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Fig.1 Model of AC/DC hybrid distribution network
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Fig.3 Droop control outer loop control
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Fig.6 Interactive support control process of
AC/DC hybrid distribution network
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Fig.7 Inverter control of distributed power

____________

____________

———————

____________

Q3 4 __5 ___4

ode | et
Gaond) (G

e &)

8 ZEHMBAGRREMIHINIZHEN
Fig.8 Distributed control architecture of
AC/DC hybrid distribution network

4 HESHH

T B UE BT R TG R R R 1 TR B BOR T
R G EERAF PSCAD/ EMTDC Hr#% 452 B i IR
AHCHL P B, ] 9 B, 78 i HL I E ) £
i AR5 B 5 T AT 5, b sS i 1 5 E
U I ) TC S i T L3l SRR

ST IR AR TCEN A K 20 kvar, &4 4 A4S If:
P B4 A R U B T 3 A 3 I R 2 A 5K
HLIE



30 2 HEHEAR

—————————————————————

| S HL

| ~—w—]
‘l 0.025 MW
I 0.01 MW
|

|

|

|

|

|

10 kvar

~—N—Tp

0.025 MW

| |
DR |
| ot |
I ¢ 18Q [
i { |
| |
| LU - |

B9 XERBAEEAMITELSN
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Fig.10 Consistency iterative process with
increased reactive power load
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bution network with reactive load increasing
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42 TRFWIEINAFER D

Yise B =3 s B, &0 W e T 7 A ek b 5
kvar, 73 A 2CHL IR Y O i ) — Bt A an [ 13
FIR o il AR v, A B A T 42 i 149 53 A1 = H Yk
17 8 Wik 3 TWsk . is B gk Ay itk AR
MFE2E 13 WA RS

ARG L R 14 s, 3 s B RGEH
PP BN, BEL L TR S B 3y, 0 9 T e 4 ) 5R
Ja 8l AR T T R A A A 2 r R A R Y
T, BRI R AE i . Q& 15 o, 5
Yike A HIA],3.5 s Il AL R B3l SR JE 3, 7E A8
i W TC T B A R/ B, A2 3 I PN 45 43 A HL U
IR TC T T2 [R] s 3 P A 9 2 1) 28 3 Y
FEALITCIN I3, £ 43 A 2 HL AR ] 722 i s 5 A
RRAF FRITHAT I G B A H AR, i+



kA 55 - 58 EL IR A I F 19 20 A X0 v TR T B 4 o SR 31

N
W

»
=

TeIhs/ b & /kvar
wn

—AQ, —AQ, —AQ; —AQ; —AQs
0 1 2 3 4 5 6 7 8 9
AL
(a) A PRI ] —BUEE AU F2

TeThisb & /kvar

—AQ, —AQ, —AQ; —AQ, —AQ;s
2 4 6 8 10 12 14 16 18 20
IERIEL
(b) LG — B AL AR
13 ZHaEmED T—HEEREE
Fig.13 Consistency iterative process with
decreased reactive power load

W55 B T M B Bis T (A 13 R ) 15 80 A 5
T IE A, B 1E B B o )y, S H R
L P A ], S Bl A8 1 A X PR TG T
1 AERGETCI & B

—
(=)

(=]

0401
2 0.38 —
~
1
036}
0.34 - - - -
25 3.0 35 4.0 45

t/s

B 14 ZHEE A BRI TCTh St > Y B 2k FR I i 2%
Fig.14 Bus voltage curve of AC/DC hybrid distri-
bution network with reactive load decreasing

—_
W

g -0, —0, —0; —0, —0s
<
B
o
5[ \
B =
0r
R
-5 A A A )
2.5 3.0 3.5 4.0 4.5
t/s

B 15 ZEREAHERMNITI AT MLk
Fig.15 Reactive power curve of decreasing reactive
power load in AC/DC hybrid distribution network

