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PREFACE

This book written with the aim of expounding
the control of the hydropower proeess and the
developments, such’ as intelligent control,
maintenance and management system is a monograph
in -which the papers compiled represent the
generalization of the ideas of the modernization of the
hydropower process. This book including the papers
published at home and abroad in the 80’ s and
mainly 90’ s and the necessary sections added forms
a good and integrated system of writings on the
subject of the control of hydropower. I have found
this is the best monograph in the fifty years of my
teaching. As an old scientific worker in the
hydropower field, I feel extremely happy, excited and
gratified for the publication of this book .

From the mechanical governor with centrifugal
pendulum to the microcomputer-based govemor, I
looked and saw the direction of the development of
advanced science and culture. The concrete content
of the book shows the assiduous work and bumper

 harvest of the author in the scientific garden.

I have known the author for many, many years,

" from his early 20 s to his late 60’ s and from his
being an excellent student in my class to his being a



« IV - Hydropower Process Controt—Theory, Applications & Development

professor, well-known both at home and abroad . am very proud of him,a
man honest and sincere. So I couldn’ t help writing 8 poem to him as a
substitute for the preface as follows.
Giving a careful description of the process of
generating electricity,
We take great pride in the achievements in
China’s undertaking of hydropower.
Using govemors with centrifugal pendulum to
control unqualified speed in the past,
We have microcomputer-based govemor to make
precise regulatibn now.

Depending on digital technique for module
making,

We see the tide of intelligent control, maintenance and
management coming to the fore.

Praising the papers of the author, well-known
at home and abroad,

We admire the completely new look of China
today.

ng/ . ffmy [thny/’l.m

In Huazhong University of
Science and Technology
August 2001
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FOREWORD

The book is edited by selecting most of my papers and works
published since the early 80s’ of the 20 century. On the one hand, all
papers keep their original aspects including the adopted language and
contents, except for a few writing modifications; on the other hand, the
papers are organized and arranged by contents, and their formats are
modified according to the requirements of book, by adding the introduction
and a few sections and supplementing some recent research results, so that
the book consists of a relative integral system. As for the distribution of
published date, the papers published in the 90s’ of the 20 century
constitute 80% of the sum total .

From the macroscopic viewpoint, the hydropower process is a
hydraulic-mechanical-electrical energy conversion process. The hydropower
process control is for controlling the whole energy conversion process in
order to gain high performance, high reliability and high benefits. The
hydroelectric generating unit is the key-equipment during this energy
conversion process, and plays an important role. Obviously, in its upper
and lower streams, it is necessary to control hydraulic and electrical
systems. From the microcosmic viewpoint, there are three technical
domains: control, maintenance, and management ( mainly technical
management) in the hydropower process. Generally, the performance and
quality (e.g.the quality of electrical energy) are guaranteed by control;
the reliability and availability are guaranteed by maintenance; and
management may obtain the economical and social benefits as well.
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Investigated from history and present conditions, these three domains
develop unevenly. The development of automation and information in
control has had a longer history. The applications of automatic and
information techniques in management, such as OA, MIS etc. , have started
since the 80s’ of the 20 century while the computer has been extensively
applied. The application of automation and information in the field of
maintenance has lagged behind. There are only scheduling and curative
maintenance till now. It means that the maintenance has remained in
manual level. Only in the 90s’ of the 20 century, the condition-based
maintenance and predictive maintenance started to be developed.
Moreover, these three domains have been isolated losing contact with one
another. But in fact, they are mutually connected and constrained. Only
since the 90s’ of the 20 century, the problem of their integration has been
studied .

Because the hydropower process is a complex hydraulic-mechanical-
electrical one, it is not possible to involve all problems in this book. The
control and maintenance for hydroelectric generating units and hydropower
stations are mainly discussed, and then the Intelligent Control-
Maintenance-Management integrated System (ICMMS) is proposed and
discussed. I certainly believe: ICMMS will be an inevitable trend in the
21* century for hydropower plants, power systems and other enterprises.

