)

3 »
T. = §pIm(<p318) (3.12)
dw,,

J——=T, -1, 3.13
i ! (3.13)

where 7T is electromagnetic torque, 7; is external load torque, p is the pole pairs ,.J is
the moment of inertia of the mechanical shaft. R, and R, are the stator and the rotor
resistances. L, L, and L,, are stator, rotor and magnetizing inductance respectively.
wy, 18 the synchronous speed at which synchronous rotating reference frame rotates with
respect to stationary reference frame. w,, is rotor angular speed which is related to the

electric rotor speed w, by the equation:

We = PWyp, (3.14)

In equation 3.8, the relationship of stator voltage in terms of stator ohmic drop
and stator inductance drop is shown. Since the squirrel-cage rotor is short-circuited,
therefore the rotor voltage is zero as shown in equation 3.3. It is convenient to obtain
equations of the machine in state variables to develop the best control strategy. The
stator current is and rotor flux ¢, vectors are selected as state variables. The stator
current is specially selected because this variable can be measured and also undesired
stator dynamics, like effects on the stator resistance, stator inductance, and back-emf,
are avoided. Now we obtain the stator and rotor dynamics of the squirrel cage induction

machine from equations 3.8-3.11.
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di k., 1 Vs

.s O'_S:_‘ a.s —(=—j e)¥r 3.15

is + T, o JWTels + Ro'<7—r Jwe )@, + R (3.15)
d(nor - 3

P, + 7 e —j(wg — we)Trp, + Linis (3.16)

L2
=Lt o=1- k =Ln k =LaandR, = R, + R.k2

L
where 7, = = &5 TR

Ls
Ry’
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CHAPTER 4

Predictive Torque Control of Induction Motor fed by

Two Level Inverter

In the previous chapter, dynamic equations of the induction motor and two-level three-
phase inverter are shown which will help in implementing the PTC scheme since it used
both models of induction machine and inverter explicitly. The basic idea of PTC is taken
from Direct Torque Control (DTC) in which we can modify electromagnetic torque T
and stator flux ¢, by selecting the proper voltage vector sequence for the inverter to
change the magnitude of stator flux and at the same time change the angle between
rotor and stator flux. The same principle is used in PTC, but here we predict the future
values of electromagnetic torque and stator flux with respect to the reference values for
every actuating possibility and then the cost function selects the voltage vector which

optimizes the predicted values with the reference values.

An FS-PTC model is implemented in three steps: Stator and rotor flux estimation,

Torque and flux prediction, and cost function minimization as shown in figure 4.1.

Minimization Machine

wh+ T
N/ » Pl Controller Cost Function S Induction

Inverter
@s*|

T(k+1) @s(k+1)

Torque and Flux
Prediction W

(k) Ps(k)

Stator and Rotor is
Flux Prediction

Figure 4.1: Predictive Torque Control Scheme



4.1 Estimation

In the FS-PTC model shown in figure the Stator and rotor flux estimation block, the

values stator flux ¢, and the rotor flux ¢, is estimated at present sampling time.

The estimation of values of stator flux ¢, (k) is done using the stator voltage equa-
tion 3.8. Since FS-PTC is modeled in stationary reference frame therefore wy, is set to

zero. So the equation 3.8 becomes:

de,
dt

v, = Ryi, + (4.1)

The discretization of the above equation is done using Euler approximation formula

as:

dt T, +2)

where 75 is the sampling time period.

Now, using equation 4.2 in equation 4.1, we can obtain the estimated value of stator

flux at present sampling time ¢ (k).

P (k) = p (k= 1)+ Tsvs(k) — RsTsis(k) 4.3)

The estimation of rotor flux ¢, (k) is obtained from the flux linkage equations 3.10
and 3.11. By replacing i, from equation 3.10 in equation 3.11 we obtain the rotor flux

as:
Lo
L,

Cps_'_(Lm_

0, = )i, (4.4)

The discretization of the above equation is done as:

4.5)



4.2 Prediction

After the estimation of stator and rotor flux, the prediction of stator flux and torque for

the next sample instant (k+1) is required as they are the controlling variables for PTC.

For the prediction of the stator flux, we use the same stator voltage equation used
for estimation. Therefore, we approximate the derivative of stator flux using the Euler

approximation formula as in stator voltage equation 4.2. The equation obtained is:

Lk +1) = @, (k) + Tovs(k) — RTyis(k) (4.6)

'p’ in superscript depict the predicted stator flux variable. For the prediction of electro-
magnetic torque 77(k + 1) we need stator flux ¢?(k 4 1) and stator current i (k + 1) is

required. Stator flux ¢?(k + 1) we can get from equation from equation 4.6.

