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ABSTRACT

An Artificial Neural Network (4/¥VN) based power system static VAR controller is developed . The Static
VAR Compensator (SVC) ( Thyristor Controlled -Fixed Capacitor (TCRFC) type) is used for voltage
regulation and enhancing power system stability . The ANN is trained off-line using the Variable
Structure control system data at different operating conditions and various external disturbances .
Moreover, the trained A/NN parameters are tuned and updated on-line using the synchronous machine
speed deviation state as ANN output error . A sample digital simulation results of the power system speed
deviation state responses are obtained when reference terminal voitage speed state, and input torque
disturbances take place . The digital simulation results prove the effectiveness and robustness of the
present Adaptive Neural Network in terms of high performance power system and fast damping

response of the power system electromechanical mode oscillations.

KEY WORDS : Computer Applications

I- INTRODUCTION
It is well known that the power system operates asa highly nonlinear dynamic system.The power

system stability depends upon operating point condition . An additional signal to the excitation s);stem of
synchronous machine has been deve!opéﬂ to enhance power system stability{1-3|. Different controi
techniques have been applied to design a controller called power system stabilizer (PSS) to generate the
additional signal [4-6]. The non-linear model of the power system is linearized to employ linear control
methods that is used to develop PSS.
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Recently a Variable Structure sliding control technique has been implemented to establish the PSS. ]
However, the mathematics of the variable structure controller is complicated that prohibits its real time
implementation . Moreover, the controlled plant using variable structure control system is an oscillatory
and requires plant of large inertia. With advent of Artificial Neural Network (ANN) computational model
, an open field to system identification and system control has been appeared (7],(8] . The present paper

utilizes the ANN to emulate the variable structure sliding mode controller to design a Static FAR power

system stabilizer.

2- POWER SYSTEM REPRESENTATION

The simulated power system consists of a synchronous machine with excitation control system
connected to Infinite Bus Bar through double circuit transmission lines as shown in fig.(1). Furthermore,
a SVC (Fixed Capacitor-Thyristor Controlled Reactor (FCTCR) type) is connected to machine terminal.
As known,the power system is non linear dynamic system and the linearized mathematical model at
nominal operating points(P=0.8 p.u.,power factor=0.8 lag, Voltage=1.0 p.u.) is obtained and is listed in

appendix.

3- STATIC VAR COMPENSATOR MODEL

With advent of power electronic switches, the controlied static reactive devices have been designed
instead of mechanical switches . Moreover, the S¥C has advantages in sense of fast response with less
maintenance requirement corﬁpared with mechanical ones. The electrical engineers first utilizes the SVC
to regulate the voltage and improve the power factor. Recentiy the SVC is applied to enhance the power
system stability and increase the transmission leng line capability. The SVC includes mainly Thyristor-
controlled reactor (TCR),Thyristor-switched capacitor (I'SC) , Fixed capacitor,Thyristor controlled
reactor (FCTCR) and Thyristor-switched capacitor, Thyristor controlled reactor (TSCTCRj. The FCTCR
type is used in this work as shown in fig.(1) . The essential feature of the SVC is that the equivalent
susceptance {Bc - BL) changes with thyirstor firing delay angle control and in turns the reactive
current injected or absorbed from power system is regulated [9-11]. The main work is that how to control

and generate the control signal of the electron switch. The present work uses the SVC to enhance and
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restore the power system stability after different disturbances applied upon power system. The SvC
control model is shown in fig.(2). The input signal to SVC control circuit is the terminal voltage error
compensated by adjusting the firing delay angle of the SVC thyristors. An additional signal is generated
by variable structure control system to restore the power system stability due‘to different disturbances .
That the above additional signal is added to terminal voltage error( V ¢ — Y ) to change the firing
delay angle of the SVC thyristors and therefore the SVC equivalent susceptance changes as shown in fig
(2) . However, the variable structure control system is complicated and it is difficult to work on line. The
Artificial Neural Network approach is employed in the present work to design controller to stabilize the

power system in fast time and it is possible to apply on-line.

4- VARIABLE STRUCTURE CONTROL SYSTEM

The adaptive model reference control (AMRC“) system is designed to make the controlled plant tracks
the predefined model reference response . Moreover, The AMRC is insensitive to the variation of the
controlled plant parameters . However, the AMRC is complicated and difficuit to implement on line. The
Variable structure sliding mode control technique is basically MRAC but is easier to implement than the
conventional MRAC [12]. The present paper uses the Variable Structure sliding mode control system to

design a Static VAR power system stabilizer. The Variable Structure sliding mode controi technique

construction is shdwn in fig.(3 ).

The control action of the above Variable Structure coatroller is given by:
e« U=-¥, Ao -¥,Ad (1)
where

a.,; if X;S>00
po=d i=1,2 (2).

a; if X;S<.00

U is controller output signal sent to the control circuit of the SVC ' s thyristors used for power system
stabilizer.

