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1. Introduction

1.1 Background of the Questionnaire Survey

Since 1970, there has been considerable interest and effort
in both extending the capability of stability simulation and in
adding additional components including operator's action to the

simulation of stability and several excellent reports have been

published as follows

- EPRI Report PR 90-7, 1974 and EL-387, 1977 "Long Term Power
System Dynamics", Volume 1, Phase II
- CIGRE Report 32-13, 1976 "Long -Term Power System Dynamics

- A New Planning Dimension”
- CIGRE Report SC-38 WG-02 TF04, 1987 "Advanced Analytical Tools

in Evaluating Power System Dynamics and Security Performance”

Dr.N.Flatabg, convenor of TF 38-02-04 at that time, after
the publication of the CIGRE report above, distributed a
questionnaire on the Long Term Dynamics (L-T-D) probably with the

intention of prompting further study in this area.

Based on the response to the guestionnaire, the creation of
a task force with topic Long Term Dynamics under convenor
Prof.Y.Tamura has been decided in WG 38.02 meeting in Arnhem, in
March, 1988.

During the CIGRE meeting held in Paris on August 31, 1988,

WG 38-02 was reorganized.

In the framework of the new WG 38.02 (Dr. N.Flatabg as
convenor), a new TF 38-02/08 on Long Term Dynamics 1in Power

Systems (L-T-D in short) was started with Prof. Y.Tamura as

convenor.

Oon the basis of suggestions and comments on the draft
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questionnaire from TF 38.02/08 members and WG 38.02 members, the
final questionnaire was compiled by Prof. Y.Tamura et al, and was
distributed to TF 38.02/08 members and related organizations.

This international survey has received 34 replies on
experience of major disturbances, 35 replies for needs and
objectives of L-T-D analysis, 30 replies on L-T-D analytical
tocls and 3 replies for proposed test system from 19 countries as

shown in Table 1-1.

The summary of replies to the questionnaire on L-T-D was
discussed in TF38.02/08 meeting and presented at WG38.02 meeting
(convenor: Dr. Flatabg) in Tromsg, Norway on June 16, 1990. The
presented report was the second version of the summary of replies
to the questionnairé on L-T-D. On the basis of the discussion in
TF38.02/08 meeting, the draft of the final réport of the
international survey on L-T-D was presented by Prof. Y.Tamura
{(Convenor) and fully discussed by TF 38.02/08 members at the TF
meeting, Florence, May, 1991. Through these detailed discussions,
the fiﬁal report of the international survey on L-T-D was

compiled by Prof. Tamura (Convenor).

1.2 Objective of the Questionnaire Survey

The objectives of the questionnaire survey on ‘long term

dynamics in power systems are summarized below:
(1) Experience of major disturbances in various countries

~ to survey large-scale/medium-scale power system outages in

various countries
- to clarify the underlying mechanism of the outages based

on after-the fact-analysis
- to identify the connection of the outages with L-T-D
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(2) Needs and Objectives of L-T-D Analysis

- to identify the difference of definitions and concepts on
long term dynamics

- to clarify needs for the development of long term dynamics
analytical tools

- to clarify objectives and functions of long term dynamics

analysis
{3) Current status and Perspective of Analytical Tools

- to overview present situation on the development of L-T-D
analysis tools, e.g., Pprograms, simulators and hybrid
simulators

- to make a comparative study by countries on their concept,
function, model, methodology., development environment 'and
performance of L-T-D analysis tools

- to identify the points to be improved and development

plans in the future

1.3 General Definitions of the Long Term Dynamics

The phenomena which occur following instability . or
development of an overload involving a sustained imbalance
between load and generation are classified as Long Term Dynamics.
The resulting instability or overlocad in a bulk power system does
not directly cause loss of customer load, but rather initiates a
sequence of events which may fesult in the formation of
electrical islands, loss of generation by a number of possible
mechanisms and ultimately may lead to loss of load by
underfrequency load shedding, undervoltage dropout, oOr the
complete collapse of facilities within the island. The period of
interest for this type of scenarioc is from a few minutes up to 1
hour. The transient stability program is not suited to studying
this type of disturbance because detailed long-term models are

not included and at normal integration time steps of 1-2 «cycles
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the required computation for a long-term simulation is

prohibitive.

Three general definitions are shown here so that the scope

of the survey can be clearly understood as follows;

- The 1long term dynamics of a power system are the longer
period variations of power flows, voltage, frequency,
etc., which occur as the result of sustained mismatches
between generation and consumption of active and reactive
power. The characteristic +times of the voltage and
frequency shifts will range from a matter of seconds,
corresponding to generator voltage regulator and speed
governor action and shaft energy storage, to several
minutes, corresponding to load voltage regulator action,
to prime mover fuel transfer times and thermal energy

storage, and to operator actions. [ C.Concordia,
D.R.Davidson, D.N.Ewart, L.K.Kirchmayer, R.P.Schulz:
"Long-Term Power System Dynamics - A New Planning

Dimension", No.32-13,CIGRE 1976]

- The long-term dynamics consist of the slower transient
phenomena which become significant in time periods out to
tens of minutes. These include the transients of boilers
and boiler controls of fossil-fired units, automatic
generation control (AGC), operator actions,
etc. {R.J.Frowd, J.C.Giri, R.Podmore: "Transient Stability
and Long ~ Term Dynamic Unified", IEEE Trans. on PAS,
Vol.PAS-101, No 10 Oct. 1982}

- An electric power system is said to be in a condition of
long term stability with respect to a sequence of
disturbance that includes or 1leads to an initial
generation/load imbalance, if following the power-—
frequency transient triggered by . the Sequence of
disturbances it returns to a condition of normal or
rlanned for steady state operation. [ N.Flatab¢g:
"Questionnaire on Advanced Analytical Tools in Evaluating
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Power System Dynamic and Security Performance”
38.02/04, CIGRE 1984]

1.4 Structure of the Questionnaire and Relevant Formats

In order to attain the objectives menticned above,

questionnaire consists of three parts as follows:

Part A : Experience of Major Disturbances involved with
L-T-D in Various Countries

{Question 1)
Major power system disturbances involved
with L-T-D in various countries

Part B : Needs and Objectives of L-T-D Analysis

(Question 2)
Objective and function of L-T-D analysis

Part C . Current Status and Perspective of Apnalytical Tools

(Question 3)
The L-T-D analytical program/simulator
development and development schedules

(Question 4)
Application of the developed program/

simulator to test systems

(Question 5)
Future development/improvement

For the complete questionnaire please refer to Appendix <1>.
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1.5 Reporting

The work of preparing the questionnaire and the repc~t has

been shared among members of task force 38.02/08.

1.List of TF 38.02/08 members

TF 38.02/08, CIGRE Long Term Dynamics in Power Systems (11 members)

Yasuo TAMURA ( Convenor )
Dept. of Electrical Engineering

Waseda University
3-4-1 Ohkubo,
Tokyo 16% Japan

Ralph CRAVEN
Operations Superintendent

Tarong Power Station

Queensland Electricity Commission

P.0.Box 15, Nanango, Q.4615
AUSTRALIA

F. Paul DE MELLO

Power Technologies Inc.
P.O.Box 1058

1482 Erie Boulevard
Schenectady, N.Y. 12301-1058
U.S.A.

Petar HEMON

Energoinvest IEO

Network Engineering Dept.
B Jedinstva 2

71000 Sarajevo
YUGOSLAVIA
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Shinjuku-ku,

R. MARCONATO

Centro Ricerca di Automatica
ENEL

Via A Volta 1

1-20093 Cologno Monzese Milano
ITALY

Marc STUBBE

TRACTEBEL

Avenue Ariane 7-B-1200
Brussels

Belgium

Kenneth WALVE
Vattenfall

$-162 87 Vallingby
SWEDEN



A. JOHANNESEN

EFI-Norwegian Research Institute
of Electricity Supply,

Sem Saelands Veg 11

N - 7034 Trondhein

NORWAY

Yves LOGEAY

Charge de Mission

Chef du Groupe Methode et
Moyens d'Essals

EDF - DER

Service Etudes de Reseaux

1, Avenue du General de Gaulle
92141 - CLAMART Cedex

FRANCE

Ryuichi YOKOYAMA

(Technical Secretary )
Dept. of Elec. Eng.

Tokyo Metropolitan Univ.
1-1 Minami-Osawa, Hachicji,
Tokyo 192-03 JAPAN

Danzhi XIA

Dept. of Elec. Eng.

Xi'an Jiaotong Univ.

Xi'an, Shaanxi

The Peoples Republic of CHINA

The gquestionnaire was prepared and the final report was

compiled by:

Y. TAMURA (Japan, Convenor)

R. YOKOYAMA (Japan, Technical secretary}

K. YASUDA (Japan)
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2. Experience of Major Disturbances Involved with L-T-D

in Various Countries

2.1 Experiences of the L-T-D Outages

In this section replies to the questionnaire regarding the
large-scale/medium-scale power system outages involved with
long-term dynamics that occurred in the past decade -(1981-1990)
in the developed countries are presented. The objectives are as

given below.

- to survey large scale/medium-scale power system outages in
various countries

- to clarify the underlying mechanism of the outages based on

after the fact analysis
- to identify the connection of the outages with L-T-D

With the respect to major disturbances involved with L-T-D,
as shown in Table 2-1, replies from 34 utilities in 18 countries
have been obtained, even though China regrettably failed to
provide any reply. In Table 2-1, the locations of the outages,
dates of outages, primary causes and scales of outages experi-

enced in the various countries are shown.

Figure 2-1 shows major disturbances involved with L-T-D that
have been experienced in different countries. As can be seen in
the figure, L-T-D disturbances were experienced in 16 out of the
19 countries, and the rate thereof reaches as high as 84%. On
figure 2-1, others represent China which provided no reply.

While Figure 2-1 shows L-T-D disturbances experienced in
different countries, it is also considered important to indicate
I-T-D disturbances experienced at each utility and in each area,

since the United States, Japan and Canada have several utilities

and areas (Figure 2-2).
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2.2 The L-T-D Cutages in Each Country

Table 2-1 indicates L-T-D disturbances experienced at each
utility and each area. As 1s evident from the figure, it was the
United States that provided most the numerous replies regarding
major disturbances involved with L-T-D, since the country men-
tioned 5 cases of L-T-D involved outages. These represents out-
ages concerning L-T-D gleaned from the NERC reports. The United
States 1is followed by Denmark and Japan with 3 outages each,
which in turn are followed by Canada and U.S.S.R with 2 outages
cases each. Australia and others reported 1 case of outages
each. A large-scale voltage collapse that occurred in the south-
western area of Tokyo in the summer of 1987 is reported, but the
absence of details is regreftable. The number of L-T-D cases
rapidly increases from around 19882 to 1885. Outages during this
period have occurred mostly in the advanced countries centered
around the United States and Europe. Outages reached the peak
between 1985 and 1987, but the number of cases gradually decrease
thereafter. During the period however the occurrences of large-
scale L-T-D in Canada and France as well as in Japan have been
reported. The Jlatest L-T-D has been observed in Australia; it

gave rise to a power failure lasting more than an hour.

2.3 Outline of the Outages

The initial causes of L-T-D development are <classification
in Figure 2-3. Leading causes are indicated as mal-operation of
protective devices, severe weather and equipment fault.
Meanwhile, causes of ocutages leading to large-scale disturbances
are given in Figure 2-4. Among the causes, the most numerous was
over-lcad on equipment, which accounted for about 30% of the
total. This was followed by frequency deviation (23%) and
voltage decline (23%). It is thus evident that the effects of
outage spread over wider areas together with phenomena peculiar

to L-T-D, such as over-load, frequency deviation and veltage

decline.

< 2-8 >



Others(over load :
OQutage or mal-operation

on transformer) o
i ~ of protective devices
£ . Lard .l X ol E Y
—_— PoET .k
[.Loss of generator
g (19.2%) =
£ ==
S T AN 1T
1 j’
.\‘ ."
.I
g
N _
s N
R (23.000 N = G {(23.0%
- = Line tripping

Line tripping

by equipﬁent fault by severe weather

Figure 2-3 Initial causes of L-T-D occurrence

Behavicr of AVR limitation

2 {T.TH e T e
Lack of Mvar supply Aéééégg- . Over load on equipments
- { P
A
> 8 (30.9%)
) * I .
3 (11.5% ¢ = .
Frequency deviatlon f— Y
4 “m— [}
and voltage decline = '
EEEHLE
} F i
: ]
- g f !
g i ff
8 (22.8%) - )
1, 1
Voltage decline - H L1
“.1] L4 .
T 8 {zZ. 0

Frequency deviation

Figure 2-4 Causes of outage spread

< 2-9 >






3. Needs and Objectives of L-T-D Analysis

3.1 Definition of Long Term Dynamics

In this chapter studies relevant to the subjects cited below
have been undertaken for the purpose of bringing into relief the
features and differences in the needs and objectives of L-T-D

analysis, the state of development of the major functions found

in the various countries.

