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Analysis of grounding mode of DC micro grid in PV station
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Abstract: The selection of grounding mode is the key part of DC micro grid design. In this paper, the grounding mode of
DC micro grid is analyzed based on the example of Yanqing 31.5 MW Badaling photovoltaic power station. Firstly, this
paper introduces the operation mode, topology structure and several grounding methods of DC micro grid. Secondly,
different grounding modes are analyzed in theory from the steady-state characteristics, fault characteristics and personal
safety aspects. Finally, the simulation model of the DC micro grid is established in PSCAD/EMTDC, and the theoretical
analysis is verified by the electromagnetic transient simulation. The results show that, compared with other grounding

methods, the power supply side is more suitable for low voltage DC micro grid system through the IT grounding mode

with large resistance grounding.
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Fig. 1 Scheme of DC micro grid grounding modes for PV station
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Fig. 2 Operation mode of DC bus

1.2 ZREA A ERM MBI RN
1% LU 322 i 5 Y AR 9 2% (Grid-connected

Converter, GCC). YR (Photovoltaic, PV)#.o0. Ytk
i) DC/DC ZZ¥idy & Mt fifi GE(Battery Energy
Storage, BES)H.JG fif BEXL 1] DC/DC A& ias LA K AT
TR ALY B3 TR P LM R 3 &5
ey, HIBFEREN 750 Vo S A S
I RAER 100 KVA,  FRGEH BOGAROK B fig Hit b &
fEREARIMAR TR Ky 100 kKVA, it g HLth 7% 504
100 kWh.

LU T R B BRSO GRS TR A B
I B e B AC g i . IERPIRA T BBtk
R BH fie FL T RS A fidh fiE 2 A i Y HH P A7 A 2 1L
o, HARH: a0t R, ROtk krd
REAEfEfE e B P ORI TR/ T R G
TR, PRt Re R B R b ne i, U fRERE
L RE TV FE R AN, e F R Dk 3t g ] H A7
fa Pt RE & o Tl e B I A K H A T 78 v,
AR Z R R e L, ] S P RE I de K PR
FEAMAL . T REACR R 8CR .

R fk
Iﬁ—l_m_" S e I gy B
- [Pl
NN 380V v ~ :?]j‘__ - ___R_ITI {g}—
Ay _‘:é" TCZ
1 HFAls 45 [ —
Fs 7} 7} @ &, NS
7] -
C=—/= =—= — ’_E} A 4
5 L5 a T
A NéY\ | 1 r—- ——[i.———r—" { l_ p— _Tflhfigﬁ;?
AL ~ E— I LA it
Load ~ ) T !
2
4%%&%& —

B 3 SeiRuh M A ERMR R RN
Fig. 3 Topology of DC micro grid
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Fig. 4 Circuit model of load side
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Fig. 5 Equivalent circuit diagrams of DC bus pole fault

R2 L2 R/2 L2
T Cal R;
+ Il
w1 T
| Ca Ude Ca2
i_ R2 Lp ! R2 L2 =

.
(a) BRIPIRAS (b) fads

El 6 EittHk Rt i is F 3 mikE
Fig. 6 Equivalent circuit diagram of DC bus single

pole grounding fault

A LSO AN P I R K R REL P, )t Bl
FAKARA 0, ARbsbl IS A iR I 2 %, ANAE
FERL AU A T, RIS, o RRAE A

MR BRI, FFRNA R RO A R
Ji AR R A AN e e At s e e L L
R T RN, 2 W B AR IR A S . F
PP, RGN di/de BOR AL
PN UBUREER/

L5 NP0 I8 b 1 Tl o v R (S 1
WA R R L g, AR A B Al PR
Thhg, SMREIRG R AN, HI Ry R4t
MBI e RN, H AR ke R
PO ER ARG, — S A KR I
RIS AR AF, 1R di/ de 22 B TR
VPP

