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A study on equivalent control device model for power system reduction
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Abstract - This paper presents a dynamic
equivalencing method in large electric power
system for stability analysis. This method of
modeling simplified equivalents for parts of the
network outside the study area is to evaluate
the stability of a study area modeled in detail.
Generators are closely coupled in an electrical
sense tend to swing together in groups during
disturbances, and this behavior can be
exploited to reduce the size of the power
system model. The characteristics of generators
swing together are referred to as coherency.
Coherency groups whose generators state
trajectory are similar to the other generators
state trajectory in the same coherency group by
a certain disturbance. In this paper, procedures
for forming dynamic equivalents of control
devices of coherency-based generating units are
proposed and the aggregation of the control
devices such as excitation system and
governor-turbine system is accomplished by this
method. This method can deal with the
aggregation of the same type of control devices
and combination of hydro and steam unit or
the many types of excitation systems, etc. This
method is shown to be efficient in reducing the
number of control device of generating units
with small error in the study group by result of
case study presented latter part of this paper.

1. B

B ddste AYAE S tBel AEeert FE3
I glew HEAEL gHEsdn BgstA Hol ¢k
= ML A oEeA vlm o £ Be A
T g ¥ ge] Asdmsich ol EAAL B
A3 AYHo g dFR HAFAEY Zgo] FFAow
L3HI ek olgA AFHGL sled YoM dF
2 HEASAN 4L D AT YA S
AFgg oz s AAEA E@sln, ol & B
AR GG S dA7e ARHE o] &t Frl FoA
deEbdTh,  olEE Er &% wWyer FARA
{Dynamic aggregation)® ZHAAZd] hajr Ay
g AAEE ALP ol¥A AW wdr] ago
AREW dF 259 E4719 Rerio) 24 9
W aF #Hr] 29 FAdo) ol oA (5],

B =RodMde A of 2y 2d & Aoy vy
(A7 2d, 2&7]-8)¥ 24, HEAE 38y =
)} 571 2dE vehde B diaA dedo

%, o

}

X

= =

573 ez AAEYYH (numerical gradient
search)e] AUHR oY o] BHe 7 AETES &
4 Aggealels] 2 E HAase] 49 B 2de
vl 2y sevEE g3sE YHor viauA JEG §
7F 2d S JERX R 2&7]-8Y 2d 3 383 £¥
o] Bt} &A%te A¥dlle 4T 259 FAr 29SS
AeretA 23] A 9Y 5 2d S Adde Ao
4 ol dolt}. wekd ojg ARl 3HEL
o &Y By} 2 pAstn, FET Od FEHIRE
FA4sE 2% FY 249 dAA7A "Hob{4,6).
VG A Ay 2Fol Uk Ao 2dg& 23
3 dvhe olfE Fr mdeg Jepbd o bAsiee
oy Bogoes yypdw warie) ks guist g
S Aotk mEx B mRdAME e el Aol
zdo] 5713 £e AR g8 2&7]-EY 2de F7}
3 9 ge Exe oz 2del 2 3d 24E o
Fojvh, Eg e Aoyl rdd AL &0 443
A 57 2dg FASHE HHE Agsd Al d3E
58 o AN L FEHA.

2. 8781 1

B7F Aoiy] mdel i HEvHe #zte wd g F
g FA ALRFe Aolg H2H T AGHRF
A e g e g8 dedee nake dgd
FE PR A B2 s ek HER A
o] 7t AggeR kst dokdrh. wakd i
e VIge AT FHEAR FrEEYsE Foe
#A & el

aite] g4 AEgFe ohd A F Ao

a0+als+"'+amsm
b0+ b18+ ree ot b,,S"
714 nzm

Gi(9)=

oy

Aze] 57 ALgFe vk 4(2)% 2t

¢t e S+t 80
dy+di S+ +d,S
71 n=p=q

GH(S)=

(2

A nAe) B ATEEAT AR $7h ALY
g2 g e AAAE 4(2)7 Lok & Roltt.