- to 1identify the difference of definitions and concepts on
long term dynamics |

- to clarify needs for the development of long term dynamics
analytical tools

- to clarify objectives and functions of long term dynamics

analysis

With regard to the definition of long-term dynamics,
replies have been received from 16 countries, and full
transcriptions of the definition have been compiled in Table 3-1.
While the definition of long-term phenomena of several seconds to
several tens of minutes based on the physical causes and
phenomena is the common feature.

The typical new definitions of L-T-D in the replies are as

follows;

(1) Belgium/France

In the past, electromechanical transients (related to the
unit rotor oscillations and the possible loss of synchronism) and
long-term dynamics (disregarding the individual rotor oscilla-
tions and making the assumption of a common angular velocity of
the rotors) were analyzed separately.

But the actual physical phenomena are mixed : For instance,
rotor oscillations can occur spontaneously as a result of a slow

increase of a power transfer, and short-term phenomenon, like a

< 3-1 >
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line tripping, can provoke long-term disturbances (through rotor
protection, or overload protection action, etc...).

Therefore, for an accurate study of the dynamic behaviour of
the power system, we need an extended modeling of all kinds of
phenomena, in the same simulation calculation:

- electromechanical transients with the associated short
time constants of the rotor and of the excitation
system;
- turbines and boilers behaviour with their Slower
dynamics;
. -.protection devices, automatons and centralized
bentrollers actions.

'In  our option, L.T.D. are related to the behaviour of the
systems taking into account all these phenomena during the period
of time ranging from a ten of seconds up to a few hours.
[ TRACTEBEL and EDF]

(2) Sweden

The dynamics of a power system include slow and rapid
phenomena which are mixed together. Sudden transient stability
phenomena may occur during slow frequency control actions and

manual changes.
A limited definition of L-T-D assumes that no unstable rapid

Phenomena happens. Thus the L-T-D may be defined as "voltage and
frequency dynamics that assume a quasi-stationary angle
differences between generators", i.e. the no attention is rapid
to internal angle oscillations between generators. THe L-T-D take
the following phenomena into account:
- power flow
- frequency contrel (primary and secondary)
- voltage <control (stationary gain of primary control,
and secondary control actions)
- relay protection (due to overload)
control actions (load shedding due to low freguency)
manual actions
{Vattenfall and RIT]
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in various countries

3.2 Development Stage of L-T-D Amalysis Tools

Figure 3-1 represents a compilation of the L-T-D analytical
program/simulator development levels in the various countries.
Simulators already developed and those under development account
for 65% of all the responses, and when the development under
planning is included, thesc account for more than 70%. From the
above result, the fact that the countries concerned are deeply
interested in L-T-D and that they have a positive attitude

towards development can well be understood.
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3.3 Objectives and Functions of L-T-D Analysis

Figure 3-2 shows the objectives of the L-T-D analytical
program and simulators already developed or under development.
Several responses have been provided by the various countries and
on the average 4 objectives of development are cited in the
response of each country. The ratio of responses given to the
objectives, such as after-the-fact analysis, contingency
analysis, drafting of countermeasures, operation planning and
system stabilization control is abproximately equal, with the
value ranging around 20%. Accordingly, the fact that the
development objecti%es of the various countries are plural in
number and that the development policies of the variocus countries
are generally in agreement can be assumed.

Figure 3-3 represents a compilation of the responses related
to the major functions of L-T-D analysis, and the individual

funetions of L-T-D as given below.

function a: to <clarify the construction of the system which
brought the outage spreading

function b: to analyze the underlying mechanism of the outage
spreading and to avoid a cascade of outage after the
initiating event

function ¢: to clarify the behavior of various plants (thermal,
nuclear, hydro, etc.)

function d: to study the control system such as overload
releasing, generator tripping, load reduction by
lowering voltages, system separation, load shedding,
etc.

fupction e: to determine and coordinate the set point of
frequency/overload relays

function f: to investigate the AGC operation performance for
system stabilization

function g: to determine the necessary amount and the location of
spinning reserve

function h: to develop the training simulator for L-T-D analysis
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Several replies related to the above functions were provided
by the various countries. The replies to function A through §H
were approximately equal in ratio. In other words, the replies
have indicated that the various countries were faced with several
major functions and that their development policies were about

the same. .
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4. Current Status and Perspective of Analysis Tools

The study of the existing state of the L-T-D analysis ' tools
of various countries was undertaken for the following purpose:

- to overview present situation on the development of L-T-D
analysis tools, e.g., programs, simulators and hybrid
simulators

- to make a comparative study by countries on their concept,
function, model, methodology, development environment and
performance of L-T-D énalysis tools

- to identify the points to be improved and development plans in

the feature

Detailed items of the study are given in Table 4-1 together
with the project name, the developing organization and the
development stage at the time of study (March 1890). The
countries studied totaled 19, but, as shown in Figure 4-1, the
countries that were engaged in the developed of L-T-D .analysis
tools, including the planning stage, at the time of study

numbered 12.

- Among the 12 countries undertaking ‘development of L-T-D
analysis tools, some had two or more development projects going
on. Figure 4-2 gives the aggregate number of projects being
undertaken in the countries engaged in the development of L-T-D
analysis tools. Japan's projects totaled nine, the largest number

among the countries, and this was followed by the United States’

four.

Figure 4-3, meanwhile, gives the L-T-D analysis tool
development stages in the various countries at the time of study.
The operating tools were predominant, and these, together with

tools under testing, accounted for 80% of the total.
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Since 60% of the countries surveyed were found to be coping
in some form with L-T-D, including the planning stage, and since
50% of projects under implementation have developed operational
systems, the high interest placed on L-T-D by the wvarious
countries of the world and the importance of L~-T-D can be

perceived.

In the two sections that follow, the results of the survey
relative to the simulation software for L-T-D and the simulator
for L-T-D that had attained the operational stage the time of

survey will be outlined.
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5. Simulation Software for L-T-D in Operation

Simulation software for L-T-D that had reached the
operational stage at the time of study totaled seven as detailed
below. The software included the simulation software for L-T-D
EUROSTAG (Belgium, France, U.K.), intelligent system for L-T-D
analysis (Czechoslovakia), STRALE (Italy), Y-method power system
dynamics simulation program {Japan), simulation software for
power system +voltage collapse (Japan), ADCSIM2Z (U.S.A.) and
dynamic model of the power system behaviors (Yugoslavia). Data
on these 7 simulation softwares, such as the functions,
motivation/objective, system size, disturbance and future
development time, are compiled in Tables 5-1, 2 and 3. The
develcopment objective 1in each case is a simulation of the
transient behavior of the power system, and the system scale
embodies several hundred generators and several thousand buses.
Load models are static load models in most cases, while the
network models consist entirely of =»-type positive sequence
models. External disturbances include loss of load, loss of

generator and loss of transmission line.
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6. Simulator for L-T-D in Operation

Simulators for L-T-D that had attained the operational stage
at the time of study totaled 4, including APSA (Japan), APOSS
{(Japan), TNS (Japan) and PPSS (Italy). The function,
motivation/objective, system size, disturbance and future
development time with respect to the 4 simulators are

given in Tables 6-1, 2, and 3.

The four simulators have all been developed between the
latter half of 1980s and early 1990s. The objectives of
development broadly can be divided into analysis of dynamic
behaviors of the power system and training of the system
operators. However, as the simulator is hardware and is subject
to physical limitations, the manageable system scales range from
several to several tens of generators, which represent small
fractions of the scales manageable with software. The network
model with 2 simulators uses the analogue model to make possible

more realistic simulations.
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7. Concluding Remarks

1) Experience of major disturbances involved with LTD

in various countries

It appears clearly that LTD phenomena can occur in any KkKind
of system (large or small, weakly or strongly meshed, etc.). In
cases where the initial disterbance involves tripping of equip-
ment, the "engine™ of the LTD consists of either overload of
equipment ( cascading tripping ), or frequency deviation and/or
voltage decline. There is equal probably of either occurring.

2) Needs and Objectives of the LTD tools

For the study of slow controls such as AGC, slow dynamic
programs* are still used because in this case fast and/or rough
phenomena are not considered.

It seems that there are no further developments on this kind

of study tool.

Indeed the needs of a universal tool for completely studying
LTD exist, but the problem is difficult. The chief difficulty 1is
that slow and fast transients are mixed. As a consequence, during
major disturbances, the real behavior of a system over a period

of several minutes or tens of minutes cannot be simulated by
means of a classical slow dynamic program which is not able to

display possible fast electromechanical transients.

» A slow dynamic program takes into account the a.c. network
algebraic equations and the mechanical unit differential

equations assuming a linked rotor system.
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Thus, several participants reported that they had developed or
they were developing a new generation, universally applicable

tool to study LTD.

The objectives of LTD studies are several: design of the
system, tuning of controllers or protections, set up of
operational procedures, undérstanding of phenomena, after-the-

fact analysis of large disturbances and training.

3) Current status and perspective of LTD tools

As far as the new generation of tools is concerned, a lot of
work is being done in many countries. We must notice that in
Japan large hybrid simulators have been put in operation recently
or are under development. These simulators are very sophisticat-
ed as far as the hardware is concerned. Some are able to simulate
a wide range of phenomena, including those involving short time
constants, because they simulate in the analog network the volt-
age and current waves. One advantage is the ability to obtain a
real time simulation and perhaps the possibility of connecting
actual egquipment for testing purposes. The disadvantage is
probably the cost and the inflexibility of the analog part. But
other countries have adopted a full digital solution. Thus, we
recommnend that the SC 38 follow future developments in hybrid

simulators.

In the digital sclution, the general tendency is an extended
frequency range of the system modelization: fast (typically rotor

oscillations) and slow (typically boiler transients and
centralized controls on active power or voltage) phenomena are
represented. Progress has been made in "userfriendliness™ : it

is now possible to model some equipment without writing a code.

As far as the algorithms are concerned, some software uses
alternatively a complete model (with fast and slow transients)
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and a simplified one (with only slow transients) according to the
state of the system and employing two different fixed
integration time steps: in such a case, particular attention is
devoted to the linking between the two models and the switching
criteria. Other software uses the same system representation
during all the simulation. Most seem to use a fTixed integration
time step, which can be time consuming. However, one employs a
step varying according to the behavior of the system, and to a
predetermined precision, applying modern mathematical methods.

4) Other comments

There is ongoing research to overcome the limitations of the
actual industrial software included in Dispatcher Training
Simulators which are based on slow dynamic programs. In DTS in
the modeling, real time simulation is mandatory. This
necessitates some simplifications. But some of the developments

made for LTD study tools are being applied to research work on

DTS.

The work of this task force (TF 38.02.08) will be continued
by actual simulation exercises done with several toocls on a set
of test systems. Thus we will be able to clarify the
advantages/disadvantages of the different methodologies presently

in use.

< 7T-3 >






Appendix <1>

Questionnaire on Long-Term Dynamics (L-T-D)

in Power Systems



QUESTIONNAIRE
ON
LONG-TERM DYNAMICS (L-T-D) IN POWER SYSTEMS
Prepared by TF 38.02/0.8, CIGRE

Part A: Experience of Major Disturbances involved with L—T-D
in Various Countries

Remark: In answering Question 1, please use one set of
format (Format A) for each power system disturbance

(QUESTION 1) Major Power System Disturbances involved with
‘ L-T-D in Various Countries

1-1. Have you had any large-scale/medium-scale power system
outages involved with L-T-D in_the_past decade in your country ?
Please check proper answer{ ).

a { ) YES
b () NO
c () Others { ]

In case your answer is YES, please answer questions 1-2
to 5-3 in connection with the outage(s) experienced.

In case your answer is NO, please proceed to Question 2
in Part B.