Among the papers collected in this book,I am the author who wrote
the papers alone,or I am the first author, or I am the second author and
the Ph.D candidates under my guidance are the first authors. And in some
papers written cooperatively, I wrote the whole manuscripts . Most of papers
collected in the book have been published in the journals well known at
home and abroad . The intemational journals include JEEE Transactions on
Energy Conversion, IEEE Transactions on Power Systems , La Houille
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Blanche , Revue Générale de |’ Electricité , Canadian Journal of Electrical
and Computer Engineering, Electric Power System Research Electrical
Power and Energy Systems , IFAC Publications of Elsevier Science etc. .
The national journals include Proceedings of the CSEE , Automation of
Electric Power System cited by EI etc. In the end of each paper, are
indicated the journal or press, the date and pages, and the citations by
international famous indices ( SCI—Science Citation Index; EI—
Engineering Index; SA—Science Abstracts ) as well. Most of papers
collected in the book have been cited by the above-mentioned indices.
According to the statistics for the international famous journal IEEE
Trans . On Energy Conwersion during the ten years from 1989 to 1998, in
the field of control for hydroelectric generating unit, the papers written by
the author and his co-authors make up one third, and both SCI and EI
cited all of them. The theoretical results conceming the modem control
strategies of hydroelectric generating units in this bhook have been
conferred with The First Prize of Natural Sciences of China Universities,
2000. Prof. 0. P. Malik, Prof. G. S. Hope, Dr. S. Maurin, Prof. G . Bomnard,
Prof. Wei Shouping, Prof. Zhou Taijing, and some of my former Ph. D.
candidates and graduate students Prof. Li Zhaohui, Dr. Xu Haibo, Dr. Zeng
Yuming, Dr. Li Weidong, Dr. Jiang Ridong, Dr. Jing Lei, Dr. Wang
Shengtie, Dr. Zhang Yonggang, Dr. Yu Ren etc. are co-authors for some
papers collected in this book. I express my heartfelt gratitude to them for
their excellent contributions.

The contents of the book are organized as follows. Chapter 1
introduces the automation of hydropower process and its trend. In Chapter
2, the modem control strategies for hydroelectric generating units are
discussed, including .adaptive control strategy, model-reference
multivariable optimal control strategy, intelligent self-improving control
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strategy with variable structure and time-varying parameters etc. Because
the water turbine governing systems have non-linearity , time-varying, non-
minimum phase and other characteristics, and different hydropower plants
have their various “individualities” , the conventional PID control strategy
has not been satisfactory. The modern control strategies researched in this
chapter have been proposed just for solving the above-mentioned problems
and for improving the control performance of hydroelectric generating
units. Chapter 3 collects papers conceming the microcomputer-based
governor, hereinto, 3-1 was written by the author for Hydropower
Engineering in China * Electromechanical Equipment (This monograph was
edited by Professor Pan Jiazheng, Academician of The Academy of Science
and Academician of The Academy of Engineering) and supplemented with
some recent research results while editing of this book,and 3-2 ~ 3-6 are
papers on digital govemor which are the theoretical results of the authors
and his group’ s R&D in this field. Chapter 4 concerning the regulation
guarantee is also written by the author for Hydropower Engineering in
China * Electromechanical Equipment. The calculation of regulation
guarantee is a key link for assuring the safety and reliability of units and
hydraulic installations in the process of energy conversion. Chapter 5
concemns the reliability of control system.Many high reliability techniques
are discussed and described, such as fault tolerance technique, fault
avoidance technique, fault correction technique, fault diagnosis technique
etc.. In Chapter 6, the intelligent control-maintenance-management
integrated system is discussed and described, including its basic concepts,
characteristics, methodologies, tools and its applications to hydropower
plants and power systems.

Keeping the papers in English and French is for facilitating
intemational academic exchanges, as well as for improving graduate
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students’ and Ph.D candidates’ ability to read and write scientific and
technical papers in English and French.

