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Abstract - The paper presents & sequential
procedure for coordinated stabilization of a
multimachine power system with arbitrary
complexity of the system model. The most
effective machine to be equipped with a
power system stabilizer is identified using
eigenvalue analysis., The selection is based
on the sensitivity of critical eigenvalues
to increages in the coefficient of a damping
term which is inserted in each equation of
motion, in succession., The method is applied
to &a three-machine system and simulation
gstudies show appreciable improvements in the
small disturbance stability of the system.

INTRODUCTION
The coordinated design of power system
stabilizers PSS in & multimachine power

congiderable attention
in recent years [1] = [3] . The objective
is to improve +the stability of the power
system, The first problem to be solved is to
determine which machine is the most effective
candidate for stabilizetion. A method based
on eigenvalue - eigenvector &nalyses is
described in [1l] to guide selection of the
machine which require stebilization the most.

The second problem is how to select the
parameters of the stabilizers. A method has
been proposed in [2] for selecting  these
parameters to achieve, approximately, pre-
determined improvements in the damping ratics
of critical eigenvalues, A technique for
optimal settings of the stabilizers has been
deseribed in [3] . The PSS of the assigned
machine employes & signal from +the shaft
speed of that machine and feeds it back,
through a lead-lag network, to the reference
input of the machine voltage regulator.

This pasper introduces an elternative
approach for identifying the best candidate
machine for stebilizer applicstion in a
multimachine power system. The selection
procedure is based on the sensitivity of the
eigenvalues, related to generator rotors, to
changes in en intentionally inserted damping
term coefficient in the equation of motion
of each machine, This method is sequential,
i.e. it takes into sccount the presence of
gstabilizers applied on previously selected
machines, thus indicsting whether new
stabilizers are necessary. In contrast to
exigting methods [1] = [3] , this method is

system has found a
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straightforward and can be applied to multi=-
machine systems with erbitrary modelling
complexity. The model is ©build from  the
linearized equations of the system com-
ponents. Selection of PSS parameters is
based on eigenvalue anelysis to achieve
satisfactory improvement in damping.

The proposed method is applied to a three
-machine system comprising steam, hydro and
nuclesr power plants. Simulation results are
presented to demonstrate the efficacyaf this
approach in dimproving the dynamic perfor-
mance of the gystem. These include eigenvalue
studies and time responses,

CCORDINATED STABILIZATION FPROCEDURE

Multimachine System Nodel

A lineerized model of the multimachine
power gystem Iz obtained in the standard
state-space form,

7';=Ax+Bu (1)

where x ig the state vector, u is the dinput
vector,A is the state coefficient metrix and
B is the input coefficient matrix. The model
can be derived by linearizing the nonlinear
equations of the system(generators,exciters,
governors, etec.) arround 8 nominal steady -
state operating point. The components of x
eand u are the deviations of the variables from
their corresponding steady-state velues, A
direct method for building the matrix A is
given in the Appendizx. Compared to  the
established method of [4] , the present
method saves in computetion time and effort
by eliminating the need for the inversion of
& metrix of the sesme order as the gystem
model itself. i

Eigenvelue Analysis

The eigenvelues of the matrix A contains
the necessary information on the linearized
stability of the multimachine sgystem. The
system is stable if all the eigenvalues lie
on the left-hand side of the s-plane, i.e.

the real parts are all negative. The real
eigenvelues are related to exponential com-
ponents in the time responses. The complex

conjugate pairs of eigenvalues are associated
with the oscillatory modes in the time res-
ponses., They have the form A= =a + jp, where
p gives the frequency of oscillations in
rad/sec and the value of 1/a defines the time
constant by which the magnitude of the
ogcillations is decayed,Study of the effects
of changes in operating conditions and
system parsmeters leads to the identification
of the eigenvalues which may cause in=-
stability. The most important eigenvalues
are those related to rotor oscillations,

Selection of the Best Candidste Machine For
Stebilization
A damping term is added to the equation
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of motion of each machine,i.e. Eq.ll becomes
b = (AT =AT, = KjA0) o /2H (2)

The damping coefficients of the machines are
increased in turn, i.e. one at a time while
the rest are set to zero. The eigenvalues of
the system are celculated, and monitored for
gtability, in each cage. The eigenvaluesg
related to rotor oscillations are recorded
end their normalized real parts are cal-
culated as follows,

Real partae with K, = positive value

NRP = (3)

Real parta with Kd =0

agsuming the system is initislly stable,This
value facilitates a measure Zfor relative
improvement in the damping of oscillatory
modes ag Kd of each machine increases.

