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Abstract

Recently, power system engineers have faced numerous difficulties in adding new power stations and
transmission lines to face the continuous need of electrical power. In the future, superconducting
generators (SCGs) are expected to be the most suitable solution for the previous problem. This paper
presents the design and implementation of Posicast Input Command Shaping(PICS) which is combined
with phase advance controller in the governor control loop for a SCG against infinite bus system. This
is to improve the system performance, enhance its stability and reduce the exhibiting oscillations. To
achieve a high degree of accuracy, a detailed non-linear system model is considered including SCG,
governor, turbine, controllers, transmission lines and non-linear constrains. The performance of the
SCG equipped with the phase advance controller has been studied and the results were obtained in a
comparative form with others obtained when PICS is used under different faults (3-phase short circuit
for 120ms and 10% step increase in the mechanical input) and over a wide range of operating
conditions.
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1. Introduction

Over the years, there has been a continuous need for
increasing generation of electrical power to cater the
ever growing of power demand. The continuous
progress in up-rating the generators with different
machine parameters reduces the stability margin and
adversely affects the system performance. SCGs are
possible alternative to overcome the foregoing
problems. This is due to the several advantages of
SCGs over conventional synchronous machines such
as higher efficiency, possibility of generating at
transmission line voltages, smaller size and weight
in addition to its contribution to stability
improvement of power systems[1].

At the same time, these machines are adversely
characterized by their low inertia and low inherent
damping. So, special attention and consideration
must be taken when dealing with SCGs. Problems
associated with the stability and control of SCGs

have been under extensive investigations since the
late of 70's. The main problem is that SCGs have
almost zero resistance of field winding which leads

very long field time constant[2]. So, excitation
control, which is very effective in conventional
generators, becomes ineffective in improving the
dynamic performance of SCGs. So, the governor
control loop is considered as the only available loop
for improving the machine performance. However,
the governor control loop in nature provides
relatively lower positive damping. Therefore,
additional signals need to be used to provide extra
damping for the SCGs. Considerable attention has
been directed to the application of controller to
improve the performance of SCGs[3-5].

The most common power system controllers are
conventional, modern and artificial intelligent
control  techniques.  Various  conventional
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controllers have been employed to control the SCG
such as phase advance, flexible controller and
proportional- integral and derivative(PI1D)[6-9].
The design of these controllers was based on linear
control theory, to obtain models which describe the
system dynamics about an equilibrium operating
point. SCGs are highly nonlinear systems and non
linear control is not will established. Therefore,
controllers with fixed parameters which insure
good performance under a certain operating
condition may be not suitable for other
conditions[6-9]. Fuzzy logic controller(FLC) and
artificial neural network(ANN) have been applied
for SCG to improve the performance of the low
inherent damping and maintain better performance
under a wide range of operating conditions [10-
14].

The previous mentioned control systems were
designed based on specific techniques with the
aid of turbo generator linear zed models. The
designed controllers are then implemented without
any quantitative measure to precisely control the
turbo generator output. Alternatively, this paper
introduces a new technique to improve the turbo
generator performance via a control parameters
obtained by reshaping the input signal to obtain the
required damping characteristics of the turbo
generator output. This technigque represents a new
trend to power system controller design based on
tailoring the required control signals for achieving
the required damping characteristics. The Direct
search method technique represent an important
step in reshaping a system performance to fit an
experimental data and may be used to tailor the
required input control signal. This method,
however, requires complex computation and
convergence may not be guaranteed[15,16].
Posicast Input Command Shaping technique was
successful in reshaping the control signal to damp
mechanical oscillations. Posicast control originally
introduced in the late 1950s and further studied in
the early 1960s. The main idea of this method is to
split control input into direct and delayed signals.
When such control signal is applied to the process,
the direct and delayed signals counteracts and
attenuate oscillations at the process output and
consequently the desired damping characteristics
can be obtained. Also, this technique can be
implemented in both time-domain and frequency
domain analysis [17-19].

The objectives of this paper is to use the PICS
technique to reshape the transient response of the
superconducting generating unit for obtaining the

required damping characteristics. The technique
proposed in this paper is based on using the phase
advance network to design control for the governor
loop of the SCG and then using PICS to reshape
the input control signal. The performance of the
studied power system with phase advance has been
studied and the results are obtained in comparative
form with others obtained when PICS is added.

