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ABSTRACT: 

The ma1n theme of th1s paper centers around the indent1f1cat1on of coherent 
groups 1n power systems for dynam1c and trans1ent stabil1ty studies. A proposed 
method whiCh takes 1nto account the effect of exc1tation systems is developed. 

The method has been tested through its appllcatlon to a 31 bus system 

represent1ng the un1fied power system of lower Egypt. The slmulat10n results 
showed the high capab1lity of the proposed method to 1dentify the coherent 
groups in large scale power systems. 
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INTRODUCTION 

7~e develoQment of extensive eztra-high '1Glt<..lfjl~ ll(.!:work:.; 
llcl:; gr~atly expanded the size of the system representation 
~~quired fur transient and dynamic simulation studies. Large 
amounts of core size and computation time ~re required to 
carry out these studies. Hence, the need has been intensified 
for using dynamic equivalent modeling in power systems. 
Several methods have been developed in the literature to 
obtain these equivalent models. The major techniques are ~ the 
modal ctpproach [1-6], the coherency approach [7-11, and th~ 
parameter estimation approach [12-141. 

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

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

(ii) There is no ne~c 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: 

(d) Identification of groups of coherent generators. 

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

(c) The modeis oi the generating 
cohere nt group ~r e comb ined in tr,) 
mode 1 . 

unils of each 
one equivalent 

The research work develuped in the literature, using the 
coherency approach, suffers from the drawback that the 
generators representation is restricted to second order 
models, which is only suitable for tr3nsient ~tability 

studies. These models are obtdinec by ~eglecting 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 
::oystems and hence coherent gIoups can be identified for 
tranSient, as well a~, uynamic stability and control st~die~. 
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cot t£RENC'l MEASURE 

:':l('~ \"!.yrlam.lc model I)f power system can je ,j~scr ibeci ':'n the: 
disc=@te state space form ~s: 

where 

A,B 

X(k+l) A X(k) to U(k) 

constant matrices of dimension (n:~n) and (n>~ml, 

respectively. 

( .: } 

X(kl,U(k): (nxl) and (mxl} state and input vectors at sample 
~, respectively. 

A coMel: e :i.ey [.leas ur e C1p 
J~_int;;'!d as tliJ-ll): 

(!/(nstl)} 

! 1/ ( ns + 1\ 1 

gener:atQr~ 1 and 

1=1,2, .. ,NG-l 
? 1,:2, .• I NG 

Equation t2} can be written in ::he form 

c, ... p 
[l/(ns+l} 1 

COHERENCY MEASURE CALCULAT10N 

~o (k J 
P 

1. 1,2, ... ,NG-l 
t::=l-i-::", •.. ,NG 

is 

(2 ) 

(3 ) 

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

p(k+l) t 
cov(X{k+l) I X (ktl) 1 
E [X ( k + 1) - m

k 
t 1 ) ( X ( k + 1 ) 

t. 
L') • 
r .• 

(4 ) 

To calr:ul;"te the j!ll-~ments of the covariance matr:':.; p(k+1i 
_ :.~ f ~ i :.. t; w : :1 :; a ~ 3 t: rn ~ t i Q n w3 a. r e r.lti C. e : 
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3J U(kl i3 ~ Jiscr2te Gaus~ian white noise anJ h~nce 
(U(k),U(k-l), ... ,U(O) 1 is a zequence of 
independent random vectors such that 

0, and E( U( k» 
E(U(k)Ut(j» He

k 
j k, j = 1, 2, .. , ns ('5} 

bl X(k) is a Gaussian random variable having a zero 
mean uncorre1ated with [U(k),U(k-l), ... ,U{O)l, 

he nee E ( X (k ) U t ( j ») = 0 k,j =1,2, .. ,ns (6 ) 

c) The random input vector U(k) is given by 

U(k) ::: Y(k) + W(k) 

For studie~ around an operating condition, Y(k) is ~et to 
zero and ;\ence U (k) has a zer 0 mean. A computer program based 
on the developed method in (IS1 is used Eor generating the 
.::andom vector W(i<). Taking the transpose of eq. (1) give~ 

substituting for 
into eq. (4) dnd 

t 
mk + 1 =O, gives 

I?(k+l) 

.L.. 