The damping coefficient which gives the
maximum improvement in damping defines the
best candidate machine for  stabilizer
application.

Selection of Stebiligzer

The PSS thought here is a
stabilizer applied to the voltage regulator
loops, A pwsignel from the shaft speed is
applied through a lead-lag compensator to
the reference of the voltage regulator.
Anelyticel studies of [5] and field tests
of [6] have shown that this is a very effec-
tive gtabilizer for a gingle machine system.
The same stabilizer structure wass alsgo
suggested for multimachine power systems[l]-[3L

The parameters of the sgtabilizer should
then be selected. The selection method
adopted here is based on eigenvalue analysis.
The time constants of the stabilizer are
first specified and the gain is changed. The
gain that gives satisfactory positions of
the eigenvalues is selected. The stabilizer
is then eapplied +to the perticular machine
and simulation tests are mede to assess its
effectiveness.

speed

Selection of the Next Machine to be Stabilized

If more damping is still required then
we proceed to determine the next machine for
stabilization, taking into eaccount that
machine one has already been equipped with a
stabilizer., The procedure for determining
this machine is the same &s above but here
the stabilizer of machine one is included.
Then we study the effects of the damping
coefficients of the remaining mechines on
the oscillatory modes, A stebilizer is then
designed and applied to the second machine,

This process is continued to select
other machines which require stabilizetion
taking into account the effects of &all
stabilizers applied to the previously

selected machines. If the improvement due to
the demping coefficients 1is found to be
ingignificant, then the selection procedure
is terminated. This indicetes no more
stebilizers are required.

THREE-MACHINE SYSTEM EXAMPLE

The multimachine power system considered
here, and shown 1in Fig. 1 comprises three
generating units. These are steam, hydro and
nuclear plents. The rating of each unit is
agsumed to be the same,

Nupiear ® 2,2002+)02 ;@ Steqm
unit 3 unit 2
—
, 2
0.5+J0.24 pu. 211 1.4+j0.6% pu.
(s8]
=
sl
S 05+10 24 p.u-
[}
o Hydraulic
™ unit 1
(©)
Fig. 1 Three-machine power system
generated powers (p.u.) voltages(p.u,)
pl = 0.81 M Ql = 0.26 Vl = 1.0 !0000
P2 = 0,80 , Q2 = 0,77 Va = 1.0 /14,45°
Py = 0.80 , Qg = 0.22 Vy = 1.0 /=2,31°

The distsnce between the hydro unit and the
steam unit is assumed to be much longer than

the distence between the Ilstter =and the
nuclear unit., Half of the 1load is con=
centerated on +the %busbar 2 of the steam
plant. Busbar 1 has s quarter of the load

and busbar 3 has the other quarter.

Each synchronous generstor is represented
by @ seventh-order model based on DPark's
equations, The hydro snd nuclear units are
each equipped with a static exciter and the
steem unit has a type 1 excitation system|7)
Fig. 2 shows the block diagrems. Fig.3 shows
the models of the turbine and speed governing
systemg [8]. The parsmeter values of the
system are given in Table 1,
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Fig. 2 Excitetion system models



Table 1 Parsmeter velueg of the multimachine
system . (all are 1n Dp.U., Lime
constant sec,) :

Hydro unit | Steam unit | nuclear unit
Xppq 131 1.65 1.97
Xard 1.0 1.55 1.97
Xered 1.0 1.55 1.86
X3 1.2 1.70 2.00
Xalkd 1.0 1.55 1.86
Xed g T | 1.605 1.936
X4 1.8 1.64 1.91
Xakq 1.6 1.49 1.77
xkkq 1.8 1l.52 1.90
R 0.01 0,001 0.005
H 3.0 4,0 3.25
T4 0.02 0.0132 0.038
rkq 0.04 0.0132 0.038
Teq 0.0011 0,0007 0.0015
T, 0.02 0.02 0.02
Tf 1.0 1.0 1.0
Ke 0.03 _ 0.03 0.03
K, 100 25.0 200
Ty - 0.8 -
Sg - 0.86 -
K - 2.0 -
Rg - 0.04 0.04
Tg - 0.2 0.1
Ty - 1.0 0.5
T. 5.0 - -
o 0.04 - -
&t 0.31 e -
Tw 1.0 - -
Tp 0.01 - -
KpKh 0.2 - -
! ! I ATm
wRg [ [1+STg [ [+sT, [
() steam and nuclear
Kp Kh ]"STW ATm
+sTp []s [Tli+0s5td

at TrS
1+5T;