5 HiE

SCHR PR T — g A 2R IR JC O i e L Bl 4
77 3 eV S 2R GE W TR A9 TR I 20 1 2 A
(R JC T Bl A 8 73R BE , DT 400 1) 28 48 o DI 30 0, 4
i RGIBITRENE, AT T 2R ST T ER

ik, S5 R R
(1) $RH AT RS2 H B3 R TR A Be i M e
EENARE e Rl = B A L B S R e |
Pt o B — Y PIRE E S 4 ) I R D ) XL 1) 2 3
Al B B RO S AR BB S T S B
P B B S
(2) o A ey T 1vi) 2 It TR 5 P FL D) ) 3 A 2 2
oA P [R5 1 2 A o ) 22 A0 A X — 2otk
Sk e S A W AR AR D0 T, AR A AR
PR AT o0 A0 A5 B A2 L, i 3 A7 PR 1] 4 4]
BB T HEERITCN S H A, S T RGO R A
pRYIE g
(3) 42 AYA BRI TRl 5 A 4R T 1 20 A b
[F] oy H A ol AR WL S5O B i 2R G 9 A AR — ik
AR 7k B BB A WAL S0 B, BE LG A I R A
A BRI TR] IR B Je T L B8l SR ROR  TE R GE R
ARSI BT , WREA TR L4 HISOR o
AIAFE) B W T A b A R F) AR A
(5204BB170008) %8k, 3% b B34t
B3 30k
(1] RIBHR, 5Kk be T, AR, 55, 5 184010 U e TR 4% A RY IC H
PR KGR AR AR [T]. B 2R HL )y ,2015,43(3) :38-42.
SONG Xudong, ZHANG Xiaoping, YU Nanhua, et al. A review
of distribution network plan considering the access of DG and its
key technologies[ J]. Smart Power, 2015,43(3) ;:38-42.
(2] W Wt 277 10, WP, 55 & 404 2 H IR 52 BIACIC ) X2
MUIBTFELT]. i) AR ,2018,37(4) :27-32.
JIANG Xiangiang, XU Qingshan, LIU Dan, et al. Planning re-
search of AC/DC distribution network containing DGs using two-
layer model [ J]. Electric Power Engineering Technology,2018,
37(4) :27-32.
PRI T, T IS A T AR R S UL R 2 i L T
PRI B A R 0 [T ] WL AR, 2017,36(2)
27-31,109.
LI Hucheng, YUAN Yubo, BIAN Zhengda, et al. The frequency

[3

[}

emergency control characteristic analysis for UHV AC/DC large
receiving end power grid [ J]. Electric Power Engineering Tech-
nology,2017,36(2) . 27-31,109.

AN, w4 RRIR EIB R R AR T 2 B IR A T
RARGEHBOARLT]. HEH J),2018,51(8) : 56-63.

LI Jingru, HAN Feng,JIANG Shigong, et al. Key technologies of

~
i

AC/DC hybrid distribution system in energy internet environme-
nt[J]. Electric Power, 2018, 51(8): 56-63.

of L RRZE IR, L SCAE, A A SOBIR R B R C HL T e
JEAFETT SRS ]. i RN B, 2017,19(6) : 19-24.
HE Weiguo, CHENG Junzhao, WANG Wenxi, et al. Voltage

—
W
[}

transboundary regulation strategy for distribution network with
distributed photovoltaic generation [ J ]. Power Demand Side

Management, 2017, 19 (6) . 19-24.



32 2 HEHEAR

(6] faydai, 2L, PR AFAX, 45 BT RE TR Ko A5 2 e IR 43 A Wi T T
B 3 MM RFFZE [T ] WiVLER ) ,2018,37( 1) :32-36.

HE Yingjing, Ll Fan, SHEN Shuyi, et al. Adaptability research
on integration of new energy and distributed generation into Zhe-
jiang distribution networks[ J]. Zhejiang Electric Power, 2018,
37(1) :32-36.

JEl N, L, 95 SCoR A i LB AR A T L T i I
PR MRS T]. WiTLH g ,2018,37(4) :7-13.

ZHOU Jinhui,SHENG Ye,SU Yirong,et al. Research on coordi-

[7

[}

nated distribution network voltage control strategy with high pro-
portion photovoltaics [ J]. Zhejiang Electric Power, 2018, 37
(4).7-13.

[8] J™il. s H IR A AT L P S KA il SR E 52 (D] dbat. 4
JLHL I Re,2017.
YAN Xiao. Research on AC/DC hybrid distribution network and
its control strategy[ D]. Beijing:North China Electric Power U-
niversity ,2017.