1-2. With regard to the outage(s}, please proceed with your
answers in accordance with the items presented below.

a. Location of the outage(s) --- name of area,

~utility and country |
b. Date of the outage(s) --- time of the day,

day of the week, yvear )
C. Features of the system structure at the outage(s)
d. Environmental condition prior to the occurrence

of the outage(s) --- meteorological or natural phenomena
e. System condition prior to the occurrénce of the
outage(s) ~-~ heavy load, maintenance of equipments, etc.
f. Primal cause of the outage{s) --- the initiating
event, mal-operation, etc:
g. Chronographic transition of the outage(s) after
the initiating event
h. Scale of the outage(s) --- area of the interrupted

region, amount of the interrupted power supply(MW/MWh},
the outage duration time, etc.
1. Impact to the community.
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1-3. With regard to the cause of outage-spreading and to the
control actions at the outage time, .please proceed with
your answers 1in accordance with the items presented
below.

a. Actions or sequence of actions
of the protective equipments
b. Actions or sequence of actions
of the control equipments
¢. Actions or sequence of actions
of system operator
d. The major factor of the outage-spreading

1-4. With regard to post-outage couhtermeasures, please
proceed with your answers in accordance with the items
presented below.

a. What countermeasure did you take immediately
after the occurrence of the outage(s)?

b. What did you take as a long-term countermeasure
for preventing the similar outage(s)?

c. Do you have any plan in the future for
preventing the similar ocutage(s)?

1-5. If any relevant papers, reports, etc:. on the outage(s)
are available, please let us be informed.

If possible, we would like to have copies enclosed.
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Part B: Needs and Objectives of L-T-D Analysis

Remark: In answering Question 2, please use Format B

{Question 2) Objectives and Functions of L-T-D Analysis

2-1. How is L-T-D defined in your country (organization)?

t : ]

2-2. Has any L-T-D analytical program/simulator (including hybrid
simulator) been developed in your country (organization)?
Please select your answer from the items presented below.

a | ) Developed.

b ( )} Under development.

c ( )} Development is being planned.

d ( ) Development is considered necessary, but
there are no concrete development or
development plans.

e ( } Need for development is not felt.

f { ) Others.

2-3. For what objectives is the L-T-D analytical program/simulator
used?

Please select your answers from the items listed below
(multiple choice admitted).

After - the fact - analysis

Contingency analysis

Drafting of countermeasures to the outage
Operation planning

System stabilizing control

Qthers :

HO o o
Bt g Sl St N Neupeh
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2-4. What are the major functions of L-T-D analysis? Please
select items considered especially important from among
those listed below (multiple choice admitted).

a ( ) to clarify the constitution of the system
which brought the outage spreading '
b ) to analyse the underlying mechanism of the

outage spreading and to zz a cascade of
outages after the initiating event

c ( ) to clarify the behavior of variocus plants
’ {thermal, nuclear, hydro, etc.)
d ( ) to study the control scheme such as: overload

releasing, generator tripping, load reduction
by lowering voltages, system separation,
load shedding, etc.

e ( ) to determine and coordinate the set point
of'frequency/overload relays
£ ( )} to investigate the AGC operation performance

for system stabilization
( } to determine the necessary amount and the
location of spinning reserve
{ ) to develop the training simulator for L-T-D
analysis
i ( )} others
{ ]
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Part C: Current Status and Perspective of Analytical Tools

Remark: 1In the subsequent answers, please use one set of

(Question 3) The L-T-D Analytical Program/Simulator Developments
and Development Schedules.

3-1. Name of the L-T-D analytical program/simulator or the
project.

3-2. Name of the organization engaged.-in the development

3-3. Stage and time of the development

a. Stage of the development
{{ )Planning, ( )Prototyping, { }Testing, { )Practical]
b. Date of commencement
( ]
c. Date of completion
{ i
d. Target year of completion

{ ]
( ]

e. Others

3-4. Motivation and Objective of the L-T-D analytical
program/simulator development :

3-5. Outline of the L-T-D program/simulator

a. Features of the L-T-D program/simulator

b. Structure and general flow of the
program/simulator

c. Environment of the program/simulator

For example, please give answers to the
items listed below.

(1} Computer used for the development.

(2} Computer used for practical operation.

(3) The operating system (0S).

(4) The program language.

(5) Necessary memory capacity.

(6) Others.
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é. The scale of the test system that can be handled.

For example please answer this question in
accordance syith the item presented below.
(1) Number of buses --- generation and
prime mover buses, load buses possible
to be shed, voltage controlled lcad buses
{2) Number of locad points
(3) Number of AGC areas
(4) Number of voltage and reactive
power controllers (OLTC, Sh.C, Sh.R,etc.)
(5) Number of protective relays.

3-6. System components and models that can be handled.

How is each component represented ( mathematical models and
block diagrams )? Please refer to the following classifications.

a. Plant models

* Thermal plants
Nuclear plants
Hydro plants
Gas turbines
Others

* % % %

b. Speed governor models
* Thermal plants
* Nuclear plants
* Hydro plants
* Gas turbines
* QOthers

c. Generator models
* Synchronous generators
* Induction generators
* Qthers

d. Excitation system models
* AVR
* PSS
* QOthers

e. Transmission system mcdels

* Transmission lines ( s type/T type, Positive
sequence/Three phases, Detailed/Simplified, etc.)

* Tansformers

* Under excitation controller, Over excitation
controller, Automatic reactive power regulator

* On-load tap changer, shunt capacitor, shunt
reactor, static var compensator
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It

Load models
* Static load characteristics
Voltage characteristics
Frequency characteristics
Voltage/Frequency characteristics
* Dynamic load characteristics
Induction motor
Others

g. Relay models

* Under-frequency load shedding
Under-frequency unit trip
Under-voltage load trip
Under-voltage unit trip
Loss-of-excitation unit trip
Distance relays for line protection
Others

* % A %k % o

h. Dispatch center / System stabilizing control model
AGC { LFC & ELD )

* Voltage and reactive power control

* System Stabilizing controller

* Others

*

i. Others

3-7. How is the dynamic characteristic of generator represented?

For example, please answer this question according to
classifications given below.

a. Detailed Park's model / Swing equation for
individual units

b. Simplified Park's model / Swing equation for
individual units ‘

c. Xd' model / Swing equation for individual units

d. Algebraic equation model for individual units
and power flow computation

e. Uniform frequency model for all units (aggregate
inertia). and power flow computation

f. Uniform frequency model for all units (aggregate
inertia)

g. Others

( 1
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3-8. What method is used for load flow computation?

For example, please answer this gquestion according to
classifications given below.

a. Detailed power flow computation (AC model)
b. Linearized power flow computation (DC mecdel)
c. Others .

[ ]

And, how often is the load flow computation run in order to
determine conditions on the network and. to obtain the
electrical lcading on each of the generators.

( }

3-9. What sort of disturbances can be handled in the L-T-D
program/simulator?

For example, please answer this question'as given below.

a. Load change at buses
b. Loss of load feeders
c¢. Loss of generating plants
d. Reduction of generator outputs
e. Loss of transmission lines
f. Loss of switching station
g. Loss of substation
h. Scenario comprising the combination of such disturbances
i. Others
[ ]

3-10. Please tell us about the analytical technique used
for simulation.

a. Simulation time range to be handled.

( ]

b. Calculation time steps.

{ ]

¢. Numerical integration technique (especially for
enhancement of calculation efficiency).

For example,

(1) Runge-Kutta method (fixed/variable time step})
(2) Predictor-Corrector method (e.g. Milne method)
(3) Trapezoidal method
{4) Others

( ]
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d. Is model change during simulation possible?

( ]

e. Up to what extent of frequency and voltage deviation
is it possible to handle (saturation, limiter, etc.)z

{ )

3-11. In simulation, how are the actions of the operator handled?
( )

3-12. What sort of information regarding L-T-D can be obtained
from this program/simulator?

For example, please answer this question according to
classifications given below. ‘

a. Dynamic responses of power flow, voltage phase
angle, fregquency, etc.

b. Dynamic behavior of state variables-in plants, such
as steam flow, pressure, temperature, feed water.

c. Relays action

d. Acticon of controllers,

e. Intervention of system operators (decision making,
mal-operation, etc.)

f. Others

{ 1

3-13. How do you initialize the L-T-D simulation
program/simulator, namely the .initial state of a power
system ? However black start is excluded from the scope of

this guestionnaire.

3-14. What 'is this program/simulator's interface like?

( ]
3-15. If any papers, reports, etc. related to this
program/simulator are available, please list them.

If possible, we would like to have copies enclosed.
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(Question 4} Application of the Developed Program/Simulator

to Test Systeus

Note:

The objective is to obtain the preliminary
information on the test system to be used in *“he
contest, which is planned in the second phase of tie
TF activity following the present survey.

Only the TF members are requested to answer
question 4.

Structure, conditions and parameters of the test system.

Condition and scenario of the simulated Contingencies,
the sequence of events, etc.

Simulation results on the test system

For example,

a.
b.

C.
a.
e.

f.

Dynamic responses of power flow, voltage phase
angle, frequency, etc.
Dynamic behavior of state variables in steam plants,
such as steam flow, pressure, temperature, feed water.
Relay action
Controller action
Intervention of system operators (decision making,
mal-operation, etc.)
Others

( ]

Consideration on application results

For example, accuracy, CPU time, etc.

Would you please show us the validation methods for the
models qualification.

( ]
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(Question S5) Future Development/Improvement of the program/simulator

$5-1. Problems to be solved 1in the application of the
program/simulator.

( ]

5-2. Points to be improved in the future.

{ ]

5-3. Future development plans or new projects.

[ ]

Thank you very much for your kind cooperation.
If you have any question on this questionnaire, please contact,

Yasuo TAMURA
Dept. of Electrical Engineering
Waseda University '
3-4-1 Ohkubo, Shinjuku-ku
Tokyo 169 Japan

Fax 81-3-205-2615 (direct)

Tel 81-3-200-3097

Please return your answer to the same address no later than
April 30, 1930. :
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Appendix <2>

Relevant Formats for Reply to the Questicnnaire



Experience of Major Disturbances involved with L-T-D in Various Countries
( Part A }
{ Format A-1/2 )

Format A

( Question 1 } Major Power System Disturbances involved with L-T-D in Various Countries

c. System structure

e. System condition

f. Primal cause

g. Chronographic transition

i. Impact to the community

4 Continued } { No. Al1-

< A-2-1 >



Format A
{ Format A-2/2 )

b. Actions of the control equipments

d. The major factor of the outage spreading

c. Plan in the future

1-5. List of reference(s)

Name of respondent{s), organization(s), country

[ No. A2- )

< A-2-2 >



Format B

Reeds and Objectives of L-T-D Analysis

{ Part B )
{ Format B-1/1

)

{ Question 2 ) Objectives and Functions of L-T-D Analysis

a { ) Developed.
b ¢ ) Under development.
¢ { ) Devélopment is beilng planned.
d { ) Development is considered necessary, but there are no concrete development or
development plans.
Need for development is not felt.

e (
£ ) Others.

(

2-3. Objectives of L-T-D analytical program/simulator

[

After - the fact -~ analysis

Contingency analysis
Drafting of countermeasures to the outage

)

)

}

) Operation planning

} System stabilizing control
)} Others

2-4. Major functions of L-T-D analysis

a( ) to
b { } to

of
c { ) to
d{ } to

TG
—— -
e e e

clarify
analyse
outages
clarify

study the control scheme such as overload releasing, generator,
load reduction by lowering voltages, system separation, load shedding, etc.
to determine and coordinate the set point of frequency/overload relays

to investigate the AGC operation performance for system stabilization

to determine the necessary amount and the location of spinning reserve

to develop the training simulator for L-T-D analysis

others

[

the constitution of the system which brought the outage spreading
the underlying mechanism of the outage spreading and to ## a cascade
after the initiating event

the behavior of various plants (thermal, nuclear, hydro, etc.)
tripping,

Name of respondent(s), organization{s), country

[ No. B1-
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Format C Current Status and Perspective of Analytical Tools
{ Part C )
{ Format C-1/7)

{Question 3) The L-T-D Analytical Program/Simulator Developments and Development Schedules.