For the prediction of stator current, we discretize equation 3.15 using Euler-based

approximation. The equation obtained for stator current at time instant (k+1) is:

B+ 1) = (1= 200+ (= )@ () + V)] @)

Electromagnetic Torque 7 prediction depends on the the stator flux and the stator
current as:
3
T, = §p[m[558is] (4.8)
After the prediction of stator flux and and stator current, prediction of electromag-

netic torque can be done using the equation:

TPk +1) = gpfm[cps(k: + )iy (k + 1) 4.9)

4.3 Cost Function Minimization

The predicted variables are evaluated by a predefined cost function which helps in

switching state selection. In FS-PTC, we generally include the absolute difference of

15



the reference and predicted values. The cost function defined for PTC of induction

machine can be defined as

g =Tk +1) = T2(k + )] + Aplps(k +1) — ik + 1) (4.10)

where T (k+1) and ¢?(k+ 1) are reference electromagnetic and stator flux values.
TP(k + 1) and @2(k + 1) are predicted values of electromagnetic and stator flux at
(k+1) time instant. A, is the weighting factor which helps in increasing or decreasing
the relative importance of stator flux with respect to electromagnetic torque. The value

of the weighing factor is taken as nominal values of torque and stator flux.

[Pl

Ao 4.11)

This cost function g is evaluated for every voltage vector. The minimum cost func-
tion out of all the voltage vectors is selected and the respective switching state feeds

into the three-phase inverter.
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CHAPTER 5

Implementation

In this chapter, the implementation of the PTC scheme of induction machine fed by the
two-level three-phase inverter as a simulation in MATLAB is shown for different blocks

as shown in figure 5.1.

Figure 5.1 shows the Simulink model used for simulation. This model contains
mainly 6 blocks as Speed Reference, PI Controller, Predictive Controller, Inverter, abc

to o — [ conversion, and induction machine model.

Pl Speed
Controller
. e ™ T_ref
Speed 2 abc to alpha-beta
Reference Sa Sa VaN conversion
Sflux_ref
wm sb sb VBN abc - Vs wm
Is_meas Sc Sc VeN
m T Is
Load
Predictive Inverter Torque Induction
Controller Machine
Model

Figure 5.1: Simulink model for PTC of Induction Machine

5.1 PI Controller

The reference speed can be a constant or a step as per the requirement which is com-
pared to the measured speed and error is generated. This error is fed to the discrete-time
PI Speed Controller to compute the electromagnetic torque reference values. The value
to two tuning parameters Kp (proportional gain) and Ki (integral gain) are shown in
table 5.1. For the design of the parameters, the transfer function between the speed of

the rotor and electrical torque is obtained as:

= (5.1



Table 5.1: PI Controller Parameters

PI Controller Parameters Values

K, 50.16
K, 2.56

A saturation block is implemented in the PI controller to keep the torque values

within the limits.

5.2 Predictive Controller

The predictive controller takes reference torque, reference stator flux, measured speed,
and measured stator current as the input and produces the three switching states 5,, .5,
and S, which are applied as gating signals to the inverter. This predictive controller is

implemented as the algorithm in MATLAB FUNCTION BLOCK.

5.3 Inverter

The inverter takes the gating signal as input and generates a three-phase voltage at the
output. The DC link is assumed as the ideal DC source and this voltage is directly
multiplied by the gating signal as power semiconductors are modeled as ideal switches.

The implementation of the inverter can be seen in figure 5.2.

Vdc D
»
Vde
»
x . »l:
- o
Sa VaN
>
-
Sb VBN
-
x S
3
G -
Sc VeN

+
: 4@
P+

Figure 5.2: Implementation of Three Phase Inverter in Simulink
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5.4 Induction Machine

The induction machine used in this model is in o — 3 frame, therefore the three-phase
voltage is converted in @ — [ as explained in equation 3.2. The induction machine
block takes stator voltage in «« — 3 frame and load torque as input and generated stator
current and rotor speed as output. The implementation of the induction machine model

is shown in figure 5.3.

The induction machine modeling equations obtained in section 3.2 are used in the

implementation. The motor specifications are mentioned in table 5.2.

Table 5.2: Motor Specifications

| SPECIFICATION | VALUE |
Power (P) 6000 W
Voltage (Vdc) 520V
Frequency (f) 50 Hz
Number of poles (P) 2
Rated speed (N) 2860 rpm
Stator Resistance (R;) 1.20
Rotor Resistance (R,) 10
Stator Inductance (L;) 0.175H
Rotor Inductance (L) 0.175H
Mutual Inductance (L,,) 0.170H
Inertia constant (J) 0.062 Kg-m?