2. System Representation

The studied power system is consisted of SCG
connected to an infinite bus via a transformer and
a double-circuit transmission line, as shown in
Fig. (1). The SCG is driven by a fast response
turbine with fast valving routine. The turbine
governor model represents a 3-stage reheat
turbine with fast acting electro-hydraulic
governor fitted to both the main and interceptor
valves. The non-linear differential equations for
the studied system are as follows[7,9,11]:

_ Re .
Yr = wo (Efd X f Rf) @)
p¥s = w, (Vg +ig R+ ¥y) + 0 ¥y 2
p¥, = w, (V; +ig Ry — ¥y) — 0 Wy ()
p¥p1 = —w, ip1 Rp1 (4)
p¥o1 = —w, ig1 Rq1 (5)
p¥p2 = —w, _iDz Rp2 (6)
p¥o2 = —w, ig2 Ro2 (7)
Infinite Bus
Transformer | ‘
§CG Transmission. lines

Fig, 1. Schematic diagram of the studied system

Mechanical Equations:

pé =w (8)
pw = (20_:1 (Tm - Te) (9)
Te = lpd iq - lpq id (10)
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Transformer and transmission line

The transmission system can be approximated by
a series lumped resistance and reactance. The d-q
equations relating the machine terminals to the
grid are:

Vg=V, sind + 1, ig — Xeiq (11)
Vg =Vp cosd+ 1, ig —Xe ig (12)

Where X.=X7+X_ and Re= Rt +R_
Turbine and governor system:

Various models that represent the turbine dynamics
are given in the IEEE technical committee
report[20]. The turbine system that drives SCGs
should have fast response with fast valving routine,
this is due to maintain and improve the stability of
these low inertia units. The turbine-governor
model represents a three-stage steam turbine with
reheat. The state equations represent this model are

PYap = (G Po = Y )/ T (13)
PYesy = (Ve = Yot )/ Tin (14)
PY,p = (G, Yan — Yip )/TLP (15)
PY,p = (Ylp ~ Yip ) /T,p (16)
T = FupYup + FipYip + FipYip (17)
Gy = <UGM — Gm >/ Tem (18)
PG, = <UG1 — G1 >/TGI (19

Where the position and rate limits are,
0<Gm,G <1.0and

—6.7 < PGm,PG; < 6.7 p.ufsec

The parameters of the studied system are given
in the Appendix.

3. Phase advance

The phase advance circuit must be designed to
ensure suitable behavior of the machine in both
steady state and large disturbance. The phase
advance controller is a lead-lag compensator as
shown in Fig.(2)(without the dashed block). Many
researchers have designed a phase advance in the
governor control loop [1,5,7]. The designed phase

advance controller has the following transfer
function:

1+sT1
1+sT2

where: T1 and T2 are the time constants of the
controller and G is the gain. T1= 0.5 and T2=
0.01 sec. as the recommended time constant ratio
for SCG is 50.
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Fig.(2) The governor control loop with phase advance and PICS

4. Philosophy of PICS control:

This section presents the design concept and
implementation of PICS control.

A) Design concept

Posicast control is a widely used method in
reduction of damped oscillatory system
especially in mechanical fields. The main
concept of PICS method is to split the input
signal U(t) into two parts as shown in Fig.(3-a).
The first part is a scaled step that causes the
first peak of the oscillatory response to
precisely meet the desired final value. The
second part of the reshaped input is scaled and
time-delayed to precisely cancel the remaining
oscillatory response, thus causing the system
output to stay at the desired value[21]. The
result of using the posicast is shown in Fig.(3-
b). From Fig.(3-c), it is easy to derive the
following transfer function between the input
signal U(t) and the output signal U4(t)

Gpics = Ki + (1 —Ky)e ST
Where: K, represents the gain and Tg, is the
time delay which are chosen so as to decrease
the power system oscillations.
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The overshoot in the response can be described
by two parameters. First, the time to the first
peak is one half the period of under damped
response (Ty). Second, the peak value is
described by 1+6 where & is the normalized
overshoot which ranges from zero to one. These
PICS parameters can be calculated from the
amplitude  and time difference between the
peaks as follows:

