B NN DN DN DN AN N NN AN NN

i
J

a,.;.u: e |
@ ASUNET

e ] o gl | S

PYYNY
@ ASUNET

| -

it

A
!

INEEAEEATEAEIACEAE AT AN AN A



Y o Y
g e i
v @ ASUNET ‘
ot | il gl | S
{ )
: y
{ )
: y
{ )
: y
! )
: y
! )
: y
! )
: y
! )
: y
! )
: y
! )
: y
) y - p & 1
; duand) bd | i ) Gl | ;
! @ ASUNET )
: y
! . . )
| dutied (] il Gl ) St ‘
A * 3 2 l
Y Y
2 4 ¢ . o0 ‘ *

* § (oul C, - |
Y . * - . Y
g )
:

{ ? -~ .

Y

! )
: y

INEEAEEAEAEAEAEAEAEAEEAEEAE AT




) a.;.ml..-.l.u.hua-sa A
i @ ASUNET ‘
ooty | i el | et
| )
Y \
KA L o 4
Y \
o L 4
é * * v . & P é
' poul sl 1§ (el § 2| o e !
! - é

I p“‘a !
A A

; o v K e . P . 4 - P - i
LRkt § bRl i 0l (il | Dl ) pomdditad| il Qi
A e .k L " . A
v | gt dull 99 i) i daoad| Y@l id) AR (el v
A I
v v
A A
v v
A I
v v
A A
v v
| A
y " e Y
iy bl | ) bl | ot
: @ ASUNET %
&

A | )
v ) i |

L 4

: shid] o i dad) gl il 0 G |

- p

! )
| Y

;01 ‘OW<OW<O>MOW<O>MOW<O>X X‘OW<O>MOW<O>MOW<O> IOX




A prrwTr ey A
v @ ASUNET ‘
et ) il el | At
A A
| Y
A A
| !
A A
| !
A A
| !
A A
| !
A A
| !
) A
| Y
A e bl | i o) Gl | ot ‘
' @ ASUNET !
! )
Y 0 S48 Y S Y
A A
| !
A ¢ A
| !
&

) * o ¢ A
| *” Y
A A
v pon v
A A
| Y
A

; o~ 2

A

|

A A
| !

INEEAEEAEAEAEAEAEAEAEEAEEAE AT




IOI <oW<oW<o»moW<o»moW<O>W<OW<O>W<OW<O>W<OW<O> on
¢ (o}

i
J

a;;.ur e plall

@ ASUNET

e ] o gl | S

b el |
@ ASUNET

I

wid

e

A
!

INEEAEEATEAEIACEAE AT AN AN A






EXAMINERS COMMITTEE

EXAMINERS COMMITTEE

1- Prof. Dr. Mohamed A. Badr
Professor, Elect. Power & Machines Dept.

F acﬁlty of Engineering, Ain Shams University

2- Prof. Dr. Nabil H. I. Te/’/j,/

Professor, Elect. Power & Machines Dept.
Faculty of Engineering, Assuit University

3- Prof. Dr. Abd El-Rahimi A. M. Makky
Professor, Elect. Power & Machihes Dept.

Faculty of Engineering, Assuit University

4- Prof. Dr. F. A. El-Geldawy
Professor, Elect. Eng. Dept.

Faculty of Engineering, Minia University

5- Prof Dr. R.H. Lasseter

. :

DSP BASED INTELLIGENT FIRING C O_NTROLLIJER’FOR SMES PCS

~ ) “.-.,_‘

fr\f'-» ;f’ii; .







ABSTRACT

ACKNOWLEDGMENTS

I would like to express my gratitude to Professor Dr. A. A M.
Makky, for his support and valuable advice. I always admire him for his
astute thinking and kindness. Thanks are also due to Prof. Dr. F. A. El~
Geldaw for his helpful criticism, and sincere encouragement.

I would also like to take this opportunity td thank Prof. R.
H.Lasseter who has been my advisor throughout my study at the
Department of* Electrical and Computer Engineering, University of
Wisconsin-Madison. Prof. Lasseter provided me with numerous'useful
suggestions and creative ideas.

My sincere gratitude goes to entire Wisconsin Electric Machines

and Power Electronics Consortium (WEMPIEC) staff specially Mr.

Randy for the help they provided.
Finally, I would like to thank my family and friends for their
support and patience all through the years.

DSP BASED INTELLIGENT FIRING CONTROLLER FOR SMES PCS
. iii

—\)'\._,




ABSTRACT

ABSTRACT

The use of SMES systems to enhance both generation system and
transmission and distribution system assets can translate into significant
strategic competitive advantage for the power system industry in the next
century. Similarly, the expected grdwth of wind and direct solar
technologies, and of non-utility generators, as well as .of traditional needs
of outage backup and system stability protection all argue for the
development of reliable, broadly applicable SMES system.

The main challenge is to design and implement a powerful firing
system controller for the proper SMES power conditioning syste;\/which
can handle the time critical requirements of the control and the firing
circuits operations. Therefor, achieving such benefits and more through
on-line control algorithms will be an easy task.

