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Abstract: A new technique for reactive power.compensation “neuro-control” is
proposed. The application of such technique overcomes the step-wise voltage
compensation associated with switched capacitors. The simulation results show
effective compensation of fast power system voltage transients. The proposed
technique was found better compared with that which is using classical thyristor
switched capacitor. :

1. INTRODUCTION:

The power supply utility 1s usually bound to maintain supply voltages within defined
limits. These limits may vary from typically +5% averaged over a period of few
minutes or hours, to the much more stringent constraints imposed where large, rapidly
varying loads could produce voltage dips hazardous to the operation of protective
equipment, or flicker annoying to the eye [1]. Compensating devices have a vital role to
pay in maintaining supply voltages within the specified limits. and to avoid voltage
collapse [2]. Several types of VAR compensators are applied in power systems [3];
thyristor controlled reactors are applied for damping over-voltages while mechanical or
thyristor switched capacitors are used to overcome under-voltage situations. Switched
capacitors were introduced unit by unit as near as possible to the voltage peak resulting
in integral cycles of reactive current. This method was assumed to be transient free [4].
this may be partially true in the case of mechanically switched capacitors. but it
becomes far from true when considering thyristor switched capacitors due to the
uncertainty of the firing instance exact location with respect to the voltage crest.
Furthermore, even for a simple mechanically switched capacitor, transients will occur
when switching a new capacitor unit onto an already switched one. It is thus obvious
that in addition to a practically transient non-free switching, the resulting voltage
correction will assume a stepwise shape. In this work. the switching characteristics of a
single unit capacitor compensator is identified by an artificial neural network to provide
continuos VAR control. The resulting transients are analyzed and different transients
damping measures are considered. The proposed neuro-controller technique was
applied to a simulated real-time power system test to show its effectiveness.
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2. THYRISTOR SWITCHED CAPACITOR (TSC) MODEL:

The firing instances of each thyristor switch with respect to the bus voltage will be used
to provide the needed capacitive current. An inductor is added in series to the capacitor
to limit the inrush transients of the capacitor to an acceptable level. Inrush current
limiting is needed to down size the capacitor and the thyristor ratings.

The effect of, the firing delay angle and the TSC elements on.the reactive current is
highly non-linear. Furthermore. it does not provide a direct means of controlling the
current through the firing angle. The presence of inductance and capacitance together
makes the transients oscillatory. The natural frequency of the transient is a key factor in
the magnitude of the voltages and currents after switching. yet it is not entirely under
the designer’s control because the total series inductance includes the supply-system
inductance and that of the step-down transformer if any.

3. NEURO-CONTROLLER DESIGN:

The switched capacitor compensator's current versus thyristor firing delay angle
relation can be solved only by iterative methods. Such methods are time consuming and
may even not converge. It is also possible to solve such non-linear relation off-line for
various values of conduction angle and then store the results in a large look-up table. In .
this case there may be some granularity in the solution when the controlling parameters
fall in between the table entries. As aresult. a PID controller will not be effective to
control a switched capacitor due to its poor performance and uncertainties when
directly applied to nonlinear systems [5]. On the contrary. artificial neural networks
allow for a quick on-line calculation of the required conduction angles [6]. There are
numerous artificial neural network approaches with different structures. transfer
functions. and- training algorithms [7. 8]. The back-propagation algorithm was chosen
for its relative simplicity and maturity in regards to the present application [9]. The
structure of the neural network is very important. where the number of layers are
chosen due to the performance index of the back-propagation algorithm; mean square
error. A sequential training algorithm is adopted for a fast convergence training
process. The construction of the applied neural network is shown in figure (1).
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Figure (1): The designed TSC Neural Network
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Figure (2) shows a portion of the actual nonlinear relation and the artificial neural
network test response on the same graph. It is clear that the artificial neural network
simulated the switched capacitor current characteristics perfectly.
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Figure (2): The characteristics of the actual system and the ANN

4. THYRISTOR CONTROLLED REACTOR (TCR) CONTROL.:

The design of a TCR controller is by itself not a main objective in this work. mainly
because of the difficulties associated with that of the switched capacitor method are
not present. Still the performance of the proposed switched capacitor control has to be
analyzed in view of the presence of a TCR. as the coordinated performance of both
compensators is needed to maintain an acceptable voltage profile. A rather simple
PID controller was adopted for being a suitable choice [10]. Figure (3) shows the
responses for a bus experiencing an over-voltage situation; the resulting performance
shows the adequacy of the PID controller parameters.
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Figure (3): Effect of TCR on over-voltage Transients
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5. OVERALL SUPERVISORY CONTROLLER: !

- The selection of the supervisory control actionshould take advantage of the newly

proposed capacitor switched neuro-controller performance; there is no need now for
the TCR to interpolate between capacitor characteristics with the possibility of dead-
bands existence. The supervisory controller should read the power system Voltage
State and specify the voltage-to be within limits. above limits or under limits. The
action to be taken depends on the static VAR compensator’s actual operating state at
the instance of voltage disturbance. Figure (4) shows the overall control system
schematic representation.
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Figure (4) Schematic representation of overall control system

The supervisory control objectives may be realized by digital control or using an
offline trained neural network. the former is suitable for hardware control circuit
implementation while the latter remains a better choice for software driven overall
control. Figure (5) shows the artificial neural network architecture proposed for the
supervisory controller; the back-propagation algorithm was applied for training.
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Figure (5): ANN architecture for the supervisory controller
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The performance of the static VAR compensator was tested by 1ntroducmg voltage
disturbances through sudden heavy loading and dropping or faults.