X.,, X, are Ao and , AS respectively
and S is the switching hyperplane and equals

$=CX=0.0 3)
and C is calculated using pole assignment technique as follows:

’[ET controlled plant state-space model is given by: __]
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[)_(?= AX+bU

and.

choosing the coordinate trans{ormation M
Z=M.X

in..order. that

o)

by substituting X = M.™" Z in equation (4) results
Z=MAM'Z+MbU
by..partitioning Z such that Z = [Zz"  Z"2]such that

Z7, to be scalar Then equation (7) yields

7 =‘l:A” AIZ]’[Z'L[O ]U
VAT Ay Ay Z,; |by

A, Ay, Ay, Ay, are the submatrices making the MAM ™" matrix

from..equation (8)
Zi=A, Zy+A, 7,
Z2=AyZ+AnZ, -+b,_u

equation (9) describes the dynamic response of the open — loop control system

with state vector Z, and controlsignal Z,
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Since the pair (A, b) isassumed to be controilable, the pair (A |, ,A |, ) isalso controllable[12]

hy substituting X = M~ Z in equation(3)
o =C"M"Z=00

(1

writing C' M™' = [CT) C, JwhereC, isa(n— 1) columan vector and C, ascalar , thenequation (11) may

be written by
Ty Zy $Cy Zy =00
assuming C, =1 , resuils
Z,=-C" 7,
the equations of the sliding mod e inclosed loop formcan beexp ressed as
Z1=(Ay ~Az T Z,=A Z,
Theeignvaluesof matrix A , may be placed arbitrarily in the complex plane
Thealg orithm for deter mine S canbe summarized as follows
(1) select the transformation matrix M

(2) calculate the vector C, suchthat the eigenvalues.

A reeens A.,_; of the matrix A describing the dynamic behaviour insliding mode.

(3) choose the equation of the hyperplane to be of the form.

S=[C"y 1JMX=00
L

(12)

(13)

(14)
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Using the above controller to stabilize the power system due to different disturbances (speed state
deviations disturbance, operating point changes, reference terminal voltage disturbance, input power
disturbance) ,the power system speed deviation state responses are stored and used with control signals to
train the Artificial Neural Network to emulate the Variable structure control system with less calculating
time and less computer memory and to interpolate the control signal at points nbt\used in the training.

stage.

5- ADAPTIVE ARTIFICIAL NEURAL NETWORK APPROACH

The Artificial Neural Network (4/VN ) has the ability to learn and emulate any object or plant which
can not be represented in a mathematical form. The power system engineers utilize the ANN in system
identification and dosign of controller . The present paper employs the 4/V/N approach to design a Static
VAR power system stabilizer. However, the A/NN should be trained off-line using benchmark data . The
power system response due to different disturbances using the above mentioned variable structure
controller is used for off-line training of the ANN .The ANN structure as shown in fig.(4) cons'msl of
input layer, hidden layer, and output layer. The hidden layer has three neurons. The input states which
are used for training the A/NN are the speed dt'aviation state responses at time sample (k), (k-1), (k-ﬁ),
torque angle deviation state responses at time sample (k), (k-1), (k-2), and feedback output control signal
at time sample (k-1) , (k-2). While the AN/V output state represents the control signal to ct;ntrolled plant of
Static VAR powef system stabilizer , U at time sample (k). . All above states responses are obtained and
collected when different disturbances such as operating point changes, reference terminal voltage
disturbances, and input m;chanical power disturbance reapplied . The MATLAB Neural Network
package is used for training ANV . The following statistical results of ANV are obtained and given by:
Momentum constant = .95
learning factor =.001
No_ of iterations = 2000
No_of data = 1500

sum squared error =.0001 )
transfer function of hidden and output nodes are tansigmoid function.

After training stage completed , the trained ANN parameters ( link weights and node biases) are

obtained. The power system responses using the trained A/NN power system stabilizer due to different

li.ﬂurbancn not used in learning stage data are obtained.To enhance the power system stability using ﬁj
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trained ANV , the ANN parameters are updated and tuned on line using the speed deviation state signal .
The following steps describe the on-line 4/V/V connection weights and node thresholds tune approach :

step 1 : compute the input to hidden layer nodes

step 2 :compute the output of hidden layer nodes

step 3 : compute the output of output layer node =

step 4 : update the weights from hidden to output layer

step 5 : update the weights from input to hidden layer

step.6 : update the biases of output nodes
step 7 : update the biases of hidden nodes

6- RESULTS AND DISCUSSIONS

Fig. (5) shows the power system with Static VAR power system stabilizer. The power system speed
deviation state response due to speed deviation disturbance ( .05 p.u.) at different operating point
conditions were not used in the ANN training stage given by (P=38p.u.,Q=.62 p.u),
(P=.65p.u,Q=.62p.u.,),(P=.8p.u,Q=5p.u),and (P= .8p.u,Q=.Sp.u) are shown in figs (6),(7),(8),(9)
respectively using The proposed ANN and Variable structure control system. While fig (10) depicts the
speed deviation response due to input power disturbance (torque disturbance =.15 p.u) was not used in the
ANN training data at operating point (P=.8p.u.,Q=.62 p.u.). when reference terminal voitage disturbances
(.15 p.u.) the power system speed deviation response at (P=.8p.u,Q=.62p.u.) is shown in fig.(11). The above
digital results prove the effectiveness and robustness the AN/ Static VAR power system stabilizer in terms
of fast response and high performance power system compared to the Variable structure control system.
Furthermore, The ANN controller is simple and has fast action over the complicated variable structure

controller.

