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Abstract: A new fast valving scheme of steam turbines using two parallel valves for improving the
transient stability of a power system is proposed. The influence of the actuation time parameters of a
conventional fast valving scheme using a single valve is first studied in detail to justify the need for a
parallel valve scheme. A systematic procedure for selecting suitable valve actuation times, the
sequence and the conditions to be monitored for implementing a coordinated parallel valve actuation
scheme is presented. The proposed scheme is applied to a typical nuclear power plant connected to an
infinite busbar system. A four stroke valve operation mode of the scheme is found to improve the
second and subsequent swing stability significantly. A multiple stroke operation mode of the scheme
for improving the rotor angle damping over a longer period of transient is also presented.

1 Introduction

Modern electrical power systems have grown to great com-
plexity due to increasing interconnections, and installation
of large generating units and extra high voltage (EHV) tie-
lines. Ensuring stable operation of a large interconnected
system against large disturbances involves suitable controls,
and the design of these controls is a complex problem. The
economic gains to be realised by the solution of this prob-
lem are enormous. Discrete supplementary controls (DIS-
COS) are one of the strategies used to improve system
stability. The DISCOS are characterised by the fact that
they are designed (i) for noncontinuous use, and (ii) to be
only supplementary, rather than for primary control [1].
The fast valving technique is one of the DISCOS used in
the plants. Studies on the effect of fast valving on system
stability have been reported in the literature [2-4]. Momen-
tary fast valving (MFV) schemes which actuate only the
intercept valves, known as eariy valve actuation (EVA)
schemes, are already being used in some existing plants [3-
10]. This scheme is accomplished through a rapid closure of
intercept valves and a subsequent reopening to their origi-
nal positions after some delay time, thereby allowing the
driving mechanical power to return to the prefault value.
The effects of the MFV scheme on thermal and nuclear
power plants have been reported in [2-4]. An overview of
field tests, maintenance practices and operating history of
the MFV scheme operating successfully in a power plant in
the USA has been presented in detail in [10].

The fast valving logic in an MFV scheme contains a
main circuit for generating the valve control sequence. This
circuit generates the initiating signal to close the intercept
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valves at a preset rate, hold them closed for a specified
period of time, and reopen them at a preset rate. The
allowable valve actuation times are influenced by the equip-
ment as well as by the system considerations. [2], discusses
the effects of increasing the dead and reopening times of
the intercept valve on the system stability. The author men-
tions that any delay in reopening will increase the magni-
tude of the first backward rotor swing, and hence will
deteriorate the system stability. The sensitivity of system
stability to valve actuation times has been investigated in
[6]. The authors have come to the conclusion that the MFV
implemented as an EVA scheme is effective in reducing the
first rotor angle swing, although it may result in second
swing instability.

