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Abstract: Fast valving and braking resistors. individually, are an effective means of improving the
stability of a power system under large and sudden disturbances. The fast valving schemes, like
other methods, are not always suitable for all power systems for enhancing the transient stability.
Minor variations in the switching parameters of the fast valving scheme drastically affect the
stability of the system. Moreover, there are some other associated problems such as risk of safety
valve operation owing to increased boiler pressure, the problem of second swing instability etc.
Similarly the dynamic braking resistor has its own limitations such as excessive heat loss and the
resultant temperature rise of the resistor. Therefore, coordinated fast valving and braking resistor
control is proposed. The coordinated control scheme is very effective in reducing the mismatch
between the mechanical input power and electrical power output of the generator, thereby reducing
the generator accelerating power during the fault period. Ths dual control from load side and
generation side substantially improves the transient stability perf@miance of the system. Various
schemes of fast valving control and coordinated control operation were tested on a single machine
infinite bus system and the results are compared.

1 Introduction

Transient stability study is very important in modern
interconnected power systems, as the stability margins have
been reduced owing to increased power transmission over
the existing lines. Various means have been adopted to
enhance the transient stability performance of the power
systems [MI.

Fast valving is one of the effective and economic means
of improving the stability of a power system under large
and sudden disturbances. Fast valving schemes involve
rapid closing and opening of turbine valves in a prescribed
manner to reduce the generator acceleration following a
severe fault [2]. For maximum gains with fast valving, the
turbine driving power should be reduced as rapidly as
possible. Fast valving techniques have been applied as early
as 1929, but they have been extensively used during the
1970s and 1980s all over the world [4].

During steady-state operation of a power system. there is
equilibrium between the mechanical input power of each
unit and the sum of the losses and electrical power output of
that unit. The problem arises when there is a sudden change
in the electrical power output owing to a severe and sudden
disturbance. The severity is measured by a drop of this
power to a very low or zero value and a consequential
sudden acceleration of the machines governed by the swing
equation:
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where, 6 is the rotor angle, in electrical radians, P,, is the
electrical driving power input, in pu, P, is the electrical
power output of the generator, in pu, H is the generator
inertia constant, in MW-s/MVA, and w0 is the nominal
speed, in electrical rad/s.

A dynamic brake is a resistor with a very high power
dissipation capacity for short time periods. It can be viewed
as a fast load injection to absorb the excess transient energy
caused by a disturbance. The brake is shunted between the
terminals of the disturbed generator and earth to dissipate
the excess energy gained by the generator during the
transient period [5, 61.

Dynamic braking resistor have been successfully applied
in the Peace River System 171, the Four-Corner Plant of the
Arizona Public Service Company [S, 91 and the Bonneville
Power Administration [IO]. Their use has also been reported
in Japan and the former USSR.

From (I), it is apparent that the decrease in the
mechanical driving power has the same impact on the
rotor angle swings as that of an increase in the electrical
power output. This gives the motivation to apply a
coordinated control scheme for very effective control and
damping of rotor angle swings. For the faults near the
generator terminal, the system voltage profile goes down
considerably, so the braking resistor cannot be effective till
the fault is cleared. Moreover this is the most crucial period
for a generator going out of step. In the proposed
coordinated scheme, the added advantage is that the fast
valving can be applied from the very beginning of the fault
period. This results in effective control over the rotor
acceleration, and also the braking resistor has to share only
the partial load, resulting in reduced duty and heat
dissipation.
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2 Control schemes

2.1 Braking resistor control
A braking resistor is connected near the generator terminal,
as shown in Fig. 1. Various switching strategies have been

Fig. 1 LU2e diaqrrrm of the rxample system
Parameters of the single machine system
H=3.0 El= 1.15pu
/ = @ H a X

d=O.2pu

Other parameters are:
Generator tnnsfomer reactance = 0. I pu
Line reactance, each = 0.4 pu
Braking mistor size = 1.O pu

proposed for optimal use of a braking resistor [I I]. Rotor
angular speed deviation, angular velocity in conjunction
with angular acceleration and rotor accelerating power are
the most important decision variables in dynamic braking
operations. Al-Az.zm4 et al. [5, 61 recommend the use of the
rate of change of kinetic energy (RACKE) of the machine
to decide the insertion and removal times of the brakes. The
control logics for single and multiple insertions can be
summarised as follows:

