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Optimization Application for Assessment of Total Transfer Capability
Using Transient Energy Function in Interconnection Systems
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Abstract - This paper presents a method to apply energy margin for assesment of total transfer capability(TTC). In
order to calculate energy margin, two values of the transient energy function have to be computed. The first value is
transient energy that is the sum of kinetic and potential energy at the end of fault. The second is critical energy that is
potential energy at controlling UEP(Unstable Equilibrium Point). It is seen that TTC level is determined by not only bus
voltage magnitudes and line thermal limits but also transient stability. TTC assessment is compared by the repeated

power flow(RPF) method and optimization method.

Key Words :

L -

. , A ol Ef -‘%w—%pwﬁﬂ/ﬂ“
FHARA R HAEH HEo] BAAs ok s W A

grzdes B AHFTG F5ALF(Total Transfer
Capability © TTC) Ar7t AFHojor gt} vl TTCE
T A B Agog A% Aokel ¢k flel oA

A £dE F e FEHAEFeE o
T nH3-5].

&3 gol vy

TTC = Min. of {Thermal, Voltage, Stability Limit} (1.1)

F=dAE g SHAY(equal area method)
3} A 7EE. 2 ¥ (time simulation method) 283 oA g
H (energy function method) 5¢] vl o|#gt HdE &
SHAYL 7] FAUEL ATl 271 AT AL
b stil A EHT A FeEe FAERo BHE
He Agstleg & B AdAe A8y oigdg, uhet
A ejegk WM EL oxutel AejdA AEe 44 F&
WA A AdAFAE mEsr] S dEoer 2. 53,
FEtd g 1ty TTCE Hristed 3o 2HA<

2

toRAAA, Auelgd Y A7 BRE s 3,

E-mail @ kbsong@ssu.ac.kr
« AUelgd : @AW 4713 2us . B,
A 5 9 gy dddad - By
s g 8 9 ATEN AFITAY AdATY - 3,
$ 489 FEAFEY WENS gae - 3y,
Hedab 20099 949 18Y
HEGR @ 20009 119 49

SrodX HE o8

stof AAASE SSHBY WIHE A HHI|Y

Transient Stability, Energy Margin, Lyapunov Direct Method, UEP, TTC, RPF, SQP

who] AZRANE A& Ao|th ANEAYEE B4
oA AbgE7 flEAE 4T AAE d9F5ets ol
dgstn], ArRAHL A4 AAHol Holk F WA
cycle 74 AAEE SEbol sy Bl BE A Aite]
Acndch w5 dopE B A dE AsE ¢+
ol GAAE s oA riFEe] He

A ZE Mol AFEA @k vA Lz
Eo HRaAEE NFEIE 4F 2

o] tH6l.

B mRdaes dAAENA BE AR
AretAE Aokl Mt A%zRA 18€n FEGHE
#Hot7] et oA 4 o feol g Aok
FEAGHe AdsE B AudstAnt duA gE
ol st A ofE 78] Y&, AxdqdA=
A EANE Atrewel dd¥H g RungeKuita
Akt 9440 A4EE o gt TEHAI, AT ¢ 7%]
AquixE Fat7l fsiM PEBSWH S AHS vk md, w
BExFAMEE A7 9 sE vt

b1
i

E}il
ol
2,

2. Mol x| g=(Transient Energy Function)

gre AdAE AT HHe AR M Lyapunov
AHAREE 8T AYLTEDC A, Ao gL
BRSO N1EE ANHAY, 2 A de e
% 4 gtk wdol Atk TEFYE FEojuizol rruf;m)
o AN 2oz d3 ok odF FEeR
A ARAE T R ARG Aot i,
A7t agAAET AAAUA (Vo) S 250 11
(Vi) © #oz AdHE 5 wxwm) % A=
Axks|ojol she ol 1AAATE AT 2f PANUA
(Vea) ol THE).

E=X-3 2311



H7ists =2X 583 123 20094 12¥

Lyapunov ZAHYH dAMY 713 dAd dAAUAZS
T3 WY ez Lowest Level, Closest UEP(Unstable
Equilibrium Point), PEBS(Potential Energy Boundary
Surface), MOD(Mode Of Disturbance), BCU(Boundary of
stability region based Controlling Unstable equilibrium
point)d ol ATH10713]. ol 7}2d PEBS®EL n%FF9
AWAH &2 ngdHF wep A A A
Hdigto] dAdUAGRE 7HEE o8 YyPozE HA o
ZIAE HEo] 7tEsty thi wE wWioeg ddA 9
o}, :

2.1 Lyapunov & & H

:Lal 21& Lyapunov Xl?{jtﬂ_,] z%,]E Mnﬂb—} HL‘g
olty, Viz)7b 2z 5o, R={z|V(z) < K}o| A%
Ho] otz A, We)7k a=fle)o) AS ua ¢4
ol& ( )91 v Egelgn gu Wk RebelM V() 7}
%ol grolxm, Ma)7t 29 Fhold =
I, R 0&011*1 Bt BE RALES A7te] 7t &
A 4R o2 FHEBH6]