(b) hydro
Fig, 3 Turbine and governor models

RESULTS

The results of the load-flow solution of
the three-machine system are summerized in
Fig. 1. As the gystem has no infinite bushaxy
one arbitrary mechine may be selected as &
reference [4] . The calculated elgenvalues
are not changed when any of +the three
machines is teken as & reference machine,
Therefore, we selected the hydro unit 1 1o
be the reference machine, Thus the order of
the system became thirty five. The system
eigenvalues are listed in the first column
of Table 2. These were calculated by using
the QR standard algorithm. The eigenvelues
related to rotor oscillations are A 7,8 and

“9 10° The mode with the lower frequency of

0s01llat10ns, i.e. 7.27 rad/sec(= 1l.16 Hz),
is the critical one. The real part of this
eigenvalue pair may become positive for
conditions such as operation with a leading
power factor or operation with & single long
trensmission line, +thus indicating insta-
bility. Other low frequency modes, shown in
the Table, are related to control loops. The
three highest frequency modes are related to
the staetor circuits of the synchronous
generators. Thege are very rapidly damped as
indicated by the large magnitude of the real
parts, The real eigenvalue A with the

lowest magnitude is due to the slow-acting
governor of the hydro unit.

Heving calculated the eigenvalues and
identified the modes of oscillations related

to rotors, we then proceeded +to determine
which machine is the best candidete for
stebilization. A damping term was added to

each equation of motion as described before.
The value of each damping coefficient Kgi

wag changed, in turn, from O to a wvalue of

10 and the normelized real parts (NRPs) of
7 8 and Ag 10 &re ligted in Table 3.

As the value of Kgj increases the value
of NRP increases, the relation is almost
linear &g shown in Fig . 4. Cleerly , the
influence of Kdi on the NRP of the oritical

eigenvalues \9,10 is more pronounced. The
2

maximum increase in NRP of A ,10 is due to

Ks1» therefore nmachine 1 (the hydro unit) is

the most effective machine for stabilizer
applicetion. This mechine is located at the
far-end of the power system. It is interes-
ting to notice that the proposed technique
for selecting the best candidete machine for
stabilizetion lesds to the machine which has
the maximum Iinfluence on daemping of the
lower frequency mode. This conclusion agrees
with the results of [1] .

Fig., 5 shows the gtabilizer  block
diagram. This structure wag selected as it
provided the most damping effect for the
three-machine example. Tl and T2 are set 1o

0.15 and 0,015 sec., respectively and Kg is

to be determined using eigenvalue analysis.
hg Kg increases the regl part of Ag, 10
¥

increases in the negative direction, thus
showing improvement in damping of this mode.
On the other hand increasing the value of K

causes other stable eigenvalues to migrate
to the right and then crosging the imaginary
axes for high values of Kg, thus indicating



Table 2 System eigenvalues
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instebility. The choice of Kg is therefore a

compromise between the improvement in the
damping of \g.10 and the deterioration in
L]

the demping of other eigenvalues. 4 value of
K. = 0.04 p.,u. was found to be a good choice,

Table 2, column 2, shows the system
eigenvalues after the application of the
stebilizer on the hydro unit 1 . The

stabilizer provides a significent improvement
in the demping of the criticel mode rg,10° A

glight improvement in the damping of 37,8 is

elgo indiceted, Other eigenvalues &are not
gignificently affected.
Fig, 6 shows the loci of the eigenvalues
Ao and A9,10 with variations in the p.f.
? ¥

of the loads.The unstabilized system renders

unstable for leading p.f. of 0,94 or less

due to the critical eigenvalues Ag,10° After
L)

the epplication of the gtabilizer on the
hydro unit 1, the loci of rg,10 is sghifted &
]

good distence to the left and the system is
stable for the indicated range of the p.f.
Although A, g do mnot lead to instability, as

gshown in Fig. 6 (vj, their position is

merginally improved due to the application
of the stabilizer.
Im.
180
7.6
- ’V—_ \\
372
Re. -1.0 -Qé 1'_22 05
e S
1-76
{-80

—mmme= 710 gtabilizer
-+=+=- gtab, on hydro
stab. on hydro & nuclear

112
.
e = il
//_,_r

- 10

; ’ ; T

Re. -20 -15 -0 -05 T
i 1-10

'\:‘?‘L--.H s
1_:.}} ']]
(b) N 412

Fig, 6 Loci of critical eigenvalues with

changes in the losd p.f.from 0.8 1lag
to C.B lead.

