FYP-2 Project Report

Ac Motor Control Using Predictive
Control Scheme

Project Supervisors Project Members
Muhammad Haris M. ShahrukhKhan Mehmand
(Lecturer) (111619149)

JaveriaMurad (111619224)
AsimaEhsan(111619225)

P~G‘E'V'E/v

4

} 4

/m’ o

A Project report submitted in partial
Fulfillmentof the requirement for the degree of
Bachelors in Electrical Engineering

Department of Electrical Engineering

School of Engineering
University of Management & Technology
Lahore, Pakista



FYP-2 Project Report

UNDERTAKING

We hereby certify that the work which is being presented in the BS Project Report entitled
VFD TO CONTROL THE SPEED OF 3-PHASE AC INDUCTION MOTOR AT
VARIABLE LOAD ”, in partial fulfillment of the requirements for the award of the Bachelors
of Technology in Electrical Engineering and submitted to the Department of School of
Engineering of University of Management and Technology Lahore is an authentic record of our
own work carried out during a period of October 2014 to August 2015 ( 7"'& 8™ semester)
under the supervision of Muhammad FahadUsman Khan, SEN Department.

The matter presented in this project report has not been submitted by us for the award of any
other degree elsewhere.

Signature of Students

Muhammad Shahrukh Khan Mehmand 111619-149
JaveriaMurad 111619-224
AsimaEhsan 111619-225

This is to certify that the above statement made by the students is correct to the
best of my knowledge.

Approved

Project Advisor

Director Project




FYP-2 Project Report

Table of Contents

ACKNOWLEDGEMENTS ... oottt sttt ettt sttt st e e sseeeesseeneenseseeenaensesneenes 6
AADSITACT ...ttt r e 7
ChapLer # L.ttt sttt st eane it Error! Bookmark not defined.
INEFOAUCTION. ...ttt e Error! Bookmark not defined.
CRAPLET # 2. Error! Bookmark not defined.
AC IMOTOT ..ttt st Error! Bookmark not defined.

P2 R 1= 1] o 1T R Error! Bookmark not defined.

2.2 BaCKOroUNG .......ccoevviieieieciecee ettt Error! Bookmark not defined.
2.3 Parts of induCtion MOLOF.........ccceverierieieinirenere e Error! Bookmark not defined.
Major parts of induction MOtor are .........ccceeceevveeeeveseeciese e, Error! Bookmark not defined.
SEALON .t Error! Bookmark not defined.
[00] (0] SRR Error! Bookmark not defined.
2.4 Working Principle of Three Phase Induction Motor............... Error! Bookmark not defined.
Production of Rotating Magnetic Field............ccccoevvevevineenennene, Error! Bookmark not defined.
2.5 Problems with induction motor and their solutions................. Error! Bookmark not defined.
V/0ltage ProbIEML.......cc.cveiiieireeseeeeee e Error! Bookmark not defined.
EMI NOiSe Problem......c.ceeiriiiiireeeeeeeeeee e Error! Bookmark not defined.
Electromechanical Problem ... Error! Bookmark not defined.
Instability problem ..o Error! Bookmark not defined.
MOLION CONEFOL ... Error! Bookmark not defined.
Speed and torque CONLIOl ........cccvevveeeevieiieeeceeeee e Error! Bookmark not defined.
Chapter # 3. s Error! Bookmark not defined.
Luenberger ODSEIVET .........ccveeirerenienierieieeeeeie e Error! Bookmark not defined.
3.1) INrOAUCTION ... Error! Bookmark not defined.
LUuenberger ODSEIVEL .......cvecviieecieeieeeececeerte et Error! Bookmark not defined.
3.2 Problems caused by SENSOrS ........cceeveveerieeiereceee e Error! Bookmark not defined.
3.2.1Phase lag ..ccvecveeieiieieeiece e e Error! Bookmark not defined.
3.2.2 ATENUALION. ..ot Error! Bookmark not defined.
T T 0] [ SR Error! Bookmark not defined.

