U ER TR

2019 4E 7 A Electric Power Engineering Technology #3845 4

DOI:10.12158/7.2096-3203.2019.04.002

52 LA H A0 52 e 2 5 5 0 PR T 7 TS

Rz, EA, KA, IEHET, &, S50
(1. [ YT B A B B, VT35 FE 5T 210024
2. AR TR, T4 BA 210096;

3. [ WYL 3545 v 1A BR /A Rl 20 AR BFSE % , YT 95 I BT 210008)

 ZoA XER(DG) 6 RAALBENRG A0 T Bedy 54709 R o 1k, £ 30 Bl B K B 48 B 4 5% 64 =T YL =T 4%
B, RARRESBREMEFH XX ETE, RARRE ML RAS, LPH gL E M ML EH DG
RAAMEF A, TR T AR X AR RS M 5 2 M o) R pE A, KR e M 5 £ MW g ey &
REWTEE ,ZICE T ARY Mo 2 W 6B ATRERBEEASE, 04 9 LA e TRA A ZH, ZR KA
BRRAeREFMAXELEZAREH, 5 MO BRI EFREEARK, RO ERBAESE.DC & AKF

ERELEAERTEAME,

KPR R ARRSTE M LI AR R EREE

HESES TMT72 SERAR SRS A

0 38§

VLA, A T A D BE IR RN R85 fE L, BE T AR
T & B 19 43 A1 20 B YR ( distributed generation, DG ) 7E
FCH R e e BRI B T OB RB IR i T Y Bl AL
P TRLER P AR IE 25 TC L I 1) T R s AT R T —E 1
BT O T RGN, (SR N IR A 16
ST R Y o P R R AT P IR A R
IERG BT SRR B A 2R, DG R B HEE A
J& ,— AR R Ja A L, T LAY ) 26 AL A D) %%
T35 T LR AL FOAS A o PR A, L 5 - A 1L
HPE A TR . B, A B 52T 1 A
R SRR AT RS TT T H ) 55 32 94 ] 1% 52 46
AR RGP, S Be 5 3 R0 Is AT 4R A
2%,

B TR0 e o Y NEZR Y T T 8 G R T
G SCHR G 1o 9 2 T AT A R R S R
DG PRAIS AT At it , AT DA =5 199 ) FRL P AR
St nlFEE. SCHR[ 161 934 1 % IE R GListT
A2 At v, O TG HEL P 22 ) T AT B A B R, R
A b, DR 1 A B2 2% R m) R B WE S 5, T
DG 1) He A A5 BC i, g ] 1% Bh 38575 5K 4b T 8 3l IR
&, 75 ) 3 00 Y A% e B 38 Bl A2k % B ZE )
F, 725 L A T SR T RE S R SRR E L

D L P ) b P A e AT AR R | I H ]
FEPER, PERE HLAC T H U E I p ek, A R F DG 1Y
WO B 3:2019-01-25 3 15121 B 3 :2019-04-01
AL A AR A KT AT A (51707033)

B YRS :2096-3203(2019) 04-0010-08

PN o M AR R R A 9 A A |
P ARV A 1T 55 7 S T — R ST
PR AR F P S A8 R A
LR R R S A 1) A R IR A L L S
J7 AN R 2278, AT L o IC L o0 (Rt ri 9 R

SO B2 TR DG oI A SR I , S
SCE LR A BC L 5 R S T R PG R R
FH AR st 2 AR AR o AR LA 19 29 SRS A AT
S 5 155 R0 5 A O TR & R 2 o L T A6 R OR
fift , SR A S ELL TR B IC HE -5 2 P 52 4 D) SR 10 R T
PR, HE A HAR X % 48 52 i B L I AR 32 7, 900
Hr 25 FAG DG H 7 7K1 25 PR Z0 7 LA B2
fReJa R 94 7Y U B A A, B I AR R ) A
Rk

1 ZERRAREMAS MR E

1.1 T|INBREMN

e FEL 10 ) S S D 2 O 0 42 32 WL R, e i A
WL BT HLRE 20 BC 45 45 FH P o TG H R 5 R A ik
ARG PR e A I -5 3 A ] 1) 52 e D) 3R (R i
AIIR) ARG LRI, a1 R B
PR, o i, 2 i S R, 2 R F A T R
AT, A RE S AL - A7 B, AT LA o 1) 4% T A 45
FEGE , S BUAS [R] 728 L vl 22 1) 1) 77 B 3t TR e AN )
AR 5 T S R I — R I I ATV
12 XHERRAOEM

