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A Novel Algorithm for Calculating Available Transfer Capability Using Power-circle
Determine Stability Constraints

YANG Bang-yu, PENG Jian-chun, HE Yu-ging
(College of Electrical & Information Engineering, Hunan University, Changsha 410082, Hunan Province, China)

ABSTRACT: A new method for calculating available transfer
capability (ATC) in consideration of angle stability and voltage
stability is presented in this paper. This method is aimed at the
problem of complex expression of the angle stability and
voltage stability constraints. Based on power-circle, it deduces a
simplified formulation of line transfer stability limits and shows
that when a transfer takes place in the system, at least one line
reaches its transfer stability limits before the instability is
occured. Then it is integrated into standard optimal power flow
(OPF) formulation, and set up a new ATC model considering
angle stability and voltage stability. The problem here is solved
by successive linear programming. The result shows that the
proposed model and algorithm is effective and feasible.

KEY WORDS: available transfer capability; voltage stability;
angle stability; line transfer stability limits; optimal power flow

b R A U ro 8PV L SN R ek s = A DS R
I35 BT AN AL RS L RRIE RR I e, G
BT DRI HE T e B AL f AT D) AR AEL, A3 HT R,
HL R GERE I RSB R R AT, s h 2 1
LR BRAIA AT DY DD FAB BN AL AT DT AR R . Ak,
LR AR A D DD F B AR R IR 2 P 229 )
Jiiks NG RIS SRR E 2 R AR ) i O RE B
M JEFIE i AT ISR ER Ak o S5 S 3 AT
SRR TTEA R AT,

KR nTAAAAE ) MRS iR KAL)
IR A

0 3=
2T, SR VAR AR R A BT AR A AR

EEWA: HEK ARG H (50677015).
Project Supported by National Natural Science Foundation of China
(50677015).

w, ARG ) L A B AR B R R
) R HL A F) AT EEL 2 ) R FEL 2 ) (R 2 = R 22 A
AFedl . BTFPEAERE T I ) K AT BBk — Do
o, e D7 HREE T L LI, by T SR
i PR R AT AR P Ty A ORI JU R PR AR, 5 )
R PARAE R EINEAR )AL 5, AT et
FRYGHE IR 9t 1L 2%

AB3& ) AT FEMEZR A 25 E 20 120 90 4EARTR
TR AT F 4 e g 7 (available transfer capability,
ATO) M, 52 UATC e CA (KSR I,
1 S s v 0 oy BT 28 R LS S R AR
BESro AR, WTHERHLTSLATC, WIS
U LIS ey = S PRI ES R EP S A PN
VYRR R, FLIBC A rh 9 28 o i P A T
FRATCR IR FZ AR RHBHUAERLAR,
RIS ZYIR ., 2o AR AR M RE AR (S 2h
AR E LR AR E A R) . S LATC,
1N 1% 42 T % FE T AT X Lo g R P O T SR A A
(optimal power flow, OPF) 15 ATCI) J5 7% n] J5 i b
AP ARG, AT RS PR A T
el 2z A e R e,

SCER[AL] IR R 25 18 T #dE . AR E Al
Thff A e AL, FISt. Clair 22674 s 28 4 1 144
BEJ . SCHR[A2]46AE 7R, JFR tHYog kS ik
DAL AR B PR S B DAL 3R SR s AR PR, X T 25
PREGZR M, Ak T A B el e AR E A R e
X T i, IR D) AR AR PR H Dy A AR IR R e
Jorh W R B R R M R AR, T 4 1 i H s PR A
R EFIR RGBSR, BRIk
PR BRI R TCVE It R e, 5 R
Rt I BE B s 2 it i ity P S PR AR A7 22 s HL I )



5 34 W B EE. DB e A e 4 ) F SRR o 2 A 67
F R LMK T e L bl 1 A B L, ot

FLA [ L 4 2 3 LS R 7.2 1 B AR o

AR o T /MBS IR GERRE, 47 7/_ N

37 B AU T L e A S0 R il R T A N

2 HE O AR PR TR R 2K . R T I28 ) a9

IRV, JFAE LUK D A A i B ARUE LRSI
ATCIIEC AR, WL, A ISR FRGENELT R
RIATCHH 545 Rl T AW

AT HEHET DA B HE T e B AR D AR,
3 W A W 6 A i L 0 A B AT 280 T £ A0 H s
SRR, JERE D AR REUE 20 AR N S A Zh )
RAR, RGBSR K YE . 55
19112 WA SC RS R R RS e AR adE PR3 T g AL 2k
&, Wik ATC TSR .

1 ETHREMNEBEENNRBIRFER

1.1 DRESHBLBEENNRRRKIER
i LR B R B P 1 o () A A L e

i Pi+jQi

Il u4

AT T

Bl SRS mg

Fig. 1 Transmission line: =-model
X LAURH A i 15 i (R 2], AN A0 SR Ze i
A DIPVRITC D QyrT ik
P =UZG; -UU Y, cos(d, -6, + ;) 1)
Q =-U/B; -U?B;-UU Y;sin, -6, +a;) (2)
A U R0 43 0 0 1 T IR R R RNAH £
0;=6,-0,; Y. a; HEEIH G, + B, MR
MR, By A AER g, (1), (2)i it #% 5
MRETTAN, 3 5B TR KR
G _P|o)2+(Q| _Q|0)2 :S|02 (3)
WA, o PV TR, Q)R ks AL i
SRR TR, REFEES, =UU Y,
B0 (P, Q) = UGy, -U B, —UBy) . EIIEAR
WK 2 firors.
A R Z I T D SCRE, AR DA 5
S FECY AR TR, BRI PV T RO
A2k PQ T i BE AR, X @) IE L
REARI R AR, 2 5 D 23R (M) e DU [
B2, [/ C2 iy PV 545, —diiih PQ 5 A1
2 B D)3, 157 C3 2 My il PQ 19 kUL
FE A DR [ C1 515 C2, [ C2 [ C3,
WO R R B e R B ) AR BT RE T

