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Research on power dispatch model and boundary condition of three-terminal
flexible loop network controller

ZHAO Guopeng, HE Yanliang
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources
(North China Electric Power University), Beijing 102206, China)

Abstract: Flexible Loop Network Controller (FLNC) is applied to interconnect multiple AC distribution networks into a
loop network, which can realize active and reactive power independent decoupling control, improve system security,
decrease operating risks, etc. On this basis, a power model and boundary conditions of three-terminal FLNC for power
dispatch of distribution network is presented. First, through building the model of three-terminal FLNC for power
dispatch, the power relationship formula is presented. Second, the boundary conditions of power dispatch are theoretically
analyzed. Then, the scope of power dispatch needed in engineering practice is obtained through an idealized model, and
the power dispatch modes considering comprehensive security boundary conditions are established. According to two
different situations, the power allocation results which can meet the different conditions are proposed. Finally, the
simulation results verify the effectiveness of the three-terminal FLNC power dispatch model and the boundary conditions.
This work is supported by National High-tech R & D Program of China (863 Program) (No. 2015AA050102).
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Fig. 1 Single phase topological graph of three-terminal FLNC
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Fig. 4 Range diagram of three-terminal power dispatch

PCA :\/Sé_QéB +\/S5_Q<2:c =

(16)
\/S2 _QéB '*‘\/S2 _Qéc
AR L HR R A
ﬁz\/l—géf +J1—Qé; (17)
S S S

})CAJU :\/I_QéBJU +\/1_QéCJU (18)
TERE 1, Pea pu IBKAEN 1.0, 110 Pea pu
(HBEL Gt P, = J1- Q2 . FFHSE, W S i
o Oci pu M Occ pu 1, TTLMFRIAC AT A, BT
A B E] Poap B LRSI B, LB OB 4
Pcp putPec pu HIVEH,  RIAR A7 Dl 22 MRS EEIX
[F) o 5 HH Oca pu(Z6 Bt OC)RJ LATH 21 Pea (2652 OD),
2B OD A A D EE X R], Z:Bt OB 526
OD (158 5 (£ Bt OD) Rk i¥fi A% i e 44 R Dy 2 AT
WY Pep puo A DI FHRBE X BIRASE IS, 47 HC B i
M C oA ThIE, BINZE OF A Pcp pu ZEEL
OF J Pcc pur Wi AZBAKJE OE+OF=0D Hi 1],

P CA_pu
2
e e Ny @) =0
1 I CB_pu
%/-——rs-\\x Oup - £0.188
% ;/1*6“\\ Gen i~ £0375
///' Ll -\\> QCBJ“:iO-S63
ey
/—_'__H\
B e e P, (max)=10
/; // : i k )\1 -
L =~ - Py o BTRES L 57
/ 0-3-=) el P, =+0750
Sk . Py =084
U(‘.___i (_}m!. P +093
04} i Oy o= L0966
" Et I Y0099
-10-08 0.6-04 02 0 02 04 06\08 10
(-\:.J(‘f';u' (v)l"A_ru (}r

5 ZimFIFEEETHEGEK— R41EH)
Fig. 5 Range plane diagram of three-terminal power dispatch

(model A, per-unit value)



I AT I e B ) Dy A B 5 30 S AT L

21 -

Wi 6 iR, FEBRAHPATZEE 000 250 Ocs
H QOcc 43R 5.15 Mvar(0.966 p.u.) fll 4.26 Mvar
(0.8 p.u.), HRHEIE 5 RIFHTAR A7 Dy 2 AR BE X
6] 4(0, 4.82) MW. VA1 Oca=4.0 Mvar(0.750 p.u.),
WG Poa IR BEA T, ] 1538500 i A Dy i B IX ) 4
(0,3.52) MW, Jit LA A% iy d5c 28 (1) 47 Dy 2 F, - R
Pca=3.52 MW, f J5 i BE AT AT 20 IC B Sl C i)
ﬁljj?'{; PCBZI.SS MW\ Pcc:1.98 MWo

I%ml_!yl
L

(Pea palJIHPELSY) (D2 8 X 1)

Y Y
Pea pu PcB putPec pu
A S8 A

Y] | Oca pu |

A L amme st
Pca pu
WS ¥ v
I3 Pep pu Pcc pu
v v v
sk | SERAHT IR |

6 =inIhFIFEREZEE
Fig. 6 Flow chart of three-terminal power dispatch
2.3.2 PR PERB N RIL T AR
AR T, Poa po T, SEIEE U BE R AT 53
FCAFE] Pep pu 1 Poc pur 1P 7 Bt

7 ZHRIFEEE T HERKZ, RAE)
Fig. 7 Range plane diagram of three-terminal power

dispatch (model B, per-unit value)

Piv Pav Py 530l ABC =i HAHAT DD 2R 1)
br ZAR, T DRSS pu 3 E) ABC =ikt N f1iz
TR0 AVFL Ay BRI Boy G fiT Gy, B )5
JEE A R IE A T A5 B = g N (K TE T 200 5y
Oi1v Oz O30

3 ZmFRMIMIZFIREMINRNEER

3.1 ENSBLER—

Wik 8 pros, ¥ A i ARG, By C A il

AR, 3T S B AL A S AR DL R B R O R

B. Ciiii

Bl it Sl

P Cliy i FPec
By Pcp» Pcc }

7 EPe ]| (WP [P

Pea=Pross=PeptPec

Pca~Pros=Pci Pea~Pross=Pcc

A 4
(&R )
8 MRSEER—AIRIEE

Fig. 8 Flow chart of power allocation of the first result

A B ] 5E B FSE D D R HI(VeeQ) o By
C S8R A I HIPQM . fETh AR %
A, O AN G Dy vl DA 2 #5- AT DD
PR EFE Pross N CHITE, 24 By C S/l i 2247
DThEN Pegs Pec I, BB IE I VAT, A8
A IR A RN TR A DI DA Pea, AR
73 Pca=Pross=PcptPcce 24 B C i J U — it it 2247
ANy Pep B Pec I, R BERAPFE I v SH 1K
13 Pca=PLoss =Pcs B Peca=PLoss =Pcco
3.2 RJEERZ

WKl 9 Pras, WAL B ARG, C Al
AR i o 53 BT P S R AL S 10 AR A L R Th FE o O 4 R

A. Bl M

[ b i Buiiifi¢
Pcas Pep BPeg \

WP A Peas Peg AT EPes

Al
HPca
A

WPy

PcatPep=Pross=Pcc

(i)
Mo hEHEAR-MFRE

Fig. 9 Flow chart of power allocation of the second result

A iR F 2 B H /S D I 245 H1(VeQ)s B
C I ¥R A LD HI(PQ). IR, 24 C i it 2
HININEN Poc, WREHAFETHE LI, mTLLH
NG TSR L, AF A BEk B i 4 X
W= TR A3 Dh D & Pea 88 Pep, 15
PeaPross=Pcoc Bl Pep=Ploss =Pcco 2 Pec 81 T 514>



-2 @A &R B R

I RE SR BE I B R T FR I, I A A
P, fF AL B uifE e A IR A R A )
]j]ﬁ PCA‘ PCB: 'TE?‘\:EF PCA+PCB7PLOSS :PCC°

4 (FEINE

ACii #d PSCAD/EMTDC {jj BUABAL, 5
PU T BUE R A 50 MVA (LI D%, B0iE 1
= SRR A A 4 ) L D R PR AR A R AT 1)
RILFEAFESTE . RASHNE 3. & 4,
* 3 ZImEUTRMIEHRENRESH
Table 3 System parameters of three-terminal FLNC
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