A2 HRIR G RO M ZS A 2 frs, 58
S e S E R L N 1 T B O A DA SR o

©t



FEse S S H R BCH M S D R SGE PRSI T I 11

e HL

1 X|MMEREN
Fig.1 Flexibility of exchange power

(voltage source converter, VSC) 4% . 32 ¥ e HL /9 A
PRAIEI Gl SEs 4T, o5 2R R iR BPIRs 47, T B
RHC L R A 2 T s AT B RS Al g, 52
VL EC FEL 1Y) 22 1) 36 e P 9 T P ) 3 43 Tl A ) 2%
AbTF R REF IR, IR 52 B TR 5 BC L M AR 1B 17
Jra BT R B B 2 ) R

_ JomEcML o HEACUM SCiEcE2.
ViV, Vi o b v,

i
VSC2i

B2 XERESHEBMLEH
Fig.2 Structure of a hybrid AC/DC distribution network

BER it = e A S G R R s g =
N ALAEAT DRI TC I T 3, % 38t 670 A HEA T L 5
T URC HA, I P A% A D Bl 3R, O LI B fer 2R AT
7, A VSC 4], al A2 52 I e L -5 O A H KA
) S B R 3% B T 3 8l , A R T DGR Ay AL & A b
6, AR LU DG RIS, 5¢ B TR G TG H I
ALY 3 FREERINIEL 3 FTR .

] D2 i
)uu’il - |5cv;ﬁ
B2k R X, B2k
Vi v Vi
(a) ZLUMLLHH
D i _>PI/ J D
Hi | — | B
Rk | ‘T' | 5325
Vi v Vi
(b) HIMLHK
Hii .
o ek By VN
I DC| ) — — |E¥J|L
B |ac\] | = | BR2k
v, Vi v Vi
AM

(c) Ait-FLI L K
3 3 kKL
Fig.3 Three circuit structures
XF VSC A2 B MY P s Zh 3R 4 56 &R AT
AR, (1) 3U(2) Fros (5 B3 A T 16]
EIRM) o

U, = AKU,, (1)

P,.=P.m (2)
o Ny VSC R s 98 ) R G K O VSC ARG HL
PEAHILL s m Ry VSC BT AELALRIE

2 T|INFITfHEEE
2.1 BIREH

3R A2 B TR G TEC R P 3 R ] 4 52 46 2
FRR G, MR IC R -5 32 19 i) R 47 52 4 0 R
R KA AR /IMEL, I (3) (5N (4) .

2
max z P.,.— P, Z I (3)
ieNab,n ijel
. 2
min Z Psub,i + ¢2 2 ]yrzj (4)
i€ Nub,n jel

A N, W5 n B HLSE S R SE A L TG
LIRS P, ST A S A S
By, L SRR G BRI @,
O, EZLL. % EIBRIEFT T 4 B B it
R FEAE I o — A B A R B, ] i 4515 52 % v 0
MISE, @, @, BB B E T = B 4 F ot 19 8
=,
22 ZEHRBARBMIETAR
2.2.1 fEERRZIHR

B8O P — B T A P ERZ ), SR P35 12
1072 RIRSTIRIZAT) L %3847 7 3 T 42 s ik e 1
AR SRATRIS T R AT A

(1) IBITRBR BT RS0 5 it 2
A L A R

(2) AR 5,06 2515 A8 HhL b A, AR
BT RN , R 5 | AT R e

Zyif:NLa“ = N, (5)
el
O = psub,[ = Nac Vl e Nsuh (6)
0 VL e Nsub
L,i = { . ac b <7>
1 Vie NN
- Nacyij = sz < Nacyl:]‘ (8)
2 Pﬁ B z Pik - vai - psuh,i (9>
JETH) WS

AN, N, N, S BIR BEAR  AR HL A 5
VLT SR s N N N/ N 43 31 5 45 A
A HRL S SV SR T AR5 £ () AT
oA LR BT B ST S A s b (D) S LA
oS ) 2R AR O B P s Pu s Py
YA L R, GO L R R HE AL
By MR i HPIRAS R 0-1 ARk GEATH 1, 165
JFitH 0)



12 & AH) ALK

2.2.2  FEGPARECHL MY Disflow S B £
(1) ZSMBEH M, IR 290 460 f 38 4
WA UL B ZE PR 1A 9 A 2 I 1 R i T R
1) HE R3O 22 TG JE 2 % T 3 1) 2D 2R 51 e L R T

