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Analysis and calculation on harmonic amplification effect of electric vehicle charging
station using three-phase uncontrolled rectification charger

LIU Min', ZHOU Xiaoxia', CHEN Huichun', XIE Weibing', JING Yong', WANG Jiajia’,
WEI Nengqiao®, ZHOU Niancheng’
(1. Power Supply Bureau Skills Training Center of Chongqing, Chongqing 400044, China; 2. State Key Laboratory of
Power Transmission Equipment & System Security and New Technology, Chongqing 400044, China)

Abstract: In electric vehicle (EV) charging stations equipped with shunt active power filters (APFs), the operation of the
shunt APF may amplify (harmonic amplification) the charging current harmonics at the point of power collection. This
paper focuses on an EV charging station with three-phase uncontrolled rectification chargers that produces the most
serious harmonic pollution. By analyzing the coupling relationship between harmonic current and voltage of EV charging
stations, as well as by defining the total harmonic current amplification factor, this paper proposes an analytical method to
quantify the amplification degree of charging current at the point of power collection. On this basis, the variation trends
show how the amplification factor changes with key parameters, such as quantity of chargers, compensation rate, and
compensation phase difference of APFs are discussed. The results are beneficial to gaining further understanding on
capacity correction and control design of APFs in an EV charging station.
This work is supported by National Natural Science Foundation of China (No. 51577018).
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Fig. 1 Equivalent circuit of electric vehicle charger with

three-phase uncontrolled rectifier
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charging station
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Fig. 3 Amplification effects of harmonic current in charging

station caused by shunt APF
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Fig. 6 Amplification coefficients of harmonic current

versus charging power
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versus short circuit capacity



-S40 - CE R R R EEL

B 7(b)IELETE LN I, 5 IFs BB AR E S
WK, TF; BRI ARG INSE RN, 78 S=3MVA
I B LT RRREEAR: T 7 RRIRIED
TN, A TIF BEHAY 1Fs — 5. BTicss
i S=6 MVA FIHHLIEBIIHR Ty 65 kW I, FEHIZY
WP RN LA R, b IFs g 1.42 5% 2
5 YAEBTIRN R B A 1.36 W) . M
BIVH 78 R BN R T FUE S R A SO
VSRR B R R R BH LA ORI AR R, 3R 1 21
IFs. IF; M1 TIF (A2, DMTEAE N HAE. A
[T A R 78 L IR R AR Z2 MK T 10%,
FH B0 R A ST VA R IE A o

F 1 EEMK R RER T AR ES
Table 1 Error analysis of the amplification factor changing with

short-circuit capacity

e PN FI KPR HT/MVA
BT .
TN EX)
(5 s 2 4 6 g 10 12 16 18 20
R ZE
» IFs/% 87 75 7.1 67 58 49 35 32 25
¢ IF; /% 9.1 85 7.8 75 62 48 42 43 29
9 kW
TIFY% 72 69 69 62 55 48 33 35 21
» IFs/% 79 72 46 52 50 43 41 32 15
) IF; /% 83 78 74 60 62 49 52 37 26
65kW

TIF/% 78 7.1 65 52 55 44 45 29 18

&1 8 g FL I J K 28 B 6 MVA I AN [A] S8 L D 3
78 L PRI I TSOR ZR B e FE L N 5 B A8 4k
et U7 mbLE BN, BRI O R B
AR A A F R e A R RN AL, AE R IR
P=65 kW [ 8(by- IFs bifi 78 FEAL & 2 i B 7t
1 IR W IFs AR ESE I B2 (S 7(b)2k
o X R AR R TIF, M iila 5k
BNZ 13 &5, BORERE L T4 5203871 2% HAS
Bt 1.6, Kb TIF 5 IFs JEAE, it s,
ATHERA IFs REUEIEIFEL APF CE A E. X
2 B R I IERBON R AL IFs IR, f TIF 1 HAE
F5 B B 78 FATL & 2508 4 1R A ) R 22 (LA BAE
HEAH), 78HIER KON REORZE AN, 2
PR FEAE T 20 A