LR EPTIE, ARG RSy O R AR R W 1
oL T, ARG 2 G (1 Bt )y R I A AT
e WL IR LR RSN N T (C
2.3 T EEMARINASRERIFME

FEHEAMM ARG, BARERBRSERE, A&
il PR BL 2 th BRI . AR e IRk A ELR Gl R 11
HL s SRR AR Y, R 2 A S AL S 1A
[JRE 5 R A A o DR M R0 MU T o P
Jra s A2 FEx N B 2 A2 RN o

FEAR I F e &, ARl e b it kA2 J LA
KPS, oo LA b e U IR T o



-168 - ® LRGP B R

R BEI Nl e R A T RlESE B KB 4% 553, Bk
fioh S BE G A58 S 3 N AR L L 2 8] PR HLA 22 (BRI
fi U)o S L A R Tl O R A, T
T EE 3 A AN ) Rt 5 5 e e s

FESZRRrR, AT e R R, AT A
TR LAARAR, AR F& AR e b . AU ot
Af FLARAE e B I (R S8 BB AN 7 BTs, A e
F IR /N B e TRt S et Ak B B Ry B 1t
i HLGRE KT R A

Ul R[I

B 7 3G Rl oA B B S R B
Fig. 7 Equivalent circuit of the failure of the shell of AC load side

TN RGP bEm ke e thnim, 2/
PN I FL AR /N, W Ak 67 A FELASE T
BN TAF IT. TT RS, #bE BRI R
NKHE, W s b Ah s A Tk, o, IT
RY PR a2k, SRR N T TT 258 K
B IT J75C Pl N+ TT J7 3R I i %

Rk, BN %4, TEACHMI Kk AL 5%
BRI TN RGN T 1T R IT REMT TT R4

3 ®MHMIESHERIE

TR 2 R R T SO0 RS
FEVE L WORREAE 2 N B AP35, AR SCHE PSCAD
HHRA S LI D 7 LA TR AT B I

i FACTY BRG] 3 . RASEL: 1) Hild
BEERAUE LR 750 Vs 2) I HR 20 kW, it
A FEth 500 kWh, YoRHELYE 100 kW 3) Hirp AR
BWSHUER 1 Fin.

R1HERKSH

Table 1 Parameters of simulation system

gt WO JPRER gL EEmEC
HE
kW kHz mH uF
IR 3 100 10 6 10 5 mF
TR A 100 10 0.05 - 470 uF
it REAR LA 100 10 2 - 470 uF
Bf AL 3 100 10 6 10 470 pF

X 2.1 AT [ A6 R GRS 1)
W EAT 0 SUAGIE o B L 5 AN
VLA FL s AH FRR I E W 8(a) ] 8(b)TT7

0031
002}
0.01
000
= oot}
-0.02 }
-0.03

0.50 0.I52 0.5I4 0.56 0.I58 0‘6(I)
B RS

0.03

0.02

< 0.01

% 0.00

-0.01 -

-0.02 -

-0.03

050 052 054 036 058 060
T RS
(a) SAT DAL

0.50 0.52 0.54 0.56 0.58 0.60

RS
02F
0.1
>
% ool \
S0 \J
02|
050 0.52 0.54 0.56 058 060
TEH AL

(b) B AT AR FL
[ 8 A [E b 75 30T 3 S far ) R [ RS IR S
Fig. 8 Voltage and current waveform of AC load side in

different grounding modes

FEARSCHTHE I BRI T, o B R s
PSS AT B, BRAE 2.2 R ERINgEE. &
BN ELIR R, SRR IE R R,
B INFR) 3 s, FREET ] 0.2 s, F2 sk H B 4 0.05 Q.
17 FLEE R 9 B

SEIGIGUESE e H PR AN Rl 2R R AR
BRI L AR A S . FLYRN %
i, REGEAT AN i/ de BOR . TR
HL e LRI M 2 I FL U e, RGEA 77
Az di/de RS IR AR L

HEL 5 A TRl B 5 2R R A Az st it s 1y
NP W ) R, REG IR MERE AR, Hi T
IERR AR AN RR 2 it B A7 Ao 0 FE S A A



oA, A

SR T BV 47 5 B - 169 -

16}
14}
12}
Lo} HiftEsHE

08f /

0.6

0.4

021 B HL
N\

0.0

kA, UKV

29 3.0 31
/s

() MRS

161

14+

12}
1o} .