In the present paper the effect of changes in the closing,
dead, and reopening times of the valve on the mechanical
driving power decay, electrical power output, and generator
rotor angle behaviour of a nuclear unit is investigated in
detail. The results have shown that the dead time has a sig-
nificant influence on the second swing stability. The paper
then proposes a procedure for selecting the optimal value
of the intercept valve reopening instant to achieve a sub-
stantial improvement in the transient stability. The pro-
posed procedure essentially involves monitoring the
variation of the angular speed and angular acceleration of
the unit subsequent to fault clearance at the critical clearing
time, to select the reopening instant of the intercept valve.
After the fault clearance, the instant when the angular
speed is crossing through zero (<w — 0) and simultaneously,
when the angular acceleration is negative (cb < 0), is cho-
sen as the suitable instant to start reopening the valve.
Many authors [2-̂ t, 6] have suggested that the intercept
valve should be reopened as soon as possible after full clos-
ing for two reasons. The first reason is to contain the
increasing pressure in the reheater due to accumulation of a
large amount of steam. The second reason is that a delay in
the reopening of the valve can cause second swing instabil-
ity. However, the dead time involved in the valve actuation
may be dictated by the minimum practically achievable
dead time of the valve mechanism after performing the
transient operation during the closing stroke period. Fur-
ther, while fixing the total actuation time of the valve, due
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allowance has to be given for the valve to get ready for sta-
ble operation during the opening stroke. The optimum
instant selected for reopening the valve using the above cri-
terion may not be practically achievable because of the
minimum dead time limit imposed by the valve mechanism.
This optimum instant of reopening of the valve is in fact
dependent on the particular machine, and on the particular
system on which the fast valving control is provided. Fur-
ther, after the fault clearance, for the fast valving scheme
employed to be stable, the decay of the mechanical driving
power to the turbine has to be within a certain minimum
value so that the potential energy stored in the system is
equal, to or more than, the kinetic energy gained by the
machine during the fault period. If the mechanical power
input to the turbine decays to a level below this limit, the
second swing instability will definitely occur. In such a case,
to avoid the system becoming unstable in the second swing,
it may be necessary to go in for another closing/opening
cycle of the valve. This is not feasible in a single valve fast
valving scheme because the valve will have to be fully
opened, and only after the inherent dead time and recovery
time of the valve actuation system may the valve be initi-
ated to close again, and this whole process will take so long
that the system will by then have become unstable. This
gave the motivation for proposing a parallel valve scheme,
in which the various dead time and recovery times can be
avoided, as one of the valves will always be ready to oper-
ate whenever required and assist the other valve. Such a
scheme, named as the reciprocal operation of parallel
valves (ROPV) scheme, which is capable of ensuring stable
operation of a power system after a large disturbance like a
three phase fault, is proposed in this paper. The proposed
scheme may employ single or multiple closing/opening
cycles of operation of the valves. A single cycle scheme will
be effective for maintaining the system stability in the first
swing, whereas a multiple cycle scheme will be able to
damp the oscillations and enhance the second, and subse-
quent, swing stability.

In this paper, a single machine-infinite bus nuclear power
plant system, with a detailed model representating the vari-
ous components of the system, is studied. The results reveal
the superiority of the proposed fast valving scheme.

Fig. 1 Typical steam turbine configuration of a nuclear unit with ROPV sys-
tem

2 Description of ROPV system

A schematic diagram of the proposed ROPV scheme suita-
ble for implementation in a nuclear power plant in a typical
tandem-compound turbine configuration, is shown in
Fig. 1. The scheme consists of two valves, each installed on
a separate steam piping branch to the low pressure (LP)
turbines, aad the two branches connected in parallel as
shown in Fig. 1, One side of the ROPV system is connected
to the outlet of the moisture separator reheater (MSR) sec-
tion. The other side of the ROPV system is connected to

the inlet piping of the LP turbine section. The reheat steam
flows into the LP turbine section through the ROPV sys-
tem and the inlet piping.

The normal positions of the ROPV valves are as follows.
The first valve is in a fully open position (denoted by sym-
bol Vl(l)) and the second valve is in a fully closed position
(denoted by symbol V2(0)J. Thus, immediatly after the
fault occurrence the exhaust steam from the HP section is
passed through the first valve only. The fast valving action
of a unit fitted with a ROPV system is realised by the recip-
rocal closing and opening operation of the two valves.
Soon after the fault occurrence, when the first valve starts
closing in response to the control signal received by it, the
second valve is waiting fully ready to start opening at any
required moment. The second valve may be initiated to
open even before the first valve completely closes, if
required, for stabilising a particular system. The full closing
and full opening of the valve in each cycle is called a 2-
stroke operation of the ROPV system, and in this case the
ROPV is said to be functioning in a single operation mode.
The status of the valve positions at the end of each stroke is
shown in Fig. 2.

valve positions
V!(1),V2{0)

\ <«<<- control signal to initiate closing of the
\ first valve

VI(0), V2(0)

\ < < < < < - control signal to initiate opening of the
\ second valve at the optimum instant

VI(0),V2(1)

end of scheme
Fig. 2 Diagram of single cycle operation of ROPV scheme

In the multiple cycle operation mode, the ROPV can
have 4, 6, 8 or more closing/opening strokes following the
disturbance. The status of the valves' positions at the end
of each stroke in such a multiple stroke scheme is shown in
Fig. 3.