1.8 T

IF, TIF

NI
(a) P=9 kW

IF, TIF

NI
(b) P=65 kW

8 MIIEKMAZRIFEFT RN AHETL
Fig. 8 Amplification coefficients of harmonic current

versus the number of charger

R2 BRIRERMARBETRENSREUMIRES T
Table 2 Error analysis of the amplification factor changing with
the quantity of the charger

BT KA FAHHLE $
Bl #1305 7 9 11 13 15
IFs/% 33 41 57 74 82 78 84 93

9P1:V IF;/% 36 52 66 79 85 76 80 96
TIF/% 30 43 58 75 80 74 83 92
P IFs/% 25 33 42 48 62 55 72 84
IF;/% 3.1 39 51 59 68 64 78 0.1

65 kW

TIF/% 27 34 45 51 63 59 70 83

3.2 5xMERMIMEHEAEXRR

7 L I AR L BRI AR B D dan
FIAMZE FLUL iane WKL 9 Bz, Horp A% ah Al ahe 43
TR A R I 2 i MBI L Lane
N i PV e BRVECRABL, fa fane A 5 RAEL TS Y. () N
i) o FFIE APF il I N —dane LAFIIH 78 FOGG A 214z
R FELA . JE TR APF ANBETE A AME I H
W, RAAMEZ Lo/ L FIAMEFAL 22 20(tanetan)/ T
iR APF [AMERH . | 10 by IFs. IF, fI TIF B
M RIRMEATAT 22 T A, o i g 2
4 6 MVA, 78 LA 5 B IR A 65 kW 1)
FeHAL,

150

50

50

fan(?), fanc(1)/A

Lan l tahe

0.100 0.105 0.110 0.115 0.120
t/s

-150

B9 FEBUAFERIMIERSEMIMERIR
Fig. 9 Harmonic component of charging current and

compensation current in charging station

iR ol AL, AR R R A AT 22 T
10(a)[1) TIF 5 IFs —4E Wit AH 22 1R /N o JFIE APF 15



X g, %

K = AN ) P 78 UML) LBl O T RSB BORON 3 # 5 5

- 41 -

IBHMER T O, BOKREL IFs. IF; M1 TIF 551 1,
78 H s R BT HL AL O R o B MR
(FISE AN AR A ZE RN, 2 BN R B4
drsan, B IF R iEs K IFs A TIF

B 10(b)FIE 10(c) 7 T 1Fs Al 1F7 )55 i 2k »
FOrPOR R EO 1A e e ARSI 5355056
WO RIS R AME Xtk b IFs TEAMEARNT 22
H[-r/2, 721 A BB, 1T TF; RN,
(IR 22 X T2 A [-/2, 73] ATAN, 70 sl i I
KRR AT IF Ik APF IOAME ARG 22, H itk vy
157 APF FEHIBETEs A2 U e FBOR 2R i
{H, IZEURNAEAMER TR APF JERL{R LK
P o

10— < : :
. 13 ,
09 L2 55197 45 1]
08y 1| 4 — 115/ 1.05
/ LIS 12 |
0.6 |
E 1 1.05 LIS
= 04 / 11 7105
- \'\\ iy
02 ! LOS— 105
0 — ' —
90 60 30 0 30 60 90
M 2 /deg
(b) IFs 52k
1077 SETRE! [
35 L L
12 55,513 I.OS\
08t} }“ 12513 12 P 0ss
1.15 1.25
1.05 -
% 0.6 : 115
1 RARAE )
£ 04 N 11 m5\
0.2 SKI.OS—F// i