• Single insertion of the brake:
Insertion criterion:

(RACKE), >(RKmr) at fault clearance (2)

where RK,, denotes maximum negative value of RACKE.
Removal criterion:

(RACKE), = O and dw; = 0 ± (3)

where dw, is the angular speed derivation of the generator
and 0 f 1 means that the variable is zero while changing
sign from positive to negative.
• Multiple insertion of the brake:

The criterion for the first insertion remains the same as
above. For consequent insertions the criteria are as given
below:
Insertion criterion:

(RACKE), = 0anddw; = 0 f t (4)

where 0 f T means that the variable is zero while changing
sign from negative to positive.
Removal criterion:

The removal criterion is the same as for single insertion of
the brake.

2.2 Valve control in fast valving schemes
A typical valve stroke characteristic curve for a complete
cycle of the fast valving operation in depicted in Fig. 2.
Some of the primary limitations of the conventional fast
valving schemes include valve opening and closing rate
constraints and valve dead time, which is not adjustable to
very low values.

fully open

o 0.5 -

time, s

Fig. 2 Valve stroke characteristic curve
71 = delay between time of initiation and time when the valve begins
to close
72 = valve closing time
73 = time during which the value remains closed
74 = valve opening time

The strategy based on RACKE and rotor angular speed
deviation, as applicable to the fast valving schemes, can be
summarised as:
• Valve closing criterion:

(RACKE),= 0and dwi = 0 f (5)

Valve opening criterion:

(RACKE), = 0anddo i = 0& (6)

A typical variation of the angular speed and RACKE is
shown in Fig. 3. A close look at Fig. 3 reveals that the
frequency of variation of RACKE is twice that of the
angular speed variation. Thus for all practical purposes
the angular speed deviation can be used to guide the

Fig. 3 RA CKE and rorur angular speed
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opening and closing of the turbine valves. This will be
apparent with a careful look at (2) and (3). Nevertheless, the
RACKE signal can be used to ensure positive acceleration
while closing the valves or while inserting the brake and vice
versa. When the acceleration is within a certain lower limit,
the operation of these controls may not be necessary.
Devices such as power load unbalance relays and accelera-
tion detectors are employed for this purpose [2].

2.3 Single and multiple cycle valve operations
In the fast valving operations, the turbine valves can be
operated for one or more cycles depending on the system
requirements. Figs. 4 and 5 give typical cases of 2-stroke

scheme, termed ROPV (reciprocal operation of parallel
valves), can overcome the constraint due to inherent dead
time of a single valve. A detailed description of the parallel
valve operation can be found in [12]. In Figs. 4 and 5,
'Valve- F and 'Valve2 indicate the reciprocal operation of
the two parallel valves, and the generator performance with
a 2-stroke and Cstroke valve control scheme is depicted in
the following Sections. One essential detail to be noted here
is that full opening of the intercept valves is not
recommended in a number of fault cases and load levels
[2, 131. The optimal values of the valve dead time and the
final valve positions are case-specific. The proposed control
logic shows good adaptability.

P3 ^ =

2 'I
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- - speed deviation
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time. s
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Fig. 4 2-stroke fast ualving scheme

0.5 1.o

time, s

1.5 2.0

Fig. 5 4-stroke fxt calving scheme

and 4-stroke operation. The angular speed deviation signals
are scaled down by a factor of 10 for the sake of clarity. In
2-stroke operation the valve starts closing upon receiving a
positive angular speed deviation signal under the delay time
and closing rate constraints given by Fig. 2. The valve starts
opening upon receiving a negative angular deviation signal.
Valve closing and opening operations are guided by the
proposed control logic. This facilitates automatic selection
of valve dead time and final positions of the valves. The
4-stroke operation as shown in Fig. 5 is self-explanatory in
the light of the above explanation.