V1(1),V2(0) start of ROPV scheme
\

V1(0), V2(0) 1st Stroke

\
V1(0),V2(1) 2nd stroke

\
V1{0). V2(0) 3rd stroke

\
V1(1),V2(0) 4th stroke

VI (0), V2(1) (2n-1 )th stroke
\

V1(1).V(0) (2n)th stroke
\

end of scheme
Fig .3 Diagram of multiple cycle operation of ROPV scheme

Our studies reveal that in the single cycle operation mode
the optimal instant to initiate opening of the second valve
may turn out to be before, after, or at the same moment as
the first valve closes fully. However, in the case of the mul-
tiple cycle operation mode the opening of the second valve
is selected according to the required stability performance
of the system.

It may be noted here that the ROPV scheme may be
used not only with steam turbines of nuclear units, but also
with cross-compound and tandem-compound steam tur-
bines of fossil-fired units.

IEE Proc.-Gener. Tramm. Distrib., Vol. 146, No. X May 1999 331



3 Characteristics of the ROPV system

For a particular system, the characteristics of the ROPV
scheme are so designed as to meet the system performance
requirements from the transient stability viewpoint. In the
studies reported here, both the valves in the ROPV scheme
have been assumed to have the same valve stroke charac-
teristics. By combining the characteristics of the two indi-
vidual valves we can obtain the hybrid fast valving
characteristic of the ROPV valve operating sequence, as
shown in Fig. 4. The plug type of valves have been used in
the present study. The stroke characteristic of the individ-
ual valve is obtained by computing the valve flow area as a
function of the valve position, as shown in Fig. 5. Making
use of Figs. 4 and 5, the flow area of each valve can be
obtained at any instant of time. By adding the steam flows
through the two valves, the amount of the steam flow
through the turbine can be obtained, and this is used for
calculating the mechanical power output of the turbine to
be substituted in the swing equation.

1.0
V1(D V2(1) V1(1) fully open

fully closed

time, s
F ig .4 Hybridfasl valuing characteristic of ROPV tabs operating sequence

valve position
Fig. 5 Plug type characteristic

To initiate the fast valving action, it is necessary to use a
power/load unbalance logic circuit as described in [3, 8].
This circuit works by comparing the mechanical driving
input power with the electrical output power. When the
mechanical input power to the turbine exceeds the electrical
power output of the generator (positive acceleration) by a
set amount (predetermined from system studies), valve 1 in
the ROPV scheme is initiated to close as soon as possible.
However, in practice, a delay time will be introduced to
account for the sensing of the signal and actuating of the
valve mechanism. When valve 1 is going through the clos-
ing stroke, the suitable instant to initiate the opening of
valve 2 is to be determined. In the procedure proposed in
the present paper, the suggested instant for initiating valve
2 opening is when the angular speed of the machine is zero-
crossing, and simultaneously when the unit experiences a

negative acceleration. At this instant, valve 2 in the ROPV
scheme is initiated to open (see Fig. 4). In the case of a
multiple cycle operation mode, the initiation of the subse-
quent closing/opening cycles of the two valves are to be
decided by monitoring the sign of the machine acceleration
only. When valve 2 is completely opened at the end of the
first cycle of operation, if the machine acceleration is posi-
tive, valve 2 will be initiated to start closing. If the machine
acceleration is negative when valve 2 attains the full open
position, it will wait for the machine acceleration to become
positive, and only then will valve 2 be initiated to start clos-
ing. In the proposed scheme, when valve 2 is closed to a
predetermined level, valve 1 will be initiated to start open-
ing, ensuring that the machine acceleration is negative at
that instant. Many such cycles of opening/closing opera-
tions of the parallel valves may be employed for limiting
the subsequent swings of the machine angle, and for
achieving better damping performance of the system,

4 Description of study system

Fig. 6 shows the single line diagram of the SMIB system of
a nuclear power plant, in which the proposed fast valving
schemes have been applied. Typical data of the system are
given in the Appendix. The system disturbance is created
by applying a three-phase stub fault at bus 2.

©

generator inlinite bus

F i g . 6 Singk line diagram of SMIB system

The salient features of the simulation model are:

(i) The generator is a round rotor machine with detailed 6
state variables representation.

(ii) The excitation system is represented by the IEEE type 1
model.

(iii) The governor system is of mechanical-hydraulic
(MHG) type, described in [11].

