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Abstract-This paper proposes a fast remedial control scheme to
prevent power system blackout due to the severe fault at the major
EHV transmission line, which transfers large power between areas.
We use PMU’s to monitor the generators and the major EHV
transmission lines of a power system, and apply fault
detection/location system to precisely detect/locate fault for
initiating remedial control actions to avoid a sequence of relay trip
events whenever necessary. Then using real-time phasor
measurements estimates the parameters of OMIB. The remedial
control actions consist of load shedding and fast-valve control of
turbines. The strategy for determining the timing and amount of
remedial control actions is a proposed line-based equal area
criterion.

The proposed scheme is tested with Taipower system, which
experienced a severe fault at a major EHV tie-line which carried
more than 1500MW and caused a successive relay trips resulting
in system north and center area blackout on July 29, 1999 (729
event). Almost total 83% consumers had an interruption in 729-
event. We simulate the scenario of 729-event and the proposed
scheme using PSS/E-24 simulator program. Encouraging results

are obtained.
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LINTRODUCTION

The power system in Taiwan is a longitudinal one with
three major areas on the island, namely, North, Center, and
South, connected together by a number of 345 kV transmis-
sion lines.Its structure is illustrated in Figure 1. Since major
load centers are located in the north and most generating
plants are in the central and southern areas, significant
power transfers from central area and southern area to the
northern area have been experienced in the past few years.
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Figure 1 : Structure of the Taiwan 345kV system
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Figure 2 :One-line diagram of main 345kV transmission systems
(including 729-event fault location)

Figure 2 depicts a one-line diagram of the main 345 kV
transmission systems connecting the North, the Center and
the Sourth. The surplus power in the central and southern
areas is transmitted to the North through two parallel
circuits. On July 29, 1999, a severe fault occurred on the
major 345kV tie-line between the south area and the
center.area, which carried more than 1500MW and caused a
successive relay trips resulting in system north and center
area blackout (729-event). Almost total 83% consumers had
an interruption in 729-event, and affected more people and
extended over a wider geographic area than any previous
outages. We proposed a fast remedial control scheme to
prevent power system blackout due to the severe fault at
major EHV fransmission line, which transfer large power
between areas.

I1. THE REMEDIAL CONTROL SCHEME

The remedial control scheme presented in figure 1.1t uses a
decision-making center called “control center”, which has a
global view of the power system operation with real-time
knowledge of phase angles over all the areas. We use
PMU’s to monitor the generators and the major EHV
transmission lines of a power system, and applies fault
detection/location system [16] to precisely detect/locate
fault for initiating remedial control actions to avoid a
sequence of relay trip events whenever necessary. The
remedial control actions consist of load shedding and fast-
valve control of turbines. The strategy for determining the
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timing and amount of remedial control actions is a proposed
line-based equal area criterion (line-based EAC).

A Estimating the Parameters P, B and C of One-Machine-
Infinite-Bus Sysem

In the classical models of multimachine system, it is
assumed that fior an assigned fault, the multimachine system
is decomposed into two subsets: (1) the critical cluster of
machine(s) B, and (2) the remaining machines A (Figure 2).
The former is responsible for system separation when it
arises. Then the two subset are transformed into two
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Figure 3. A generator and infinite bus system.

equivalent machines, modeled within their corresponding
frame of partial center of angle (COA), and with the
assumption of strong coherency of machines in each cluster,
the two-machine equivalent system is futher reduced to an
One-Machine-Infinite-Bus (OMIB) system which is giving
by:

& = P+ Beos(6) + Csin(6) - (1

Our task is to estimate the parameters of (1) where &

may represent the angle difference between two machines,
one in each group, or else the angle difference between two
partial COA's of the two groups. Since the estimation relies
on measuring § , we require any generator angle appearing
in the partial COA expressions to be measurable. Let
6(mAt) , m=0,....,.N be the measurements of & , where

At is the sampling interval. We assume, without loss of

generality, that the first sample occurs at time t=0 for the
sake of notation. The second derivative J(¢) can be

approximated by

d((m+DAD-20(mArn) +0(m—1DAr)
(An?