(9] BRRMS. 22 IR H M s A7 G BB R AT LT 52 [ D ]
Mt ARMRE, 2017,
CHEN Xiaopeng. Key technology and simulation research on op-
timized operation of AC/DC distribution network[ D]. Nanjing:
Southeast University,2017.

[10] BFRAR, BT, EE e, 5. 3¢ B UG sk b 22 1 # 22 3))

PRAPSZ 0 1Y SEUE 234 [T 1. B 01 TAR R, 2018, 37(6) -
126-132.
GU Qiaogen, LYU Hang, WANG Yulong, et al. Empirical
study of the influence of AC/DC touch fault on transformer dif-
ferential protection [ J]. Electric Power Engineering Technolo-
gy,2018,37(6) : 126-132.

[11] A, B0, £ 2500, 45 REVRELIE I3 53 T 1 & P il 4
iU RER B B IR 55 6 B CHEOARTIFE (1], Wit
HH, 77,2017,36(10) :77-82.

LU Yudong, WEI Hong, WANG Fuli, et al. Research on inte-
grated operation service platform for distribution power supply
at customer side and key technologies underthe context of ener-
gy internet[ J]. Zhejiang Electric Power,2017,36(10) .77-82.

[12] BxHe oy, 2, J5] Sr v T A 02k i S HOR RETC A2 TE Zh R

BELMEMFE BTSR[], #iir J7,2017,36(11)
57-60.
ZHAO Yanlong, LI Qinchao, ZHOU Lizhong. Design and de-
velopment of on-line monitoring platform of reactive power for
distribution lines and intelligent transformers[ J]. Zhejiang E-
lectric Power,2017,36(11) :57-60.

[13] 5o 30 E6, XB T, 45, 32 B IR 4 e s M Ay s AT AR
EER L] AL, 2016, 33(8): 27-31.

ZHANG Xue, PEI Wei, DENG Wei, et al. The concept and
demonstration project of flexible interconnection of urban power
grid partition[ J]. Power Supply,2016,33(8) : 27-31.

[14] 5ko7 3855, WA ME, 6. & 2umatk mBck BA S Hi iR
AT P R RS B LT B RS A Bk, 2018, 42
(7):185-191.

ZHANG Xue,PEl Wei, FAN Shixiong, et al. Coordinated co-

ntrol method of AC/DC hybrid distribution network with mult-
terminal flexible interconnection devices[ J]. Automation of E-
lectric Power Systems,2018,42(7) .185-191.

[15] YAO W, CHEN M, MATAS J, et al. Design and analysis of
the droop control method for parallel inverters considering the
impact of the complex impedance on the power sharing [ J].
IEEE Trans on Industrial Electronics, 2011,58(2) : 576-588.

[16] BRZE, Tk ze, EULT, . T e 500k 0 & o0 A =X L YR AL

B RE AL [T ]. RGP S, 2017,45(24)
57-62.
CHEN Kui, ZHANG Yun, WANG Hongyin, et al. Fault loca-
tion of distribution network with distributed generation based on
immune algorithm [ J]. Power System Protection and Control,
2017,45(24) . 57-62.

(17] BB 1, A0 PR &2, 45 & i 8l Ao A XL TR Y

FiC L A AT SEETTAG [T ], W RGEAR I 5 #2017, 45
(24) :77-83.
YIN Zili, ZHENG Peixiang, CHEN Yuxing, et al. Reliability
evaluation of distribution networks with electric vehicles and
distributed power sources [ J]. Power System Protection and
Control, 2017, 45(24) ; 77-83.

[18] EHEMN, XU, A AU, 45 & TR A9 & A e I8

PPIRTC L 0 ke B 0 BE S 3 [T ] W ) R G4 5 4 1l
2018,46(23) :60-67.
WANG Yansong, LIU Shan, YI Jingbo, et al. Fault location
algorithm for tree-shaped distribution network with distributed
generation based on state estimation [ J]. Power System Pro-
tection and Control, 2018, 46(23) ; 60-67.

(19] B AR ER, BAG. 3T B 0 i 52 R R HL 202 45
HISRME[T]. L Jy % ,2018,39(8) ; 94-101.

MENG Ming, ZHU Guolin, WEI Yi. Hierarchical control
strategy for AC/DC distribution network based on optimal
power flow[ J]. Power Construction,2018,39(8) : 94-101.

