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Abstract

Co-generation systems have been spreading rapidly over the past 10 years in Korea and most of these
systems are interconnected with electric power systems. However, better control and protection models are still
needed for analysis of these systems to ensure stable operation with the grid. This paper proposes improved
EMTDC models for control and protection analysis of grid-connected co-generation systems. Through on-site
characteristic testing, the models were developed and the model parameters were determined. The models were
applied to a field co-generation system, and analysis of control and protection was performed showing a good
match to the simulation results.

Key Words : co—generation EMTDC model, on-site characteristic test, control & protection analysis

1.A B

Suelel 348 27 BHoR A3 A Fa

* 2R FRANATY SV EATT MYAT 7v F38taL glom, oo wel A Adu) A4 Mz
Tel : 031-420-6134, Fax : 031-420-6139 Zo] AME 1w gl e 87 ZAd) st ¢l
E-mail : hmkim@keri.re kr 7
Heolat o006 49 79l ol FoIHA A R $1 Mo A¥E A% ¥
1A 2006 49 124] A BRI A2 BAZ TPl wa, oz 3

HAAreb g 20060 49 199

Y - AHIYRE=RN 207 NS, 20064 62 D



re
o3

g

Ful diA o] o] A2 B4 2oFR We
Atk ok A A gstell ¥ A7) ARIA
of th¥st % 24k Aol oA $H 879 HLE
o] ZAE sjdste PEoR FeoMe
=0} gir.
P Alage st 48 Al
ate] oA FFEL ] &H%)HE 1hE 2
doX oltEdA], 448 A, hE AdA @
2 R dA3ALY] & 2HEARE HE S
webA tFe A kWIgAA AR MWl
o2t Y §FoE TAHHEY HH Y TH
FABE 74, 2L R BA 7AE A3
Ae AdH3jAtete] AA7E 27hEsit o) B¢ Al
Fol A4Y W At - Falkrelo] F7 dh 7
& - A WA AL A AT 8ol 93, e W
2 AHATAM A7t RS o S ¢
A2glel AEF 2 ATl 9T Fo=2 EAZ
A7 7o) Jong AES AAE We st
T A S-S sfoF g

oA B E=Rollxe EH 2 AlLge Ao,
B3 34g SHoR AP A g 223
I EMTDCS] 2488 8% A5l 2Ast sdst
ok 23 E44 AES Fete] 29 wein|E
AL st +¥% EMIDC 242 84 Al
Hof] Zgste] AT gl tF FEA WM S F
ot AAGE 2l Bde Bt

lm JO
flo JE u} 3] N
a4
w2 4 o
ok N
ok

lo

ox G2
r>

o

o] 2371 diEiA P e, H71E A
712 4592 dAadxleld AMgEHE d8e A
ot 28] HqAPAAFL brushless typeo] i, &£
71E $EA=9 gAY PIAo7]1E ARSSt gl
agn F7IREvle A% mAME 45 258 2
H717F AR vt B3 gy A4S O
18] Azl B4 AEE ol8sto] AAF AT
hgEd7) 2 geule e FP deMello?]

A

(864

B0 2Ty 2¥Y WH ALY MO, 22 0N EMIDC 28 4F

Fopaigel g A FEEllE 7
2 8M  fmsie, AgE 2dr] %
“GENSALI2)"2 o]&-3}%ith. “GENSAL™ 9]
T E55ke I¥ 2% 2tk O" 29 wHy) 2
“GENSAL"| tist @A e S4d ¥315
BAIE, F-etAtEAE, V-CurveAld HlolEE o] &
ato] o3t 2ol fF=atith

2
ol
=
=4

o [o

YA 2@ gy
o L5 BSH AY —EENL, HAS O T &
o SEAICHAIE 2T ¥ U YUBA/AFS S
© V-curve Al B—s JYLE NE/ME I YU 27
o Y| SRUYA, SHIAIL GIOIE — &Y N> 2F

Ol 22 Helolg
o 25 HYE 2 AVR step-up AIY ., TH2I0IE ©&

EHII/6(8! R Tr2t0l€]
© Fii= droop T4, WS AFMOIEN AIZHAIH, MO
45 58 150 fE— N2ADIE &

a8 1. mR2i0jE 2y i

Fig. 1. Procedure of parameter decision

Efd, =lip ring

ag 2. 238 WHy| 24 ‘GENSAL
Fig. 2. Salient-pole type generator model
‘GENSAL

13 29] “GENSAL’S] BdA<: glglog ARy
< X3TE 54 dlolHE o83l T3} X3l
dE ARelaL B53) o] E Ao} AR 71
(base, pu. #4222 AIEE7] A FhHEe A8