7- CONCLUSIONS

This paper aims at developing power system Static V4R Stabilizer based on Artificial Neural Network
ANN approach . The proposed ANN Static VAR Stabilizer is used to emulate the Variable structure
control system . The ANN is trained off-line using the Variable Structure sliding mode controller data .
The trained 4NN parameters ( Weights and biases ) are tuned and updated on-line using the synchronous
machine speed deviation state as A/NN output error signal. The valildation of the present A/VN controller is
tested by making different disturbances such as speed state, reference terminal voltage, and input torque

Liisturbances in the investigated power system . The power system speed deviation responses due toﬂ
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above mentioned disturbances are obtained . The digital simulation results show the effectiveness and
powerful of the proposed ANN controller in sense of fast damping electromechanical mode oscillations of

power system and high performance power system.
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APPENDIX
The power system data:

1-Synchronous generator

Dy ..=377..rad/ S€C..cccnuciaciieccnaiencnncas Lg..=1.651p.u.
Lg = LIptaicasasacessesesssssracansnsves S— Lp..=1.605p.u.
| IS T N B ———————— Lq..= 1.526p.u.
KMp..=KMy..= Mg..= 1.55p.u......... KM,..= 1.49p.u.
r..=0.001096p.u....cconiiininniinnnaiannnnns ry.....= 0.02p.u.
Ppes= 0000742P. Mo iinvvisinivinisimmssnmnosnss L......=04p.u.
Piyes= QOLIIP. Uereesrsrmnvsrsmnasiaprascnonsanens rg-...=.054p.u
[ Iy B 1 L D......=0.0
li-ee=1g...=..0.15p. u.
2 — voltage..regulator.. and...exciter
| QPR3- | RPTA———— Etpmag ---= 7-3p-u
TpseoZ VDL conperanaonseanese Eedmin---+= —7-3p. 2
Tg...=0.002s
3 —static.. Var...compensator
Koy 10i: covsivissianmnanianncasn Ty...=0.15s
. ] BT I Xt..=0.08p.u

. By,..= steady.state. value..of ..B; ..= ~-0.6p.u.
B ex s =0 IPe e csiminonnsninsanns By uin--=—0.85p.u.
8 SIS | 7 R U, - = —0.1p.u.
4—. initial.. operating..condition
Pg..=1.0p.u.....V,..= L.0p.u.....PF..= 0.85.(lagging)

The matnices of the linearized sysie 1 are
A =N 'K

B=M""R

are as lollows,
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The unknown elements in the matrices M and K are given as follows.

Mgy = — K Voo Lal(3Vigm)

Moy = — KavakMel(3Vgon,)

Mgy = — K gk Mp[(3Via0n)

Mog = — KAUqo qu(J Vieun,)

My = — K, ”qﬂkMQI(J Viany)

gy = — Kygo Lgl(3Vioon)

Myge = — Kv‘v’w"Mrl( IV o)

mygs = — KyvaokMp/(3 Vioum)
Myze = —KvVea L /(3 Viamn)

My = —vawkMQI(?: Vm(ﬂh)
kyy= (Lq - Ld)f..ol3

kg = —(Lyiqa +kMgiza— Lyian)l3
sy = Lyigo + Lo(iqo = inqo)

kﬂ = "Ld"dn - Le("dn — iyan) — kM iy

legy = Kalgn Loluo — Vgl Laiao + kM eiva 1/(3V0)

kay = ("-anAr_"" v Ka La) /(3 Via)

il

—-|J_‘"K,J<M.,~/(3Vm)

g = — oo KnkMl(3V.0)

kop = (Vgn&alLq+ Vg Kar (3 V)
legr = Van KAICMQ')K 3Va)

klm = = Lnn-"nqn s L‘-.i{m

Jeyyy = Lnninao + Laig + ke M yirg

’1‘ na

o

gy = Ky[vgoLyino = a0 (Lafuo + kM gipa)l/(3V1a)

fyga = (Vo Kt — 40Ky L3V )
kyge = — Vo Kok M:[(3Va)

Kigs = =g KykMp[(3Vi)

Jeyae = (van Ko Ly + Ugo Kv (3 Via)
feyyr = Vao KukMq /(3 Vi)

"’m C.. Kudﬂz + ""02)‘1]1 1
Bo=Bc+ Ho

Lpo=Xr— 1/ Bq




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

