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(A Study on the System Dynamics of Gas Turbine Generator
for Cogeneration Plants)
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Abstract

Recently cogeneration plants which can supply both electricity and heat simultaneously are
widely being built in our country. For industries using cogeneration plants, some requirements to
protect the generators had to keep up the uninterrupting operations. Used the gas turbine with
cogeneration plants, this paper presents a technique to check the operation method of gas turbine
and the stability of system by simulating the dynamic response of gas turbine and network under
the disturbance such as system separation from utility network, The control loops of gas turbine
such as temperature control and acceleration control are included in this paper and the proper
operation method of cogeneration plant is investigated by assuming the operation mode such as
droop and isochronous mode,
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g : Speed Governor out put Tx =Tr—390(1 —Wr)+306(1 —N) 2.1.2)

N : Rotor Speed (P.U.)
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Ty : Turbine Exhaust Temperature in C

Tk : Turbine Rated Exhaust Temperature inC
We : Per Unit Fuel Flow

N : Per Unit Turbine Speed
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Fuel Input =0.23+0.77(VCE"—N) (2.1.3)

VCE” =Per Unit Fuel Command/Per Unit
Speed

f2=1.3(Wr-0.23)+0.51 - N) 2.1.4)

: Turbine Torque
2.2 WX
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Telbel 1. Parameter Value for Gas Turbine and
Utllity System Generator

KEPCO |

PARAMETER  DESCRIPTION [GAS  |KEPCO  (KOUIV.
TURBINE |400MVA) |100MVA

(27.9MVA) BASE

Xd d-axis synchronous 19%6% 528 132
reactance(sat.funsat.)

Xq qQ-axis synchronous 180% 528 132
reactancé(sat‘/unsat.)

Xd d-axis transient 18.3% 528 1.32
reactance(sat.funsat.)

Xq q-axis transient 18.3% 5.28 1.32

reactance(sat.funsat.)
T’do  |d-axis transient apen 0.67sec 10sec 10sec

circuit time constant

T'qo  |q-axis transient open 0.05sec 0.7sec 0.7sec
circuit time constant

H inertia constant of 691 5 5
turbine and generator |MW.sMVA MW s{MVA [MW sMVA
coupled

D |Dampigcoefficent | 00015 | 005 | 005

uation ¢J) 3 B =20 ALL ¥ w7 ¢)xlo
U) A R =

Hag 4435 E 13 2ok

Va=Eg + X + X0 L 22.1)
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7] AAE 9 BUALE ofsh, BITL
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K |AVRGan 0 @ PAABE 1 15 2P sk 1
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i i e ASs 247] FAE Dol 1] TR
Twn Feedback loop t@e constant 0.2 EAHRNA EAYSAT. B =2 ALLH A%
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Vg, min | AVR lower limiter -78
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Ke Exciter constant 10
Te Exciter time constant 10 2 =o)X 79 59 2ol 27.9MVA 7hAEE
Semax | Rotating excter saturation at ceiling at | 0519 17]9} Utility System, Local System®.2 745 o]
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Fig.4. Block Diagram of AVR and AC Exciter

Loade} A&7 o] 7Hest AlFolrt.

B Alal) ol M = 7B %18 Isochronous Mode
2} Droop ModeZ &3t 72 -$ol] thate] Utility
() eromwa

22.32MW 08PF
Xd'=16.5% , Xd' =18.3% , Xd=19.6%
H=6.9iIMWS/MVA

UTILITY  SYSTEM

1

1

13.8/22.9 KV
25/33.3/417 MVA

OCAL SYSTEM 154/23KV 154/23KV <5759 "
A WKV A Z:575% 25MVI
>)z=882% 2=8.85%
40MVA 40MVA
@ -~ 1) o 2 - O
s2MBT! CLR CABLE y CABLE
NC. 20% aomva| | ) 00399+ 01276 _(2) 0039901276 ()
@ CLR CABLE CABLE
20% 40MVA S2NBTS 00399+ 01276 saueTT 00399+4 0.1276