(20] $Z3e, WL H &, 50T 2, 45, 2 g G356 38 B il TR v T80 i 3 i

SYEERIRmS B R[], I RS A 31k,2016,40(14)
72-717.
PENG Ke, XIAN Richang, ZHANG Xinhui, et al. Power flow
layered control strategy and algorithm for multi-terminal inter-
connected AC/DC distribution network [ J ]. Automation of E-
lectric Power Systems,2016,40(14) . 72-77.

[21] sk, B8, %, 45, F5T VSC 1938 R & vh H e s 1)

Dy RO R L] o [ s L AR 27 4R, 2016, 36
(22) : 6067-6075.
ZHANG Lu,TANG Wei, LIANG Jun, et al. Power-voltage co-
ordinated control of AC/DC hybrid medium voltage distribution
network based on VSC [J]. Journal of Chinese Electrical En-
gineering Science, 2016,36(22) ;. 6067-6075.

(22] BHAT , i B, TR, 55, 00710 52 1AL TAC vl 19 1) 3 36 35
sy hl s [J]. )4 47,2017,30(4) : 102-107,130.
LUO Songqing, YUAN Zhichang,ZHANG Haibo,et al. Control
strategy for suppressing power f{luctuation between AC and DC

distribution networks[ J]. Guangdong Electric Power,2017,30



kA 55 - 58 EL IR A I F 19 20 A X0 v TR T B 4 o SR 33

(4) . 102-107,130. islanded microgrids [ J]. IEEE Transactions on Industrial Ele-
[23] SUN Kai, WANG Xiaosheng, LI Yunwei, et al. Parallel operati- ctronics,2014,61(10) : 5363-5374.

on of bidirectional interfacing converters in a hybrid AC/DC
microgrid under unbalanced grid voltage conditions[ J]. TEEE
Transactions on Power Electronics,2017,32 (3) . 1872-1884.
[24] SHAFIEE Q, GUERRERO J M, VASQUEZ J C. Distributed
secondary control for islanded microgrids-a novel approach

[J]. IEEE Trans on Power Electronics, 2014, 29 (2):

Tk (1986) , B W4, TR, i
AR BB RE IS AT 45 ) A OC LA (E-mail
genshaobo123@ 163.com) ;

JEFRAL (1986) , 55, A4, TR, A Fr e

1018-1031. T R Gk AR AR S A
[25] SHAFIEE Q,STEFANOVIC C,DRAGICEVIC T, et al. Robust W RER(1967) B 2+ HIZ R e T
networked control scheme for distributed secondary control of Bk Uili, M 2 Bl e R D) R 4 B PR B A O T S

Distributed reactive voltage and voltage interactive control

strategy for AC/DC hybrid distribution network
GENG Shaobo', GU Qiaogen™, CHANG Fengran', SUN Ligiang', WANG Qiang', ZHANG Haining™’
(1. State Grid Hebei Electric Power Co., Ltd.,Shijiazhuang 050021, China;
2. NR Electric Co., Ltd.,Nanjing 211102, China;3. NARI Group Cooperation
(State Grid Electric Power Research Institute) Co.,Ltd.,Nanjing 211106, China)

Abstract : The reactive voltage control of AC/DC hybrid distribution network is the key problem to be solved to ensure its
efficient and reliable operation. For this reason, a distributed reactive power and voltage interactive control strategy based on
limited time control is proposed, which realizes the interactive reactive power and voltage support between AC subnet and DC
subnet under the framework of no centralized controller. This method constructs a distributed decentralized cooperative control
architecture. Achieve distributed consistency cooperation between multiple inverters with limited time control. At the same time,
it can ensure the accurate division of reactive power increment, avoid the reactive power circulation problem between multiple
drooping control inverters, and further improve the voltage quality. Compared with the traditional consistency strategy, the
proposed strategy has faster convergence speed, and can adapt to various disturbances in system. In order to verify the
cooperative interactive control effect of the control strategy, a simulation model of AC/DC hybrid distribution network is
established in PSCAD/EMTDC. The effectiveness and adaptability of distributed interactive support and reactive power sharing
strategy between AC subnet and DC subnet are verified under various operating conditions.

Keywords : AC/DC hybrid distribution network ;reactive power and voltage control ;interactive support;droop control
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