3.3 Observer COMPENSALOT .......c.eeerrerrerrerreeeeeeseeeresee e Error! Bookmark not defined.

3.4 DESIONING .eevvitieeeeiecieecte ettt e s et sresreesneae s Error! Bookmark not defined.



FYP-2 Project Report

3.4.1 Model INACCUIACY.......cccervirueriereieieieeeee e Error! Bookmark not defined.
3.4.2 Effects on the Observed State ...........ccoocvvveeeneniesereeieenne Error! Bookmark not defined.
3.5 The Luenberger Observer and Disturbances...........cccccvevenene Error! Bookmark not defined.

3.5. 1 DIStUIDANCE ...ovviviiieiereeieeeee s Error! Bookmark not defined.

3.5.2 The Observed Disturbance Signal...........cccoevvevvevvneennne. Error! Bookmark not defined.
3.5.3 Aggravations and the Integral Term in the Observer........... Error! Bookmark not defined.

Aggravation RESPONSE .......ceeuevverierieieieiieeee e Error! Bookmark not defined.

3.5.4 Improved Disturbance Response through Control-Law GainsError! Bookmark not defined.

3.5.6 Noise and the Luenberger ObServer..........cccoceeevvvevenenne. Error! Bookmark not defined.

3.6 Using the Luenberger Observer in Motion Control................. Error! Bookmark not defined.
3.7 CONCIUSIONS....cveiiiiieieeeiese et Error! Bookmark not defined.
CRAPLET # 4 ... Error! Bookmark not defined.
Control Scheme for Induction MOLOT .........c..ccecererereninerceeee Error! Bookmark not defined.
I 2 7= 1ol (o [ {10 T RSP Error! Bookmark not defined.
4.2 CoNtrol Strategies.......cceveveeeererieeseeere e Error! Bookmark not defined.
4.2.1 PID CONIOHEN....c.iiieiieiieiietsiesieeee e Error! Bookmark not defined.
4.3 Model Predictive Controller...........ccovveeeveveereneeeseeeeiee Error! Bookmark not defined.
Chapter # 5. Error! Bookmark not defined.
Modeling of INAUCLION MOTOT .......ccvevviiiieieieeeerecereeeeeiee Error! Bookmark not defined.
5.1 INErOJUCTION.c..cviiiieieieeceeee e Error! Bookmark not defined.
5.2 Overview: Structure of Induction motor............ccccceveerueuennee Error! Bookmark not defined.
5.2.1 Electrical Modeling.........cccoeveeeveiieienieeececeeesie e Error! Bookmark not defined.
StALOr VOITAGES......coveviieeeieeree e Error! Bookmark not defined.
5.2.2 Mechanical Model of Induction Motor .........c..cccceveeneeee. Error! Bookmark not defined.

5.3 Derivations for Luenberger ODSEIVer .........cccocevvevenervenennne Error! Bookmark not defined.
5.4 Derivations for Predictive Controller:...........cccccveencineenee. Error! Bookmark not defined.
CRAPLEN # 6.ttt sttt s re et Error! Bookmark not defined.
SIMUIINK MOGE ..o Error! Bookmark not defined.
6.1 INroduCtioN.......coveuirieiiieiricintce e Error! Bookmark not defined.
6.2 Sinusoidal Pulse Width Modulation ..............cccoceveenereecennene Error! Bookmark not defined.
SubSYStemM MO ..o Error! Bookmark not defined.

ORI O00 1Y/ (=] SRR Error! Bookmark not defined.