P=7.28MW : P=8.52MW P=14.47MW P=586MW  P=i9.TMW
Q=3.2MVAR Q=375MVAR Q=8.85MVAR Q=1 66MVAR Q=14 )2MVAR
C=3.25MVAR C=6.8MVAR

JEls AE G ATE
Fig.5. Sample Single line Diagram

(248)



dfiths BERTR JHAE BERS) B Tl B8 TR

System®] 3473319} A Aol A 9] HiksAFT FelE e 2o A A gand

S EL HEH] ALY 2L 83l AFY I FHRA RelEes AoE 3. 9

7FEEINI Y] M A AR E AESIY T B =59 A AR ol AFE o] 7pE] e
A BN G A B ol 2HL g3 2ot Sy g 73—?—% EEE AT

(1) CASE 1:7}28% ﬂ $3 ModeE Isochr- (3) CASE 3: Utility System R 9] g0 2 Q135

onous Mode=Z 3}] 0.1%2< 34A AL o AZFu47) 58.5Hz71 A HolA] o]

Q17+&kE Utility System__i-,—E-] g ey w2 480 2 Utility Systeme 2 H8) A%

2 Aol B Ao sl on dHr A o] £HE AE AEY|HIAG. B

of 928 ¥y THB gL Aoz Caseoll A= Case2¢} #o] 7FAE{Ie] - =

s, A2 Droop ModeZ st om wam Mo

(2) CASE 2:7}2El% 9] 23 ModeZ Droop AZE AR THFRT B A2 3

VALUE N H2

VALUE ¢ HT

Modez &t Utility System®}-2] & #) 41 Ao
3RAABAILE A7FET t=0.2%0] AL
A AR Utllity Systemo.@ 28 AZo)

£

2} Case®d AlBelloldAHe 19 6~83 m
1% 62 Isochronous Modeg #Aste

FREQUENCY DEVIATION POWER OF GAS TURBINE (1Q0MVA BASE)

o7

14
o

- i A AAADAS

ANAAAAN L EVVVVVVY

. VVUJVVU :

T Y Y v T
10 0 2 + ] K] 10

VALUE IN P U
3
4
s

o

Tzle. AH AT e Al B o] At
Fig.6. Simulation Results for CASE 1

FREQUENCYY DEVIATION FROM &GHZ POWER OF GAS TUREBINE(100MVA BASE)

a9

a8 a3

a7 az8 4

ae 0.2¢

na 24 -

a4 4
23 2z 4

7z az 4
ﬁ ails = \

c.1e =
Q.14

-2 - \ 012 <
-3 4 at 4
BB NN =]
e 0.0
—a7 4 oo‘ﬁ
—a 4 i

0 T T T T T J

TNE N TXONCS TME 1 TGOS
-

VALLE IN P U

J8!7. Ak AF24] g AlgHold 2
Fig.7. Simulation Results for CASE 2

(249)



—66—

B - ERHME 2E £37T H39 19894 9A

FREQUENCY DEVIATION FROM S0HZ

VALLE #i N2

T T T T T T T
o 2 + 5 a
TINE ft TLONDS

k4 mum;f nF aG FRETUOKY NF ¥ERCO

218 Al A 730 ti & A& o]

POWER OF GAS TUREINE( 100MVA SASE)

e

as

LY.

VALUE Wl P

A

L

23

Fig.8. Simulation Results for CASE 3

(Casel)oll Wit 7F2E|¥1e] £8HIE AlF9
Zube 312 Jeh Ik ol A9} 7ho] 34X
= AFol £AHE FS ASF 5} 7FAEN S

o] #H¥x A ¢ Huntingo] A$H & HAF
. 0] 9} 7o) Huntingo] A& = = A& Isochronous
Modeo] 7§, Z47]9 Large Gain® g2 1&ho]
Fosle] o3 EjRIE Yol 3] WEsta
Z£7]¢]) £3o] Maximum ¥+ Minimum Limit
of A& AX A= o] HRIEE S A% SwingsH
FEBz Afe Fiass TELATIA Z3AE

wEkA AT Z 1% AS-EE Al 7F2HEY £
Mode& &4 Isochronous Mode & ¥ 3HA 7] =
AZY APZE LAEH S W AEgd
HEHEZ A% FoFrt dFHAUNR
HEeRe ¥ &8 ModeS W3} 7

