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Fig.1 Topology structure of V2G system
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Fig.2 d-axis current loop PFI controller
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Fig.4 Frequency domain characteristics of transfer
function for PFI controller and PI controller
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Table 1 Main parameters of converter in V2G system
JEWE LK L/mH 4 F IR £/ kHz 10
WEPHE C/pF 6 ||EWPLKIERBE C\/nF 3300
ZIMEER AL r/Q 0.5 B RE w,/V 700

K5 15 6 Sy M HL R AR TR O T, V26 R EEHY

A PIY . DFEME 1=0.1 s B2 5E PR35 %

jg Pref:_g kW’Q

HL L /v

VYR /A

fa

LR IEANY

A R / A LGN AY

B kv

=6 kvar,

ref

400
200 P
0f\/
=200 - /

_400- 1 1 1 1 1 1 ]
0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
t/s
%8: fa 8 5

-10r

20+t AW

-30¢ . . . . . . ,

0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
t/s

151

10 ,Q

5_ {WV\/WV\NWM

0

S ‘LN\MNZZN\N\N\N\

_10-

—15 N N N N N N )

0.04 0.06 008 0.10 0.12 0.14 0.16 0.18
t/s

E5 BERTIFRINERERRERE (Pl EHER)
Fig.5 Grid connected power waveform
under voltage distortion ( Pl controller)

0.06  0.08

5t
~10}
-15

0.04

0.10 0.12 0.14 0.16 0.18

t/s
E 6 FERITEHMI)RRER KRR (PFIEHEE)
Fig.6 Grid connected power waveform
under voltage distortion ( PFI controller)

0.06  0.08

G559 2 N = ARE R THD (B, v LA
HE O i 2 ) BT PT A ) ) R R i 7
B, H THD N 4.84% 4.58% 4.62% , 1 H.If- W 2
RAAT P A B 5 1T PRI 2 6 A 5 0 el 37 I 1 48
U DS/ UL AR PRI 42 il s w2800 ] e,
VA 30 115X I 19 L L ) S

2 BREERTRENER THD
Table 2 Grid current THD in grid

voltage distortion %
BRI A MAER B H L C FHTE
PI $&4l 4.84 4.58 4.62
PFI il 1.57 1.46 1.43

4 SLIGTENIF

SRHIARSCHE Y PRI #5228 % V26 Rk 4T
JT 0y 3 g il 2y, - 7E fF X S P e W AR 5
LT SLge PL RIS HATRE L 237

B 7, &8 S A 3 i F R AR ( THD =
3.61%) 1L T, V2G Z Gema Ly JT M 2 48 4 i 12
SEBIE, Ll BEREAS N P, =-2.7

kW,Q...=2.7 kvar,
e,,(200 V / div)
Rl -/.\\ /A //\‘\ //\ //.\\\ /
- / \ i o/ Vo Vo
VERVER VERVERY
Nl N N/
A A N A
[E?}IKL - /j \'\‘ Y/" \'\\ ,\‘/ '\’\ / \\_ ;{: ‘\
/ “?‘_’If \. / N/ \/ \
~ 0 A divy
0.01 0.03 0.05 0.07 0.09 0.11
) /s
(a) TwH P HL R B2 V2 Gl HH HL 3
20
X 15F
N
i 10k
Fu|
E st
0 A"i"lnl"lninlni o o
0 2 4 6 8 10 12 14 16 18 20
I

(b) V2GHi Hh IR

7 V2G R THENI R LI (PLIZFIER)
Fig.7 Power dispatching experimental waveform
of V2G system based on PI controller

XFECIE 7 R 8 AT LA, A ) H e W AR B
V2G ZRGEAE PR i A F T B0 4 s v A R A A
WA (L W AR AR AN [, JFE P43 4 i i v O
i,/ THD 43.35% 1 & ] PFI f2 i &% 19 THD 4
2.25%, & 7(b) K 8(b) Al LIFE i AHX T PI



12 ) xBEELR

,,(200 V / div)

e | /
‘\ N A4 4 A4 A\ A
iy \/\/\
i . . i,(10 A7 div) .
0.01 0.03 0.05 0.07 0.09 0.11
fpa] /s
(a) febL IS EbL R J% V2 G HL
20