1
K = —— , T
171456 dp=%

. Posicast pulse
Step pulse

Fig.(3-a) Shaping step pulse to Posicast pulse
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Fig.(3-b) A System output with Posicast
(Dashed without Posicast)
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ult ” 1(t)

(1 _ Kl)e—Spo

Fig.(3-c) PICS block diagram

B) Implementation of PICS control

The block digram of PICS for SCG equipped with
phase advance is shown in Fig.(2)( with the dashed
block) as proposed in this work. A simulation
program using a non-linear system model has been
carried out to investigate the effectiveness of the
designed Posicast Input Command Shaping(PICS)
for SCG which is equipped with phase advance
controller in the governor control loop of SCG
under different disturbances ( 3-phase short circuit
at the transformer high voltage side for 120 ms and
10% step increase in mechanical input) under
different operating conditions.

5. Simulation results

A Matlab Simulink program using a fairly
detailed non-linear system model has been
carried out to investigate the effectiveness of the
proposed controller(combined PICS and phase
advance)under 120ms three phase short circuit at
the transformer high voltage side and 10% step
increase in  mechanical input at different
operating conditions. Figs(4) and (5) show the
simulation results in a comparative form when
phase advance is applied with or without PICS
for 0.8 lag and lead P.f. respectively. The
simulation results illustrate that, PICS control
produces significant improvement in the system
behavior over phase advance network where the
system returns to its initial operating conditions
smoothly and quickly. A high damping to system
oscillations and a fast recovery of system
variables. Also, the designed PICS increases the
stability reserve indicated by the reduction in the
rotor angle first swing and a fast recovery of
speed deviation and valve position. The
simulation results verified the effectiveness of the
proposed technique as it can increase damping of
power system oscillations and provide better
dynamic and transient performance. Also, highly
improved system performance was obtained in all
cases(three phase short circuit at the transformer
high voltage side and 10% step increase in
mechanical input over a wide range of operating
conditions) with PICS in spite of its simple
control structure. So in conclusion, it is clear that
substantial improvements in both system
damping and stability can be achieved by
incorporating PICS in the governor control loop
of the SCG.

6. Conclusions

This  paper presents the design and
implementation of combined PICS and phase
advance controller in the governor control loop of
the SCG. The performance of SCG with the
designed controller is investigated using non
linear time domain simulations. The simulation
results verified that the proposed controller
improves the power system performance in terms
of minimizing the system overshoot, rise time ,
the settling time and system variables fast return
to their nominal values . Also, that controller
provides positive damping to the system
oscillation and improves the steady state
performance under different disturbances and
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over a wide range of operating conditions. So, the
proposed technique is capable of guaranteeing
the stability and performance of the studied
power system. Finally, proposed technique may
apply as an efficient method for practical
systems.
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Appendix :
The following data in p.u. of a superconducting
turbo-generator are chosen for digital simulation :
SCG parameters :
2000 MVA, 1700 MW, 3000 r.p.m
Xe= X=0.0453 p.u., X&= 0541 pu. ,
XKD1=XKQ1=O.2567p.u., XfKD2:0.3398p.U.
Xar=Xikp1=Xap1=Xap2=Xkp1kp2=0.237p.u.,
XaQ1:XaQ2=XKQ1KQ2=O.237p.u.
RKD1=RKQ1:O.01008p.u.,Ra:0.003
RKDZ:RKQ2:0-00134P-U-
KWS/KVA

p.u.,
,H=3.0
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Transmission System Parameters :

X7=0.15 p.u. , Rr=0.003p.u., X =0.05p.u.,
R.=0.005p.u.

Parameters of Governor and Turbine :

THp=0.1 sec, FHP:O.26 , T|p=0.3 sec, F|p:0.42 ,

TLP:O.3SGC ,FLP:O.32 , TRH:]-O sec, TGM:T(3|:0.1

sec, P,=1.2P.U

Retor Angle{Deg)

o (o gty
P R T T R

a) 0.8 lag p.f. b) 0.8 lead p.f.

Fig.(4) Response of the studied system to a 3-phase short circuit for 120-ms
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Fig.(5) Response of the studied power system to a 10% step increase in mechanical input
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