5(mAt) =
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(2).

We seek to estimate parameters P, B and C such that the
measurements §(mAt) fit the model in an optimal way.

Consider the error function

e(t)=48(t)- P~ Beos 5(t)~Csin () 3)
where e(t) can be thought of as a function of the parameters
P, B and C. A good estimation of P, B and C, based on the
samples 5(mAt) + should make the error function e(mAt)
small. One way to achieve this is by least squares, i.e. by
minimizing

min N-1 2
P,B,C 2 e“(mAt) . (4)
m=1

The summation ranges from 1 to N-1, because 5(0) and

8{(NAt) are not available.
Let
3()

A=|- . ) e )

1 coss(n) sin&(Ar)

! cosd(N-Da) sina(N-1)a) 3 -1)

Then, the least square estimate of parameters P, B, and C is

P
Bl=(4Ta) 4Tp
C

©

B.The line-based EAC concept for OMIB

In a OMIB system if a fault or disturbance causes the
machine to start swinging with respect to an infinite bus,
EAC can determine the stability of the system under
transient conditions without solving the swing equation.
Power angle curves are used to analyze the physical
conditions before, during and after a fault. The EAC method
can decide the stability of the systems. Our purpose is to
protect the EHV-tie line far from cascade faults, so we use
the line power flow limit, which is setted by relay to modify
the EAC methods. The decelerating area will decrease by
the line power limit like Figure 4. To avoid a sequence of
EHV tie-line’s relay trip events, the remedial control actions
consist of load shedding and fast-valve control of turbines to
modify the Pm like figure 4. The strategy for determining
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Figure 4 The concept of line-base EDC method

the amount of remedial control actions is by the proposed
line-based equal area criterion.

NNL.SIMULATION RESULTS

A System Description

The system under study is the Taiwan power system in the
year 1999 using PSS/E-24 simulator program. The peak power
flows established by system planners at TPC. Table 1
summary is a generation and load for the load patterns under
study.

It is observed from Table 1 that the deficit power in the
northern area (4487 MW) must be supplied from the
generators in the central and southern areas through the
North-Center 345 kV and 161 kV lines. Since most of the
inter-area power flows are transmitted through 345 kV lines,
how to protect these EHV tie-lines will be of major concern
in this work.

Table I AREA GENERATIONS AND LOAD (MW)
North | Center South
Generation | 6310.0 | 8941.0 9335.0
Load + loss {10797.1| 6447.3 | 7092.5
Surplus power | -4487.1 | 2493.7 | 2242.5

*generations and loads in the eastern area are not included

B. Test Results

To verify the proposed method, simulations are
performed using the TPC systems with ZIP load
models[2].First we simulate the 729 events which has two
faults at t=0 and t=1.632 seconds on the same circuit from
sourth area to ceter area in figure 2.The result is in figure 5
and 6. We can see that the system is unstable like 729-event.
Secondly, we use open loop control to reduce the transfer
power at every time faut occurs. The action consists of load
shedding and fast-valve control of turbines .The amount of
remedial control is the prefault line power. Total are triped
and shedded about 1484 MW. The results are shown in
figure 7 and 8. Finally, we use the proposed line-based equal
area criterion, and action is taken at second fault. The
remedial action amount is 1133MW. The results are shown
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IV.CONCLUSION

This paper proposes a fast remedial control scheme to prevent
power system blackout due to a sequence of relay trip events. We
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use PMU’s to monitor the generators and the major EHV
transmission lines of a power system, and applies fault
detection/location system to precisely detect/locate fault for
initiating remedial control actions. Then using real-time phasor
measurements estimates the parameters of OMIB. The remedial
control actions consist of load shedding and fast-valve control of
turbines. The strategy for determining the amount of remedial
control actions is a proposed line-based equal area criterion for
OMIB. Encouraging results are obtained.
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