(iv) The turbine is of the standard IEEE, tandem com-
pound type consisting of a high pressure stage and three
low pressure stages with a moisture separator reheater. The
model includes the fast valving with a ROPV system, as
shown in Fig. 7.

5 Results of study

5.1 Effect of valve actuation times on
performance of conventional fast valving
scheme
Extensive transient stability studies on the system shown in
Fig. 6 provided with a conventional fast valving scheme
have been carried out. Typical data of the system are given
in the Appendix. The effects of different valve actuation
times of the conventional fast valving scheme on the
mechanical power decay, electrical power, and rotor angle
behaviour of the unit have been studied in detail. The fol-
lowing actuation times have been considered in the study
[6]: delay time, tx - 0.10s; closing time, t2 = 0.25s; dead
time, IT, = 0.10s; opening time, t4 ~ 0.85s.

The system has been found to be unstable for a fault
clearing time of 0.0S1 s, when only the normal excitation
and mechanical hydro-governor (MHG) control systems
are used. However, when the conventional fast valving
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governor •
signal

logic
circuit
signal

ROPV valve
control operating

sequence
F i g . 7 Generic tnadel of steam turbine with ROPV valving sequence

scheme with the above valve actuation times is used, the
system becomes stable, as shown in Fig. 8. The intercept
valve actuation times, along with the control sequence, are
shown in Fig. 9. The mechanical power decay and the elec-
trical power behaviour for this case with fast valving are
shown in Fig. 10. The minimum value of the driving
mechanical power in the first swing computed for this case
is about 0.56p.u. This value turns out to be high because
the dead time has been chosen to be quite low. Detailed
studies indicate that the delay time t\ influences the system
stability significantly. An increase in t) reduces the stability
of the system. Therefore, it is very desirable to reduce tx to
as small a value as possible. The practically achieved mini-
mum time of ty by leading manufacturers is around 0.1s,
and hence tx is assumed constant at 0.1s in all the cases
studied in this paper.

2 7 0 -

valve 1
• v a t v e f l o w
;P° s l t l o n area
•(V1)

' 1 1 0 -

3 0 -

-50-

Fig. 8 Rotor angle of nuclear unit
with AVR only.
- with AVR and gov.

10
time, s

- with fast valving.
(at F.C.T = 0.081s)

Fi g. 9 Valve actuation times diagram
!, = 0.10s t2 = 0.25s

S 102 4 6
time, s

F i g . 10 Mechanical and electrical power variations with conventional fast
valving

mech. power
elect power

(at F.C.T = 0.08Is)

I -0 .10 -

-0.15-^

h - 0.10s U = 0.85s

F ig . 11 Angular speed of unit with F.V. at critical clearing time
at F.C.T = 0.081s

vi - 0 at T = 0.397s

5.2 Motivation for proposing a parallel valve
scheme
The transient stability studies on the system provided with
the conventional fast valving scheme, described in the pre-
vious Section, reveal that the system, which was unstable
with just excitation and governor control, is made stable.
However, even with fast valving, the stability limit is not
increased and the critical clearing time is still 0.081s. The
system becomes unstable at the second swing for a clearing
time of 0.082s. The angular speed and acceleration per-
formance at the critical clearing time of 0.081s have been
shown in Figs. 11 and 12, respectively. The angular speed
reaches zero after fault clearance at time T = 0.397s. At
this instant {i.e. T = 0.397s) the angular acceleration of the
rotor is negative. The time T includes th t2 and /3 of the
valve actuation times. If we keep t\ and t2 constant at 0.1
and 0.25s, respectively, and change only the dead time % to
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t3~T-(tl + t2) = 0.047s, a significant improvement in the
second swing stability of the system is achieved. However,
this dead time /3 = 0.047s is too small and is not achievable
in practice. This optimal dead time is obtained for this par-
ticular system, and for a general system may turn out to be
even less than this value. This has provided the main moti-
vation for proposing a new scheme of fast valving employ-
ing two parallel intercepting valves in this paper. Results of
the transient stability studies on the same system provided
with the proposed parallel valve scheme in various modes
of operation are presented in the following Sections.