Journal of KIIEE, Vol. 20, No.5, June 2006



S(1.0) = 0.3568
S(1.2) = 0.6866
Iigwse = 30877 Adc

7] 2dol Zx7|#E(subtransient)9t I
(transient)ZEiA1S] B8] AHA/A|BFEAA L
vaiapch A] gababge] W2 RE RS,
2% BalzoA Avdl 249 dolE & o83

w7 2 fxsd olet 2t FEHY
T

4%
RIGEL

S vheh Zo] Fd[1]el A AT

o K

3}
o)
3L

L

2% Hapaig 21 0 dAAEY 657kV],
-80[kVar], 0.0 [kW]
F=g gm0 Xe=1.28, Xd'=0.252,X4'=0.410,

Tao'=0.761, Ta"=0.0465

1

38 A7) A4 24Re nAx AF7E FE5A
Ful 328 240 Adg BA7] GRS o]
g3to] AYsted, FolAT 2dH% FEY 52
AeE oy 2ok

Fapabe 271 ¢ 587 kW], -69.5 [kVar],
Vt=65732
H=g ZErE  X=043, Te"=0.0470

% 57) J9dx g2 HH35 7]
He o] 83l 3" AATe Bold ARAF
ael 2L Aot He A%/9% 7] 9
Az e b 2ol AR 9714 4 o
Heae fEd g X=0.15022 A3tk

azlm A5/3%
=

ARE F7] dHIL 1 Xi=1.5735 X,=0.8346
A g 0 X=0150 (7F8E )

ud 7] BAAAE 2ANELS A (D)9 247 F
29 A (swing equation)¥ SAE Faladt dlo]
=
=

EE 0|83ty F 5 AAY
2H—‘Cil’—c;) =Pmec-h—Pelec=Pa(7}wﬁ":Q) @

A HE AA87] AsiA S87kWIelA

Y . M|MHY =20 207 752, 20067 6¥

SLEERLE

fos B

3 Ad dolElE o]-g3te WAEATE 2RI
RapAgFe] 7E((P)2 7IAIM Eeast 2ed
o] & A71A &3 kWIS Td3itt Fa
HIEe AR Fe] Fopre] 7]1€7] Folth o
F 3 ol 83t $AdAT HE AXdal ollie 2
ol H=1.71°1t}. #F A LA vl 23d7] 2
3700 g 2y Aee ¥ 19 2

#3714+ (Machine Base : 7.375 MVA) :

_ AP, 0.587/7.375 _
H= 2% =-5%0.02300 ~ 171 2
t

k23 1. 43E ‘GENSAL =g mzHlg
Table 1. ‘GENSAL’ model parameters
determinated

setele | stetolEgh| f2vlE | guEE
Tao’ 0741 Xq 0.8346
Tao” 0.0465 Xd' 0.410
Tqo” 0.0470 X" 0.252
H 171 Xi 0.150
D 0.00 S(1.0) 0.3558
Xq 1.5735 S(1.2) 0.6865

(BASE MVA = 7.375[MVAD

LA} 23719 ojzpA]2E brushless typel 2
IEEE| A brushless &J2pA|2=6lo)] 2 Fejrt 21
sl “I[EEEX2” 2dg o] &3yt

[EEEX2 REA4S4 AAL FH3l /A3 E AVR
289 AP o]l ¥ 29 dev|EE {E&
Ak o714 oz7)9] 3= YvHH o AuEE

< o] &3tk

Vrer Vs

+ + Regulat fmw
£ ‘ \ e]g:; : ar - N Exc]ltev >0
- it
145k 2 T+sh | | 145k > e
VRwn

sKF
{tesTri)(14sTrd)

Se+ke

18 3. |EEE blushless OXI7I/AVR 2€l ‘|IEEEX2
Fig. 3. IEEE blushless Exciter/AVR model
‘IEEEX2’

D



AY S0 2HY 2PY AT NLHY Wof, 22 048 EMIDC 2 AF

E:3 2. ZME |EEEX? 3¢ majo|e
Table 2. Determinated ‘|IEEEX2" model parameters

gejnle | weleiegt| detvely | gepolE g
Tr 0.015 Te 0.250
Ka 250.0 Kr 0.0
Ta 0.015 Tr 1.0
Ts 20.0 Tr2 1.0
Tc 1.00 E 3.0

VRrumax 4.00 S(E1) 0.30
VrMiN -4.00 Ex 450
Ke 1.00 S(E2) 0.800

Ki{3+sT2} ~ PMECH
{1+sTi)(irsTs)

TURBINE

12 4. |IEEE Standard ‘IEESGO’ X&7(/E{8l 2
Fig. 4. |EEE Standard ‘IEESGO’ governor/turbine
model

3 3. ZME |EESGO 2 mzioles
Table 3. Determinated 'IEESGO’ mode!

parameters
stebel e | stelolel gy | Stetvle | gepeE g

T, 0.01 Ky 17.69

T 0.10 Kz 1.0

Ts 0.05 Ks 0.0

T4 0.65 Pmax 0.85
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