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APPLICATION OF COHERNCY MEASURE TO IDENTIFY
COHERENT CROUP IN POWER SYSTEMS
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ABSTRACT:
The maln theme of this paper centers around the lndentiflcation of coherent
groups in pover systems for dynamic and transient stability studies. A proposed
method which takes 1nto account the effect of excitation systems 1s developed.

The method has been tested through 1ts application to a 31 bus system

representing the unified power system of lower Egypt. The simulation results
showed the high capabllity of the proposed method to identify the coherent
groups in large scale power systems.
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INTRODUCTION

The development of extensive extra-high veltage networks
has greatly expanded the =ize of the system representation
required for transient and dynamic simulation studies. Laxge
amounts of core size and computation time are required te
carry out these studies. Hence, the need has been intensifled
for using dynamic equivalent modeling in power systems.
Several methods have been developed in the literature to
nbtain these equivalent models. The major techniques are : the
modal approach [1-6), the coherency approach [7-11] and the
parameter estimation approach [12-14].

Dynamic equivalent medeling using the coherency approach is
based on the fact that groups of generators tend to oscillate
tcgether for a particular disturbance. The main advantages of
this approach are:

(i) The equivalent models obtained can be used Iin
transient stability.

(ii) There 1is no need for computing system
eigenvalues and eigenvectors.

(iii) The reduced equivalent model retains its
physical meaning.

The overall procedure for forming coherency based dynamic
equivalents involves three main steps:

(a) Identification of groups of coherent generators.

(b) The terminal buses for each group of coherent
generators are replaced by a single equivalent bus.
The generating units in each group appear 1in
parallel on the eguivalent bus.

{c) The modeis ot the generating unils of each
coherent group are combined into one equivalent
model .

The research work develouped in the 1literature, wusing the
coherency approach, suffers from the drawback that the

generators representation is  restricted to second order
models, which 1is only suitable for transient stability
studies. These models are obtained by neglecting the

representation of excitation systems and governors [10-111. In
order to overcome this drawback a method has been developed,
in this paper, for the identification cf coherent groups. The
proposed method takes into account the effect of excitation
systems and hence coherent groups can be identified for
transient, as well as, dynamic stability and control studies,
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COHERENCY MEASURE

The dynamic wodei nf 1 power system can be described In the
discrete state space form as:

X{k+1} = A X{(k} t+ B U(k) (L1
where

A,B constant matrices of dimension (nxn) and (nxm),

respectively.

X(k),U(k): (nxl) and (mxl! state and input vectors at sample
1, respectively,
A coherency neasure Clp between generators 1 and p o is

defined as [10-121:

Clp = {l/(ns+1)} E(Aél(;)_Aop(k)) .
= (L/(ns+lit [ E(4S) (k))*E(Aé; (%))
-EE(Aél(k}Aép(k))} (2}
1=1,2,..,NG-1
p=1l,2,..,NG
Eguation (2) can be wrilten in the form
C‘p = [1/(ns+1)1 {var A&, (x) + var Aép(k}
-2 cov[AdK(k),AéP(k)}] (3)
1=1,2, ,NG-1
c=l+l, NG

COHERENCY MEASURE CALCULATION

In order to calculate the coherency measure, a matrix
plk+l) of order (nsxns) is defined as follows:

>

covix(k+l) , XxF(k+1)1
E [X(k+1) - myrl)(X(k+1)*m

plk+l}

noW

yTL (4)

R

ate the c¢lements of the covariance matrix p(k+l)
3 assumphlions are nade:

-
o O
i 0
=
-

o)
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3} U(k) is a discre=te Caussian white noise and hence
{U(k),U(k=-1),...,U(0)} is a seguence of
independent random vectors such that

E(U(k))t
E(U(KIUT(3}))

0, and

Hekj k,j =1,2,..,n5 {5}

h) X(k) is a Gaussian random variable having a =zero
mean uncorrelated with [U{k),U(k-1),...,U(0)]},

| S . -
hence E(X(kK}U“(j)) = 0 kK, =1,2,..,ns (6)
c) The random input vector U(k) is given by
U(k) = Y(k) + W(k)
For studies arsund an operating condition, Y(k) i3 set to
zero and hence U(k) has a zero mean. A computer program based

on the developed method in (15} is wused for generating the
random vector W(x). Taking the transpose of eq. (1) gives

xFix+1) = xF)at + uF(x+1) BE (1)

Substituting for X(k+1l} and X" (k+1) from ¢gns. (1) and (7)

into eg. (4) and taking 1into account that both m, 41 and
m:+l=0, gives
£ o t t
D(k+1l) = E(AX(K)X (K)A") + E(BU{K)IU (k)}B"}
. + - =
FE(AX (KU (k)BY) + 2(BUK)IX" (k)AT) (8)
using egns. (5) and (6), p{(k+l) becomes
pIK+1) = AE(XUOXT (kA" ¢ 32(u(xiv(xk))Bt
. .
= A p(k) A~ + B Q(k) B" (9)
where the covariance matrix p{kXx) is given by:
vaz(Xl(k)) cov(Xl(k),Xz(k))...cov(Xl(k},an(k))
v % )
Dik)= cov(X2(k),Xl(n)) va:(Xz(k)) ......... cov(Xzfﬁ),XnS(k))

COV(XAS(k),Kl(k)) cov(XnS(k),XE(k))..var(an(k))

The computation procedure of coherency measure C1p is then

summarized in the following steps:
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1) The power system model is put in the 1linear Jdiscrete
torm 4s given in 2qg. (1l).