Figure (6) shows the voltage profile of a bus enduring different sequential
disturbances with and without compensation.
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Figure (6): Disturbed voltage profiles with and without compensation

An over voltage disturbance lasting 0.15S was introduced. The TCR initially damped
the voltage to 1.01 p.u., a further drop in the voltage followed the disturbance clearing
due to the over-damping of the TCR. Nevertheless. the supervisory controller did not
alter the compensator status as the voltage remained within acceptable limits.
Following the under voltage disturbance introduced at 0.35S. the Supervisory
controller inhibits the gating signals of the TCR. The disturbance severity - being
beyond the former over damping TCR action range - implied enabling the TSC gating
signals when the voltage reached its lower acceptable limit. The dropping of
disturbing load caused a sudden over voltage that inhibited the TSC and re-operated
the TCR. A further final injected over-voltage disturbance will not alter the control
system operation due to the still operating TCR.
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CONCLUSIONS:

The proposed reactive power neuro-control technique was shown to be effective in
damping non- permitted voltage variations originating from faults. load patterns or
network inadequate reactive power control. The voltage was fastly restored to
permissible level following any injected disturbance. The new achieved extra-fast
response compared with the classical techniques makes it possible to co-ordinate the
static VAR system’s operation with other kinds of special and / or conventional
protection schemes.

REFERENCES

[1] Ray S. Kemerer. L.E.Berkebile."Directly connected static VAR compensation in
distribution system appllcatlons IEEE Trans on industry Application. Vol 35.No.1
Jan/Feb 1999,

[2] Luis S.Vargas. Claudio A. Caizares. "Time Dependence of Controls to Avoid
Voltage Collapse.”IEEE Transactions on Power systems. Vol. 15, No. 4. Nov.2000.
[3] IEEE VAR Management Working Group of the IEEE System Control
Subcommittee. "Bibliography on reactive power and voltage control.” IEEE Trans .
power system. vol.2. No2. .May 1997.

[4] Miller T.J.E.. ~ Reactive Power Control in Electric Systems™, John Wiley & Sons.
USA. 1982.

[5] Yuong-Kiu Choi. Min-Jung Lee, Sungshin Kim, and Young-Chul Kay. -~ Design
and Implementation of an adaptive Neural-Network compensator for control
systems, " IEEE Trans. On industrial Electronics, Vol. 48, No. 2, April 2001.

[6] M. Mohaddes. A. M. Gole. and P. G. McLaren(FM). "A Neural Network
Controlled optimal Pulse-Width Modulated STATCOM, " IEEE Trans. On power
Delivery, Vol 14. No 2. April 1999. :

[7] Peiman G. Maghami, Dean W. Spark ., “Design of Neural Networks of Fast
Acuracy: Dynamics and Control™ .IEEE Trans. On Neural Networks. vol.11. no.1. Jan

2000

[8] V.S.S. Vankayala and N.D. Rao.  Artificial neural networks and their
applications to power systems™ Electric power systems Research. vol.28. 1993,

(9] Z. Gu. and D.T.Rizy, = Neural Networks for Combined Control of Capacitor
Banks and Voltage Regulators in Distribution systems.” IEEE Trans. On power
delivery, vol. 11, no. 4. Oct. 1996.

[10] Cheng CG. Hsu YY. Damping of generator oscillations using an adaptlve static
VAR compensator.” Vol 7 . IEEE Trans power Systems No. 7. 1997,

24



Mad il 5080 L Silind (2 g b dusanl) LIANL aSad)

LT IPRLIWEN 2 & sadll aaal i ikl 2aal 3
5o G g Lia sl g o lall Ay ) ApaisH)
Aol g Aoy 4l Al pud
Al e Ay gpan — A NSl — b g

pa—ile

Ol Alled oall B all SOBLY gl (B oSl 6 g ge Caaadl by
Zya Jil Jasha 3 Jael Sigas o JlaW 75 a  Jssa e 2L el &l
Al i Al Slea Gl it e leval diie 350 Jah S o s dead)
Basall lle 5,0 5 asen o Jlaall s 5 aeall jled) Cigan 5 A Sl

O A Nad el 5 aall Salial) el B aSanll Banas 48y jha ilasiad 25 38
i aaall U DAl dasi) e Basiol A aded 5 . Gaand LA Jasial 3k
&,;aj‘ewzujmm)m&J\&jamﬁuubﬂyww;&@gg\q}m
ol o 3all f adl e el HSatll Jud b a5 A0l dgal) 3 gaa BoleN
i panl L DL o Sadll gy Aalal by ale o Lo e Jd el 0  geall
5 98 alday Slae rigai o Al ok 28 98 5 Allad padl 5 )all wlafie 6 Ly gad
Lgude s LY