3-1. Name of the project

a. Stage of the development
[ ( yPlanning, JPrototyping, ¢ 1Testing, ( JPractical )

e. Others

3-4. Hotviation and objective of the L-T-D analytic program/simulator development

{ Continued )} [ No. C1- )
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Format C

{ Format €¢-2/7}

a. Features of the L-T=D program/simulator

b. Structure and general flow of the program/simulator

< Extra sheets may be added, if necessary >

¢. Environment of the program/simulator

d Scale of the test system that can be handled

{ Continued ) [ No. C2- }
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Format C
{ Format C-3/7)

¢« Extra sheets may be added, if necessary. »

( Continued ) [ No. C3- ]
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Format C
{ Format C-4/7)

3-8. Method of load flow computation

3-10. Analytical technigues for simulation

e. Freguency / voltage deviation

{ Continued } { No. C4- ]
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Format C
( Format C-5)

3-11. How to handle or actions of the operator

3-13. 1Initialization of the program/simulator

3-14. Interface of the program/simulator

3-15. List of the reference(s)

{ Continued ) [ No. C5- ]
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Format C

{ Format C-6/7)

{(Question 4) Application of the Developed Program/Simulator to Test Systems

4-2. Condition and scenario in the simulation

4-3. Simulation results

4-4. Consideration on the application results

4~5. VvValidation methods

{ Continued ) [ No. C6-
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Format C

{ Format C-7/7)

(Question 5) Future Qevelopment/lmprovement

5-1. Problems to be solved in the application of the program/simulator

Name of respondent(s), organization{s), country

[ No. C7- ]
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Appendix <3>

Simulation Software for L-T-D in Operation

Program

Program

Program

Program

Program

Program

(1)

(2)

(3)

(4)

(5}

(6)

EUROSTAG (EDF/TRACTEBEL)
Intelligent System for L-T-D Analysis (PRI)
Digital Program: STRALE(ENEL)

Y-Method Power System Dynamics Simulation
Program (CRIEPI)

AGCSTM2 (ECC)

Dynamic Model of the Power System Behéviors

(PSI)



Program{1l) EUROSTAG

France C-1 (EDF/TRACTEBEL) {(Format C)

TRACTEBEL
ELECTRICITE DE FRANCE

a. Stage of the development
[( )Planning, ( )Prototyplng, { )Testing, ( X)Practical]
b. Date of commencement
1984
c. Date of completion
1989

d. Target year of completion

e, QOther

Te have a tool able to simulate all the dynamics of a power system with exception of fast
electromagnetic translents, This single tool 1s able to simulate with accuracy the behavior
of the system during a perlod of time ranging from a few seconds up to several hours. It takes
takes into account the phenomena ranging from electromechanical rotor oscillations to very
slow boiler dynamics or to the load Increase,.

This single tool replaces the transient stability and the long-term stability programs,
avolds the gap between transient and long-term simulations, allows to observe the complete
recovery of steady state condition after a disturbance and suppress the need of successive
initialization calculations when simulating behaviors with alternans of fast and slow
dynamics.
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C.

. Features of the L-T-D program/simulator

The integration step varies continucusly and automatically, ensuring constant
calculation accuracy whatever the speed of the excited phenomena.

The algebralc equatiocns are solved simultaneously In the correction phase of the
integratlion algorithm.

An appropriate management of the numerous discontinuities appearing in process and
controller models allows a smooth variation of the stepsize.

A graphlcal simulation macrolanguage allows the user the greatest freedom as regards the
definition of hls own models.

.Various operations can be initiated, as the simulation is running, through operator

actions.

Structure and general flow of the program/simulator

' e

PERSOMNAL
tiﬂfff’%7lnxanAnr \\\\\\
2y

GRAPHICAL FROCESS ANALYTICAL
HACNOLANGUADE AUD HAIH l__£> AHD CRAPIHICAL
PROGRAH [ N<oHTROLLER SIHULATION rOST-FROCESS ING
HODELS P ROGRAH P ROGRAH
STANOARD.

LIBRARY

[

INITIALIIATION OPEAATOR
LOAD-FLOH ACTIOHS
PROGRAH

Environment of the program/simulator

{1) WORKSTATIONS (APOLLO, SUN, VAX)
(2) WORKSTATIONS (H.P., APOLLO, SUN, VAX) + CRAY, IBM AND VAX mainframe connected to

workstations

(3) UNIX &nd vMS
(4) FORTRAN
(5) Min. 8 MB CORE MEMORY

COMMENTS : The development has been done with the help of an englneering software tool.

d.

Scale of the test system that can be handled

Number of buses : 2000
Number of generator : 200
Kumber of induction motors : 200
Number of load buses possible to be shed : 2000
Number of load buses : 2000
Number of dynamic load buses : 200
Rumber of AGC or AVC areas : no limit
Kumber of OLTC : 200
Number of Sh. C. : no limit
Number of Sh. R, : ne limit
Number of S.V.C. : 200
Number of protectlon relays no limit
TOTAL NUMBER OF STATE VARIABLE : 5000



Prellminary remark
The macrolanguage of EUROSTAG allows the user to build his own library of process an

controller models. The user of EUROSTAG can also use standard libraries of classical models
(for Instance IEEE models), that are easy to code with the help of the macrolanguage.
The modellzation of the units Is very flexible by creating aggregates of "macroblocks",
each device of the unit being coded separately (turbine, governor, bypass, AVR, ...).
See papers In reference.

a} PLANT MODELS : through macrolanguage
b) SPEED GOVERNCR MODEL : through macrolanguage

¢} GENERATOR MODEL :
Synchronous : Full Park 4 rotor winding model- saturatlion effect in both axes.
Induction : see Induction motor model.

d) EXCITATION SYSTEM MODEL : through macrolanguage
e) TRANSMISSION SYSTEM MODELS :

Lines :

« Jl-type positive sequence model with dependency to frequency.
Three phase model in progress.

#« Transformers : off-nominal model with 0.L.T.C. Leakage

reactance depends on tap position.

+ Under excitation controller, over excitation controller,
automatic reactive power regulator are modelled through
macrolanguge as s part the AVR system.

#« 0.L.T.C. : modelled through operator action or through

specific automation model if automatic.

# Shunt capacitor, shunt reactor : as switchable impedances.

# Static Var Compensator : By means of the macrolanguage, the
SVC and its controller dynamics can be modelized at the
users’ level.

f} LOAD MODELS

# Static load characteristics

A O A 4 4
P=Po |---] [---|

[Vo | {fo |

| vig| el
Q=Qqo {-—-| |[---

{Vo | |fo |

Active and reactive loads are sensitive to the voltage and
the frequency.
#* Dynamic load characteristics
- Induction motors: simplified model : no rotor transients (1 state variable model)
- full 2 cage rotor model (5 state variable models)
- P(t) + jQ(t) : Active and reactive parts of the load can be the output of a
transfer function or any block-diagram coded by mneans of the macro-language.

g} RELAYS MODELS

A library of relay models has been developed f{or specific applications :
- over- and under-frequency relays
- under-voltage relays
- overload relays
- lmpedance relays
- loss-of-synchronism relays for use on generators or for automatic separation of
sub-systems.

h) DISPATCHER CENTER (System Stabllizing Control Model)

AGC and secondary voltage control has been modelled.



A detailed power flow computation Is used. The complex admittance matrix formulation is
solved at each step, slmultaneously, In the correction phase of the integration algorithm.

- short-circuit
- closing and opening of lines (lncluding separation of synchronization of sub-systems).

~ gtart-up of induction motors

- switching loads on and off

- transformer tap changer operatlons

~ controller set-polnt changes

- any combination of the former disturbances

&a. Simulation time range

from 1 to 10000 s.
b. Time steps

From about 0.001 to 100 s.
¢. Numerical integration technique

Predictor-corrector method with variable stepsize and control of truncation error.
Simultaneously resolution pf algebralc equations.

d. Model change

No model changes are possible during the simulation. The full modelization 1s used for
fast or slow dynamics.

e. Frequency / voltage deviation

Up to the operation of the protection devices.



The program looks 1llke an interactive simulator. The interactive graphic display of
variables during the integration process allows the operator to take the decision applying an
operation (a disturbance) to system. He can interrupt the integration process, order the
operation and restart the calculation as many times he wants. Another possibility is a batch
simulation where the operator actions are described in a file, before running the simulation.

The use of post-processing allows the graphical display and printing of any state
variables. The computation of this quantitles is made interactlvely, at the request of
operator. As an example, polnts a) to e} of proposed classificatlon are obtainable.

Steady state conditions before the L.T.D simulation are determined by means of load flow
calculation, and, if necessary, by interactive operations on the simulated system and after
complete damping of the related disturbances.

The program is normally run on a workstation allowing flexlible and user-friendly dialog
with the operator. When used Iin batch in mainframes, the result flles area transferred on
workstations to allow the use of post-processing program.

STUBBE M.. A.BIHAIN, J.DEUSE AKD J.C.BADDER (1988}.
"STAG - A new unified software program for the study of dynamic behaviour of electrical
power systems", 88 WM 213-1, New York.

STUBBE M., A.BIHAIN, J.C.BADDER AND J.DEUSE (1988).
"gimulation of dynamic behaviour of electrical power systems in short- and long-term”
CIGRE, Paris. Paper No.38-03.



The proposed test system has been presented during the TF 38-02/08 meeting in Brussels, on
27th February 1990. Please refer to the paper submitted at that occaslion.



ALGORITHMICS
- Treatments of very large systems (more than 3,000 nodes)

- Extension to faster phenomena

HARDWARE
- Use of multiprocessor computers

PROCESS AND CONTROLLER MODELS
- Set-up of a standard library iIf AVR, turbines, bollers and SVC models.
-~ Set-up of standard llbrary of automatons : protection relays, tap changers ;...

USER FRIENDLINESS
- Graphical display of network diagram, and assisted data entry.

NETWORK
- Unsymmetrical conditions
- Detailed topology of substations
- DC 1inks

M.STUBBE Y.LOGEAY / J.P.CLERFEUILLE
TRACTABEL
ELECTRICITE DE FRANCE



Program(2) Intelligent System for L-T-D Analysis

Czechoslovakia C-1 (PR1)

{Format C)

a. Stage of the development

[{ )Planning, { )Prototyping, {( X)Testing, ( )Practical]

b. Date of commencement
Partly in 1983, 1988

¢. Date of completion

e. Other

Blocks of program are gradually developed according to he practical requests.

Motlivation: Great number of outages in IPS durlng the years 1980-1986

Objective : After-The fact-Analysis
Contingency Analysls
Drafting of countermeasures to the outage
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a. Features of the L-T-D program/simulator

Calculations of load flows including the load voltage and frequency characteristices.
Calculations of voltage and frequency stability. Translent stabllity calculations for
voltage collapse and asynchronous operation analysis.

b. Structure and general flow of the program/simulator

Program for load flow analysis utilizing both Newton-Raphson and Gauss-Seidel methods.
Expert system for power transfer capability and voltage stability analysis.

Program for frequency stability analysls.

Program for transient stabllity analysls.

c¢. Environment of the program/simulator

(1) Computer used for the development:EC 1034 {compatible with IBM/370) PC AT
{2) Computer used for practical operation: EC 1034

(3} The operating System: VM/370-CMS

(4} The program language: FORTRAN 77, PASCAL

(5} Necessary memory capaclty: 550-600 KB

d. Scale of the test system that can be handled

(1) Load flow, power transfer capability and voltage stability programs :
Max{mum number of buses {generators and lovads) is 1000, A
Maximum number of branches is 1600 from which 200 transformers can be simulated.

The voltage control 1ls possible in rack generator.
Statlc reactive power controllers can be simulated in every node.

(2)Translent stability program:

The scale of the system Ls 800 buses, 1200 branches, 300 transformers, 300 protective
relays 30 HVDC links.



The computer program for stability calculation is described in enclosed report, “Effect of
the HVDC control on resynchronlzation of near-connected turbine-generators.



See the same reference as In 3-6.

Detailed power flow computation (AC model).
One solution has from 6 to 12 lterations.

a. Load changes at buses

b. Loss of load feeders

¢. Loss of generating plants

d. Reduction of generator outputs

e. Loss of transmission lines

f. Loss of switching station

g. Loss of substation

h. Loss of electrical areas {islands operation}

i. Loss of HVDC links

j. Change of power transfer capabllity of HVDC links

a. Simulation time range

Load flow and power transfer capabllity programs enable simulations with long time range
g:ehz¥:§éient stability program Is utilized for time range up tec 30 s.
b. Time steps

Time step of transient stability calculation is 0.05 - 0.1 s.
c¢. Numerical integration technique

Euler Method

d. Mcdel change

Model can be changed before simulation

e. Frequency / voltage deviation

Even asynchronous operation can be simulated.



The operator actions may be handled in the load flow program. The actions include the
secondary control of active power, switching the elements of Power System, reactive power
control and pumped-storage plant operation,

Dynamic responses of power flows, voltage phase angles, swing curves, ralays actions,
actjon of controllers, HVDC links operation and Intervention of system operators.