B2 hEE
Fig. 2 Power-circle diagram

BELRBR | (VA RTI0E N Py + Q) » I £k %
W E AP, + JAQ, , IIRI[A T FEA N
(P, +AP, _PI0)2+(QI1+AQI _Q|o)2 =S|o2 (4)
B @)EIT, wWER(EB), LEwRE (P,.Qy)
BT AR, W] 20 B I AR 2 f1AQ, %, A
AF)| /AQ| = (Q|1 _Qm)/(Pll - I:)IO) (5)
GBI M £ % | LA AE 15 (P, Q) MY
LEVEAR LI R I, ZREREIIA QMR Qg »
AP 1AQ, /e 1Q,=Q,o i, AP /AQ, =0, UL}
LA DI R B K MH . B AL Th
IhHA R R AEAE SR R _E P, /dQ, = 0 X i) A
24 e W bt R FATL B A AT (1 D 2R AR AR A
JH2(6) T A DAL i o A5 BT pjh (P) AR LF Hb
R Lk A ThTh & PP X 5 k A ThIh & P X
A gk 5 2100,
P aP|b
Pi(P) —ﬁ (6)
BN Sl T o U | Tl 7 L RN 2 K = S B BU RS
B A T AR SR A e (P)
ple,(P):aPI o6, , o 0 LR oY A U
00, 0P 90, P U, P U, oP
a5 (D)~@Q), MBI ATERRN
P, 106, =—(Q, = Q)
0P 1060, =Q, -Qy
oP, 10U, = (2P, + (P, - PIO))/Ui
0P, 18U | = (P - Py)/U,
Arhog, /6P . 80,16P . 8U; /6P F1aU /6P Hyn]
T LA AT LR PSR A
Ko, TIEEAATHET pR (P) fidk T 2k itk
TETh 2R QP W KA T Th % P 1) R MU -

b
pR(P)-22 ©)

Di#A b dP, 1dQ, =0 4k i, 45 (6). (9)

()

(8)




68 S R <E 1 R R = SO 4

28 4

dP, PlE(P)

dQ,  pR(P) ° (1
(10)R W], LAt it AT D DAk 2R R IK) 2 Fif
ok : L AR, &k B A K, M
AL AR T plh (P) =00 BIVZE 6 RIAT THASTH-Bi 61
AT AR s 2D ZREK (14 Dh B 57 e AR AT A8 4k
HAATRR, Wi IEIHER AT o (P) = +o0 o 1
B 1) HH I AL ik 22 4% 8 % 2 Rl 1 T T A i
THOLs HILEOL 2) M SR S 2 1
Sk il

A AR T py (P) =0, JEH5 0 (8)FRAN

(7)1 LA D DR R BRIk 2

P™ =Ry +

L du, du;  d( -0,
Lop, Yo (AU Uiy, 400 g

YU, dP U dP U dP dP
: (11)

du, du; , d@ -6,

(b )+ ( )

UdP U ,dP dP
d©. -0, du, du,

X A= S 2 i i7y2 i 1 y27_
S o [l dP ) (UidP ude) ]

du,
4P 2 (—)2.
lo (Uidp)

FU(LL) e R 7 1h) 2 H 9 i VR I R
LA D) D HARBR AR A P s 2k Bl i v
I, 2 DhIh AR PR B o Sk A7 D))
R ARAIEE Y[ R™, R™ ],

1.2 HBLRBNN BRI S

ML) R GRS AR ), B
FE BN E 2 FORAS . T8 AR 2) A T R MR AE
M HEE Tt LAERIR S, B RGREE 7>
HIFREIE « IFFLE R AR E 3 KR MR T
K. ORGP SA TR, HEEW, W
LS R ) R CE. BAFEE RS
X TCRBEAE N, — B O A o S
N RGEA G ZFGER, EW & REENK
RGAGIE ) b B AT

G IR GET, o R 45 1R) A A e 70 PR
S FE ) RGN E RN . BEAL DA I
T, L P 2 v R — S B 1 Sk B AR e D 2
FRBRE P™ . BRGALM IR I AP =¢
(e>0)I, BRERGIRIE, WZBALHTA L)
VIES)]

P(R™ +5)=P™" +]

P

pr(PYAP  (12)

max +
P

X o (P H 4 PRI 4% 410 41 45 44 i H i o S R 2
FOEBRYE . 2 pl (P) >0 I, LR AL4 1A Thoh &
P (P™" +&)>P™"  IX LA DDA PR AE N
P M, BRSO N RFRZE . M o (P) <
0 i, ZRERAHIA IR P (R™ +¢) < B™,
RGRE, WM RgAL A D)) 2 i fay v A i
AL M. UL, R4k BIE IS
D2 SR 5 R 48 it mi R o8 R WA 3 o

AQ Py

Q oo b pmax+
RYES > RGP

(b) pi(p) <0

@ pi(p) >0
3 KWBIMERRSEHRREHXER

Fig. 3 Relation between the line transfer stability limit and

the point of collapse
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