X(k+l} and X~(K+l) from I.e: qn.s . ( 1 ) 
taking into account that both 

E(AX(k)Xt(k)A t ) + E(BU(klUt(k)B t ) 

(7 ) 

(7 J 

and 

+E{AX(k)Ut(k)B t ) t E(BU(k)X~{k)At) C8l 

using egns. (5) and (6), p(k+ll becomes 

p(K+l) 
~- .-

A p(k) A~ + B Q{k) B~ 

where the covariance matrix p(k) is 1iven by: 

P(kl=[ 
var (X 1 (k ) ) 

cov(X2(k)/X1(~» 

COV(X
1

(k),X
2

(k» ... cov(X
1

(k},X
ns

(k}) 

var(X
2

(k) 1 ••.•••••• eov(X 2 {kl,X
ns

(k) 

cov(X' (k),X
1

(kll cov(X (k),X.,(k)) .. var(X (k}) 
ns ns L. ns 

The computation procedure of coherency measure C, is then ... p 
summarized in the following ste~s: 
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1) The ~ower system model is put in the linear Jiscrete 
Eor-m dS given in ~q. (1). 

2) Set k :-:. t). 

3) Set initial value of the covariance matrix p(O} ~ 0 

4) Calcu13te covariance matrix p(k+l) ~s given by eq. (10) 

5) If k=n5, step 6 is executed, otherwi~e set k=k+l and 
return to :step 4 

6) Com~ute coherency measure Clp as given by eq. ( 3) 

w her e va r ( ~6l ( k ) ), V d r ( 1"J..6 P ( k ) ), c 0 v (t.6 1 (k ) I l!.6 i:> ( k )} are 

obt~ined from the element p(k). 

the 7) Rank the coheren~y measure C1p from 

the lar.gest value~ in a ranking table. 

sma llest to 

8) Allow t~e commutative :ule to progress through the 
table merging coherent generators for each coherency 
measure (10-11]. 

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

In order to test the capability of the proposed coherency 
identification method, an application ha::i oeen made to the 
~nified power system of Egypt (UPS) ~hown in fig. (1). This 
system consists of 19 generatinl) ~ower stations and 53 
transmission lines. The models of the exciters are included. 
The linearized dynamic model in discrete form is given by eq. 
(l) . 

where: 

X (~6 li<u Ai£: AV ) t 
f t 

t:.b ( 1'16
1 

L"J..6
2 .... '-\° 19 ) 

t 
!iw (t..w

l ~w2 .... l'l.w
13

) 
L. 

L\i = (~i fl Lif2 L"J.." L.. 

f .... lf19 1
t 

flV f = (~Vfl l'l.V
f2 ... ~v f19) l and 

lJ (AP ml 
~p 

m2 ... ~P"(19)'" 

The dime n s ion I') f A and B rna t!: i c ~ s are (3 B --< 3 3 ) .H: d ( 3:3 x 19 ) 
rt2sgectively 3'.3 'j.i.ven in [16]. ~at.3. concerninq flllmber .lnd 
ins~alled capacity of each unit power statIons is given in 
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The main objective of t~e study are: 

Ioenti:!cation ot coherent grou~5 of gen~rators. 

2. r~vesLlgating the effect 0£ network 
g:!:oups. 

to~o:Ggy un coherp.n: 

3. Investigating the effect of generator 
cone ren t Ijr oups . 

~arameters on 

The results of the above studies are given below: 

1- Identification of coherent groups 

rn thi::;:; studYI 9 gener.'3tor a!':! retainec. Four or: ~:-, .. ~~~ 
gen~rator5 2re ~quivalent ~o~respondi~g to ~he coherent grou~5 
obtained by the proposed method. Fig. ('2) sho'Ws this model ,as 
'Well as, the coherent groups corresponding to a 6 genpratur~ 

equivalent: model. The 9 generators o.=',iuiv,~lent :'.lod~l ..... ~:: be 
considered as a base model for comparison. 

2- Effec~ of net ..... 0~k topology 

T ..... o cases are studied 

i) The C.B.-C.W. transmission line is disconnected 

Ii} The C220-C.W. transmi3si0n line is disconnected 

The corresponding 
generators) are sho ..... n 

L"oherent group!:.) \ with '3 
in fig. (3}. It can be seen 

retained 

~urn~~r of generators i~ ~Qne of the coherent g~oups aVO 
dlff~rent from thos~ corre~pond:ng to ~~~ ~ase case model. 
Dis c c' :-c nee::' :.. n ':J C3 i~ r .:, r::::; m i .c: ~ ~ -):-: : i r'. ~ :::: 

the t'Wo generating power stations ~ 

T his 1 e ads t 0 ani 71 C .::: e as e ( ; = the ,:~ D 

with the ~ase case. 

