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ABSTRACT

Two Thyristor Controlled Series Capacitors
[TCSC's], one at Serra da Mesa Substation in the
Furnas' System and the other at Imperatriz Substation in
the Eletronorte’'s System, both part of North-South
Interconnection, make it possible to damp out the
oscillation mode of the two interconnected systems,
reducing the risk of instability. This paper presents Serra
daMesa TCSC control testing history, and a description
of the monitoring system developed by Furnas operation
engineers to follow-up the control performance at head
office, in Rio de Janeiro.

KEYWORDS: Thyristor Controlled  Series
Capacitors, FACTS, Performance monitoring, Electrical
System Operation.

1.0- INTRODUCTION

The initial operation of new equipment or systems,
especially when including new technologies like FACTS
elements, requires detailed follow-up from the operation
engineers. It is necessary to clearly identify any control
performance problems, in order not to characterize them
as problems coming from the Electrical System

The TCSC's mentioned above are the first ones in
the world used to damp out power oscillations of two
interconnected electrical systems. Because of this,
Furnas included the requirement for a real time
simulation model in the TCSC purchase specification, to
represent the detailed behavior of the new equipment.
This made analysis of the equipment behavior possible,
as well as validation of its modeling for ANATEM, the

stability program used for FURNAS and a Brazilian
ISO, in operationa planning studies. After
commissioning the TCSC's, an Event Recorder was
installed to monitor the equipment performance during
real electrica system occurrences, not only in the
quantitative aspect, but also qualitatively.

Detailed commissioning result1], as well as
results obtained from the digital model analysig[2,3,4]
were presented in other technical meetings. This paper
presents a summary of the analysis, and the monitoring
system implemented, as well as some remarks written
after one year of observation of the electrical system
behavior.

20-TESTSAPPLIED TO THE TCSC CONTROL

Initially, factory tests were applied to the real TCSC
control, connected to a model of the reduced equivalent
system in the RTDS [Real Time Digital Simulator]. This
testing produced only qualitative evaluation of the
control performance, showing that generally its behavior
was satisfactory, with an exception for a function called
AWC [Anti-Windup Control], which in some
circumstances degraded the desired damping. The AWC
function was designed to release the TCSC action when
facing a large power variation caused by load or
generation rejections.

During commissioning tests in which some
disturbances were produced, specialy the loss of a
300MW generator at Tucurui Power Plant, the TCSC
control of Serra da Mesa performed fairly well, being
capable of damping out the inter-area mode of
oscillation, in spite of the fact that the interconnected
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system was more unstable than foreseen in the initial
digital studies. Figure 1 shows the active power in the
Brazilian North-South interconnection with only the
Power Oscillation Damper (POD) of Serra da Mesa
TCSC control activated. Nevertheless, for an occurrence
in the Sd0 Paulo area (see Figures 2 and 3), during
which there was generation and subsequent load loss,
the TCSC control actuation did not produce the desired
damping, resulting in the interconnection switching off,
through loss of synchronism protection.
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The real time simulation model used with the
Furnas' RTDS simulator, proved to be invaluable for the
investigation of this phenomenon. The factory test
results were used to validate the model, using the same
equivalent system. Afterwards, a further detailed
analysis of its performance was begun considering the
poorest damping condition of the inter-area mode of
oscillation, according to observations made at site. At
that time, it was concluded that the AWC function
degraded the control action under conditions of low
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oscillation frequency and poor damping, if it were kept
permanently active. However, if activated for a period of
only 5 seconds, its behavior was satisfactory, without
jeopardizing other situations.

The availability of the model was also useful as a
reference for validating the TCSC model in the
electromechanical  stability program [ANATEM],
initially using the factory tests results [2]. Later,
ANATEM was used to reproduce the results that
verified the modification to be implemented in the AWC
function, by using the reduced test, equivalent electrical
system. As the Brazilian Electrical System was already
comprehensively represented in the Furnas ANATEM
package, it was possible to make a more accurate
analysis on the TCSC control performance [3]. In this
way, it was possible to reproduce, the commissioning
test results and that of the real occurrence aready
mentioned, properly depicting the real behavior of the
Electrical System and of the TCSC at Serra da Mesa.
Figure 4 presents the ANATEM results related to an
occurrence in the S&o Paulo area, for three modes of the
TCSC control: 1 - POD off, 2 - both POD and AWC on,
and 3 - POD on, with the AWC function off.
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Similar behavior can be observed in Figure 5, if
both the first two modes are compared to the third,