FYP-2 Project Report

6.4 Luenberger ODSEIVET .........ccoirevererieieieereeseeeeee e Error! Bookmark not defined.
6.5 Predictive CONtroller..........ocooveeeeeiieeeeeeeee e Error! Bookmark not defined.
6.6 SINE QENEIALON .....eoveeieiecieeeeeie ettt see e Error! Bookmark not defined.
SUDSYSTEIM ...ttt a e st sae e aenne s Error! Bookmark not defined.
6.6.2 Frequency CalCUulator..........ccevevvereeeericeeee e Error! Bookmark not defined.
CRAPLET # 7 Error! Bookmark not defined.
ReSults and DISCUSSIONS........cccvrierierieeierieseeeieseeeeee e eee s ee e Error! Bookmark not defined.
7.1 Stator VOIAgES.....c.eeveuieieierieeertereeeeeeee e Error! Bookmark not defined.
(01 (0] Y] 7T LTSRS Error! Bookmark not defined.
Predicted CUMENT ........cooereieeeeeesese s Error! Bookmark not defined.
Predicted VOIAQES ....ccveeveeiiereeeececeee e Error! Bookmark not defined.
SPWIM L.t st st st st Error! Bookmark not defined.
Chapter # 8. Error! Bookmark not defined.
CONCIUSIONS....cvieeiriiiesieieeee ettt Error! Bookmark not defined.
RETEIENCES. ... ettt st Error! Bookmark not defined.

Table OF Figures

FIQUIE Lot Error! Bookmark not defined.



FYP-2 Project Report

FIQUIB 2.t Error! Bookmark not defined.
FIQUIE 3 e Error! Bookmark not defined.
T O S Error! Bookmark not defined.
FIQUIB D Error! Bookmark not defined.
FIQUI B ..ot Error! Bookmark not defined.
FIQUIE 7 et Error! Bookmark not defined.
FIQUIE 8 ..t Error! Bookmark not defined.
FIQUIB O . Error! Bookmark not defined.
FIQUIE 10 .. it Error! Bookmark not defined.
10 100 SR Error! Bookmark not defined.
FIQUIE 12 s Error! Bookmark not defined.
FIGQUIE 13 .t Error! Bookmark not defined.
FIQUIE 14 ..ot Error! Bookmark not defined.
FIGUIE 15 e Error! Bookmark not defined.
FIQUIE 16 ...uieiiee ettt s Error! Bookmark not defined.
FIQUIE L7 e Error! Bookmark not defined.
FIQUIE 18 ... Error! Bookmark not defined.
FIQUIE 19 .ttt Error! Bookmark not defined.
FIGUIE 20 .. Error! Bookmark not defined.
FIGQUIE 21 ...t ettt Error! Bookmark not defined.
FIQUIE 22 ... Error! Bookmark not defined.
FIQUIE 23 e Error! Bookmark not defined.
FIQUIB 24 ...ttt e Error! Bookmark not defined.
FIQUIE 25 .. Error! Bookmark not defined.
FIQUIE 26 ...t et Error! Bookmark not defined.
ACKNOWLEDGEMENTS

First of all, we would like to place on record our deep sense of respect and
gratitude towards our advisors Lecturer Sir Muhammad Haris for guiding us in this project.

We also want to express our heartfelt thanks to Projects Director Mr. JameelAhmad who



FYP-2 Project Report

provided us with invaluable help information relating to the some typical topics in our project.

A good way to gain better overall performance, we need to have to examine our outside
surroundings. There are masses of forces so that it will act upon us to get the higher result,
however for that we ought to alternate our mind-set to see them. Sure, we are occasionally
annoyed because of the problems we can’t solve it. But the next day we act at the hassle with
equal efficiency and energy we have. furthermore, we're especially grateful to our parents and
teachers who had been there all the times, backing us up and their undue help has been the

pushing power for us to complete mission inside time.

Abstract

Ac motor is widely used in industry for a long time.lt is used for various
purposes. Because of its larger use in industryits control strategies have given much importance
in last decades. There are many issues related with it but the commonly faced issue is its speed
control. Speed of motor varies as the load changes and abrupt the system. A regular change in
voltage and frequency is required to keep the speed of motor constant. Different Control
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Schemes are available for speed controlling of motor. Predictive control scheme is latest
technique used for speed control. MPC has become popular because of development in digital
control platform. It is a multi-input multi-output scheme. It predicts the future behavior of system
and generates the control signals accordingly. It has modulation based implementation. SPWM is
the simplest modulation technique used for the controlling of converter. Controller passes control

signals to Converter which generate the required Voltage signals.
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