The L-T-D simulation is Initialized from normal power system operation.

The 1interface between program and user includes monitors, printers, terminals.

M.Rusnak, V.Vyskocil, F.Kozak, P.Pavlinec
Effect of the HVDC control on resynchronization of near-connected turbine generators.

EP/SEM.10R.20; UN ECE Seminar on HVDC techniques, Stockholm, Sweden, May 6-9, 198



4-2. Condition and scenario in the simulatlion
4-3. Simulation results

4-4. Consideration on the application result
4-5, Validatioo methods




Automatization of calculations and utilization for real-time analysis in dispatch center.

Model of generators, model change during simulatlon, !mproving the interface (graphic,
automatic results proceeding).

Development of L-T-D expert system.

Messrs F.Kozak, P.Pavlinec, P.Modlitba
Power research Institute Brno Czechoslovakia




Program(3)} Digital Program: STRALE

italy C-1 (ENEL} (Format )

a. Stage of the development
(( )Pilanning, { )Prototyping, ( )Testing, ( X)Practical]
b. Date of commencement
1.1.1984
c. Date of completion
31.12.1987

d. Target year of completion

In the past, a simplified long-term dynamic modeling was considered by ENEL {implemented
in the simulation code named FREMED), based on the following :

- The electromechanical oscillations between generators were neglected only the mean
frequency transients were considered.

- The network structure ( lines, transformers, busbars,...) was neglected too: as
consequence, information- concerning bus voltages, line currents and power flows was
completely lacking.

- The representation of primary frequency contrel, of supply systems and of prime movers
was very simplified and referred only to the first time lnstants response after a
perturbation. Besides, the various network units were ground into some "equivalent units"
even if with a certaln degree of detall (hydro, thermal, gas turbine, constant power).

- All the other slow controls, both of continuous type as the load-frequency regulation, and
of discontinuous one as the protectlon, were not modelled with the exception of automatic
load-shedding devices. They were represented by a single equivalent load-shedder,
approximately accounting for all the true equipment installed in the systen.

In the last years, the presence of new power system controls, as the secondly voltage
regulation, together with a better knowledge of system phenomena and slow controls behaviour
and with the occurrence of widespread and complicated incidents in the ENEL power system have
put into evidence the need to improve the long-term dynamic medelling and the relevant
simulation code, by respect to the above-mentioned simplified representation. It is
nevertheless interesting to remark that the latter remains effectlve, with a very good
accuracy degree, if the problem to be considered is only that of designing or verifying an
automatlic load-shedding plan (based on frequency or on frequency and its time derivative).



a. Features of the L-T-D program/simulator

STRALE can simulate network aving 1000 buses and 200 power stations and associateg
controls.

b. Structure and'general flow of the program/simulator

The software of STRALE consists of a package of three main programs (see Fig.1). The
first program checks the input data, 1initialized the state variables and
organizes all the data in a structured data-base. A part of input data, that s the
network parameters and the steady-state values of the network varlables, is automatically
prepared through a standard load-flow program. The remaining data, that is the set of data
relevant to the dynamic models are manually prepared by standard editor program.The second
program accepts directives to perform simulation and to store the results on an output
file. It implements the models of the network, of the thermal and hydro units, of the
frequency/power and of the secondary voltage regulators, of the load-shedding and of the
secondary voltage regulators, of the load-shedding devices, of the tap changers under
load, and s0 on. It also manages disturbances that cause the network separation in two or
more parts. This program accepts directive (by commands} from the terminal keyboard in
order
+ to iIntroduce disturbances, as unit tripping, lines opening and closing, load
disconnection, and so on,
* to insert some manual controls, as changing the set-point values,
+ to perform a batch simulation during a given time Interval (see extra sheet)

¢. Environment of the program/simulator

STRALE 1s written in Fortran language and runs on APOLLO Domain Workstation.

d. Scale of the test system that can be handled

Usually, a part or the complete ENEL HV network (about 600 bused 150 power stations)
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Figure 1: STRALE Architecture
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Since all the phenomena listed In the point 2.1 are sufficiently slower than those
assoclated with osclllations between the rotors of the various generators (electromechanical
oscillatlons), It !s possible to assume that the speed Is the same for all the units of a
connected network (mean frequency concept}, as In the abeve-mentioned simplified
modelling. More generally, i1t may be assumed that both the electromechanical transients
are neglected, and therefore, in particular, both the electroméchanical oscillations and the
relative rapld dynamics of the primary voltage centrol loops are so as well.

The hypothesis that the speed is the same for all the units is equivalent as saying that
there exists one single rotor that rotates at the average speed { or the mean frequency
fo=0a/2x ).as if the network had only one machine. Consequently the rotor angles of
varilous wmachines no longer have any significance, and each generator is described by Just one
differential equation in respect of mechanical equilibrium

1 (1)

Pflo - (Pup = Pop)

Hh

{h=1,..., n) If there are n alternators present). Pmh, Peh, Mn are the mechanical power, the
delivered active electrical power, and the inertia coefflclent of any alternator,
respectively while p stands for the der!vation operator with regard to time (p = d/dt), or 1/p
represents the integration operator,

The assumption that the dynamics of the primary voltage control loops is neglected is
equivalent to assuming that the voltage v at the terminals of each generator 1is practically
the same as the reference voltage regulator, unless there be a compound; thus the electrical
parts of the wunit {i.e. the amplitudes of the Internal e.n.f.s.} disappear. The terminal
voltage of a group will therefore be varlable only if Vref varies, that 1s in the case of the
operation of over/under- excitation limiting circults or to the action of secondary voltage
regulation.

Main regulations

As regards the various regulations, Flg.2 and 3 show, In qualitative terms, the main ones:
the frequency and active power control of thermal and hydre units, the voltage regulation
of a generic unit which may be submitted to the secondary voltage control of a given
network area. ¥ithout golng inte too much detail, It is nevertheless Iinteresting to
cbserve the following.

a) For frequency control

* The model of thermal units takes into account the frequency bias, the speed governor,
the -power regulator, the boller and the superheater, the boiler contrels, the value
control, the MP and MP-LP stages of the turblne, several non-linearities. The power
reference (Pref) can be Imposed 1locally, through the load-programmer, or else
ocriginate from the network regulator (level signal of the load-frequency control).

¢« The boller controls are not all those present, but only the faster ones from the
point of view of the thermal process; that is those that may have the greatest effect on
the network quantities behaviour; in practice, the admission steam pressure regulation
and the firing (or alr/fuel and water supply) controls.

* The representation of hydro units includes several types of speed governors {old and
modern solutions, with temporary droop, with accelerometer, electrohydraulic regulators)
: the upper and lower limits on the needle servomotor and the deflector action for
Pelton turbines; the efficiency as a suitable algebralc function of gate ratio, water
head and speed (based on typical hill dlagrams) for Francls turbines: several non
linearities (mainly due to steady-state characteristics).

b) For voltage control

* The steady-state operation inside the over/under-excitation 1limits 1s ensured by the
presence of the limiting circults (the computation of the limit excitation current
1 also takes into account the magnetic saturations of the alternator), 1f the unit is
no submitted to the secondary voltage control.

* Conversely, 1f the  unit takes part in this regulation, the explicit
representation of limiting circuits becomes superfluous, inasmuch as the static
characteristics between the reactive power level ql of the area and the reactive power
regulator reference qref of the unlt {s limited by the wmaximum values (qmax and qmin)
of {ts deliverable reactive power. These limlit power,which are varlable depending on the
operating point, are calculated on the basis of suitable algebralc expressions,
accounting for magnetlic saturations,in terms of the terminal voltage v and of the active
electrical power Pe dellvered by the unit.
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Overall mocdel
First of all , it seems worthwhile to note that

- The dynamic order of the models concerning the frequency and active power regulation
(see Fig.2) 1s, at most, equal to 10.

- The dynamic order of the model deplcted In Fig.3 1s very low, inasmuch as both the
secondary regulator of each area (which has, as 1its finput, the difference between the
reference vp'ref of the pilot node In that area and the actual voltage vp). the reactive
power regulator of a group, and the limlting circuits are each described by a single
differential equation of the 1st order.

- The models of the other control equipment ( load-frequency regulators and voltage
regulators of the on-load tap-changers) are even simpler.

The overall non-linear model of the electric power system for the slmulation of slow
dynamic behaviour can then be made to correspond to correspond to the qualitative block
dlagram depicted in Fig.4, in which the meaning of the vectors is the following

[V1] voltages of the pllot nodes of the secondary voltage regulation and of the nodes with
on-load tap-changers,

[Pg} active powers generated by the units,

{Qe] reactive powers generated by the units,

{Vg] voltage at the unlt-terminals,

fm} transformation ratios of the on-load tap-changers,

{Pm] mechanical powers of the units,

(Pt] active power flows controlled by the secondary frequency regulation.

Figure 4 shows clearly two domains: that of the frequency and that of the voltage, which
interact through the network.
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Already described In 3-6.

The method for solving the non-linear algebraic equations of the network and that one
related to the mean frequency derivative represents an extension of the STOTT's method
accounting for the equation of the mean frequency derivative. More precisely, there are three
decoupled systems of equatlons: active power and voltage phases, reactive powers and voltage
amplitudes, mean frequency derivative. In particular, the 1last one consists of a number of
equations equal to the number of network separated parts. The Jacoblan matrices are
constant during the simulation until a perturbation happens that wmodifies the network
topology. The algebralc equation systems are solved by a classical UL factorization method
of sparse matrices.

- Lines opening or reclosing

- Units tripping

- Load-shedding or restoration

- Change of references and of parameters of regulations

a. Simulation time range

From few seconds to several minutes
b. Time steps

0.5 - 1 second
¢. Numerical integration technique

2nd order explicit predictor-corrector method

d. Model change

e. Frequency / voltage deviation

46-54 Hz: 0.7-1.3 kv p.u.



Manually by the run irstructlons

STRALE is automatically connected to ENEL load-flow program in order to have the necessary
initialization. ’

[{1] Baratella, P., and co-workers (1988). Recent and sophisticated developments of
long-term dynamic modelling for the reconstruction of real incidents in the ENEL
power system.

Proceedings of IFAC Symposium on Power System, Modelling and Control
Applications, Brussels, September 1988.

[2] Arcidiacono, V., and co-workers (1979). On line detection and recording of major
disturbance in the ENEL power system.
Proceedings of the 1979 PICA Conference, pp.273-283.

[3] Arcidiacono, V., (1583). Automatic voltage and reactive power control in transmission
system.

Proceedings of the CIGRE-IFAC Symposium 33-83, Florence 1983, Survey Paper E.
{4] Arcidiaconc, V., and S.Cors! {1985).Secondary voltage control at ENEL. Report prepared
for GEGB/EDF/ENEL Collaboration WG 1/1, November 1985.
[5] Baratella,P., and co-workers {1981). The package of ENEL digital programs for off-line
dynamic security studies. Proceedings of the Seventh PSCC, Lausanne 1981,pp.922-923.
(6] Colombo, F., and co-workers (1983). Considerations upon the representation of turbine
and boller in the dynamic response of fossil fired electrical units. Proceedings of
the CIGRE-IFAC Symposium 33-83, Florence 1583, paper N. 310-05.
[7] EPRI (1974). Long Term Power System Dynamlcs. Vol.l. Summary and technical report.
EPRI 90-7-0, Final Report, June 1974.

{81 EPRI (1975). Long Term System Dynamics. Hybrid Simulatien.
EPRI 908-1, Final Report, May 1975,

{9] EPRI (1977). Long Term Power System Dynamics. Phase II.
EPRI EL-367,Project 764-1, Final Report, February 1977.

{10] Ferrai, E., (1982). Block diagrams and typlcal transfer functlons of turbine speed
regulating systems. Report of CIGRE WG 31/32-03, November 1982.

[11] Marconato, R.,{1984/85). Sistem! electtricl di potenza, Vol.I and II. Cooperativa
Libraria del Politecnice di Milane, CLUP, Milano. .

{12] Quaxza, g., and E. Ferrari (1972}. Role of power station contrel iIn coverall system
operation. In E. Handschin (ED.}.

Real time control of electric power systems. Elsevier Publishling Company,
Ansterdam -London-New York. pp.215-257,
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See point 3-5.4d

Network splitting inside ENEL system

Very good agreement with the experimental recordings made by the HIPES system described
In ref.2 of the 3-14.