- 273 -



GS) = GE(9 3)

2tzte] Ba2 FRE(w)ERd AN P BLPS
GSe oid Asgtel HAx 57 A9+ c1, ca,

, ¢q, do, di,, dp® FIAS}E UASF7L DY
4(3)& e F3$ g B 4(4)F 2
=3 B
Ce(iw)(jw)?dy+ -+ Cliw)(w)'d, + Celiw)d, @
= (jw) .+ + Gwdle, + ¢

()€ ©F H(5)¢ o] BHE F Ut

Xipdpt 21 d1+ xi0dp
=¥iqsCet Tyt

5
714 2 44 FAFIHE ved.

4(5)E n/he] FoF IHX AANRA H(6)H 2
o] 8ot

dy
Co X1,p " X1 X0 Yt T Y1 a}l
Coj = |20 " X2.1 %20 T Y20 " T Y21l | gt (6)
: : ¢
Co Xnp " Xnl Xn0 " VYng " T Ym1 :

9

21(6)lM x9 yHoz o|Foiz YL HI P o)
ol yag 713 93 (pseudo-inverse) S H &3 1
A4 c1,c2,7,¢q,do,dy, . dp B TIAATE

H F7EIE e EEriaE $¥rlel g4 A &3HA
HE 719 £87)9) Ztzte] Ay A(7), (8)
3z

G S = K(1+ ST,)(1+ SK,Ts)
or T STHA + ST + ST Y1+ 5Ty

- K1+ S(Ty+ K\ T+ ST, TY) %
A+ T+ Tt T F)+SA N st TN+ T s+ T3 Ty + Ts Ts+ Tu T5)
+ SN TATH+ T+ T T Ti+ T + STy Ts
me
100.

Aq7M K=

K(1+STy)

Hydro, -
G o™ (=T8T + ST+ 5T

®
K(1+STy)

TN+ Tt TO+ KT Lo+ Ty Tat Ts T+ ST T Ty
_ P
94714 K= 0

A LAZaFAA BAHF £Yo] O TAYYH
A 2L F ALFFE €& + Yo o T
2dg ggoes A AR T Aggse 4
(9)% 22 P2 FolZr

GE(S) = o+ b S+ 6,5
E ags S+ @St + 238 + a4 St
’ (9
71N bo=1, a0=—1{17, K}{:Tlv 2K u

2(9)lM vlASF c1, ¢z, di, dz, ds. de& FIA
38 A4 (73 4(9)E vizstd F7b 38 2&7]-H9
299 wmeulg K*  KY,TY TS T T . T{E
T & Ut

Ao e F713rig-g AL3 UE e 247
-HY 2ol ALuwt olyg g 59 9427 =4
o g4 ALGFFE 43 BL FRegdgeA ddt=
2de] 571 Ao v 57 sEgvHE 7+
F

3. S7i=7ig 1

dd AN Az AL e AR7IS 247
Blzd e g PErt AT 2L B dvdle
2 el gEel AU A9 ¥x@ @& /A 2
o mebd d@ LA 2gelN Ze FHY AgPS
7t 42 e 4 Ay 93H SHo A 2L

& /IRda £ 4 o 222z 5 Aedsrs
2AG &9 3FH 3P L /YR $4 Aegsd
54¢ 39 F U dd. mEA old §4E 47
A8 dx719 2&7-6iRd Zzte] sejulHEY ¥
THES F7F 22 gevEE A HE T/
18 wg Ay F71 deuHE 78 ¢ Ao

4. Atz AT

9 Sr3718e FAIUE 3924 AT HLdd
ERde AgE4s 98 dAy]) 289 49 Ay
o BoAdE ZHow nnges, =3 6 BA
o FE Fo AY AF 2% A, Fo M AYE
vz, ASsgct

231, FYSV= 3924 A5

d@ WAzl 2F AEl, 84 2Avl, 2§ Be oW
WAy, 2% Cx 4, 5, 6, 79 A7, 799 2,
3, 109 &AN7 2 MA3AT.