-90 -60 =30 0 30 60 90
LI 2 /deg
(o) IF/ itk

10 RRIEREARBPEIMER R EBAET L
Fig. 10 Amplification coefficients of harmonic current versus

the compensation rate and its phase difference

3.3 SEHEMERIERMEEREREXR
2T SR BN, TFs R TIF AEAN R 3

FAT TR TE R AR 11 s, Ferpalids

s PEE PR DR T OCHR[2514 1 e 1, 2

(PR A R 2 e PRI mT 0, H Y SR 4
)G, FEREERIBCR RECKH W N, R
I/ NT 10 kW IS IFs F TIF /T 1, LT /N
YO 1 70 F R s ke T 11 A R R R AR T
FEEAGOU IFs T TIF R KA R 25 50 50 N
5.2%- 9.7%, WL LT SN S A SO
TR ZER B2 ST AN T 10%, 17100189
HA A IHAT — 5 W IE A

R o3 AT AR i A e 2k T 2Rt 78 H H IR T DR UK
RN, TR IIR P=9 kW Fl1 65 kW Ff
TOUT I IFs F TIF, Gl 12 fios, b AR s 2870
SERTE N 2 MVA, U/Up=10/0.38 kV, X1=0.06 p.u.,
Rr= 0.03 pu.o K 12 ks T AR 7 R AR
JE A% 0 S — R R P U O e AR e 1) LB
nrips K Y/ARIAY P4 7 U A8 e 2 IR
) 49 P T 8 S S BRI, 1T P=9 kW AT 65 kW [1] 1Fs
M TIF ¥ ANRREE R LT XSl T LAk
AL J U IR A R R SR, A A8 L P R O
JBOR S8 o SR Y/Y 124607 2N AR He 28 9 I it A
AR, BRI AR e BT FBOR SN 1 5 M £z /)

1.6
1.5

IFs,TIF

L/
iy = =« [F's, TIF=1
0ole2]

o 10 20 30 40 50 60 70

PJ/KW
11 FEIERIER THAZREETRBIIRETN
Fig. 11 Amplification coefficients of harmonic current versus

charging power under different background harmonics

- .
Y/ Y Y/AANY
>

-

ThtHp 1Fs TIF 1Fs TIF
P=65kW P=65kW P=65kW P=9kW P=9kW

12 FEZERELARXTHARY

Fig. 12 Amplification coefficients of harmonic current under

different transformer winding connections
4 iR
AR SR Y = AHAN W] 12 08 78 AL FE B



_40 -

&) &GS

778 FL U LU A OB B IS R S R &R, 4
BRI BAN BT BTN RE, P2 —Fh7e ok
PIBON BA YRUE BT B L i) s AT ik, BAoY
HrIf ik APF 51EEHI 78 s LIRS BN . &2 &

FE ML TS s S TR, RO RS

5 YCHBIBCR REL TFs #3105, wf HAERH IS 2 1E

AURUE B HONC B AR e Bl YRR a8 A A

HAAE 75 P LR BN RN 77 B, A R

DU BB R ELR KN ARSI B 5

WA BAT— i@ N, A AR Y/Y 7

AU PR fe /N, 2R H] Y/ARIATY 524k

I IR R B A FREEE R BT .

Sk

(1] B55cHE, oMy, skdi X, R ER A 5HIET o
FT[J]. B LHARSAR, 2013, 28(2): 15-21
GE Wenjie, HUANG Mei, ZHANG Weige. Economic
operation analysis of the electric vehicle charging
station[J]. Transactions of China Electrotechnical Society,
2013, 28(2): 15-21.

(2] SRR, M7, VU, &5 Fahv A FETBOR 0 R S R

WFREER ). B RGERP SEWH, 2013, 41(3):
140-148.
MA Lingling, YANG Jun, FU Cong, et al. Review on
impact of electric car charging and discharging on power
grid[J]. Power System Protection and Control, 2013,
41(3): 140-148.

(3] ZFUR, sty AR A B LR G ) &

GEIRE AT (D], AR, 2011, 35(1): 170-174.
LI Na, HUANG Mei. Analysis on harmonics caused by
connecting different types of electric vehicle chargers
with power network[J]. Power System Technology, 2011,
35(1): 170-174.