BB
08} 7/

IkA, UV
§
i

0.6
ANV

04
02} [t
0.0 A

29 3.0 31
tls

(b) REH R
9 Bhek BRI EIRE I 2
Fig. 9 Waveform of single pole grounding fault

FEASC T8 3 I BN 0 L R b 1)
FEHO IS AT O 3, BB s O R REE,
B S Y Ay RELR AR [A] B, W ke A2 INFIA] 3 s, FREEIN
] 0.2 so DA RAE 10 Frox.

1.0
08k
> 0.6
= 04t
=)
02}
0ol L
02t
290 2.92 294 296 298 3.00 3.02 3.04 306 3.083.10
TNEH A G
107
08L
06}
Z o4f
=02t
0.0}
-02tk
290 292 2.94 296 298 3.00 3.02 3.04 3.06 3.083.10
RS

10 HRIEMPEE RS BE
Fig. 10 DC bus voltage when pole fault

PIEEERRY], FE U RIE M AN R
Gerp R AR )RR, ERRELR F S R DL e Al
[, BIIGAIE T AR Gt s 20 T k2 b e e b
AR

FEASCRIT % 3t R LA mh AT 47 (AR 2l
TG E, Wk 2.3 TR, WT
380 V AZuL M ORI R LR — AN KT 4 Q, 7L IE

1 Qo MR N AT F AT X KN C MR A48 %%
Tl Fe b, PR as RankE 11 s,

MAGELE R T DA, 2 g (5 R AR 2 il
T A SR, TN BTy A i R, Al
A SRRSO IT. TT J7 =0 R i Bl
BRI 7 b R o, Ry T REA A SRS,
o7 0 A DR 1

LKA
2

200 205 2.10 2.15 220
s
(o) i B FL L

. e IT Rl
0.3 TT 78
0.20 — TN &%

0.15
0.10
005h 4
S5 ook
005t WY W
o0}
0.15
0.20

kA

2.00 2.10 220
s
(b) $Ef L
11 Tl & A HE LR 528 S Al FE

Fig. 11 AC load occurs isolation fault

RAMGMEFEHBERT, TN 770N, b risk
e i TN, H BT TN J5 30 F P S ah
FEHAEAET PR B PE £ b, AR S AT A et
Hi; 1T RS TT KRG, TR AT LRSS
A s NS L IV RS E I B e o s
(Rl b s, X EEGEORE . — B E)
A, WS A 1N B 2 4y R o

4 it

ARSI I AR 3 A S R S B AR S A
P ELR G et g sRHEAT TR, S5 p R

1) SR G B RS TE. WORRFAE LA N 5 %
G, FYENN 48 25 () T ik )y sUREE ] T2 K
FH B8 Ll ol 3 DAy ELIAUR R PR I L R B

2) IT A GE AL LRI AN R b by 28 g LA
PR, SO T LAE P4 B e, s e BH I
KA XH 4 HL DR 6 R ) B AT — 52 A R



- 170 -

® LRGP B R

Sk

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

R, T, T, 55 EIRMIMBT T A BB
R[I. B ILHEAZER, 2012, 27(1): 98-106.

WU Weimin, HE Yuanbin, GENG Pan, et al. Key
technologies for DC micro-grids[J]. Transactions of
China Electrotechnical Society, 2012, 27(1): 98-106.
JEUER, A, ok, BRI R R GRS
UIR & KSEHAR[I]. TR, 2014(10): 1-6.

TANG Hongliang, ZHENG Jun, YANG Qiang. Present
study status and key technology of protection system for
direct current micro-grids[J]. Electrical and Electric,
2014(10): 1-6.

