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Impact of battery swap station using V2G technology on fault characteristics

of medium voltage distribution network
ZHANG Yingda,LIU Nian,ZHANG Jianhua
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University , Beijing 102206, China )

Abstract: Discharging from BSS(Battery Swap Station) to power grid is an important operating mode of V2G
(Vehicle to Grid),which may bring negative influence on the protections of medium voltage distribution
network. The topology and detailed control model of the charging/discharging device in BSS are given,based
on which,a simulation model of 10kV distribution network with BSS is built on PSCAD/EMTDC. Simulative
results show that,the electrical characteristics of BSS are quite different under different fault characteristics
of power grid and the change of BSS operating state makes strong impact on the fault characteristics of
distribution network.
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Fig.1 Structure of high-frequency charger
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Fig.2 AC-side current waveform of uncontrollable
three-phase rectifier charger
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Fig.3 Schematic diagram of EV charging
station connecting with power grid
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Table 1 Harmonic currents before and after harmonic
suppression for six uncontrollable three-phase
rectifier chargers

TSI LI /A TSI LI /A
RS Ratt T2/ ket
Y THRES Tl s s T 7
Fek 104.402 110.858 51 0.003 0.027
3 0.139 0.084 53 0.462 0.488
5 38.888 1.495 55 0.463 0.473
7 18.015 2.010 57 0.003 0.033
9 0.007 0.045 59 0.350 0.437
11 8.649 0.526 61 0.350 0.474
13 4.961 0.576 63 0.002 0.036
15 0.006 0.032 65 0.284 0.447
17 4.507 0.562 67 0.275 0.403
19 2.861 0.543 69 0.001 0.018
21 0.006 0.027 71 0.245 0.352
23 2.805 0.544 73 0.229 0.436
25 2.002 0.520 75 0.002 0.061
27 0.005 0.058 77 0.220 0.364
29 1.874 0.556 79 0.201 0.423
31 1.478 0.483 81 0.002 0.052
33 0.005 0.055 83 0.198 0.355
35 1.292 0.490 85 0.182 0.413
37 1.108 0.507 87 0.001 0.026
39 0.004 0.042 89 0.176 0.346
41 0.904 0.542 91 0.165 0.371
43 0.831 0.499 93 0.001 0.055
45 0.004 0.528 95 0.154 0.306
47 0.639 0.493 97 0.148 0.366
49 0.620 0.489 99 0.001 0.035
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Fig.4 Harmonic impedance model of transmission line

A SRR PR R W I8 TR TP SR XU eR Rk
s B SRR TR R 2,

Z,=Z,,sinh(y,1) (3)
Y, _ cosh(y,l)-1

2 Zsinh (7y,1) )
an,z \% ZOIL/YOH (5)
YVr,: \4 Z()nY()n (6)

Heh 7, Ry, 2350 0 n YOI T 2 5 BT A A% 1%
W 2, Y, 73 N o B B AR OB 11 R IR G FHL
P IFBRITTIE AN 5 2, M Yo, 7390008 n YOI i
2L e 1) LA BE BT AN S 40

Hi 4 nl R BN e R L R U 2R
St SR JH S 0 A AT SR A 2k B R i FRLVAL 1, LR U
S SCHL Bl R4 T AL A LR R e — Bk
J 2 B AR S FEL VAL 5 S L AL 89 G R R R D
B TRORAT AR |, MR P 4 7l A3

I, 1
TG D D e ) D)

Horbr [ Z, A R 2R BR AR o DO B BET ; Y, o 2
WX W 32N 5 2 R GERAL  Zny Zn Yo O3 B AL R
o — BT | R BHT il a8, 7 IR O
P TY I RE 6% S0 v A e 15 B R Sl R T R ) AR
P D D2 P 0T L O P e B L UL PR R

3 HESR

55070 7 T /S B T SR R BV S N
P T D2 X L, R4 M 1 B AR S 20 R AN T

a. PEATHIAA 1L AL & W ML APF I BB 19
IR ST AR

b. A RGEA N R POERE U

c. T RSN P IV

d. A (2) T3 L 3l P45 ol A R S 13 U
FEL L JIT 7 A 4 2% 1 I D PR A

e. AR IBULR B R BHLHUARE L SRAS I I A O A
RAREL

£, M IR Y R R GRS B K L A B R
i R BT A I O

4 BHISH

PLIEEE 14 715 58 F G2 R 0 156 W1 R 2 V3 42 78 Ha o
JOT 5 | A 1 51 o F R B D L T R AR Bl O, %
F 4 X 1(13.8 kV) MK 2(69 kV)#4 AL, W&l
5, AR HAFTE 1 AN IR izl R A 1
U133, 71 5 13 J8 0 Dyn B3 28 R 43 3% 415 5 15 (D
HLBIVA R FE Ll 1 s ) s SR E i i 4 6 4
AT HE I SR