3§ A9 dA712de IEEET1, &7]-gHylzde
IEEEG1Z &gt 28lz 2§ BY 4, 59 a9
QAz712d e [EEET1, £47]-Hyl2d& [EEEG12
3l 6, 79 @A AAr|xde SCRX, £47]-H
Hirde JEESGOZE 3Rt}

JF A9 daprie 2&7-Eibirdy §4 A9
9 57 AGFSe o HAREE 132, 3494 YU
o

- 274 -



Bods Diwgrams

Hagnitude (dB)

I
.
13

¥

Prasn (dagd;

&

I
e
sler

1 '

Fraquancy frad/sac}

92 2F A dATIEde) BEAR vy

Bode Disgrams

Nz

Phasa (deg)

s

e
pe

Wi

Frequency (rad/sec)

Y3, 2% A 2&V-EMTde HeHT ¥y

2¥4.€ 1F BY IEEET1I® SCRXe 4 Add4
€ F7F IEEET1 AL¥FE2 Yehigden, 285 =
IEEEG1# IEESGOE %7} IEEEG] 3Agd4=2 v
Ehllo] Roc e g v maldh,

Bode Diagrams

Fraguency (rad‘sec

284, 28 C dAVIRde] BENE ¥lg

Bude Disgrams

wiageitad (48)

-2

Frequsncy (rad/sac}

295, 2§ C 2&7)-Euinde He AT Hlm

FIEUE 3924 A%Y AR d494& eda &9
2B oA AR BrETEoR 6RAr] 1724
22 A% %% F Al AEY 6¥ BAM4 gas
Fol &9 A, 9 HAH7 329 2A AGE vy
o

ams /m‘[; ;; - : e

aos

¥ 2 3 7 [ £} © second

a B 5
VOLT BUS 32

96, £ @, F 329 2AdAG vw
5.4 g

AT G A ARDH9 4B A7) 2FWA Qe
Aoj7l 2dE v FAH AL 13 dLeg+E
A EE AE e AL 2HEH 8o, gkl F
7BIZIEE Adste 22 B4 JHe Ut Agd
FE& YESIT. gd 4 Al Frlsriie A
&8ta] Axtel F7F AQEFE 78 F UYL AN
g e e g9 Aorird §Aol JHE3lR
945G A, F AR B4 54 vad 2 &9
Afel ARATS AT e RE ASHY A3z »
ez AANT Fr1EIIge] b Aol7] Rd#EA
AgeE AFe

&3z H)

{1}Ram Nath, S.8 Lamba, K.S. Prakasa Rao.
"Coherency Based System Decomposition Into
Study And External Areas”, IEEE Trans., Vol.
PAS-104, No.6, pp.1443-1449, June 1985

(2JRam Nath, Surrinder S. Lamba, K.S. Prakasa
Rao, "Coherency Based System Decomposition into
Study and External Areas Using Weak Coupling”,
IEEE Trasactions on Power Apparatus and
Systems,Vol.PAS-104,No.6,pp.1443~ 1449, June
1985

{3}J. Machowski, A. Cichy, F. Gubina, P. Omahen,
"External  Subsystem Equivalent Model for
Steady-State and Dynamic Security Assessment’.
IEEE Trans.. Vol.3, No.4, pp 1456-1463, Nov
1988

(4JA.J. Germond and R. Podmore, “Dynamic
Aggregation of Generating Unit Models”, IEEE
Trans.Vol.PAS-97,pp.1060-1069,July/August,
1978.

[(5]W.W. Price, A.W. Hargrave, B.J. Hurysz, J.H.
Chow, P.M. Hirsch, "Large-scale System Testing
of a Power Systemm Dynamic Equivalencing
Program”, [EEE Trans., Vel. 13, No. 3, pp.
768-774, August 1998.

(61 FE"MEE i8S A2 UnE AFA4A%9 57 5%
¥ #g 47", nedigdm ggd 9AEe] =8,
19991 64,

(7}Dynamic
May,1994

Reduction: User's Manual, EPRI,

- 275 -