Ko, B, XIS, SR REELUAC H BT SRR D]

[ B L T REAER, 2013, 33(25): 9-19.

SONG Qiang, ZHAO Biao, LIU Wenhua, et al. An
overview of research on smart DC distribution power
network[J]. Proceedings of the CSEE, 2013, 33(25): 9-19.
ZEfENE, 2w, 2K, & IR EBIR].
J1 AT, 2013, 33(3): 53-59.

LI Botong, LI Bin, LI Yongli, et al. Earthing schemes in
low-voltage microgrid[J]. Electric Power Automation
Equipment, 2013, 33(3): 53-59.

WA, ABRER, JuARA, 5. OB SRR T S
W], ARG 5, 2012, 40(18): 149-155.
HUANG Wentao, TAI Nengling, FAN Chunju, et al. Study
on structure characteristics and designing of microgrid[J].
Power System Protection and Control, 2012, 40(18):
149-155.

HIROSE K, TANAKA T, BABASAKI T, et al. Grounding
concept considerations and recommendations for 400 V
DC distribution system[C] // Telecommunications Energy
Conference (INTELEC), 2011 IEEE 33rd International:
IEEE, 2011: 1-8.

IR, ENE, WAL, . IR ERXR A RGN
e R A SU[T]. Hh ED AL D AR 4R, 2014, 34(13):
2210-2218.

LI Lulu, YONG Jing, ZENG Liqgiang, et al. Researches
on grounding types of low-voltage DC bipolar distribution
systems[J]. Proceedings of the CSEE, 2014, 34(13):
2210-2218.

SALOMONSSON D, SODER L.SANNINO A. Protection
of low-voltage DC microgrids[J]. IEEE Transactions on
Power Delivery, 2009, 24(3): 1045-1053.

KAKIGANO H, MIURAY, ISE T, et al. DC micro-grid
for super high quality distribution — system configuration
and control of distributed generations and energy storage
devices[C] // Power Electronics Specialists Conference,
2006. PESC'06. 37th IEEE: IEEE, 2006: 1-7.
KAKIGANO H, MIURAY, ISE T. Low-voltage bipolar-
type DC microgrid for super high quality distribution[J].
IEEE Transactions on Power Electronics, 2010, 25(12):
3066-3075.
BEIE, 5,

L R BB SR

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

MRS m[T]. B RG R 5], 2016,
44(12): 75-80.

LU Guozheng, GAO Liang, LIANG Zhimin. Influence of
voltage source converter grounding mode on DC distribution
system[J]. Power System Protection and Control, 2016,
44(12): 75-80.

WA, A, e, A IR e B R
ARG T vk (] b E AL TR AR, 2010,
30(19): 14-19.

YANG Jie, ZHENG Jianchao, TANG Guangfu, et al.
Grounding design analysis of VSC-HVDC system[J].
Proceedings of the CSEE, 2010, 30(19): 14-19.

oS N VA R (TR W £V NN TR A E RIS M 1)
WU WK, 2013,

ZHU Keping. Study of DC microgrid adapted to distributed
power supply[D]. Hangzhou: Zhejiang University, 2013.
TH, EER, W, A A E RS eR RIsAT
PIEHTTL]. RGP S, 2015, 43(9): 1-8.
DING Ming, TIAN Longgang, PAN Hao, et al. Research
on control strategy of hybrid AC/DC microgrid[J]. Power
System Protection and Control, 2015, 43(9): 1-8.

FREAEL, TR PWM B AE K HAEHIM]. bt BB
Tk Hi R, 2003.

EHOH, IREL PIEST VSC-HVDC £ 45 ELi (il 22k
TR HED). IR SE A BIE, 2009, 33(5): 55-60.
GUAN Minyuan, XU Zheng. Two level VSC-HVDC
system DC side grounding mode selection[J]. Automation of
Electric Power Systems, 2009, 33(5): 55-60.