2) Set k = 0.
3) Set initial value of the covariance matrix p(0) = 0
4) Calculate covariance matrix p(k+l) as given by eq. (10)

5 If k=ns, step 6 is executed, otherwize set k=k+1 and
return to step 4

6) Compute coherency measure Clp as given by eq. (3)

where var(Aél(k)), var(Aép(k)), cov(Aél(k),Aép(k]} are

obtained from the element p(k).

7) Rank the coherency measure C1p from the smallest to

the largest values in a ranking table.

8) Allow the commutative zule to progress through the
table merging coherent generators for each coherency
measure {10-1117.

APPLICATION OF THE PROPOSLED METHOD TO THE UNIFIED POWER
SYSTEM OF EGYPT

In order to test the capability of the proposed coherency
identification method, an application has DpDeen made to the
unified power system of Eqypt (UPS) shown in fiq. (1)y. This
system consists of 19 generating power stations and 53
tzansmission lines. The models of the excitezs are included.
The linearized dynamic model in discrete form 1Is given by egq.
(1),

where:
X = (86 Aw AL AV,
. R -
AS = (Aél Aéz ....Aélg)t
Aw = (Aml sz ....Awlg) .
. Y . = L
Alf— (Alfl ALEz ....Alflg]t
AVE= (AVEl Avfz ,.‘Avflg)‘ and
U = (APml APm2 ...APml9)
The dimension nf A and B matrices are (38x38) and (33=19)
respectively as given in {16]. Data concerning number and

installed capacity of each unit power stations i3 qgiven in
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o

tabhie {1}. Transmis.s.>n Line pazameters are given In (1
The main objective of the study are:
1. Identification of coherent groups of generators.

2. Investigating the effect of network topolngy on coheren:
groups.,

w

. Investigating the weffect of gecnerator parameters on
conerent groups.

The results of the above studies are given below:

1- Identification of coherent groups

1

In this study, 9 generator are retained. Four oL thaes
gJenexrators are acquivalent corresponding to the coherent grcu
obtained by the proposed method. Fig. {(2) shows this model ,
well as, the coherent groups corresponding to a 5 generatc

N oW g
m o ¢

-~
equivalent model. The 9 generators equivalent wmodel will be
considered as a base model for comparison,

2- Effect of network topolagy

Two cases are studied
i) The C.E.-C.W. transmission line is disconnected
i1} The C220-C.W. transmission line is disconnected

The corresponding coherent groups ( with 3 retained
gencerators) are shown in fig. (3}). It can be =seen that, che
aumser of generators in some  of  Lh coherent groups axe
different from those rcorresponding te *he DbDase case model.
Disconnecting a transmiszlion lire roducss Lhe o3upllng Deiacsa
the two generating power sgtations at both ends of the 1Llins
This leads to an increase «f the 2oherency measure as compazcd

with lthe base case.

,,_.
%]
1]

J- difect of power station s

Two cCases are considered:

i} One generating unit of
power station.

I3
(%]
o

MVA is disconnected at 3UEY

ii) One genezcating unit of 62 MVA 1s disconnected at DMNH
power station.
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Talsle (1) Installed capacity of power stations

power station

installed

capacity (MVA)

C.N. 2x10 + 2x30 + 1x20 + 1x20
c.§ 4x60
C.W. 4x87.5
N.TB 3415 + 2x24
DMNH 2x1% + 3w65 + 1x300 + 332
TLK: 3x30 + 3Ix13 + 8«24
X.D. 3x110
ABKR 4x150
ABIS 2x30 + 2«28 + 4x16 + 2x12.58
+ 6x33 + 1x26 + 2x1S
3URZ 2150 + 1200
3uze 4x25 + 1x17
ICH4., 4x180 + 1x20
H.D, 12%x175
C.E. 2x22.5
HLoP Ix13
ATF 2x50 + 2x50 + 8x25
GAIZL 1x20
SHPS 3x300
c220 1x1%0
OF SYMBOLS

incremental change in rotor angle, rad.

incremental change in angular

rad./sec.
: number of sampies
: expected value

mean value of vector x
k+1

random input variable
: deterministic value

a centexed second order moment.

: number of generators
crolinker, &

! incremental field current
incremental field voltage

¢ incremental mechanical in

5tate vector at sample k
! 3econd order moment cente
means the transpose

=0
=1

velocity

x
[N
[ A W]

put power

red around the

of

machine,

mean value.
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Fig. (1) Network configuration
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Fig. (2) Coherent groups of UPS of lower Egypt
6 Power stations equivalent model
9 Power stations equivalent model (base case)
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Fig. (3) Effect of network topolo

gy on coherent groups
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