2 Py - 2 (P = IJ'2ir.fi) =P,
kef(i) Jjeb(i) (]O)
{Ag:,i)@k - jg(,i)(Q,-i - ]lex]z> = Qin,i

Pi.,=Py,+P,, P,
{ : © ’ : (11)
Qm,i = ng,i + qub,i -0
K Py, Qy NEREE ik TS0 JiiIn] kA 2 T
yJIjJ$, Pin,i s Qin,i ﬁ‘:’%)ﬁ i Eq{fAﬁyJ\ﬂanyJ$,
Piis Pani ( Qugi s Qi )N DG B EAHEAT S
A (TCE) T P, Qs AT AL i AT A
U T 1y, a3 3 2t ji B L BEL L HL BT
V=V =2(Pyr, + Quxy) — L(r; +x7) (12)
VI =Pl + Q) (13)
Kb Vs R RN, AP &S sy
TV, T4 FR UE AT T K R A 1
A, 7 T8 I 2% F AL I, 2k i 1 38 AT AR S A 1
A8, (12) ANREFR IR Ak T W R A 2 i 1) % %
R, EXNZ AR A AT IE S BRI R A
A b AV, SRR M EHEF T2,
AV, = V2 = V2 = 2(Pyr, + Qux,) + P(r +22)

(14)
“M(1-y,) <AV, <M(1-y,) (15)
K MO— AR IS, #5238 i WioF ]y,
=0, AV, IBMEEE D [ - M, M | B K R 57
L (12) WLy, Bk, X (14) (K (15) " RR T A
(2) FELURBCHL MY B AL HL P A A 1) Dy 28

AUy, R A A AT
Z P, - z (Pji _}jirji,) =Pin,i

)

kef(i) jeb(i (16)
Pin,[ = P(lg,[ + Psub.[ - PL,[
T 7 — 2 2
Vi = V; = 2Py — Iry (17)
7T _p2
Vil; = P (18)

XS FLI A B K S Y R SR BT
R FLRE RO LR I 12 B 0 AL 24 R R AT
Ab3
2.2.3 2R R B HEL R

ARZEAF A (13) i fad 3 A2 o i e BRI, K

IR, AT AT A A S T B AR Y AR e, K
AR AR AR,, TR ok 24 sk R Bt , At (19) B
f/j}ij =P+ Q) (19)

R By AT AT Sy B A (AT AT ) | T
FR SR RS2 CPLEX JEATR %, 2 (19) B9 B
S IN TR . T E 428 (20) i Q,
H 0 BT,

ZPU
I +V, = 20, (20)
i, -7,

I W 2 TR, 20 (20) X TR A5 48 B A 58
H g a| A st ¢, fi g, AR, + VA0,
— V. IR M g LI T FE AT

I+V,-M(1-y) <¢g. <1 +V, +

M(1 = y;) (21)
IL-V,-M(1-y,) <¢,.<I,-V +
M(l_yzj) (22)

B i WOT Wy, =0, £, R, - IEYETE
Bl [ -M,M]  BUEAERE, X (20) A R MU IE
K, FRITH S I HE 2o

2P,
L. = |20, (23)
$ij.-
2.2.4 VSC Zytk

VSC J238 E TR A e L W H i e B a8 i
IR ARy Pl + Q. = St Wiy — B
HE A (24) PR, B4 o Rz 25 s B, an
A (25) frn. VSC A TLH T RE ST, H 7 P45 1)
FHZAMETF e/ ME, = (26) iR

vac i ( )
’ = Svsc i 24
Qe ’
S\'su,i = gvsc (25)
- vac,itan< COS_]f\'sc) $ stc,i $
vao,itan( COS*IEVS(‘ ) (26)

R Py Qe s S 23907 5 i 4k VSC i
MA ) TG RIPLAE SR S, h VSC %t F ol
VSC & Z iy e /IME.
2.2.5 DG 4k

SCH 1 DG HAT TR A R BE 1, (B R4
HIhREZEA/NTF /M, 2 (27) Bk, #AD
S HREIR 1A B R, s (28) FR



FEse S S H R BCH M S D R SGE PRSI T I 13

- Pdg,itan( COS_Ifdg) g ng,i g
P, tan( cosflfdg) (27)
Pdg,i = ﬁdgai (28>

K Py Qu 20510 DG AT S i A
LR Py, J DG W E G H IR F,, o DG e/l
YIRAE; o BT DG H 1K
22.6 L TRRZAK

PR ARSI A BT S
ARl R AT L2 4 RUBREL

2 T 172
Vi<V <V,

i

(29)