B/ %
=

&
W
T

0 J.I'IA"A"J
0 2 4 6 8 10 12 14 16 18 20

BB
(b) V2GH H L AT
B8 V2G R IZMm G LI (PRI $4188)

Fig.8 Power dispatching experimental waveform of
V2G system based on PFI controller

V8 SRR P 5 10 0 L 8 3 Ui o it
BT, SR PRI E 88 001 ROt o A
%P1 BRIt RERS AT A 3 0 o W 2
A B B

Fh 52 0 A R B4R 25 P P 1 2
WSO, PRL 125 L T 28400 30 1 0 P9
SEAIR i E P

5 4%iF

ASCHESE T T 0] 32 3l L ) Y L Bl YA G V26
FRGEIH W P AT B4 SRS, B T 45 E 1 B
F8 4 MR A5 Ty 58 R0 L UL 1) 0T 7 O R A B A FLT,
I BT PRI AR ISR 52 V26 REGLHF
DTy 2 A B BR s 7E PSIM i K- &5 L T
V2G RGBT AT 05 B E 8 5 B
(1 P AT 76 Fo a3 B, A SCRr 4 4 %) PR 4% )
A REAS PR IR L U R A, O ELTE RN el Hs e AR
AF A b FE 3t BB A2 52 e i o A Y OE 9% O
B .

SE 3k

[1] 20, W30, I, % ERCHH d e i 2 o0k
RIFEAERRDGE[)]. [LIFRNL TR, 2016, 35(5): 1-5.
LI Zuofeng, HUANG Qifeng, YANG Shihai, et al. Multi-target

40 L on A A 4 4

compounded AGV scheduling system modeling and application
in electric power metering Calibration [ J]. Jiangsu Electrical
Engineering, 2016, 35(5): 1-5.

(21 £ =, X Z, ZPUE. A M PR RS &R

GriB SRR )]. P EEALTAAR, 2016, 36(8): 2142
-2150.
WANG Yun, LIU Dong, LI Qingsheng. Modeling and control of
flexible load based on hybrid system in active distribution
network [J]. Proceedings of the CSEE, 2016, 36(8) . 2142
-2150.

[3] kR, B #i, Al manE e i AT )],
TLARHHLT R, 2015,34(3) : 19-24.
YANG Yongbiao, HUANG Li, XU Shiming. A discussion on
battery-swapping commercial mode of electric vehicles [ J].
Jiangsu Electrical Engineering, 2015, 34(3) . 19-24.

[4] KEMPTON W, TOMIC J. Vehicle-to-grid power fundamentals ;

[

calculating capacity and net revenue [ J]. Journal of Power
Sources, 2005, 144(1) ; 268-279.

[5] KEMPTON W, DHANJU A. Electric vehicles V2G: storage for
large scale wind power[ J]. Windtech International, 2006, 2
(1):18-21.

[6] LIU H, NING H, ZHANG Y, et al. Role-dependent privacy
preservation for secure V2G networks in the smart grid [ J].
IEEE Transactions on Information Forensics and Security,
2014, 9(2) . 208-220.

[7] HUTSON C, VENAYAGAMOORTHY G K, CORZINE K A. In-
telligent scheduling of hybrid and electric vehicle storage
capacity in a parking lot for profit maximization in grid power
transactions[ C ] /IEEE, 2008. 1-8.

[8] BROOKS A N. Vehicle-to-grid demonstration project; Grid reg-

ulation ancillary service with a baaery electric vehicle [ EB/

OL]. (2002-12-10). http: // arb. ca. gov/research/apr/past/

01-3 13. pdf.

G, BB, XU, SR U R s K

REHILI]. AR, 2016, 40(2) : 442-450.

LI Zhiwei, ZHAO Shugiang, LIU Yingmei. Control strategy and

application of distributed electric vehicle energy storage [ J].

Power System Technology, 2016, 40(2) . 442-450.

[10] 8 3%, BIRIR, RAF, % IR BIfERER BIIR
P A AOREFE[ 7], BT HEOR A, 2015, 30(11): 115
-126.