A=

Lo ok

L
27

A
}

o o W
LT -}

o5

o

-
A
=%

X,

3

4o

e
o
ﬂ
rlo
w
S
P
=
&
4
gt
R
)
o
o

E 7%, 7hoENS 2ol AFEAF &
OMW 7] S7hatAIRE 7B Rl o] =4
Sl IR 0 2 23MW 2208
F3 AgFIFE AT FFo2 Qs

Hz #Zo 2 fFAHA Ao

du o ¢ N

o
oK jo & &
£ 2 ju

(250)

Wb Foe Ze
Shedding) & A3}t
FEEX gAAY

18 8L Utility Systeme] 3447} o] Ad
wWe} A%o] BH e 97) £42 Fo5d
sleg el itk Case3d] B9 @37 £ 0)
ATEEF A o] F Lo oJ3te] & o] A|3etA
Ho] ASF I} 592HR 202 f AP S B
Fo}. Wehd, Case2sh 2o F34 7ol He
HAg RIS HAAEHA] o Fu47) 60

[=)

Hzz 355 a5 &7

5 8kxl 3 (Load

o oe
ghom Fus7} 60HzE

]
wom

4 %=

=7
af

o
me
ok M
% 2
(T
oL rle
2N
s _l;

o,

i

oX
2w £ e

r

N
—_

.
O oX

o=
t H
>
o 1%
& to
lo

Ul

uV)
Bl
o
2,
>
e,
rn‘.
X

7}
o
o

do,

o

Isochronous Mode2} 73-¢,
2853 2L Large DisturbanceA]
o2 ERlEFo] v waE7] gl
A 71E Aol Erbssitt

mebx Utility System® 8282 £das 53,

3

i
B
I

ABATE 02 QIeke] B AL AFo] £
£ A%, 2457 QY U R R HANFE 24

Mode& uHi-ofof i},



— 07—

BAHE WERTA 728 RS B BTl B PR

ELEIE M TR
S4e AR B
SERELE PERS P
£ 2dee JHLTENE 5T

>0
rET T;
prii
o

5 #uEd

1) W.LRowen,. “Simplified Mathematical Repr-
e-Sentations of Heavy-Duty Gas Turbine,”
Journal of Engineering for Power Vol. 105.
Oct. 1983

2) gl X of 8], “Power System Stability Study
on Honam Ethylene No.2 Power System,”
August 1989.

3) AR o1g, “Power System Stability Study

(251)

on Yukong NEP/PEPP Power System,” Jan-
uary 1989.

4) P.M Anderson & A.A Fauad, “Power System
Control and Stability,” 1977, The lowa State
University Press

S5)AERT T a7ledTh, “HE AR Fegt
BE AN T2 shdel AT, 197903
1

6) IEEE Committee Report, “Excitation System
Models for Power System Stability Studies,”
IEEE, Trans. on PAS, Vol. PAS-100, pp.49
4~509 Feb. 1981.

7) IEEE Committee Report, “Dynamic Models
for Steam and Hydro Turbines in Power
System Studies,” IEEE Trans. on PAS, Vol.
PAS-92, p.1904~1915, Dec. 1973.

8) IEEE Committee Report, “Proposed Excitation
System Definitions for Synchronous Machines,”
IEEE Trans. on PAS, Vol. PAS-88, pp.1248
~1258, Aug. 1969.

9) Y.M.Park, J.C.Kim, B.W.Cho, B.HKim, et
al., “Power System Stability Study on KukD-
ong Cogeneration plant,” HyunDai Engineering
Co. LTD., Feb. 1987.