Fig. 12 Angular acceleration of unit with F.V. at critical clearing lime
at F.C.T = 0.08Is

w = 0 at T = 0.397s

0 1 2
time, s

Fig. 13 Hybrid characteristics ofROPV
valve I stroke

valve 2 stroke
opening at instant of time T = 0.397s

220-

•§140 -

"m SO-
CO —

o -20-

-100-
0 2 4 6 8

time, s
Fig. 14 Rotor angle of unit with ROPV: 2-stroke scheme

with F.V, at F.C.T = 0.082s
• - • - with ROPV at F.C.T = 0.082s

with ROPV at F.C.T = 0.096s
open. inst. at T = 0.397s

220-

' 1 4 0 -

2 -20-

10

-100-
100 2 4 6 8

lime, s
Fig. 15 Rotor angle of unit with ROPV: 2-stroke scheme

open. inst. at T = 0.397s
open, inst. at T = 0.573s

(at F.C.T = 0.097s)

5.2.1 2-stroke operation of parallel valves: The
data in Table 1 represent the valve actuation times of the
proposed parallel valve scheme.

220-

J ;
140-

S -20-

-100-

time, s
10

Fig. 16 Effect of different opening instants ofROPV
open. inst. at T = 0,563s

open, inst, at T = 0.573s
open, inst at T = 0.640s

open. inst. at T = 0.740s
(at F.C.T = 0.098s)

Table 1: Valve actuation times of proposed parallel valve
scheme

Delay time Closing time Opening time

Valve 1 (VI)

Valve 2 (VZ)

^ 0.10s

= 0.10s

tcl = 0.25s

ta = 0.25s

fol = 0.85s

ta2 = 0.85s

At the fault occurrence, after a typical delay of (say) 0.1 s,
valve 1 in the ROPV system starts to close. In the case of
the particular system studied in this paper, the machine
angular speed crosses zero and simultaneously experiences
negative acceleration at time T - 0.397s. This instant of
time (T = 0.397 sec) is chosen as the instant to initiate the
opening of valve 2, which is initially closed. The hybrid
ROPV valve operating sequence is shown in Fig. 13. This
choice of a new opening instant of valve 2 at T - 0.397s is
found to increase the critical clearing time of the system to
0.096s and, the corresponding rotor angle variation is
shown in Fig. 14. It may be noted from this Figure that the
critical clearing time obtained for the same system with a
single valve conventional fast valving scheme was only
0.081s. Now, for the case of the system employing the
ROPV scheme with the new critical clearing time of 0.096s,
the instant at which the angular speed reaches zero has
increased to T - 0.573s, measured from the occurrence of
the fault. With this newly selected instant of opening of
valve 2 (at T = 0.573s), the critical clearing time has
increased to 0.097s. The corresponding rotor angle varia-
tion of the system is shown in Fig. 15. This process of suc-
cessively changing the instant of starting of the opening of
the second valve when the angular speed of the machine is
crossing through zero is repeated until no further improve-
ment in critical clearing time is obtained. By following this
procedure, the final optimal value of T obtained for the
system studied is 0.64s, and the corresponding critical clear-
ing time of the system is found to be 0.098 s. The effect of
different values of valve 2 opening instants on the rotor
angle transient behaviour of the system for a fault clearing
time of 0.098 s has been compared in Fig. 16. This Figure
shows that the rotor angle is unstable at the first swing
when the opening instant of valve 2 is T = 0.563 s. How-
ever, when the valve 2 opening instant is increased from T
- 0.563s to T = 0.573s, the rotor angle variation swing
becomes stable in the first swing. The rotor angle swing is
even better controlled when the opening instant of the
valve 2 is further increased to T - 0.64s (0.067 s higher).
To investigate the effectiveness of the procedure adopted
for selecting the optimum instant to start opening valve 2, a
valve 2 opening instant of 0.74s was tried. For T - 0.74s,
there is not much improvement in the first swing stability,
and the second swing becomes worse. Any further increase
in T beyond this value makes the system unstable in the
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second swing. Fig. 16 shows that the opening instant of T
= 0.64s has the best effect on the stability of the system at
first swing, and also enhances the transient stability margin.