Grrist, JBFE, WA, S OEHTIEPU AR RS R A
LCL B[], ARG 51240, 2016, 44(11): 1-8.
JIN Liangliang, ZHOU Lidan, YAO Gang, et al. A novel
LCL filter adopted in grid-connected inverter[J]. Power
System Protection and Control, 2016, 44(11): 1-8.
. EURAC TR G R o AT b b Ty I
[D]. BUM: WIHTKE, 2015.

GAO Yibo. Study on grounding fault analysis and grounding
mode of DC power distribution system[D]. Hangzhou:
Zhejiang University, 2015.

KA, W75, THEE, S5 BTN EER ]
ML RS H ), 2015, 43(19): 137-142.

ZHANG Hedong, YANG Xiu, WANG Haibo, et al. Study
on grounding arrangement of microgird of city[J]. Power
System Protection and Control, 2015, 43(19): 137-142.

#= HHEA: 2016-07-19;

{&E HEF: 2016-09-13

EEEN:

I 21992, J, MR A, AR @A BAMK

W 9424 54R47; E-mail: 14121465@bjtu.edu.cn

X H (1966—), F, &, ik, HEAEFH, T2

PR Tr €A 0 A BRI 1Eh]. IR A B REE M .
SRR A, B HE A,

(Gt BHehr)



	DOI: 10.7667/PSPC161102 
	光伏站内用直流微网的接地方式分析 
	Analysis of grounding mode of DC micro grid in PV station 
	1.1 直流微网母线变流器的运行方式 
	1.2 光伏站内用直流微网的拓扑结构 
	2.1 不同接地方式对系统稳态特性的影响 
	2.2 不同接地方式对系统故障特征的影响 
	2.3 不同接地方式对人身安全的影响 
	  