1) Some changes in the setting of load-shedders
2) Some variations in the regulation of thermal units

A system of relatively small dimension (20 busses, 5 power stations) but having the
possibility to put into evidence all the phenomena assoclated to LTD.



Future Development/Improvement

None

Modelling of the several regulations of the thermal units.

Dr.Roberto Marconato, ENEL - Automatica Research Centre, Italy



Program(4) Y-Method Power System Dynamics Simulation Program

(Format C)
Current Status and Perspectlve of Analytical Tools

a. Stage of the developument
[{ }Planning, ( )Prototyping, { )Testing, ( X)Practical]
b. Date of commencement
1975
¢. Date of completion
1985
d. Target year of completion

e. Other

The objective of this program are to simulate as possibly as precisely power system
dynamics and phenomena such as power swing, frequency, and voltage fluctuation, power plant
dynamics, and so on {n the time range of a few seconds to a few minutes and to utilize for
power system planning, operation, and development of new type machines, equipments, control

systems, and so on.

< A-3-26 >



a. Features of the L-T-D program/simulator

Corresponding to the objective, the sufficilently detailed models of the elements in power
system are used in this program.

b. Structure and general flow of the program/simulator

IDatasetpmgr‘am I

l

Pover flow calcuration program
(Initial power flow setting)

rFmer system dynamics simlationj

[ Output: editing progran|

¢. Environment of the program/simulator

In the almost all large computer system
(IBM, FACOM, HITAC, and so on)

d. Scale of the test system that can be handled

generator:400, bus:1000, branch:1200 (1.8MB)



a. Plant Mcdels

Thermal plants (Once throigh, Prum),
Nuclear plants {BWR, PWR},
Hydro plants
1.simplified turbine and conduit model (1-Ts/1+1/2Ts)
2.pump-turbine complete characteristics and elastic conduit model
Gas turbines (slmple model with governor model)

b. Speed governor models

Thermal Plants
1.Slwple models (Speed governor + Control valves),
2.Detail models (MHC{Mechanical Hydraulic Control),
EHC{Electro-Hydroullc Control),including intercept valves and over speed
protection)
Nuclear Plants
Detall models (MHC, EHG, including intercept valves, over speed protection, and
bypass valves)
Hydro Plants
Gas Turbines

¢. Generator and Motor models

Synchronous machine : simplified Park's model (1.e. p¥d=p¥q=0) saturation
Induction machine : rotor dynamics {armature transient neglected)

d. Excitation System Models

AVR, PSS
OEL, UEL, AQR, APFR or other functions can be used

e. Transmission System Models

Transmission lines : equivalent
positive, negative, zero sequence representation
. algebraic equation (dynamics are neglected)
Transformers : JX, tap

f. Load models

Static load model : function of voltage and frequency
Dynamic load model :
Induction machine-torque is a functlon of rotor speed
Linearized dynamlc load model
Load trip characteristics by voltage drop
Statlc Var compensator

g. Relay models
Frequency relay : under, over, derivative under-frequency relay

Function : load shedding, unit trip, branch open
Step-out relay :



b. Simplified Park’'s model / Swing equation for Individual units

a. AC model

At each time step

Load change at buses

Loss of load feeders

Loss of generating plants

Change of generating plants

Loss of transmission lines {this includes Loss of switching statlon and substation)
Scenario comprising the combination of such disturbances

iI. Others

Setting point change such as in AVR or Governor

Tap change of transformers

Faults including unsymmetrical condition

FoOoAODD

a. Siiulation time range
A few seconds to a few minutes.
b. Time steps
Typically 0.01 second.
¢. Numerical Iintegration technique
4-th Runge-Kutta (fixed time step).
d. Model change
None
e. Frequency / voltage deviation

Typically, for sustained derivation 1Hz, -20% to.+10% voltage
for transient change dHz, -100% to +30% voltage



Sequence setting (input data setting)

a.,b.,c. and d. in the explanation of "QUESTIONNAIRE ON LONG-TERM DYNAMICS ({L-T-D) IN
POWER SYSTEMS".

The Initial condition of plants, controller and so on are automatlcally determined and set
from initial power flow calculation result and their constants.

Special interface are not used for the program except usually equipped in a large computer
system.

To be published,
‘Aggregated Large-scale-software for Power-System Stability', CRIEPI Report.



ﬁ__%\l- —

I PData LEntry J

Preparatory Calculation

-Opﬁimal Ordering of nodes
«Comfimatien of system separation i
«Composition of admittance matrix, etc.

Initialfization

«Base load Tflow calculation with Newton-Raphson

techinique
«Initialization of generation control system
eInitinlization of voltage-reactive power control

system, etc.

t=1

pe

Specification of Load and Generation Qutput

«Specification of real and reactive loads at time t
«Specification of generator cutput power at time t

Load Flow Calculation

«Load Tlow calculation consldering dynamlic
characteristics of load and generation

Calculation of Voltage-Reactive Power Control
System Actlon

spActlion of OLTC
«pction of SC/ShR

~#Action of voltapge-reactive power control system,

etc,

Specification of System Disturbance

«Line trippipg. etc.

Nofﬂ/,f”’l%‘ﬁwhﬁx

o
/LYES

TN

S

Analysls Method for Power System voltage Dynamles
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Program(5) AGCSTM2

U.S.A C-2 (ECC 1.} (Format C)
Current Status and Perspect-ve of Analytical Tools

a. Stage of the development
(( )Planning, ( )Prototyping, { )Testing, ( X)Practical]

b. Date of commencement

1987
c. Date of completion

Version 1 1989
d. Target year of completion

Version 2 1991

e. Other

Synthesis and evaluation of AGC and of Var control.
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a. Features of the L-T-D program/simulator

See attached.

b. Structure and general flow of the program/simulator

See attached.

¢. Environment of the program/simulator

VAX/VMS
IBM PC and compatlibles.

d. Scale of the test system that can be handled

Direct function of available memory



FEATURES

CAPABILITIES

System models are buillt, units may be added or deleted, and thelr parameters may be
modified, interactively. Default values are provided for all unit types, so only minimal
information need be entered to specify a new unit.

A wide variety of AGC systems, including and advanced dynamic dispatch, may be
constructed by the user from a menu of alternative AGC elements. Incremental cost curves may
be specified interactively.

The execution interval may be specifled Interactively for any period of time for which
load data exists.

A scenarlo of events may be scheduled to take place during the simulation (this Is a
means of handling unit commitment and tie-line schedules, etc. that the load predietor and
dynamic dispatch will take into account),

System disturbances may be Imposed at user defined times (this is a means of specifying
disturbances that wi{ll not be foreseen by the-load predictor).

The user may choose variables to observe as they evolve in time; this cholce may be
changed at any time. Also & user selected list if variables may be stored Into an output file
for system performance monitoring during simulation interrupts or after simulation completion.

The program execution may be interrupted at preselected or arbitrary times, at which
point:

~ any of the preselected varlables may be viewed as they have evolved in time up to the

interrupt:

the load may be changed by an increment to be added to or subtracted from the actual
load, from that time on;

any of the preselected variables may be "dumped” to 2 file for a later processing;

- & new choice of varfables to be monitored may be made;

- the program may be Instructed to proceed.

Execution speed depends upon the size of the system that is simulated and the type of
AGC function that Is conflgured, as well as upon the hardware. For a system of twenty
generating units, with dynamic dispatch, typical execution times are three to five times real
time on either a VAX 1I/750 or an IBM AT 386.
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Version 1 - See attached.
Version 2 - additicnal:

- voltage/frequency dependent loads

- reactive capabillity

- TGUL transformers

- frequency and voltage dependent unit auxiliaries
- 1nduction motors

- static VAr controllers

- underfrequency, under voltage relays

- overhead and underground cable thermal models

- transformer thermal models

- contigency analysis

etc.



None - Mechanical power in generater output.

Fast-decoupled.

Loss of model

Sudden load change

Loss of line(s)

Frequency and voltage excurslons

a. Simulation time range
Up to 24 hours.
b. Time steps
1 seconds, except 0.5 sec. for boiler dynamics.
¢. Numerical integration technique
Trapezoidal
d. Model change
_Data editor and/or menu

e. Frequency / voltage deviatlon



Programmed events : scheduled unit start-up, shut-down, changes to limits, etc.

Contingencies : loss of unlt, loss of line.

Time trajectory of selected variables (flows, voltages, powers).

Automatic. Extend data is total system load history, solved load flow, type of
dispatch algorithm, duration of run.

An Advanced Dispatch Simulator with Dispatch Algorithm;
R.J.Kafka, L.H.Fink, N.J.Balu; H.G.Crim, Jr.:
IEEE Computer Applied in Power, v.2 n.4, October 1989, pp 30-35.



Application of the Developed Program/Simulsator to Test Systems

4-1. Outline of the teat system

1 Company 1: 16 plants (no network)
2 Company 2: 9 plants (nro network)
3 Company 3: 15 plants (no network)
4 Company 4: plants (131 bus network) (IEEE Scenario D system)

1 through 3: 24 hour load following, units on/off-line, local ACE feedback or external

control.
4: 1 hour, successive loss of four units at ten-minute intervals; examlne bus

voltages, generater P and Q.

In addition to time-historles of variables:
production cost, inadvertent, unlt reversals, total unit movement, unit

movement/reversal, etc.

Cases 1 thru 3 validated against recorded plant input/outputs.



Future Development/Improvement

5-1.Problems to be solved on the . pplication of the program/simulator

AGC performance evaluation.
Comparison of different dispatch algorithms in terms of performance and eco- -uics.
Evaluation of voltage control and system voltage response to contingencies

More detailed turbine models, improved ~data Dbase and user Interface.

Expand set if voltage control devices; add thermal models of lines and transformers;
add graphies.

Lester H.Fink
ECC, Inc.
U.S.A.



Program{6) Dynamic Model of the Power System Behaviors

(Format C}

. Stage of the development

[( )Planning, { )Prototyping, { }Testing, ( X)Practical]

Date of commencement
1968

Date of completion
1978

Target year of completion

Flectrical Osclllation, dynamlc stabillity problem, system protective

shedding, dlspatcher training and educatlion.

relay testing, load
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2. Features of the L-T-D program/simulator

b. Structure and general flow of the program/simulator

c. Environment of the program/simulator

VAX computer

d. Scale of the test system that can be handied

80 buses, 12 generators, 20 load models



Analog type generator model, 15 types of load model any type of system disturbance.



Analog model

any type of disturbance

a. Simulation time range

From 1 msec to a few minutes

b. Time steps

any time

¢. Numerical integration technique

d. Model change

e. Frequency / voltage deviation






Application of the Developed Program/Simulator to Test Systems

4-1. Qutline of the test system

4-2. Condition and scenario in the simulation
4-3. Simulation results

4-4. Consideration on the application result




Future Development/Improvement

5-1.Problems to be solved on the application of the program/simulator

Power System Institute, Sarajevo, Yugoslavia






Appendix <4>

Simulator for L-T-D in Operation

Simulator(1l)

Simulator{2)

Simulator(3)

Simulator(4)

Advanced Power System Analyzer: APSA (KEPCO)

Advanced Power System Simulator: APOSS
(HEPCO/TOSHIBA)

Transient Network Simulator: TNS
(Fuji Elec. Co.)

Real-Time Prototype of Power System Simulator:
PPSS (ENEL)



Simulator (1) Advanced Power System Analyzer: APSA

{Format )

a. Stage of the development
[( )Planning, { )Prototyping, { )Testing, ( X)Practical)
b. Date of commencement
None
¢. Date of completion
April in 198%

d. Target year of completlion

Digital simulation, including EMTP, have formerly been used in many cases for analyzing the
phenomena arising in power systems. Digital stmulation is capable of high-precislon analyses
in the respective reg’ 1s of phenomena as different algorithms are applled 1In accordance
with the domain so of phenomena to be analyzed. On the other hand, 1t has the drawback of
grasping continuous phenomena arising in actual system only {n fragmentary form.

In the study of lmportant projects of the world, therefore, analogue simulations capable
of continuously analyzing the phenomena from the fault cccurrence to the steady state region
are used in combination. By thils means the accuracy of analyses ls improved while at the same
time making use of the simulations for inferring possible occurrence of unpredictable
phenomena.

Analogue simulators, however, conslst mostly of small-scale simulators composed of
several generator models, and applicatlion of thelr functions Is limited to analyses of
systems are to be analyzed, It would not be possible to advance further than qualltative
studies with these simulators.

On the other hand, power systems of the world are advancing in the direction of larger
scales and greater complexities, which require higher reliability.