(4] oKk, whedd, avdery, 55 WRahy A ss At 0 AR Y

Je L R R 7). H TR AR, 2012, 27(2):
159-164.
ZHANG Qian, HAN Weijian, YU Jihui, et al. Simulation
model of electric vehicle charging station and the
harmonic analysis on power grid[J]. Transactions of
China Electrotechnical Society, 2012, 27(2): 159-164.

(6] JEZZBEL, WFAMK, EomEW, &5 B4t sE s i
fifi RE 27 11 AR S SIS [0]. W R G OR I L5 4240,
2013, 41(17): 127-134.

ZHOU Niancheng, PU Songlin, WANG Qianggang, et al.
Control strategy of energy storage buffer system for fast

charging electric vehicle station[J]. Power System

(6]

(7]

(8]

[9]

(10]

(11]

(12]

(13]

Protection and Control, 2013, 41(17): 127-134.

WO, W, MR, SE BB AR A
IR R BE A TBOL IR [T]. T EORSR, 2015,
30(5): 85-97.

HUANG Guihong, LEI Xia, YANG Yi, et al. Two-layer
smart charge-discharge strategies for electric vehicles
considering wind generation and users’ satisfaction[J].
Transactions of China Electrotechnical Society, 2015,
30(5): 85-97.

W, K, SEUN, AF BV e B uh ) ) H it
A R R Ll g R A ] B RGP EE
1, 2014, 42(12): 137-142.

LIAN Zhanwei, SHI Xin, KE Xiao, et al. The whole life
cycle on-line detection and management system of power
battery in the electric vehicle charging and exchanging
station[J]. Power System Protection and Control, 2014,
42(12): 137-142.

M, eV, PRI, AF. HEhYRAE e R A
R T R ) ORI ST D], T EOR AR,
2014, 29(8): 1-10.

XIAO Xiangning, WEN Jianfeng, TAO Shun, et al. Study
and recommendations of the key issues in planning of
electric vehicles’ charging facilities[J]. Transactions of
China Electrotechnical Society, 2014, 29(8): 1-10.

ROH Y S, MOON Y J, GONG J C, et al. Active power
factor correction (PFC) circuit with resistor-free
zero-current detection[J]. IEEE Transactions on Power
Electronics, 2011, 26(2): 630-637.

PG, Tk, B, AF R TR P AR
REDCARTE M R G EEFL[]. B AL TR 4R,
2013, 33(36): 27-33.

YAO Zhiqing, YU Fei, ZHAO Qian, et al. Simulation
research on large-scale PV grid-connected systems based
on MMCJJ]. Proceedings of the CSEE, 2013, 33(36):
27-33.

CROSIER R, WANG S. DQ-frame modeling of an active
power filter integrated with a grid-connected,
multifunctional electric vehicle charging station[J]. IEEE
Transactions on Power Electronics, 2013, 28(12):
5702-5716.

KUPERMAN A, LEVY V, GOREN J, et al. Battery
charger for electric vehicle traction battery switch
station[J]. IEEE Transactions on Industrial Electronics,
2013, 60(12): 5391-5399.

XABE, EREE, BT, 45 HEhIE R RS
B ED]. B RGERYT 5, 2014, 42(13):



XML 5E 0 SR = AN AT AR 78 LI sl O e BB ) A 5 B

- 43 -

70-76.

LIU Yuexian, WANG Tianyu, YANG Yayu, et al.
Modeling and simulation of electric vehicles’ charge and
discharge system[J]. Power System Protection and
Control, 2014, 42(13): 70-76.

[14] BEEE, 5. A UEDEBEAAEA 2% b ST 20 B (7],
W RGP Sk, 2015, 43(3): 143-149.

LU Kang, DIAO Qian. Analysis of active power filter
applications in different network[J]. Power System
Protection and Control, 2015, 43(3): 143-149.