5.2.2 4-stroke operation of parallel valves: Fast
valving with the proposed ROPV scheme can be further
improved by introducing multiple stroke operation of the
parallel valves. A 4-stroke operation of the system can be
implemented by going through two closing/opening cycles
of the parallel valves. The transient stability results on the
studied system with a 4-stroke operation are now pre-
sented. The valve actuation times for the two valves used in
the 2-stroke operation are also used for the 4-stroke opera-
tion case. The time at which the opening of the second
valve is started is assumed to be T - 0.45s, which is equal
to the total of the delay, closing, and dead times (t\ + t2 +
;3), as used in the case of the conventional single valve fast
valving scheme presented in Section 5.1. For this value of
T, the system became unstable at the second swing for a
fault clearing time of 0.082s. It is demonstrated in this Sec-
tion that a suitable 4-stroke operation scheme can be
designed for this case, which will make the system stable in
the second swing.

hi the 4-stroke operation, the first stroke involves the full
closing of valve 1. The second stroke starts at 0.45s with
the initiation of the opening of valve 2. When valve 2 is
completely open, the third stroke starts. At the beginning
of the third stroke, valve 1 is completely closed and valve 2
is initiated to close when the machine experiences a positive
acceleration. In the course of the third stroke, when valve 2
is closed to a particular level, the fourth stroke involving
the reopening of valve 1 is initiated. The overlapping dura-
tion of both the valves in the open condition is suitably
chosen so that the second, and subsequent, machine rotor
angle swings are effectively contained and damped. To
determine the most suitable instant to initiate reopening of
valve 1 in the fourth stroke, different instants correspond-
ing to different levels of the valve 2 closing position in the
third stroke, simultaneously ensuring that the machine
acceleration is negative at that instant, are tried. By the end
of the fourth stroke, valve 1 is completely open and valve 2
is completely closed, and a full cycle of 4-stroke operation
is completed.

To study the effect of change in the opening instants of
the first valve in the fourth stroke, five cases corresponding
to the closing positions of 86%, 85%.. 70%, 40%, and 0% of
valve 2 in the third stroke are tried. In these cases, the fault
clearing time is assumed to be 0.082s. The hybrid ROPV
valve operation sequence corresponding to the 70% case is
shown in Fig. 17. The mechanical power variations of these
five cases are compared in Fig, 18. It is clear from this Fig-
ure that 4-stroke operation is very effective in containing
the mechanical power excursions in the second swing. It
may be noted that for the 86% case the system just
becomes unstable. For rest of the cases, the system/is stabi-
lised. Fig. 19 shows the rotor angle performance for all five
cases. It may be observed from this Figure that the best
rotor angle performance is obtained for the 70% case. A
comparison of variations of electrical power, terminal volt-
age, reactive power, field excitation voltage, and turbine
pressure at the RH-stage for the four stable cases is made
in Fig. 20-24, respectively.

5.2.3 Multiple operation of parallel valves for
improving system damping: It is demonstrated in
this Section that the proposed ROPV scheme can be
improved by adopting a multiple cycle operation of a suita-

o 1 2
time, s

Fig. 17 Valve stroke of ROPV: 4-stroke scheme
valve I stroke.

valve 2 stroke.
VI opening at 70% of V2 closing position.

-0.2
0 2 4 6 8

time, s
Fig. 18 Mechanical power decay ofimit; 4-stroke scheme

open. inst. at V2 posit. = 86%
open. inst. ill V2 posit. = 85%

open. inst. at V2 posit. = 70%
-M- open. inst. at V2 posit. = 40%
- O - O - open. inst. at V2 posit. = 0.0
and w 0. (F.CT = 0.082s)

m 90z

10

-150-
0 2 4

time, s

Fig. 19 Rotor angle of unit: 4-stroke scheme
open. inst. at V2 posit. = 86%

open. inst. at V2 posit. - 85%
open. inst. at V2 posit. = 70%

- • - • - open. inst. at V2 posit. = 40%
- O - O - open. inst. at V2 posit. = 0.0
and w 0, (F.CT = 0.082 s)