From the power and torque relation, we can evaluate rated torque as:

Pra e
Trated = N ted (52)
rated

19
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CHAPTER 6
Results

The FS-PTC scheme was implemented in MATLAB as shown in the previous chapter
and various tests were performed to test the performance of the induction motor and
parameters are shown in table 5.2 at a sampling frequency of 40 kHz. In this simula-
tion, the behavior of the system at four different conditions i.e starting response, speed
reversal response, load test response, and steady-state response is shown in Figures 6.1

to 6.8. The rated speed of the rotor is 2860 RPM with nominal load torque of 20 Nm.

6.1 Starting Response

The starting response is presented for the induction motor firstly. In this, the reference
speed command is set as step command which increases from 0 to rated speed i.e. 2860
RPM at t = 0.5 seconds, and the response of stator current, speed, and electromagnetic

torque are shown in figure 6.1.
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Figure 6.1: Stator current, speed and torque starting response waveform of PTC.

As the speed is set to increase at t = 0.5 seconds, the torque quickly changes from

zero to the nominal value and allows the rotor to accelerate and the rotor smoothly



Rotor Flux (Wb)
e L
w

0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
Time (seconds)

Figure 6.2: Rotor Flux waveform during starting response of PTC.

reaches the rated speed. After reaching the reference speed, torque reduces to zero.

During the change in the rotor speed, a little dip can also be observed in rotor flux as

shown in figure 6.2.

6.2 Speed Reversal

The drive is tested for speed reversal. At zero external load torque condition, the speed

reference command is set to change the rotor speed from +2860 RPM to -2860 RPM at

t = 2 seconds. The results for the stator current, speed, and torque are shown in figure

6.3.
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Figure 6.3: Stator current, speed and torque waveform of PTC in speed reversal.

When the speed reference command is set to -2860 at t = 2 seconds, the torque im-

mediately changes from zero to negative nominal value i.e 20 Nm to allow deceleration

of the rotor speed and remains at the same value till the rotor reaches the reference
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speed and after that, it again increases to zero.

6.3 Load Test

In this load test, firstly the motor is set to run at the rated speed and suddenly the load
torque is changed from zero to the rated torque of 20 Nm at t = 2 seconds. The results

for stator current, speed, and torque for load test are shown in figure 6.4.
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Figure 6.4: Stator current, speed and torque waveform of PTC in load test.

At t = 2 seconds, it can be seen that the torque increases to the nominal value to
meet the requirements in the increase in the load torque. Also, a small decrease in the
rotor speed can be observed in the change of the load torque. The stator current can
be seen to be increased on the increase of torque values. The fast dynamic response of
the system can be seen as torque changes from 0 Nm to 20 Nm in 2.4 milliseconds as

shown in figure 6.5.
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Figure 6.5: Electromagnetic torque response at load test condition of PTC.
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6.4 Steady State Behavior

In this test, the reference speed command is set to the rated speed of 2860 RPM and
a load torque of 10 Nm. The THD of stator current in figure 6.6 and torque ripple is
observed as shown in figures 6.7 and 6.8 respectively. Lower harmonic distortion was
observed in stator current as the resulting THD is 4.47 % in figure 6.7. The peak to peak

ripple observed in the torque response is 0.86 Nm.
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Figure 6.6: Stator current waveform of PTC in steady state.
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Figure 6.7: THD at given load conditions
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Figure 6.8: Electromagnetic torque ripple waveform of PTC in the steady state.
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CHAPTER 7

Conclusion

In this report, the model predictive control of the induction machine is discussed. Var-
ious classical control techniques are available like FOC and DTC and their advantages
and disadvantages are also discussed in this report. The report demonstrates that predic-
tive control is powerful and flexible for the designing of the controllers. Its advantages
like fast dynamics, easy inclusion of constraints and non-linearities can be observed

which makes it suitable for the control of the power converters and motor drives.

This project explains the application of the MPC technique in an induction motor
fed by a two-level three-phase inverter. The basic principle of PTC and its application
on induction motors is explained in detail which is the prominent predictive control
method. The state-space model of the induction motor and inverter is explained with
their model used in implementing the PTC. The systematic process of evaluation of the

cost function is shown to select the proper switching voltage vector.

The PTC method has an intuitive method and easy implementation. It does not
require any inner PI controller and the modulator is also not needed in its implemen-
tation, which results in faster dynamics but with variable switching frequency. Various
tests performed on the FS-PTC model explained the good performance of the induc-
tion motor in terms of torque, flux, stator current THD, robustness against load torque
disturbance, and step torque response. The system performs well in both steady and
transient states with good tracking of reference values, reduced torque ripple, and lower

total harmonic distribution in the steady-state response.
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