My respected teacher, Professor Cheng Liangjun wrote the preface for
the book at night in very hot room temperature, which made me feel very
sorry and uneasy. I really don’t deserve this.I want to express my respect
and gratitude to him.

Owing to the limitation of knowledge , deficiencies are unavoidable in
the book and please oblige me with your valuable comments and criticism.

Ye Luging
In Huazhong University of
Science and Technology

August 2001



%_ﬁ giﬁ ............................................................ (1)
1-1 KARBIBAGNLER oo, (1)
1-2 KARBLR BT RFENFRBERBREH

............................................................... (7)
%:i *%mﬁmﬁgﬁuﬁm ................................. (]2)
2-1 WFASER EBENEHRAFIELH
_.Ezk%mﬁﬁtpm}i\zm ........................... (12)
22 BESEITRBMEWRAAEKR LGS
BURLFR vverrerrenmeeerrnniien e reaiieee e (42)
23 KBEBPLEABHABEE] e, (56)
24 KEAERE G EEEESER oo (76)
2-5 FAE B e e R K VUL %
}‘;’Eﬁ‘?ﬂf]%ﬂ] .......................................... (104)
26 KERRBHANE BB R R oo (130)
27 KREEHAOELATR B REBI oo (146)
28 R ERKKIE R LA R (161)
29 ETHELFINKREBUAEBERNREHE
............................................................ (171)
2-10 —FET AR R AR ULEE BRI R RS - (185)

%‘EE W'H‘ﬁ*}lﬁﬁis .......................................... (199)
3-1 ﬁ%ﬂéﬁﬁﬂ‘ﬁﬂﬁjﬁ%ﬁ%i& ..................... (199)
32 JKERHLE B YL #E B R AR S 3 PID L8k 28

............................................................ (241)
33 ZRNAMENRSBRAKBIRES (254)

3-4 KBRADMILAE BFRGRR 5B



c2 - KNOZBYELH—EE NARKE
BEEBBITME oo (272)
3.5 ﬂ(%ﬁlﬁtmﬁ]ﬁﬁﬂ‘]zﬂﬂﬁ ........................... (292)
3-6 —FUKBRILRMILAESZHIZRERE e (312)
%i ﬂﬁ'ﬁ'{%ﬁfﬂ'ﬁ ............................................. (334)
4-1 PAFRIERFRERIFERE --ooroeererererrn (334)
4-2 ZK%mﬂ:ﬁﬁl(ﬁﬁ-g ................................. (338)
4-3 *§7K%mﬁﬁgﬁmzﬁ-ﬁ ........................... (346)
%ﬁﬁ E*‘Jg%ﬁﬁﬁ .......................................... (355)
5-1 ATERRA WA HAMILIA®ES
&ﬁm‘ﬁﬁﬁﬁ ....................................... (355)
52 —F AT Dok 3653 72 6 DU S i pL 16 il 2%
............................................................ (377)
53 XUBHLAREMRFERAREELEAR oo (397)
54 EATHRAKRUVANAESHEHER oo (419)
55 RARTRERE IR BOTIE oo (443)
56 TKEIHEBEMBR (N + M) BEERLE +-ooeveeoe (456)
FBAE FEERE-BP BERYGE oo (471)
6-1 HEERH-BP-BHRERHE
ﬂ(%?\%*%mm .................................... (471)
6-2 —FPFHIKRVLAE RS WS RS BN
............................................................ (485)
6-3 JKE MR SHP R AEER
&Kﬂﬁﬁﬁﬁ ....................................... (501)
6-4 ICMMSﬁ'ﬁE&ﬂ'H@%ZFﬁE ..................... (515)
6-5 IR RY B A& E S A ICMMS k7 # it
............................................................ (523)
6-6 ICMMSHER T KM 44 F R4
ST EIF B cocovrerrrrerereriiniieinenennns (534)