Fig. 7 shows the system responses fo a
0.05 p . u. pulge disturbences in the

reference voltage of the AVR of the hydro
unit. The response with the stabilizer on
the hydro unit shows an  appreciable
improvement in +the system damping  when

compared with the unstabilized response. The
improvement is reflected in the entire
system, thus confirming the effectiveness of
the gelection procedure.These responses were
obtained by solving the linearized model of
the system using the Runge-Kutta integration
routine,

We now proceed to select the next
machine to be equipped with a gtabilizer.The
stabilizer of the hydro unit is added to the
system model, thus the order becomes thirty
gix.Table 4 shows the effect of changes in
Kd? and Kd3 on the NRPs of the eigenvalues
A?,B and Ag’lo,noting that the basic velue
of the resl parts corresponding fto Kdi =0

ig increaged due tothe presence of the first
gtabilizer on the hydro unit.

Table 4 Normalized Resl Parts of Oscillatory

Modes
(a) A?,B = - 1.55 + J 10,189, for Ky = 0.
Vaé?e NRP of A?,B for increase in Kdi
Ka Ko Ka3
0 1.00 1.00
z 1.04 1.06
4 1.08 1.12
6 1413 1.18
8 Lol 1l.24
10 1.2 1.30
() rg,10 = ~ 2.01 + j 7.552 , for Kdizzo-
Vag?e NRF of A9’10 for increase in Kdi
Ky a2 Ka3
9] 1.00 1.00
2 1.07 1.08
4 1.09 1.09
6 1.10 1.09
8 1,11 14115
10 1,12 113

Anelysis of these tables indicates that the
best machine for stabilization is now machine
no., 3, i.e. the nuclear unit.This is because
the improvement in damping due to Kd3 is

greater then that due +to Kaz' It is ealso

obgerved that the improvement in the demping
of the lower frequency mode Ag,10 is less
¥

well demped by
gtabilizer on

significance., This mode was
the application of the first
the hydro unit.

L gimiler stebilizer as that showvn in
Fig. 5 was @applied to machine 3 s&nd the
resulting eigenvalues are listed in the last
column of Table 2. The system has now two
stabilizers one on the hydro unit 1 and the
other on the nuclear unit 3. The addition of
the second stabilizer leads to an appreciable
improvement in the damping of +the higher
frequency mode AT,S' A slight improvement is



------ no stebilizer

stab. on hydro
stab. on hydro & nuclear

Fig. 7 System response to a small disturbance

also shown in the damping of Ag 10* The loci
]

of the eigenvalues shown in Fig., 6 supports
the above two statements. The time response
of Fig. 7 indicates the further improvement
in the gystem demping after the addition of
the second stabilizer.

We now investigate whether we can achieve
further improvement in damping by the appli-
cation of a stabilizer on the steam unit 2.
Table 5 shows the effect of increasing Kd2

on the NRPs of A?,B and *9,10’ noting that

the bagic values of +the real parts are
changed due to the presence of the two
stabilizers. The improvement in the damping
of both modes is evidently insignificant,
thus indicating that +the application of a
stabilizer on the steam unit 2 1is not
necessary. The selection  procedure is,
therefore, terminated and the coordinated
design of the multimachine stabilizetion is
now completed.

Table 5 Normalized Real Parts of Oscillatory

Modes.
A = = 2.37T + j 10,68 and
7,8 = ©
A 9,10 = =- 2.02 i‘ d 7.64,f0r Kd2 = 0
Value NRP of eigenvalues
of
Kao hn g 9,10
0 1.00 1.00
2 1.02 1.01
4 1.033 1.02
6 1.04 1.025
8 1.046 1.03
10 1.051 1.032
CONCLUSIONS

A direct procedure for guiding selection
of the most effective machines for stabili-
zation, in & multimachine gsystem, has been
demonstreted. This procedure is sgequential,
i.e. it takes into account the influence of
stabilizers applied on previously selected
machines , thus indicaeting whether new
stabilizers are necessary.

The procedure has

been successfully

applied to a three-machine power system and
shown to provide an apprecieble improvement
in the dynamical performance of the entire
system, The results have ghown that the
application of a power system stabilizer on
each machine is not necessary provided that
the best ceandidate machines have  been
properly selected and equipped with effective
stabilizers.