[15] 5K, D/, sk H, 45 RIS NI JE

IR R A[T]. L HARAIR, 2015, 3020):
118-127.
ZHANG Chao, MA Xiaoping, ZHANG Yijun, et al.
System design of shunt active power filter for inter-
harmonics[J]. Transactions of China Electrotechnical
Society, 2015, 30(20): 118-127.

[16] YONG J, NASSIF A B, XU W. Effect of voltage crest
shape on the harmonic amplification and attenuation of
diode-bridge converter-based loads[J]. IET Generation,
Transmission & Distribution, 2011, 5(10): 1033-1041.

[17] NASSIF A B, XU W. Characterizing the harmonic
attenuation effect of compact fluorescent lamps[J]. IEEE
Transactions on Power Delivery, 2009, 24(3): 1748-1749.

[18] AHMED E E, XU W, ZHANG G. Analyzing systems with
distributed harmonic sources including the attenuation
and diversity effects[J]. IEEE Transactions on Power
Delivery, 2005, 20(4): 2602-2612.

[19] SAINZ L, BALCELLS J. Harmonic interaction influence
due to current source shunt filters in networks supplying
nonlinear loads[J]. IEEE Transactions on Power Delivery,
2012, 27(3): 1385-1393.

[20] Ui, srl, skAs4x, S5 JFIRAY APF AMa2 b Ry
LM A N I R BRI ST [D]. [ R AL T
FE2A4R, 2011, 31(27): 21-28.
LIU Cong, DAI Ke, ZHANG Shuquan, et al. Harmonic
current amplification effect of voltage-source type
nonlinear load under compensation by shunt APF[J].
Proceedings of the CSEE, 2011, 31(27): 21-28.

[21] YILMAZ M, KREIN P T. Review of battery charger

topologies, charging power levels, and infrastructure for

plug-in electric and hybrid vehicles[J]. IEEE Transactions on
Power Electronics, 2013, 28(5): 2151-2169.

[22] B4, g, BRBUIS, % MIshy 4 sedi Bl it He g

a KRR RS Bk, 2013, 37(11):
113-118.
ZHAO Wei, MENG Jinling, CHEN Ruimin, et al.
Accurate measurement and traceability method of
electrical energy for charging and discharging devices of
electric vehicles[J]. Automation of Electric Power
Systems, 2013, 37(11): 113-118.

(23] #ERS, BRot, BRXGHE. & 3T SN AT AR

R KPR PR [J]. LD R A2 4R, 2010, 30(25):
122-129.
YONG Jing, CHEN Liang, CHEN Shuangyan.
Frequency domain harmonic model and attenuation
characteristics of desktop PC loads[J]. Proceedings of the
CSEE, 2010, 30(25): 122-129.

[24] PMERR, 1RICE. B A KIEB T k). A
B4, 2009, 29(3): 10-15.

SUN Yuanyuan, XU Wenyuan. Harmonic analysis
method for converter[J]. Electric Power Automation
Equipment, 2009, 29(3): 10-15.

[25] EAEME F&RL, Lomil, 55 R R AR R

12 JIKPRE S B A IR A )], L TR,
2015, 30(5): 69-78.
WANG lJiajia, ZHOU Niancheng, WANG Qianggang, et al.
Frequency-domain harmonic modeling of the series
12-pulse rectifier under unbalanced voltage condition[J].
Transactions of China Electrotechnical Society, 2015,
30(5): 69-78.

ks HEA: 2015-05-07;
EEEN:

X #K(1963-), B, HARF, NEd ) RALKEATH
3,3k B Sh43E DI AR L4E; E-mail: 852355691@qq.com

BBe® (1985-), %, FEBHIF, NFEHRZLETH
Yk AR AP 3| AHEF AR

MEA 1973, &, HARF, KNFERHRALIETIE
W Ak,

& HHF: 2015-09-14

(%m4% 2/ m)