~ ~ffect of power station size 

Two cases are consicered: 

bo-ch ends of t h~ 1i ~ll~ . 

i) One generating unit of ~50 MVA i~ disconnected at 3UE~ 
powe~ station. 

ii) One g~ne~~ting un:l of &: ~V~ is di~connecteJ at DMNH 
power station. 
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Table (1) Inst.alled capacity of power stations 

power station 

C.N. 
C.S. 
C.W. 
N.TB 

DMNH 
TLKH 
K.D. 
ABKtt 

ABIS 

SUEZ 
SUZ2 

H.~. 

t.E. 
HLOP 
ATF 

GAZL 
SHPS 
C220 

installed c~pacity (MVA) 

2xlO + 2x30 + lx20 + lx20 
4)(60 
4)(87.5 
3.<15 + 2><24 
2)(15 + 3~65 + 1~300 + 3x33 
3x30 + 3x13 + 8x24 
3)(110 
4x150 
2x30 + 2x26 r 4x16 + 2x12.5 
+ 6x33 + 1x26 + 2x15 
2:,,150 + 1x300 
4x25 + lx17 
4x150 + 1)(20 
12)(175 
2x22.5 
3x13 
2x50 + 2x50 + 8)(25 
1)(20 
3x300 
1x150 

LIST OF sYKBOLS 

~6 

~w 

n-;;; 
E 

mk + 1 
w( k) 

Y(k) 
cov 
NG 
8-

.0.1£ 

AV
f 

uPm 
xO:} 
Var 
l-
I.. 

incremental change in rotor angle, rad. 
incremental change in angular velocity of mJchine, 
rad./sec. 
number of samples 
expected value 
mean value of vector x

k
+

l 
random input variable 
deterministic value 
a cente~ed second order moment. 
number of generators 
crolinker, e =0 k I j 

incremental field current 

incremental field voltage 

=1 k j 

incremental mechanical input power 

3~ate vector at sample k 
second order moment centered arollnd the mean value. 
means the transpose 
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D~L 

Fig. {l} Netwo~k Configu~at1on 
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Fig. (2) Coherent qroups 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 n~twork topology on coherent groups 
C.E.-C.S. T.L. open circuited 
C.W.-C220 T.L. op~n circuited 
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----~ , 

I 

\ , 
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Fig. (4) Effect of power station size on coherent groups 
150 MVA unit disconnected at Suez 

65 MVA unit disconnected at Dmnh 
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1p 
._ 

,j:ffe,r.·:~it CQt:.~:::elil: Jr01.4~:i 

Th~ ,jbov~ :::,;-cudy W.:iS .::-epeat:~d :~0!glt:ct:ing the ,:"ffect __ ~ 
,~xcitat~on sY3tem. :t h.3.5 ::,een "0'",1[1': :::;-.at it h-::..:s:.:1 ;112';' _':I'..:.l'_~ 

effect. ',Ipon ":he obtainr.=d cc,her~.:nt grc-..1ps. ':'his ~z 'j.eC3u::;e '::1e 
i::ent:'fication of c~hf;rcnt qro~~:; is qreClt~y .::epende t: J'-: 

~ystem iner .3 d~~ n~c Qn :he excitat..on. 
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-:' he ,J i:;; vel r.: L~' _~ ,_-j 
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'!::le des i JD 
::o~~ ; .. Je-:. 

::1\3~'2 eq~~·.l;l 11"t ~_ r, r:."I;l _tl~ I.J~!1(:.:~ :'~}.1t=1 :.~~ .3-:t3 
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it l' 

':'11·' e :ec:::ive:H':"';s of ':::1e ~,::::I')~lo5e/J :net:.hod ~c:ts .'e f.::!": 

_r.roll{,jl-l the ='PI.J1lcJi:ton '';: t~le '_:nif~ed ;?~'",e!:' sY'.5tel.1 c 
:.~s't.ed 

~e\N~ .: 

~gypt. r"~he~ent gr~'.li)s :~.,'.\" . .:(~ ~Jee;' i(;e:~tiE .... L\~l" ~h~~· E::.-c:.L 
!letwor:-;: to;,JoJlogy ,:::nd power -"tdi: or. 'size h,'L3 ~ee!J .::;l..s,~ 
~ ~'..le5-:' ~tJ,-~~t;:t~ .. 
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