Although & fairly  detailed model has
been used to represent the three-machine
system, the procedure can be readily applied

to systems with arbitrary modelling comple-
xity. For large practical power systems,
however, model reduction techniques may be
employed if necessary.
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APPENDIX

Linearized Model of Multimschine Power System

The method of obtaining a 1linearized

model for multimachine systems is explained

here for & two-mechine system in order to

clarify the notetions. Extension to gystems
with more mechines can easily be made. The
order of the submatrices given at the end of
this appendix helps in the extension process.

Linearized Egquetions of & Synchronous
Generator [4]
Abeq | | *rea ~Fafd Xeka O 0 | |aigq
Adg ¥ara “*a  Faka © 0 ||aiq
Adyq | =| Fekd ~Faka Xxka © O | ]atyq4)
At 0 0 0 -x; Xy llaig

0 0 0 _xakq xkkq ﬁikq

A
Q
a%d = - worfdb ifd +(w°rfd/3€&fd)&EFD..-(5)

a,i.d &= wO ﬁ¢q + ;pqﬁw‘fwoR Aid+wobvd 0000(6)

,ﬁtllkd = "Lﬁo rkdﬂlkd ses esss sea t-ol(T)
Mg = ~Wpg = YgputwR a1+ AV, eeee(8)
ﬁ¢kkq= - ﬂl)orkq ﬁikq #s8 sse ses ....(9)
ﬁé= Aw "mse sEsseeE wEO Saw .tl(lo)
Aw= (AT = AT)) W /2H e oes 40a(11)

where
AT, = iq sy = iy B = g Alg + 4y Aiq
av, = (vd.z_wrd + vq avq)/vt e (1)

Network Equations

A losd flow golution of the power system
is to be obtained first and the steasdy-stste
values of the system variables are then cal-
culated. If the system has a non-synchronous
load which can be represented by & constant
admittance, the latter is sdded to the self

admittence of the node 8t which the 1load is
connected. All the node loads sre then
eliminated using the well known  Kron

reduction method. Thus node equations of the
reduced network, which contains only machine
nodes, may be written as :

I = YV
Reference Frame

The node eqguations are referred to D and
Q axes which rotate at the angular frequency
of the network current. Eq. 13 can therefore

sem osee wee 01(13)

be expressed in the double real form

In G11 "Bix Gp By, Vi
Io1 Bin Gy By Gpp Va
Ipp| = [Go1 =Byp Gop =By V2
T2 Byp Gy By Gy Voo

or in the symbolic form

In= Yy Vg eee eor voe voe oee oee (14)

The common reference frame may be chosen
arbitrary. The system variables are referred
to the common reference frame (D and Q) of
the network, +then we follow Undrill's [4]
agsumption considering the network frequency
ig always identical to that of one arbitrary
selected mechine.

System Transformation

The equations of each machine are
usually referred to its rotor d and q axes.

In steady-state +the axes of the machines
rotate at a constant speed with eanguler
differences as shown in Fig. 8. Therefore

the system equations referred to +the common

reference frame are

le cos&l -sinal 0 0

<

dl
le sinal coss, 0 o] vql
VD2 = (8] 0 coss, -sin52 Vo
qu 0 0 sin52 00352 qu

In symbolic form the above equation can
be written as

VN = T ?m es e s swa 00(15)
Q Fd
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Fig. 8 Reference frame
For smell perturbation we have :

AV a¥41

val qul

QVDQ = [ﬁ] V40 +

Avce aqu

-vdlsinal-vqlcosal 0

vdlcosal-vqlsinal 0 I?af}

0 -vdzsinaz-vqacoaaz 850
0 vdzcoaaz—vq2sin52

which may be written in symbolic form as:
aVp =Tav, + D as vy aaw e e (L6



The incremental form of the network node
Eq. 14 is

From the power invariance theoremof Kron

&INQYN QVN ses ses sss

om B B e wes wes ok18)
where im igs the vector of the mechines
currents and Tt ie the transpose of the

transformation matrixz.
For small perturbation, we have

alg aIgpl [fqa  ©
Qiql =[@]t aIgy . -igy 0 [b&lJ
aidz &IDQ 0 :I.q2 880
ﬂiq? ﬂIQQ 0 -id2

or in compact form

ad, = PP AT, # B8 sas wew wes sew  (19)
Eliminating &I, endaVy from Eqs.16,17 and 19,
and solving for av , we have :