where the AWC function is on for only in the first 5
seconds of POD operation.
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This analysis confirmed the ability of the TCSC
control to damp out inter-area oscillations. It aso
confirmed the recommendation to time delay the AWC
function and to activate the TSR [Thyristor switched
reactor] mode of operation. In pre-operational studies,
the TSR mode did not present advantages. Although it
was included in the Furnas' Specification, it was not
initially activated. However, its activation enlarges
control possibilities, and has shown itself to be
especialy useful during the largest oscillations
experienced by the electrical System. Figure 6 presents
the results from the program ANATEM for an event in
the S&o Paulo area, considering the control with and
without the TSR mode activated.
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The proposed modifications were finaly
implemented in November 2000. Starting in February
1999, this analysis, and interaction between the Utility
and the Manufacturer, alowed the modifications to be
made on account of severa reliability results. The
results showed themselves very compatible, despite
coming from different sources, as can be seen at[2,3,4],
thus confirming the decision safe.

3.0-DATA ACQUISITION SYSTEM

In March 2000, a new disturbance recorder was
instaled in the TCSC control room, but with a different

objective from the customary one. This new recorder is
used to monitor the TCSC performance, creating a new
recording at each control [POD] actuation, in which the
inter-area  [North-Northeast and South-Southeast]
oscillations are damped out. The most important
variables are the power going through the
interconnection, the ordered and measured impedances,
as well as the activation signals for the control and the
TSR mode. Voltage and current are also measured.
Another fundamental difference of the recorder is the
long acquisition time required, since the frequency of
the inter-area mode of oscillation is around 0.2Hz, i.e.
5seconds per cycle.

After placing the new recorder in operation, a very
high daily operation frequency was observed, exceeding
an average of 500 recordings, sometimes exceeding
1000. To make analysis of the recorded events feasible,
it was considered necessary to have them available in
the Furnas' Head office, facilitating access and analysis
of the data by the in-charge engineers. A type of data
transmission system, commonly used in Furnas for fault
analysis, was then employed to receive the data from the
POD actuation. The communication system was
implemented using a PC in Serra da Mesa for acquiring
and sending data to another PC in the Furnas' Head
office, viaMODEM.

As the data accumulated daily includes events not
realy related to faults, it was decided to process it at
site, keeping only the most important information, but
always extracting the following:

- Day

- Time

- Duration of POD activity

- Estimated frequency

- Average, minimum and maximum active power

- Difference between minimum and maximum power
- Maximum and minimum ordered impedances

- Maximum and minimum measured impedances

- Maximum and minimum current

Figure 7 shows the genera scheme of the
implemented system. Since January 2001, the main
information of each reading, and the selected recorded
events are sent daily to the Furnas' Head office. The
criterion chosen to select the recorded events, is the
amplitude of the oscillation (DP>Dpmax). Initialy, the
limit was set at 50MW. During the first month, it was
observed that the limit could be increased to 75MW,
and afterwards to 100MW. Increasing the threshold
considerably reduced the number of events to be sent,
and al so reduced the risk to the data transmission.



Event Recorder 4.0—EVENTS ANALY SIS PROCEDURE
Produces a recording at
each POD activation As the volume of data was still inconveniently large, a
new process was created to automatically obtain a
L* summary and to identify Significant items.
Consequently, a file with all events of the chosen day
PC at SerradaMesa and month is transformed into an ACCESS
- Reads each event stored in the Recorder DATABASE. This can be seen in the Furnas
- Calculates the significant information of each event INTRANET page, where tables including essential
- (ifg‘r(j;‘gg;?ion DP > DPmax to delete or store the information are produced. Figure 8 shows one example
) . e, where the first set of columns contains the
- Transfersthe data to the PC in the Head office pmacg)Jntth summary from the set of maximum oscillations,

December being the chosen example. The set of
L‘ columns at the right contains a daily summary of the
most significant oscillations, the selected events being
on the 26", the day this article was be written. Of 294
POD activations, 8 were kept till the moment the page