Under such trends found In power systems, study of numerous technical problems, such as
determination of proper power systems conflguration, development of control techniques for
improving the system reliability and introductlion of new equipment applying new techniques,
has become necessary.

The completed simulator APSA 1is capable of coping with various phenomena ranging from
transient phenomena of several milli second to demand-supply balancing phenomena lasting for
nearly an hour.

< A-4-1 >



4. Features of the L-T-D program/simulator

The simulator has features cit
« It is a large-scale
generators, 304 transmlssion

+ Unique models, such as generator models ea
simulating
characteristics in addition to frequenc

Induction machines and

# High-performance man-machin

been adopted.

# Adopting automatic selection of the optimal unit and the automatic

ed below.

system composed of a total of

some 500

unlts, including 30

lines, 20 units of load and some DC transmission SVC.

e Interfaces,
diagram image from work stations and control system d

such as

pable of simulating synchronous
voltage characteristics
¥ characteristics, have been adopted.

connection data input by
ata input by block diagram, have

machines,

having time-dependent

system

wiring system for

composing the main eircuit, labor saving In connecting tasks has been promoted.

b. Structure and general flow of the program/simulator

As shown in attached Flgure 1.

c. Environment of the program/s

As shown on attached Figure 2.

d. Scale of the test system that can be handled

As shown on attached Figure 2.
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a. Not consldered.

b. Models of hydro electric, thermal electric, nuclear and gas turbine power generators and
FV are under consideration.

¢c. Models of the synchronous machines, Iinduction machines and speed governors are under
consideration.

d. VWith respect to AVR, DC type and thyristor type models are divided into the self-
excltatlon scheme are prepared. Furthermore, PSS, APFR and AQR models can be handled.

e. Transmission line models are represented by reactors with iron core. The model 1s the T
shaped L.C.R. type, and 1in accordance with the purposes of use, 3 kinds, Iincluding
detailed model of transposed 2-circuit transmission line, equivalent model of 1-circult
transmission line and unbalanced 2-clrcuit transmission line model capable of indication
non-transposition, are made avallable.

The transformer model is composed of a comblnatlion of the ideal transformer mounted with
the saturation characteristic varlable tap, the voltage tap for adjusting the
transformation ratic and the externally variable reactance for leakage reactance
Four types, including the 2-winlng type for generator use, the autotransformer for
general use, the 3-winding type and the single-phase type, are made available.

As phase modifying equipment, SC, ShR, and SVC are made avallable.

As models of the static characteristics of the load, Indicatfons of P,Q are nade by
power If the voltage and the linear equation of frequency deviation. As dynamic
characteristics models, time lag and advance of flrst order were taken into
consideration of lecad admittance variations.

The relay model contalns 15 kinds of factors, including frequency decline and voltage
drop. The central centrol models for the load frequency and generator output has the
AFC, ELD and ALR functions. Also as the system stabilizing control, BSS and the
generator cutput limiter functlons are considered.



The detalled Park's model is used for each generator unit. As the computational methods of
this model, two systems, the digi* 1 and analogue, have been adopted.

¥ith respect to the load, the lead fluctuation for LFC and the leoad limiter function by
external signal(start-up relay SSC) are available., with regard to the feeder load,
transmission lines and the switchyard, simulation of the loss of load and load shedding is
possible by means of the operation of the circuit breaker of the simulator as in an actual

system.

a. Simulation time range
From several msec to several tems of minutes.
b. Time steps
Real time.
c. Numerical integration technique
d. Modei change

Connection and disconnection of units during simulation are possible, bur change of
generator models i{s not possible.

e. Frequency / voltage deviation



Generator output change and open/close of circuit breakers by manual operations are
possible as needs arise.

Information obtained from the simulator are as follows ;

» Generator - Output power, voltage, phase current frequency, field veoltage, field
current, demper winding current, inner phase angle, inner jinduction
voltage, turbine output, main value position, ICV position, OPC signal,
tripping time of protective relay.

+ Load - Capacity, phase voltage, current, tripping time of frequency decline
relay.

« Circuit breaker - Power flow, voltage, current, state of circult breaker.

& Others - Loss shedding command, generator shedding command, total demand, AFC

margins, ELD requirement, up and down signal of transformer LTC.

The simulator automatically starts up so that the generator outputs and loads willl assume
the desired value, thus providing the initial power flow states. The system of having the
infinite bus model incorporated at the starting up time is follows in order to adjust the
imbalance of generator outputs during starting up.

In the system simulator operatlons Is supported with a computer and the operator
execute most of inputting and outputting operations from the work station connected with the
computer.

H. D01, et al, : ™ Advanced Power System Analogue Simulator,”
IEEE '90 WH242-8 PWRS PSE.



None as of now.

Development of the generator plant model and new type plant models like fuel cells.

Reflection of the result of the simulator operation on the improvement of various
functions.

None as of now.

Kansal Electrical Power Co.LTD






Simulator{2) Advanced Power System Simulator
{(Format )

Current Status and Perspe. 'we of Analytical Tools

e e e e e e e e e e e e e e e e A e e e o

(1) Hokuriku Electric Power Co.
(2) Toshiba Corporation

a. Stage of the development
[{ )Planning, { )Prototyplng, ( X)Testing, { X)Practicall]
b. Data of commencement
January, 1988
c. Data of completion
June, 1990

d. Target year of completion

e. Other

Tralning of power system operators of regional control center.s
#+ reglonal control center
Control and dispatching of observed stations.

< A-4-8 >



a. Features of the L-T-D progranm/simulator

(1} Real-time transient stability calculation
(2) Large scale,broad and detalled power system simulation
(3) Same training environment as actual control center

b. Structure and general flow of the program/simulator

Control center

Transicat stability cal. CPU Training conwol CPU CPU
TOSBAC-G8090 TOSBAC-G8090 TOSBAC-1/40E
Fast model cal. <Sharod Middle, slow model cal SCADA
o memory ?
. o <HDLC? sysiem
ientsabiliy 1< :
Transient subilty 4 i | Definition of the
cdu?hum1 : + Switching : system
Gmldzl mc"hOd) E sequence :g_- (Uﬁ(. ::ndition)
H - Result of :
© | i desd | [
: -flow cal. :
. "1 Power sys | | | Initiallosd fow
Power system - tem model i”" computrren CBAS
>4 > T
Generater cal - Swisching | | 0 m
(AVR ,Gov) s : Reley reaction |}
- Fast model : :
reaction : S :
Fast model information i
reaction cal. | | -node V E Middle, slow
Gnclude SOR and B w o H model reaction
freq. relay ) : il - :
S | sV
0.1 scc ropeat 0.2 scC repeat

c. Environment of the program/slmulator

(1) Computer used for the development.
TOSBAC-G8090 x2 , TOSBAC-7/40E

(2) Computer used for practical operation.
TOSBAC-G8090 x2 , TOSBAC-7/40E

(3) The operating system (0S).
0S/V  (G8090)
TREX (7/40E}

{4) The program language.
FORTRAN, C, PL/G

(5) Necessary memory capacity.

Main memory : 64MB x2 (G8090)
1MB (7/40E)

Shared memory : 8MB

HDD : T99MB x2 (G8090)

157MB, 268MB (7/40E)
d. Scale of the test system that can be handled

(1) Number of buses {nodes} : 450 (max)

(2) Number of generators : 130 (max)
{3} Number of load points : 320 (max)
(4) Number of AGC areas : 2 (LFC 1,FFC 1)

(5} Number of voltage and reactive power controllers : 184 (max)
(6) Number of protective relays : 1881 (max)



a4, Plant models

None : 3 (Pl TTM QL) = Gancrnoe e

.
‘.
: AL .
—— * '&) é i * Lasad Tinier
¢
H

b. Speed governor models

{1) Hydro plants
# Governor free
* Governor free + LFC
#+ Governor free + FFC
*# Load limiter
(2} Thermal and Nuclear plants

* Govemor free + LIC

# Governor free : e (hU1) :
# Governor free + LFC ARE Y D e Govemeor fre + [TC
* Governor free + FF(C 'z S “qu',;;ﬂmm :
+ Load limiter : ! ;
o t o
{1} Hydro plants R max
+
awG o LV.G H_L__L{ZF—h
[ ATH ll ) 1«71 S eu

Tems

¢. Generator models

(1) Synchronous generators
* Transient model (please refer to question 3-7.)
* Xd' model {please refer to question 3-7.)
{2} Induction generators

1+T25

None

d. Excitation system models

{1) AVR
+« Time-lag ofcit’:i:t order model (middle model)
! Vimax (fast model)
R . I+§i S l °fd

efdo
* Time-lag of first order and untl-hunting feed-back circuit model

etavr (middle model)

Vamax (fast model)
K2 + _/~ efd
1+TL S i* c
V2min

-1
1+T2 S

(2) PSS
¥e substi{tute Generator damping constant for PSS.



e. Transmisslon system models

{1} Transmission llne
type, Positive sequence, detalled {1 llne/cct.)
{2) Transformers
Detailed with tap changer{l unit /bank)
Secondary and tertiary winding transformer model
{3) Under excitation controller, Over excltation controller, Automatic reactive power
regulator
» AQR/APFR/AVR models{setting value changed by 4sec)
{4) On-load tap changer,shunt capacitor,shunt reactor
# LRT (2 tap up/down /30sec)
+ SC/SHR (on/off /lmin)

f. Load models

(1) Static load characteristics
» Voltage/frequency characteristics
Pr{t,v, A[)=Ps (Y2 (14K A £)
» Load sustained and fringe parameter considered
{2) Dynamic load characteristics
« Loss/recovery characteristics of load by both voltage drop and power stoppage

g. Relay models

{1) Frequency relay
« Under-frequency (Load,Generator,line CB trip)
s Over-frequency ({Generator,line CB trip)
(2) Voltage relay
« Under-voltage (Load,SC,SHR,1line voltage SV ete.)
+ Over-voltage {sC)
(3) Protection relay
« Line/Transformer protection (Main/Back) relay
« Bus protection relay
+ Bus device relay
They act by loglcal decision.
(4) Reclose relay
s+ Fast/middle/slow reclose relay
{5) Over-load relay
« Transformer protection relay/alarm
+ Transmission line over-load relay
(6) SOR
(7) Over-current relay
+« Generator trip

h. Dispatch center/system stabilizing control model

{1} AGC
+ LFC
{2) Voltage and reactive power control
(# VQC)
(3) System Stabilizing controller
« LBC{Load ballance control=33C})
(4) Others
« QL
« PSC(Power Swing control)
They act on the same program as an actual dispatch center system.



Simplified Park's model/ Swing = tation for individual units.

* Translent model
daldt-u.ﬁu

dw fdt=1/H(Pa—Fe-DA A}
dEq’ fd =1 /Tdo' (Efd-Eid)
dEd* /dt=1/Tqa' (-Eiq)
[ Gen. const. Xd,Xq,Xd'(=Xq')},X1 ]
Used in large generators

+ Xd' model
d8 Jdtewq A w

da fdie1/E{Pa~Pa-DA w)
E= Yo « EL{LYR ourput)

[ Gen. const. Xd' }
Used in small generator

Detailed power flow computation (AC model}
This flow computation run only one time to determine inltial condition on the power system.

a. Load change at buses

b. Loss of load feeders

c. Loss of generating plants

d. Up/down of generator outputs

e. Loss of transmission line

f. Loss of switching station

g. Loss of substation

h. 3 phase short accident

1. accident sequence comprizlng the combination of such disturbances
J. Setting relay action lock and CB action Lock

3-10. Analytical technlques for simulation

———————— J.'————-..-----._-_____———.——..--—--——-—.._———————-—--—u—_—_———-.._-_..____-___—__..___.____.._____..,.-

4. Simulation time range
Real time {0 to 3 hours)
b. Time steps
100 msec (transient stabllity computation}
c. Numerlcal integration technique
Trapezoldal method
d. Model change
AVR/AQR mode change (generators)
e. Frequency / voltage deviation

Frequency : no limits, If transient stability computation can practice.
Voltage : no llmits, If transient stability computation can practice.



a. Dynamic responses of power flow, voltage phase angle, etc.
b. Relay action

c¢. Action of controllers

d. Operator actlon

a. SV setting (CB,LS,43SW,SV initial condition)
b. Load setting (load pattern and each load initial value (P,Pf)}
c. Generator output setting ({each generator output value {P,Q,V.Pf} and control mode

setting)
d. Voltage and reactive power setting (LRT tap, SC, SHR)
e. Dispatch center program mode setting {LFC,VQC,LBC,PSC,0L mode setting)
f. Accident point and feature setting {line, bus, short, ground, time)
g. Relay actlon check and setting (relay lock, etc.)