Ko 4 wye g&d 2o 9732 AAM Wa) b %
olm, Mz)7t &4 o, V,ol Waz)=09 ZAAE oA
Viz)9 el 7h4 &L geolgmn 2w, 98 g FA
49 R={zlV(z) < V,}& #ZH ¢4 Fdoln Aa
& (Attraction) 9 & ¢toll &34 "l dutyge=
AF AFe AAFAFEH FHde B 9 A F

O 9ge BEH Aol

A ARAAFT BILHANE THRG Viz) e ¢
A FIFHAM ALE £ A o] FEFT AEUA

V(X)>0
V(X)<0

vVX) X

N— X,

X(t)

O 2.1 Lyapunov ol X] &tpo| Hof
Fig. 2.1 Lyapunov Energy Function

2.2 Ao 4 x| (Transient Energy)

ARG HEEE ol§ste] nFAAENY 4EE
S 9424E Fon, AW FRRANRY nBAAED
g Argozd de F A vuAL o 1%
AAET AR S 9RFHEIE T A @D
odgstel HmAUAE Fa oy e =R

2312

COA(Center Of Angle)& 71522 3 Hojt}i[46].

d:% 3 M- EP Cr @D
=1
n—1 n
—Z E [C’ij(cosﬁj—cosﬁ;)
iZ12i+1
c c sl sl
8- 07 6]
! 9%_9?}
o BAAA £ FEE
6 IFAA &Y H2F
0 : oY W G AFA

. c . sl
(sm&ij—sm&ij )]

P= P,— E'Gy

Cy= EEB;

Dy= EEG;

M, i RV BAEAE

JANNE = MR E RS ELE b

P i BA7 Y AR LY

GipBy 1= EEPHAAN i,j R4 A5HSHF
N HBHT e

i 1,2 3N
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PEBSH & AM&3te dAANAAE
ol A& WY ogF 2
step 1: 23 Ze AGAALRZY F(O)E FHAidsd
LFAAZY IAFFH 0% TE

o] |, AE v E FAAAFTY Feolth

TEE YHE ¥ =

0) = $2200) 22)
i=1
£:(0) = Pi= Pi= 41~ Peos
7] A,
N
Py= Z[C sin (6, —8;) + D, cos (6, — 6,)]

Jj=1
]#l

n n
Mr=3.M,; , Peos=3, P=P.

step 2: FE¢Y] ATHGNHE o &3t H4AHAF 6
g T3

step 3: 942 69 HAHA @ f7(9) -
o zero’t E W7HA step? $} step3 & wHE-IT)

step 4: f7(0) - (6—6)7} zero7} H& £k & 1 4
(kA0 F4E 9 T 31}7} AA R
A JAAA g 08 olg3dte] YA VA V,.(6)



V, =—- ZP (9, —-65) (2.3)
1—1
- Z E [C;;(cos by, — cos 657
i=1 feikl ’
0, +6,-0 -0 o,
UW(SIHGU_SIHQ?;H

67 2RAA Fo 44 B

ojmel  HRAUAI AR Fe A
F7(0) - (0—6)7} zerort B Ae A WA I}
Horl HE Heolx ¥RV A0t He folth, o
el ol PEBSHOl XA =t agdelvt agAA
29 A HFE YL DFP(Davidon Fletcher Powel) & A}
3ol Axgaiarh 2y 2304 f7(0) (9-07)2) W)
Hol zero7l HE wte A AVF AB Y g A I
7FHE 3 Be dA@2 € 4 9z BHo| uiE gAY
Aotk 2T AFAAM FATE AAJUXT 44
el ZotxlE H C #3709 Al DE Y ARAaA
Aol AHEE Hx8) a3 A AA L] g,

70 Fault Case 57-4

&0 1 inner Product
L 50 F
§=3
2 sl
g
T ot
2
=
£ 20 s
= H
g’ 10 C\:
R S

\0\—_/:\
ol D 3 VA P
021065~ Potential Energy
.20 n hu L . .
0.0 0.4 6.2 0.3 0.4 05 08
Time
Jk
a8 23 odl|4X &9 PEBS

Fig. 2.3 Transient Energy function and PEBS
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Table 4.1 TTC Calculation With Transient Stability

Case A Case B
TTC Level TErralzfg’t TTC Level Téfl‘;fgey“t
[MW] Margin [MW] Margin
Base case 133.45 - 133.45 -
Line 2 - 3 fault 93.66 0.9512 93.66 0.9512
Line 3 - 4 fault 141.9 =-0.1459 107.92  0.00003
Line 4 - 5 fault 66.59 0.4637 66.59 0.4632
Line 2 - 5 fault 106.3 1.2317 106.32 1.2317
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Table 4.2 TTC Calculation using Load Factor A
RPF SQP
F5A4% [MW] 66.59 66.59
CPU Time [sec.] 15 2
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