To facilitate fast closing and opening operations of the
turbine valves under the constraint of low dead time, two
valves in parallel are recommended [12]. The second valve,
in a parallel steam-piping branch, can be initiated to open
prior to or after the full closing of the first valve. This

2.4 Coordinated control
Fast valving and dynamic braking schemes, although very
effective over severe transients, have their own limitations.
Fast valving is applicable only on thermal generating units.
Moreover, as effective as the fast valving is in suppressing
the first swing of the generators, it leaves a high probability
of the system being unstable at the second or subsequent
swings. On the other hand, braking resistors are designed
for a short-term rating considering factors of economy and
space requirements. During this short time nearly all the
energy absorbed is consumed in raising the temperature of
the brake, as heat losses by radiation or convention are
negligible. The brake must he disconnected before it reaches
maximum safe temperature.

In view of the limitations of fast valving and bralang
resistors and in order to improve the system stability
further, there is the need for coordinated control. In (I),
reduced P, has the same effect on the rotor angle as
increased P,. These two functions are acheved with fast
valving and braking resistors, respectively. The fast valving
reduces the turbine power (or PJ by momentarily reducing
the steam supply. A typical variation in P, can he observed
in Fig. 6. On the other hand the braking resistor acts as a
dump load (as indicated in Fig. l), to be used at the time of
the fault to consume the electrical power of the generator
(resulting in increased P,). Thus, these schemes reduce the
mismatch between P, and P, in two different ways, and so
their coordination is quite effective in reducing the generator
acceleration during a fault. The idea of extending the
optimal switching strategy, which is used for the switching
of a dynamic brake to control the fast valving operation,
has been discussed in detail in Sections 2.1 and 2.2. This
forms the basis of a coordinated control.

2.0 r

1.5

1.0

M

.1.0

mechanical
— electrical

',".'i'Wu,.w .

10

time, s

Fig. 6 Variation in mechanical power inpur and electrical power
ourput of the generator, FCT= 0.15 s
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3 Illustrative system example

The single machine infinite bus system of Fig. I has been
considered for the present study. The preliminary system
data are given here, for immediate reference. The associated
governor is of electro-hydraulic type and the exciter is of
IEEE type-I. The governor and turbine are modelled as in
[2]. A symmetrical three-phase fault on the high-tension side
of a line transformer is cleared by opening the correspond-
ing line. The power system model and the associated control
logic have been simulated using advanced versions of
Matlah/Simulink. Simulink offers thc facility of many
inbuilt functions and component libraries, thereby making
the analysis user-friendly and more reliable [14].

4 Results and discussion

Fast valving as well as the braking resistor control were
employed on the example system, after the occurrence of
the fault. Fig. 6 shows the variation in the generator
mechanical power input and electrical power output for the
fault clearing time (FCT) of 0.15 s. Fig. 7 shows the swing
curves for the generator, for the same value of FCT, with
no transient stability control measures, with fast valving
control and with the coordinated operation of fast valving
and braking resistor. These are abbreviated here as no
control (NC), fast valving (FV) and coordinated control
(CC). Fig. 8 gives the variation in generator terminal
voltage for the respective cases. It was observed that the
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transient stability performance improves significantly with
the application of the coordinated control. The system
voltage profile is also better compared to other cases. Fig. 9
shows the system response for an increased FCT. The
power system becomes unstable for FCT =0.17 s, without
any control measures. hut the system stability is maintained
with application of fast valving and with the coordinated
control.