A

T2
(UES FIES

(30)
Ko Ve, VoI A i LR ) /MBI (5
1 ki ij Fovi i IR I LA

3 EfIsH

SBInIE 4 Fros 6w 2 FEAR L AR 1A
FEA AR T T, ARl 2 A A Ay T, A
T, A5 94 1Y, 83 AT 11 ZRIKSE LR, SOk
SRCG A R U WLSCRR [ 24 1, A 70 BUT R 2R
H4hy 5—6,11—12 19—20 26—27 ,33—34 37—38 |
38—39 51—52,68—69 ,74—75 .78—79, i [k
SFYCN 114 KV HUFTEREI 500 A,

R 3 1R 2% 2 B Dy L AR I S 9 S EL IR
FHECHEMANE S Bros, R EAFH Y 18.6 kV, H
Tt RAHI 300 A

8
A|—.-.-.-.-H_<k9777847~53._32_._._._._._|9
15 710\\ 92!
I R T

Bl 11 13
@ | SN 8T

To43 14 9y T 2 L
cl 16 [ g |
18202123

76 T3]
89
D| .28 % H—’—’—|— T,

T, 26 94 3940 .

E 83 77 K
@_ | 32 1 S84 9l |
Toll /93
436

e T4 4 B
43 46

B4 94FREHRSE
Fig.4 94-node test system

3.1 REFIMEWIE

SCHRETRY SR P [ HE A ot o 4 B 2 R 2 TR
st g2 (19) BT 2, 25 58 RO B o, JHC D 3 A2 55
RSP 5 S B R 2 (R G F U O 2 1
FRAE) WX (31) PR, 45 & Hie T 0, ) 2 X2

A 84 0 20 4y G
157 gs 92 |
T 10 To 65 T
[0} 3
@_ 87 60 T0452

165

N

89;16 18 20 23

D| L, 28
T, fgr 26 %4 3940
@ e
32 )

TOA“ ‘;‘93
F) 86 —— Hiitki NVSC
—Hﬁ6 fffff Pk Lkt

E5 XERESEAEMN
Fig.5 AC/DC hybrid distribution network

JEAT., B HERA SRS B T

2 2
S Y L

ij A

V.

i

(31)
X BIREATRIR B R A R . 78 ¢, K
FEHETF 10 Z)5, e MERGN 107, ¢ 5RE T
HLRAHEE (100 A Z645) w] 208 AT, B fEAR st H
B, T IO &, = 10 HEATSR A5 R BEL, £ b, KT
HF 0125, & AR 107 2R/, T
B, =0.1 BEFTIR AR o
32 TREAEMEIZMINEREMETE
ARruh 1T A D SR 16 430 kW,
AZHLuh 2 BT LA D T o 11 920 kW A% &
DG HEA AXH RS T, Aol 1 Al 2 5
FE RS AR RAEVEIEE A 1R

F1 ZHBRHEREMHEE

Table 1 Flexibility range of exchange power
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Table 2 Flexibility range of exchange
power for substation 1
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Table 3 Flexibility range of exchange power

P2 P, kW P,/ kW
A5 1 7 936 25297
A Ha vk 2 3619 21 052
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Table 4 Flexibility range of exchange
power for substation 1
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Method of improving exchange power flexibility between AC/DC

distribution network and transmission network
CHENG Liang', HUANG He', ZHU Lei', SUN Qirun®, WU Zhi*, HAN Jun’
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Abstract ;: With large-scale distributed generation access to distribution network, the uncertainty of network operation increases,

active distribution network requires high observability and controllability of the network, AC/DC hybrid distribution network’ s

operation is more flexible and reliable, it’ s the development trend of distribution network in the future. In this paper, network

reconfiguration and DG reactive power compensation of active distribution network are considered. The exchange power

evaluation model between AC/DC distribution network and transmission network based on second-order cone programming is

established. So the exchange power flexibility range between distribution network and transmission network is solved. This range

can provide a certain technical reference for the operation and dispatch of the distribution network and transmission network.

Solution of 94-node example verifies the validity of the model. The results show that the AC/DC hybrid power distribution

network has a larger flexible range than AC distribution network, VSC capacity and DG output level are related to the flexible

range.

Keywords : AC/DC hybrid distribution network ; exchange power;second-order cone programming;flexibility range
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