Avm = G’Aim ']’Q‘A_§ ass see ses ses (20)
where
G=1% vl
end Q ==GE-T°D

Synchmonous lachines

Eqs. 6 end 8 of each machine are now
arranged in the matrix form :

abar] [0 @O O7faqy] [Rg © O O
s¥gq|=|-w 00 O sqL|*| 0 @R O O ,
Ma,| |0 00 w|sygy 0 0 wR, 0
Mool [0 0= 0 flag| [0 0 O R,
8igy| 40 wo O Oflavey | |=bgy O EmlJ
“idl 0 o0 Wo o &V 30 0 +¢q2 Aoy
Aiq2 0 0 0 qu2 =¥a0
Compactly

ph= Job+ Kai eee oe.(21)

Eliminating the vector av, from Eq. 21
by using Eq. 20, we obtain

sh= Joag+ P ai + C 88+ Paw ... ...(22)
where F=WG+K , C=WQ

The angular velocity equations of  the
machines, Eq. 10, can be combined to give

([ i} oy

+Wav, + Paw

olo.ol.(23)

Algso the swing equetions of +the machines,
Eq. 11, are
. it | wo*gl
ﬁdl _Hg_a 1 r&‘pdl 1
- w 1 woi as
{\E:I 2 0 0 al ql + 0
|8¥az
842

— -

~Wo Y31 ; g
zE © ° |Pa| |zE; O |[*Tm
Wol¥g2 %% Yao wo
0 ﬂ; 5 “qu|* © || Tne
aid‘?
fiq2_| sees esss (24)

Now combining Eqs. 22, 23 and 24 and the
field and emortisseur winding of each machine,
Egs.5,7 end 9, we obtain a model representing
the two mechine system . This model has the
compact form

Xx=Lx+MaI +B u

where the expanded form of this model is
given at the end of +the Appendix . The
state-space formaf the system can be obtained
as follows : lMultiply the matrix M by the
invergse matrix of +the reactances of the
machines, Egs.4 which will be 10 x 10 matrix

ses (25)

for +the two-machine system . Then adding
the resultant metrix to L , we obtain
the state-space Egq. 1 .
Selection of the Reference Axes

In the forgoing enaslysis, the mnetwork
reference axes were assumed to be rotating

at the congtant speed w,+ Since this assump-

tion is not valid as explained by Undrill[4],
we follow his approach which consider the
network frequency is always identical to that
of one arbitrary selected machine. Thus the
(D-Q) axes rotate in synchronism with the
exes (d 19, ) of that machine, i. e.6, of the

r-th machlne is zero. The system model of
Eq. 25 should be modified as follows :
(i ) deleting aj r? 869 and the -.rows and

columng corresponding to A&r

(ii) placing (~1) in the rows of the new L
matrix corresponding to the remaining
angle deviations and the column
corresponding to s,

Excitation and Governing Systems

Excitation and governing systems of each
machine sre represented by state-gpace models
and then added to +the synchronous mechine
model Eg. 25 . For representing voltage
regulator of genmerators , &n expression for
terminel voltages is required.. It is obtained
from Eq, 12 for each machine as follows :

8Vl Ve V41 Vau/Ve1  © ° Va1
N O Vaa/Vip Vg /Via|| V1
V45
bvq2

or compactily
sVy = o avy el T e R o)
Subgtituting for avy from Eg.20 , we have
aVy =2 ai + S as G saE ae, BT

where Z=%G and S = o Q

Eq. 27 facilitates the inclusion of the
voltage regulators to the system model
of Eg. 25.

The Expanded Form

It is useful to record here the
of Eq. 25 as follows:

exXpangion
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Order of the Submatrices Sayed Ahmed Hassan was born in
- : Cairo, Egypt, on April 25, 1935,
Flna}ly, we l%st the order of the submatrices He received the B.Sc. degree in
to help in expanding the above method of building electrical engineering from the

the matrix A4 of a multimachine
If the number of the machines
(nxn) complex matrix,

power system.
is n, then Y is an
and I and V are both (nx1)

complex vectors, The other submatrices are all
real and have dimensions as follows:
Matrix Dimension Vector Dimension

YN T G J K W Znxan IN i, 2nxl

P D E @ 2nxn Vg m 2nxl

VA nx2n A 2nxl

5 nxn a8 Aw nxl
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