150

100

50

0

/
/

A.
I-A\A\

V

/ /
11

\\
(j

K \
....
—

V

NC
FV

CC

\ f

0 0.5 1.0 1.5 2.0 2.5 3.0

lime, s

Fig. 9 Roror rrngle variation with d$tereizI control ~lwne.~,
FCT= 0.17s

There are various schemes of fast valving, as discussed in
earlier Sections. The relative performances of these schemcs
have been andlysed in detail and are also compared with the
proposed coordinated control. Fig. 10 shows the system
response for FCT = 0.I7 s, with various fast valving

Fig. 8 Generator terniinal collage carialion wirh duerent control
schenie.s, FCT =O.ISs

-50

Fig. 10 Rotor mgle wriation with coordimled contml and Jhst
mltiing sclienics, FCT= 0.17 s

schemes. Here, 'FLC' indicates conventional fixed-logic
single-cycle operation of fast valving (see Fig. 2). '2-S'
stands for two-stroke operation of valves while '4-9
indicates four-stroke (or two-cycle) valve operation. The
coordinated operation of fast valving and braking resistor is
indicated by the legend 'CC. Figs. 11 and 12 show the
generator terminal voltage and generator accelerating
power for different cases. It is clear from the observations
of the rotor angles that the higher-order swings are damped
more effectively with an increased number of valve
operating cycles; nevertheless this does not affect the initial
swings significantly. It may also result in undue stress in
turbine and boiler sections. Application of the braking
resistor improves the system performance quite significantly.
This can he observed from Figs. 7-12.
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Fig. 12 Generator ucceleruling power with coordinured control
and ,/bst uuluing schemes, FCT=0.17s

The Size of the braking resistor has a definite bearing on
the insertion time. Table 1 compares the insertion intervals
for the different brake sizes for individual braking resistor
(BR) control and for a coordinated control (CC) scheme for
a fixed value of FCT. It also demonstrates that with the
coordinated control scheme the required duration of brake
insertion reduces and so the duty on the braking resistor is
less.

When the FCr is increased further to 0.20 s, the system
becomes unstable with, fast valving alone in action, but the
coordinated control is capable of handling the disturbance
even at this point. as shown in Fig. 13. Further, it was
observed that the swing performance of the generator also
varies with the number of times the braking resistor is
inserted. Fig. 14 shows the performance of the system with

Table 1: Comparison of brake insertion time with varying
brake sizes and different control schemes for single.
machine infinite-bus system fossil-fired unit FCT = 0.17 s

Control
scheme

BR

CC

BR

CC

BR

CC

Resistance
value, pu

2.0

2.0

1.0

1.o

0.5

0.5

Number of
insertions

1

1

1

1

1

1

Duration of
insertion, ms

205

155

125

110

70

70

150

100

si
o> 50

-50
2 3

lime, s

Fig. 14 Rotor angle carfurion with single und two bisertions of the
dvnunnmic broke, FCT= V.20 ~

a single and two insertions of the braking resistor. It was
observed that the first insertion of the dynamic brake plays
a decisive role in determining the overall stability of the
system. The consecutive insertions improve the damping of
rotor swings, but they cannot give any further gain in terms
of FCT. The number of insertions and the time period for a
particular insertion are also constrained by the heat
dissipation capacity of the resistor. The proposed control
scheme for switching of the braking resistor is found to he
very effective and it acts as a competent altemdtive to
relatively much more complex switching strategies [I I].

For most fault cases, a single cycle of the valving
operation and one insertion of the dynamic brake is
recommended. This can maintain the system stability with
no undue stress on the other system components.

5 Conclusions

A coordinated fast valving and braking resistor control
scheme has been proposed for the transient stability
improvement of a power system. Control laws for the
operation of the fast valving and braking resistor are fairly
simple and need less computation and fewer measurements.
Various fast valving schemes have been applied to a typical
single machine infinite bus system. A higher number of
valve strokes can be used to damp the higher-order swings,
but this cannot influence the initial angle swings signifi-
cantly. In addition, it tnay also result in undue stress in
turbine and boiler sections and jeopardise the stability in the
long run. Simulation results show that the coordinated
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operation of fast valving and braking resistor improves the
system stability significantly. Typically, a gain of 0.03 s can
easily be obtained in terms of increased FCT. Improved
generator terminal voltage profile and damping of the rotor
angle swings was also observed. The coordinated control
from both load and generation sides reduces the stress on
the part of the individual controllers.
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