1.6-E

S 0-5

| -0 .4-E

•5 - 0 . 8 T

-1.2-

10

time, s
6 10

Fig. 20 Electrical power ofimit: 4-stroke scheme
open. inst. at V2 posit. = 85%

open. inst. at V2 posit. = 70%
• open. inst. at V2 posit. = 40%

- • - • - open. inst. at V2 posit. = 0.0
and w 0. (F.C.T = 0.082s)

ble number of valve strokes, which essentially involves
coordinated opening/closing cycles of both the parallel
valves in such a way that the subsequent rotor angle swings
also may be stabilised and damped effectively. As the aim
is to improve the system damping, the case corresponding
to 2-stroke first cycle operation with the opening of valve 2
at the optimum opening instant of 0.64s (described in Sec-
tion 5.2.1) is again considered. For the particular system
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| 0 .4 i

0 2 4 6
time, s

F i g . 21 Terminal voltage of unit: 4-stroke schema
open. inst. at V2 posit. = 85%

open, inst. at V2 posit. = 70%
- • - • - open. inst. at V2 posit. = 40%

open. inst. at V2 posit. = 0.0
and w 0. (F.C.T = 0.082s)

d 0.2 ~

§-•0.2-
S „ :
•g - 0 . 4 -

10

-0.8-
0 2 4 6

time, s
F i g . 22 Reactive power of unit: 4-stroke scheme

open. inst. at V2 posit. = 85%
open. inst. at V2 posit. = 70%

open. inst. at V2 posit. = 40%
open. inst. at V2 posit. = 0.0

and w 0. (F.C.T = 0.082s)

10

s
o 2.0-

0 -

-2.0- 1 1 - I " '—1—1—i—1—1—i—1—1—1—1—1—

0 2 4 6 8
time, s

F i g . 2 3 Field excitation voltage of unit: 4-stroke scheme
open. inst. at V2 posit. = 85%

open. inst. at V2 posit. = 70%
open. inst. at V2 posit. = 40%

- • - • - open. inst. at V2 posit. - 0.0
and w 0. (F.C.T - 0.082s)

10

0 2 4 6 8
time, s

F i g . 2 4 Pressure at RH-stage of turbine: 4-stroke scheme
open. inst. at V2 posit. = 85%

open. inst. at V2 posit. = 70%
- • - • - open. inst. at V2 posit. = 40%

open, inst, at V2 posit. = 0.0
and w 0. (F.C.T = 0.082s)

studied in this paper, the critical clearing time obtained is
0.098s. Now, with this clearing time of 0.098s, different
multiple stroke cycle operations with 4, 6, 8, 10, 12 and 14-
strokes have been tried. In these cases, the opening and
closing instants of the two valves in each cycle are chosen
appropriately as described in Section 5.2.2. From the

results of the studied system we have observed that the 12-
stroke scheme yields the best damping performance at sub-
sequent swings.

6 Conclusions

A new scheme of fast valving of steam turbines using two
parallel valves for improving the transient stability of a
power system is proposed in this paper. The effect of
change in the valve actuation times of a conventional fast
valving scheme was first studied, which gave the motivation
for proposing the new scheme. A 4-stroke valve operation
mode of the parallel valve scheme is found to improve the
second, and the subsequent, swing stability significantly. A
multiple stroke operation mode of the proposed scheme
has been found to be very effective in damping the rotor
angle swing over a longer period of transient.
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8 Appendix

The results of the load flow study and generating unit
parameters are shown in Table 2.

Table 2: Results of load flow study and generating unit
parameters

Bus voltages (p.u.) Generating unit data

V\ = 0.9255 L 26.05

VI = 0.957 L 17.8

Trans, lines R & X (p.u.)

L1-2 0.008 4/3.0156

L2-3 0.0142 + jO.O554

Load at bus 2

P, = 283.5IVIW

Q, = 26.9MVAR

Generation at bus 1

PG = 800MW

QG = -166MVAR

H=3.82MW.S/MVA

Ra = 0.0037 p.u.

X1 = 0.1878p.u.

Xcf=1.750p.u.

Xcf = 0.275p.u.

Xq=1.680p.u.

Xcj = 0.470p.u.

Tdd = 5.20p.L.

Tqo' = 1.965p.u.

Saturation parameters

A = 0.00007978

B=7.1918
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