	[1]  吴卫民, 何远彬, 耿攀, 等. 直流微网研究中的关键技术[J]. 电工技术学报, 2012, 27(1): 98-106. 
	WU Weimin, HE Yuanbin, GENG Pan, et al. Key technologies for DC micro-grids[J]. Transactions of China Electrotechnical Society, 2012, 27(1): 98-106. 
	[2]  唐洪良, 郑军, 杨强. 直流微型电网保护系统的研究现状与关键技术[J]. 电工电气, 2014(10): 1-6. 
	TANG Hongliang, ZHENG Jun, YANG Qiang. Present study status and key technology of protection system for direct current micro-grids[J]. Electrical and Electric, 2014(10): 1-6. 
	[3]  宋强, 赵彪, 刘文华, 等. 智能直流配电网研究综述[J]. 中国电机工程学报, 2013, 33(25): 9-19. 
	SONG Qiang, ZHAO Biao, LIU Wenhua, et al. An overview of research on smart DC distribution power network[J]. Proceedings of the CSEE, 2013, 33(25): 9-19. 
	[4]  李博通, 李斌, 李永丽, 等. 低压微网接地技术[J]. 电力自动化设备, 2013, 33(3): 53-59. 
	LI Botong, LI Bin, LI Yongli, et al. Earthing schemes in low-voltage microgrid[J]. Electric Power Automation Equipment, 2013, 33(3): 53-59. 
	[5]  黄文焘, 邰能灵, 范春菊, 等. 微电网结构特性分析与设计[J]. 电力系统保护与控制, 2012, 40(18): 149-155. 
	HUANG Wentao, TAI Nengling, FAN Chunju, et al. Study on structure characteristics and designing of microgrid[J]. Power System Protection and Control, 2012, 40(18): 149-155. 
	[6]  HIROSE K, TANAKA T, BABASAKI T, et al. Grounding concept considerations and recommendations for 400 V DC distribution system[C] // Telecommunications Energy Conference (INTELEC), 2011 IEEE 33rd International: IEEE, 2011: 1-8. 
	[7]  李露露, 雍静, 曾礼强, 等. 低压直流双极供电系统的接地型式研究[J]. 中国电机工程学报, 2014, 34(13): 2210-2218. 
	LI Lulu, YONG Jing, ZENG Liqiang, et al. Researches on grounding types of low-voltage DC bipolar distribution systems[J]. Proceedings of the CSEE, 2014, 34(13): 2210-2218. 
	[8]  SALOMONSSON D, SÖDER L,SANNINO A. Protection of low-voltage DC microgrids[J]. IEEE Transactions on Power Delivery, 2009, 24(3): 1045-1053. 
	[9]  KAKIGANO H, MIURA Y, ISE T, et al. DC micro-grid for super high quality distribution — system configuration and control of distributed generations and energy storage devices[C] // Power Electronics Specialists Conference, 2006. PESC'06. 37th IEEE: IEEE, 2006: 1-7. 
	[10] KAKIGANO H, MIURA Y, ISE T. Low-voltage bipolar- type DC microgrid for super high quality distribution[J]. IEEE Transactions on Power Electronics, 2010, 25(12): 3066-3075. 
	[11] 鲁国正, 高亮, 梁智敏. 电压源换流器接地方式对直流配电系统的影响[J]. 电力系统保护与控制, 2016, 44(12): 75-80. 
	LU Guozheng, GAO Liang, LIANG Zhimin. Influence of voltage source converter grounding mode on DC distribution system[J]. Power System Protection and Control, 2016, 44(12): 75-80.  
	[12] 杨杰, 郑健超, 汤广福, 等. 电压源换相高压直流输电系统接地方式设计[J]. 中国电机工程学报, 2010, 30(19): 14-19. 
	YANG Jie, ZHENG Jianchao, TANG Guangfu, et al. Grounding design analysis of VSC-HVDC system[J]. Proceedings of the CSEE, 2010, 30(19): 14-19. 
	[13] 朱克平. 适应于分布式电源接入的直流微网研究[D]. 杭州: 浙江大学, 2013. 
	ZHU Keping. Study of DC microgrid adapted to distributed power supply[D]. Hangzhou: Zhejiang University, 2013. 
	[14] 丁明, 田龙刚, 潘浩, 等. 交直流混合微电网运行控制策略研究[J]. 电力系统保护与控制, 2015, 43(9): 1-8. 
	DING Ming, TIAN Longgang, PAN Hao, et al. Research on control strategy of hybrid AC/DC microgrid[J]. Power System Protection and Control, 2015, 43(9): 1-8.  
	[15] 张崇巍, 张兴. PWM整流器及其控制[M]. 北京: 机械工业出版社, 2003. 
	[16] 管敏渊, 徐政. 两电平 VSC-HVDC 系统直流侧接地方式选择[J]. 电力系统自动化, 2009, 33(5): 55-60. 
	GUAN Minyuan, XU Zheng. Two level VSC-HVDC system DC side grounding mode selection[J]. Automation of Electric Power Systems, 2009, 33(5): 55-60. 
	[17] 金亮亮, 周荔丹, 姚钢, 等. 适用于并网逆变器的新型 LCL滤波器[J]. 电力系统保护与控制, 2016, 44(11): 1-8. 
	JIN Liangliang, ZHOU Lidan, YAO Gang, et al. A novel LCL filter adopted in grid-connected inverter[J]. Power System Protection and Control, 2016, 44(11): 1-8. 
	[18] 高一波. 直流配电系统接地故障分析与接地方式研究[D]. 杭州: 浙江大学, 2015. 
	GAO Yibo. Study on grounding fault analysis and grounding mode of DC power distribution system[D]. Hangzhou: Zhejiang University, 2015. 
	[19] 张合栋, 杨秀, 王海波, 等. 城市微网接地方案探讨[J]. 电力系统保护与控制, 2015, 43(19): 137-142. 
	ZHANG Hedong, YANG Xiu, WANG Haibo, et al. Study on grounding arrangement of microgird of city[J]. Power System Protection and Control, 2015, 43(19): 137-142. 