PC in the Headoffice
- Receives the data from the PC in Serrada Mesa
- Produces afile containing the information on all

events was presented. The maximum active power oscillation
- Organizes the selected events in monthly folders for was 2006MW, and occurred a  00:11:43h.
analysis Among the system oscillations occurring up to the

26" December, till the date under analysis, the
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maximum ones varied between 108.3MW on the
December 24", and 1687.2MW on the December 2™
The active power and the TCSC impedance for each of
these are presented in Figures 9 and 10 respectively,
with the same scale, to facilitate comparisons. The
sudden power variation on December 2™ was due to loss
of the North-Northeast interconnection, after the loss
of 310MW in Xingd, a Northeast System Power
Plant. This caused the inter-area mode of oscillation
frequency to increase from 0.23Hz to 0.44Hz.
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Figure 11 shows an event of December 18" at
21:13:03h, with 442.7MW, where the TSR mode was
activated three times. Since the TSR mode produces a
fast active power variation, as can be observed in the
digital simulation of Figure 6, it is possible to conclude
that it also operated at Imperatriz. The analyses of the
selected events are performed with the program
SINAPE, a tool developed by CEPEL [Electric
Research Center, in Brazil].

In spite of having experienced some transfer
problems during the year, less than 1% of all events

=i 8
I (3R DA . N allf| &
-ltﬂdia'.hi_hﬁl$fﬂﬂq'l!l
oS
If
|
i /1 M-
\ A ] A i
| = e
| 7 b '
L i
.
EIE] ="
IR ' |
v
1 1 f&!
1 feut
| 1 J
{ | I |I f
| | !
- 1 | ! % R e
L f b [ | 595 fets'  STSRLF
i
i EQ 0 K] (L8] i it nLs o e Faa
rrm evpian
FIGURE 11

were lost. Since an average of only 2% are kept for
analysis, it can be stated that none of the significant
events were really lost. Data loss problems, whose
description and analysis are not included this article, are
under analysis, and will probably be eliminated during
the next year.

5.0-RESULTS OF THE ANALYSIS

Events analyzed during 2001 alows one to safely
state:

- The POD has been acting more than 500 times a day,
damping inter-area oscillations due to small system
disturbances, through small TCSC impedance
variations.

- In the face of major disturbances, occurring on average
once a day, the control acts to vary the TCSC
impedance, over the whole variation range, i.e. 13 to
40 ohm capacitive. The TCSC control aso entered the
TSR mode severa times, where 2.5 ohm inductive
impedance is set, in a discontinuous way.

- There was no loss of the North-South interconnection
due to the inter-area mode of oscillation.

Analysis of the recorded events also made it feasible
to identify a Serra da Mesa TCSC control limitation.
Thyristor firing is inhibited when the line current is
below 100A, due to low firing voltage. This makes its
performance poor for power oscillations around zero
due to loss of control while the current is below 100A.
No situation can be identified in which the control
causes any instability problem. This could be due to
either inherent system stability, or efficient actuation of
the TCSC control at Imperatriz. If a similar monitoring
system existed in Imperatriz, it would be possible to
safely reach a conclusion about this subject.



Also, the monitoring system showed that the time
delay imposed on the AWC function was incorrectly
restarting every time the thyristor firing pulses were
inhibited, due to low line current. This caused the AWC
function to be active during the POD action, thus
nullifying the benefits from its own time delay. The
recorded events were sent to the manufacturer, who
implemented the necessary corrections.

6.0 - CONCLUSIONS

This article presented a synthesis of extensive work
made to check the operation of equipment whose
importance has two distinct aspects:

1. Useof arelatively new technology [TCSC] to damp
inter-area power oscillations, the only one in the
world till now for this purpose,

2. Interconnection of two big Brazilian electrical
subsystems, namely North-Northeast and South-
southeast, bringing about a significant strategic
advance toward meeting the Brazilian national
demand for energy

The analysis performed, either with the real plant, or
with digital models, allowed changes to be made in the
Serra da Mesa TCSC control, which in turn made the
control performance more adeguate to the system needs.

The monitoring system has alowed not only the
control system performance follow-up, but aso the
effectiveness of the implemented changes.
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