BAO Yan, JIA Limin, JIANG Jiuchun. Research on the

—
=)
[t}

control strategy of electric vehicle mobile energy storage in an-
cillary frequency regulation[ J]. Transactions of China Electro-
technical Society, 2015, 30(11) . 115-126.

[11] METS K, VERSCHUEREN T, De TURCK F, et al. Exploiting
V2G to optimize residential energy consumption with electrical
vehicle (dis) charging[ C] //Smart Grid Modeling and Simula-
tion (SGMS). IEEE First International Workshop on, 2011 7
-12.

[12] 56 mH, T O, FRARRI, S —Fh V26 FER T A
FEBIRIL)]. AEAR 1, 2010, 38(11) : 1675-1677.
ZHANG Li, WANG Mei, DU Chenggang, et al. Application of
an algorithm of control strategy for charging & discharging sys-
tem based on V2G[J]. East China Electric Power, 2010, 38
(11): 1675-1677.

[13] OTA Y, TANIGUCHI H, NAKAJIMA T, et al. Autonomous



ShARAR A T SR A SR A ST TR R 13

[14

[15

[16

]

]

[}

distributed  V2G  ( vehicle-to-grid )  satisfying scheduled
charging[ J]. IEEE Transactions on Smart Grid, 2012, 3(1):
559-564.

OTA Y, TANIGUCHI H, NAKAJIMA T, et al. Autonomous
distributed V2G  ( vehicle-to-grid ) consid-ering charging
request and battery condition [ C] // Innovative Smart Grid
Technologies Confer-ence Europe (ISGT Europe). IEEE PES,
2010 1-6.

OTA Y, TANIGUCHI H, NAKAJIMA T, et al. Autonomous
distributed vehicle-to-grid for ubiquitous power grid and its
effect as a spinning reserve [ J]. Journal of International
Council on Electrical Engineering, 2011, 1(2) : 214-221.
FRZERR AR AR, SR AR 4SS, DOl ) a4 ) v R 0L L A
SRR T [ T]. I RS A 91k, 2012,36(7) -
27-32.

CHENG Junzhao, LI Pengshen, WU Zaijun,et al. Analysis of
power decoupling mechanism for droop control with virtual in-
ductance in a microgrid[ J]. Automation of Electric Power Sys-

tem,2012,36(7) :27-32.

[17] IVANOVIC Z, VEKIC M, GRABIC S, et al. Wide bandwidth
power flow control algorithm of the grid connected VSI under
unbalanced grid voltages[ C | //13th International Power Elec-
tronics and Motion Control Conference. Poznan Poland, 2008 .

1957-1962.

[EA TR
— BT (1988—) , 2o IR TF T A 1+,
TR, AN BB V26 FA HTREE IR
SR AR B SE T A (E-mail : 598543427 @ qq.
com) ;
T R(1987—) B IR, TR
U, N HE ) R G 5 AR I A AT T
HifeH £ (E-mail ; dingh1 @ js.sgce.com.cn)
#OH(1989—) , B ILAA RN, WA,
M RGNTE B RE IR I B R ToA% (E-mail ; andy_r1
@ msn.com) ;
PR (1988—) , 5B, INARHEDT N, TR0, A3 RE VR & il
I HL A RS0 TAE (E-mail ; 517480859@ qq.com) ,

Electric Vehicle Power Control Strategy for Active Distribution Network
HAN Huachun', DING Hao*, HUANG Di', LYU Zhenhua'
(1. State Grid Jiangsu Electric Power Company Research Institute, Nanjing 211103, China;

2. State Grid Jiangsu Electric Power Company Maintenance Branch, Nanjing 211106, China)

Abstract: V2G system can provide two-way controllable active power and reactive power into the power grid, realize the load

fluctuation and stabilize the power grid peak power regulation function. This paper focuses on the power control of the V2G

system in the grid-connected mode. The main circuit structure of the V2G system is introduced. To tracking current instructions

precisely, the proportion feedback integral control method is proposed. The effectiveness of the proposed control strategy is

verified by simulation and experiment results.
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