TOSIBA REVIEW Vol.45, No.l1l, 1990, pp.47-50, PUBLISHED by TOSIBA CORPORATION



Appllcatlon of the Developed Progranlsllulator to Test Systexms
4 -1. Outllne of the test systel
4-2. Condition and scenaric in the simulation
4-3. Silulation results
4-4. Consideration on the application result _
4-5. Validatfon methods




5-1.Problems to be solved on the application of the program/simulator

None
5-2. Points to be Improved in the future

Hikonl Yapagida, Hokuriku Electric Power Company, Electrlc Engineering Dept.,
Power System Operatlon Sectlon, Japan.



Simulator (3} Transient Network Simulator:TNS

Japan C~10 (Fuji E.C.) (Format C)

--a, Stage of the development
-[( JPlanning, ( )Prototyping, { )Testing, ( X)Practicalj

b. ﬁate of commencement

1980
¢. Date of'completion

1990-3 (1st Stage)
d. Target year of completion

1885 (2nd Stage)

e. QOther

1) Development of prevention system for cascaded faults

2) Developuent and verification of system stabilization

3) Research for load characteristics and voltage instability

4) Development and verification of Artificial Intelligent System
5) Educatlion

6) Development of "In-Line Simulation System”
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a. Features of the L-T-D program/slmulator

1) System rating : Voltage 5-10 V. Current 5-100 mA.
2) Equlipment model : Generator, Load, SVC, Induction Moter, Voltage and Var controller

3) Total performance test of real control systen
4) Real time

b. Structure and general flow of the program/simulator

l §—fraie Broedarbes Lhn Ml

fover Systea Block ]
IS A i

( i ol Fored o Bramemtiombm s _J-———F:q -

-

) — =]
@ [

{ h;um - Lalnd ]
[ OR VTR \

[ 1Y Lo
o .

c. Environment of the program/simulator
e
A Comamndanfsn Tl —tred
Room scale : 1lm X 12m s St B Dlaticel Control Bleck

d. Scale of the test system that can be handled

Generator : 6 sets (Changeable for Induction Motor, Synchronous Motor)
Controller : 4 sets (Digital), 2 sets (Analog)
Load model : 7 sets

Line model : About 2500 Km
Others : SVC(2 sets), VQC(3 sets}, Load of‘Rectlfier(a sets)



a. Plant Model Thermal Plant: Boiler Dynamics (Steam temperature, Flow) Is neglected.
{See Fig.1) If necessary, select the simplified block diagram with only
8 galin and time constant.
Rydro Plant: Penstock
b. Speed Governor: Thermal, Hydraullc, Gas Turbine (including Turbine Serve Mechanism)
(See Fig.1l)

. Generator Model: Detalled Park Model

. Excitation: AVR PSS (including excltor)

e. Line model: Simplified positive three phase transmission, constructed by single phase
L-type elements with resistance, reactance and capacitance.

f. Load model: Composed of hybrid analog and digital devises.
Load characteristics expressed by constant power, current, lmpedance with
voltage and frequency dynamics.

£. Relay model: Digital type universal relay system (In future).

h. Voltage and reactive power control (Installed real system}

a0

Pensteek & Tudsine

NS I

Mecchanicaf Terque

Conwalier Serve

Power Scler
<[
Fig.1(a) Govemor / Turbine Block Diagram for Hydro Power Plant
Servo Turbine
N O N
Serv High Prest Turbine Mechanical Torque

Ko Bl mm

LCV Serve

K ]| o 1A

Middle & Low Press Turbine

Fig.1(b) Governor / Turbine Block Diagram for Thermal Power Plant

Thruugh this type of Hock, refercnce value are Fed into
the Control Blick by the uper during operator of TNS



a. detailed Park's model (three phase)

Calculated on analog system {(circults)

a-h are avallable

a. Simulation tlime range
no limitation
b. Time steps
Controller's sampling time Is 10 msec(AVR) and 50 msec{GOV)

c. Numerlcal integration technique

d. Model change during simulation,

Constants of controller : ¥yes
Controller block diagram : no

e. Frequency / voltage deviation

Frequency : 20 deviation
Voltage : up to 300



Data acquisition system ({sensor, sampler, memory) is used.

Using Infinitive power sources, power flow can be set according to power flow data
by digital simulation.

Y.Tamura, E.Dan, I.Horle, Y.Nakanishi, §. Yokokawa,
“Development o Power System Simulator for research and education”,
IEEE PES ¥inter Meeting, 89 SM 653-7 PWRS.



Application of the Developed Program/Simulator to Test Systems

e L e A = T = e T o S o - T ) AR M T T o o T . . g e R =



"1} Data acquisition system {including documentation}
2) Development of universal model using micro CPU.
3) Improvement of sensor system.

1} Voltage Instabllity and new system prevent it.
2) Development for improvement power system stability.
3) Development for new relaylng system,

1) Development of Long-term dynamics program simulation.
2) Development of "Inline simulatlon system,”

Fuji Electric Co., LTD.
Power System Control Development Dept.
S.Yokokawa (Y.Nakanlshi)



Simulator{4) Real-Time Prototype of Power System Simulator:PP3S

Italy C-2 (ENEL} {Format C}

a. Stage of the development
{( )Planning, ( X)Prototyping, ( )Testing, { X)Practicall
b. Date of commencement
1.1.1984
c. Date of completion
31.12.1985

d. Target year of completion

e, Other

The alm of the enterprise was that of checking the performance of the simulator with
respect to different goals: i) operator training, ii) a tool for them control center, iil) a
means to improve engineering understanding of power system phenomena, and at the same time,
to ascertaln the feasibility of the simulator with regard to real time performance, to power
system size and to software/hardware costs.

The prototype makes use of a well-known modelling approach developed in off-line digital
program STRALE.

In particular,the prototype 1s able to reproduce the static and dynamic behavior of a power
system in the fileld of low frequencies variations due to the demand, to the schedule of
production, to the regulation of supply systems and prime movers (both thermal and hydro) and
to the load-frequency control. Furthermore, all the events or restoration, can be simulated.

The prototype has been successively installed by ENEL's Natlonal Control Center with
the aim of extracting from the user's experience more detailed Lndications of a possible
finalized simulator.



a. Features of the L-T-D program/simulator

The maximum size of a power =ystem to be simulated is expressed in about 70 nodes and 15

power stations: these limits or - due to the need to have the computing time less than
real time, the solution of the algebralc part {see Fig.4) being made every 1 sec of

the
real

time and the integration step(equal to 0.2 sec) of the dynamic part being imposed by

numerical reasons.

During the run of the simulator It is possible to ask every display, the pr.duc ion
of which on the CRT requires up to 20 sec in the worst case (the most complex sc: m2 with

the current values of the variables).
The foreground variables are refreshed on display every 10 sec.

b. Structure and general flow of the program/simulator
PPSS consists of a hardware-software structure that simulates In real-time

mathematical model of the electric power system as well as the services most suitable
making 1t accessible on line.

the
for

Man-machine interaction Is provided for by a console, the purpose of which Is both to
supply all the information concerning the simulations by means of the outputs typical of
modern supervisory systems ( prints, video pages, etc.), and to provide the most suitable

aids to instruction. In particular, the following was considered:

- electorical scheme of the whole electorlc power system simulated, contalning a synthesis

of Information on the instantaneous operating conditions;

- electrical schemes of parts ( or of areas ) of the simulated systet containing detailed

information;
- temporal behaviour of the maln network quantities { voltage, frequencles. active

reactive power flows, etc. ):
- bar-chart of voltages profiie:

and

- bar-chart of active and reactive productions of the varlous power stations and overall

spinning reserve;
- block dlagrams ( as in Fig.s 2.3 and 4 of STRALE);

- diagrams showing wunit variables ({ valve opening, steam flow, excitation current,

capability curves, etc. ).

Referring to the software structure, it may be divided into two categories: off-

programs and real time programs.

The first category includes

line

- the definition of the network structure and of the Initlal steady-state conditions

carried out by means of ENEL's usual off-line programs;
- the initialization of the man-machine dialogue by means of the schematic data of
various displays.

the

The structure relating to the real-time simulation is similar to that previocusly reallized

by ENEL in the field of Thermal Power Plant Simulators.

As regards service and man-machine-interaction activities, these are based on a tabular
structure , which defines all the relevant and pre-established sets for the functions to

be performed on those varlables.

The corresponding table contains a mnemonic name, the position in the data base, and the

measuring unit.

For each of the functions that can be called up and performed on-line, a group of tables

containing the type of function, the variables, and the parameters, has been preset.
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¢. Envirenment of the program/simulatoer

The hardware configuration consists of:
GOULD 32/27 cpu

2 Mb central memory

150 Mb disk unit

magnetic tape unit

printer

black-and-white CRT
wo coloured graphic CRT'S

]
et fo o P W

d. Scale of the test system that can be handled

A part of the ENEL HV Network

In the PPSS only some phenomena related to LTD are represented:

- primary frequency control,

- behavior of the supply systems and of the prime movers and their
regulations,

- 1lpad-frequency control, or secondary frequency and exchanged
powers control,

- operation of the over and under excitation limiting circuits of
the units,
- automatlc load-shedding,

For other information see point 3-6 of STRALE.



See point 3-7 of STRALE

See point 3-8 of STRALE

See point 3-9 of STRALE

a. Simulation time range
Real-time simulation

b. Time steps
0.2 seconds

c.. Numerical integration technique
Eucler explicit ist order method

d. Model change

e. Frequency / voltage deviation

46-54 Hz; 0.7-1.3 KV p.u.



3-11. liow to handle or actions of operator

On line by console

See point 3-5.b

e - - AL A 4 Bk e e e o e ek e e A i e o L = e A T A e

3-13. Initialization of program/simulator

PPSS is automatically connected to the ENEL off-line digital program (typically the program
STRALE) in order to have the necessary Initlalization. .

[1] Marconato,R., Marzio,L., Menditto,V., Riccl,A., User's experiences of a power systen
simulator, CIGRE SC 39 Colloquium, Power System Operatlion and Control, Tokyo, October
1987, Paper No. ST 87 l1.

[2] Marconato,R., Marzio,L., Power system model for an operator training simulator, Report
of W.G. 1/2 of CEGB-EDF-ENEL Collaboration, (September 1982)

[3] Maconato,R., "Simulations In tempc remle del comportamento statico e dinamico del
sistem{ di produzione e <trasmissione dell'energia elettrica”, Rassegna Tecnlica ENEL,
n.6, (1984}

[4) Marconato,R., Ricci,P.,"An outline on the prototype of real time power system simulator
realized by ENEL,Report prepared for CIGRE $.C.39 T.F.03. (January 1987)
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After the installation of the ptutotype by the Natlonal Control Center facilities, a lot
of simulations have been performed,mainly with the target of verlfying power system security
during emergencies that have already happened or having some probability of occurring.

Due to the limits Imposed by the computation resources avallable 1in the prototype, only
parts of the ENEL system have been simulated.

In particular,three networks, each having 70 buses and 15 power stations, have been .et-up:
sultable equivalents have been adopted to represent the remainder of ENEL's network and of
the FEuropean Interconnected system. Nevertheless, on the simulated power system, which refer
to the maln 380 KV network and to those parts at 220KV having a fundamental transmission
function, some problems concerning the lognitudinal structure of the ENEL system along the
Ttalian peninsula, can be analyzed for a) Florence-Rome-Naples areas, b) Rome-Naples-Sicily
region, ¢) Sardinia, respectively.

The main simulations cerried out had the main goals to verify:

1} the automatic load-shedding plan and the frequency behavior in the Sicilian netwerk
following a separation from the mainland with different imported power values before the
i{solation;

2} the frequency behavier of the same network that becomes Isolated from the mainland while
it 1s exporting 600 MW:

3} the voltages profile in the buses along the path of the Adriatic Coast as a consequence
of active and reactive load increase with restricted generation capacity;

4) the network critical section with particular regard to voltage level caused by the
unavailability of one or more lines and to the evaluation of maximum power which can be
transmitted within static security limits;

5} the consequences of & bus-bar fault In absence of differential bus-bar protection.

See point 4-3 of STRALE

See polnt 4-4 of STRALE

See polint 4-5 of STRALE



Dr. Roberto Marconato, ENEL - Automatica Research Centre, Italy
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