(64] ® 0 8 & iR B

F34%

© wins
JEARHL
12

S

X3 2

B 5 IEEE 14 TR &S
Fig.5 IEEE 14-bus system

41 FZBEINREETSBEMNFMN

6 41 6 kb A AT 5 3 300 70 F AL 7 A 04 TR I FL IR
HEARGE, o B 04515 OB I R NSk 2 iR
% 2 A O R R AT A 13 51 A SR LR
AREAE R A R E] T 1.3123 kV, 748 13 1Y
S LA BB R A R B T R R AE 0.0428 kV; 517
R - R e R A e (O 34
FE BB A SUE AR peAh X 1 ATIX
B2 Bz 2 (W52 R E] A B

R RS ABREGNETLER

Table 2 Variation of virtual values for
different node voltages

- HLEAT L b /kV

£ GR L/ 4N
1 0.0055 0.00018
2 0.005 1 0.00016
3 0.0062 0.00021
4 0.0303 0.00099
5 0.0171 0.00056
6 0.6536 0.02130
7 0.0101 0.00032
8 0.0058 0.00019
9 0.0017 0.00006
10 0.1121 0.00370
11 0.3760 0.01230
12 0.9320 0.03040
13 1.3123 0.042380
14 0.5409 0.01760

Bl 6 A 45717 4545 Ui I L R A R4 0 A8 AL 1
B FLBNVR VR I PR R R 45 Y R I R AT AL
(AR A AR XT3 B A R 99 05 6,101 .12 .13 14,
Hop 375 12 13 14 v B, mIE 7 o] 0L 23p
it | RS 1 5 759 5 F A AROTE AR A T S B YRR S
P AT RE AR ], R A 12 13 14 S i 4
Br &40 IEEE 14 WA R G H T H N s g

0.4

=< N N N O 5 S

B 2

= 02

% P

FEOT0 g0 o ="101214
\b6040 20 2468)
hf;‘//}(’;j(};/& 0 "i’iﬁ?\

6 EKERIENZTTREREEANETL
Fig.6 Variation of virtual value for different node
voltages,induced by harmonic currents
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Fig.8 Harmonic currents of EV charging station,
before and after flowing into power grid
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Table 3 Harmonic current and magnification considering
distributed capacitance of line

31 N /GN WU O /G
WL SR /A R WHC DR /A R
3 0.0024 1.0025 53 0.0329 23257
5 0.0436 1.0067 55 0.0352 2.5650
7 0.0590 1.0127 57 0.0027 2.8686
9 0.0013 1.0206 59 0.0414 3.2657
11 0.0157 1.0303 61 0.0523 3.8060
13 0.0174 1.0421 63 0.0048 45831
15 0.0010 1.0560 65 0.0751 5.7935
17 0.0175 1.0722 67 0.0927 7.9337
19 0.0172 1.0907 69 0.0066  12.7110
21 0.0009 1.1117 71 0.3228  31.6330
23 0.0179 1.1356 73 0.5085  40.2370
25 0.0175 1.1626 75 0.0242  13.6770
27 0.0020 1.1930 77 0.0848 8.0361
29 0.0198 1.2271 79 0.0693 5.6489
31 0.0177 1.2656 81 0.0065 43352
33 0.002 1 1.3090 83 0.0361 3.5050
35 0.0193 1.3580 85 0.0351 29333
37 0.0208 1.4135 87 0.0019 25159
39 0.0018 1.4767 89 0.0220 2.1980
41 0.0243 1.5489 91 0.0209 1.9480
43 0.0236 1.6319 93 0.0028 1.7462
45 0.0264 1.7281 95 0.0140 1.5800
47 0.0263 1.8406 97 0.0153 1.4408
49 0.0280 1.9735 99 0.0013 1.3226
51 0.0017 2.1325
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Harmonic currents of grid-connected EV charging station

ZHAO Wei',JIANG Fei*,TU Chunming’,XIAO Yong',MENG Jinling',XIAO Fan?

(1. Electric Power Research Institute of Guangdong Power Grid Corporation, Guangzhou 510080, China;
2. College of Electrical & Information Engineering, Hunan University ,Changsha 410082, China)

Abstract .

various EV chargers are studied for analyzing the influence of harmonic currents produced by EV (Electric

An uncontrollable three-phase rectifier charger model is built and the harmonic characteristics of

Vehicle) charging station on the electric power grid. The analytical results show that,the 25th- and above-
order harmonic currents cannot be well suppressed by the harmonic suppression devices and will be
enlarged in power grid. A harmonic power flow model of power distribution system and a precise harmonic-
impedance model of transmission line are established to deduce the calculating formula of harmonic
magnification. The influences of EV charging station on the currents and voltages of different grid nodes are
analyzed. The case study for IEEE 14-bus system demonstrates that,the shorter the electrical distance
between node and harmonic source is,the greater the node voltage change is;the high-order harmonic
currents of EV charging station are obviously enlarged after flowing into power grid.

charging station; harmonic current; harmonic voltage; harmonic analysis;

Key words: electric vehicles;

models