In the research reported in this thesis, the major effort has been
devated to design, It and test intelligent real time digital signal

processor system \nntml]ed the GTQ's firing signals for the _multi-phase

chopper-VSI SMES power conditioning system. The developed system is
designed to handle SMES utility interactive operation as well as, stand-
alone operation requirements. It promises to be the ultimate realization of
the power system industry quest for an advanced, rapid response, high
efficiency and flexible architecture SMES PCS firing controller in order -to
achieve an applicable high dynamic performance multiple benefit SMES
system. Eventually, this will yield to a substantial positive benefit-to-cost

ratio for the overall SMES system and increase its attractiveness for utility

DSP BASED INTELLIGENT FIRING CONTROLLER FOR SMES PCS
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apphcations. Moreover, that would set the stage for more-cost-effective 2

generation and delivery systems in the next century.
The main unique features of this controller are:

1.1t has an efficient, new synchronization technique. The controller@?

intelligentl@between the equidistant synchronization scheme or
the individual phase synchronization scheme according to the precise
measuring of the utility mains operating conditions. This technique will

greatly enhance PCS-utility interface proble'ms. Therefore, the SMES

systerrf’ pted) this controller will operate successfully through all

type of utility disturbances Gwith Minimum harmonic eneratiom 7
yp y g > ¢

much as possibley which will increase SMES system reliability and

4
availability. (Also,) That Ywill improve the power system security even
vailability 0. Lhat)v p p y ‘ 7

=

during emergency conditions and it may avoid blackouts of the bulk

power system. Moreover, it accommodates the specific requirements

of any implemented control algorithm.

2.1t has an efficient VSI delay angle updating technique. The controller

= . L
1S @ updating the VSI delay angle commands intelligently (every

0.25 ele. degree) without creating a oltage notch.{That
insure the rapid response and high precisidn performance of any
implemented algorithm.

3. The controller software is designed to meet the of measuring the
line frequency. Also, it has the capability of updating the VSI
operating frequency.

4. The controller software design has many of inherent system protection

features such as dc link short circuit protection @%
; ' /
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A new approach of the multiphase chopper firing controller
operation has been designed to handle the chopper phase current sharing

problem instead of using the chopper phase inductors. This approach is

o . .
founded upon the simultaneous selection of the r_nyfst uitable chopper

individual phase duty cycle to achieve an equal phase current sharing.

&/

o Gso, the chopper firing scheme is capable of operating at the harmonic

y @ points spectrum.)

A high speed data acquisition system has been accomplished by the

digi?aslp signal processor ( along) with the firing control algorithm
calculations. A system of ten A/D channels, for the AC and DC system |
parameters measurements, and ten D/A channels, for system parameters
monitoring scheme, has been built up

- The experimental results which show the effectiveness of the
developed real time DSP controllerCare to be presented Jwith a brief
description of the controller hardware and software.

A digital simulation of the SMES system model utilizing the

chopper-VSI power conditioning system\/when equipliedwith the

proposed firing system is to be developed and on the
digital computer to explain the capabilities and benefits of the

SMES system to the utilities.

DSP BASED INTELLIGENT FIRING CONTROLLER FOR SMES PCS vi







TABLE OF CONTENTS

TABLFE OF CONTENTS

ACKNOWLEDGMENTS il

ABSTRACT v
TABLE OF CONTENTS vii
LIST OF FIGURES xi

CHAPTER 1:
INTRODUCTION

1.1  General ' 1
1.2 Description of University of Wisconéin

Laboratory SMES system 2
1.3 Thesis objectives 6
1.3  Thesis layout 9

CHAPTER 2:
SMES BENEFITS ANALYSIS SURVEY

2.1  Storage benefits of SMES systems 11
2.1.1 Load leveling | 11
2.1.2 Loss reduction 12
2.1.3 Plant long life 13
2.2 Dynamic benefits of SMES systems 13
2.2.1 Increased power transfer capability 13
2.2.2 Spinning reserve ' 14
2.2.3 Power system stabilization 14

DSP BASED INTELLIGENT FIRING CONTROLLER FOR SMES PCS vii



TABLE OF CONTENTS

2.2.4 Transient instability suppression 15

2.2.5 Continuous VAR controller and voltage

stabilizer 15

2.2.6 Power quality 15

2.3  Strategic benefits of SMES systems 16
2.3.1 Environmental benefits | 16

2.3.2 Security benefits 17

CHAPTER - 3:
POWER CONDITIONING SYSTEM (PCS)

3.1 General 18
3.2  PCS functional requirements 18
3.3 PCS evaluation survey 20
3.4  Chopper VSI PCS components 24
3.4.1 Voltage source inverter (VSI) 26
3.4.2 DC-DC chopper converter 28

3.4.3 PCS Firing controller 29

CHAPTER 4:
PCS OPERATION ANALYSIS AND CONTROL

4.1 Basic VSI utility interaction 31
T s I
4.2  VSI utility synchronization issues 34

4.2.1 VSI synchronization technique impact 35
4.2.2 Issues due to presents of utility system 36

4.3  VSI firing controller synchronization strategies 37

DSP BASED INTELLIGENT FIRING CONTROLLER FOR SMES PCS

viii



