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Research on control technology and current distortion of bidirectional AC/DC converter
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ABSTRACT: As the development of smart grid and electric
vehicle technologies, the V2G concept has become a hotpot. It
can decrease the fluctuation of power grid introduced by
distributed resource, and has great potential in smart grid and
electrical market. The bidirectional converter bears the charge
and discharge function of the electric vehicle, and plays a vital
role in the V2G technology. This paper review and research on
critical control technology of the bidirectional converter, by
comparative analysis we choose unipolar PWM modulation
and the average current control for the converter. This paper
also analyses the current crossing zero distortion of unipolar
modulation, and put forward the corresponding solutions.
Finally, a bidirectional AC/DC converter platform verifies the
analysis and method.

KEY WORDS: Bidirectional AC/DC converter; V2G; unipolar

modulation; zero crossing distortion

M. BEE MM E, V2G o —
AT BRI A RIS R ORI Bl 7R
B RE HL AT L T8 TR LA AR K BRTEE 0 o THI X A e K
& AR A AT RE, 7E V26 HAR e 5 00
P o AR SCER o XU A e (0 S B2 | R BEAT 1 S8R R
FC, T FEB I TR T BN A SPWM 3 i A1 25 R I A
(7 A sl B AR A 8 ) LA A e i BRI A R AR AT T R
BT, JF IR TR . Ba, 8> SkW
fRIXL I AC/DC A& SLIaF- G SE T /3 AT AT i i Sk

XA XA AC/DC Z84egs; V2G; HARMiAs], &F s
W5
1 51§

B AE B R B E R AR R, DAL £ Fh
HTBETE K FLBE N B [ B0, V2G BoR H 25 BRI
FEI A . V2G BAR %0 AR LE T K ZE A
W R ELZ, )RR B L BNVR 4R 1 ik B e Ay L) A

FAERRIRIIZE R MM S i i, B SR
FfgrRe BB R Y E N AR, BB
SR ATk H [0 3o 8 11 A R B o 3 R e 7 i B
B], SEHLA A TR 70 A, NI AT DASEE
WA I I OR, e RGBT H0R, ibH
WRAE AT I KA S L B 4 0 T30H 3 B TR R )
AC/DC Z8¥rd%, /& V2G HAR P iZ.Oofie 4447
ReH, HUR ST DI MRS, EEHHA
b AR, RO TR T B
HR,

ASCHFFEHXF EL 3BT 70U AC/DC A5 3 3% (1)
JURMEEASEGIF A, WRTHMEH, BEHTH
REWTHRRIE I, L4 73T 73 s I SR
P AR PWM 720, S hEE il 1
TN o MU ] L R AR IE SR B R H R S
R S5 EE N IR IS, A SEED,
AT DA R85 A B e 7 A R SO SR I T . H
i P A ISR R L R AT R, S L I R B
LY R R A, SRAF B s IR 5% B AT R R4, 36
PEAME T, W SRR AR E PWM I
TEAN AW RELE T8, R T
BB A AT LRI G FE, $R e, HApik
VR 1 PRV I8 A LA OB A TR o, SR AR 2
(17 du/dt B XU 14 1 il B2 /NC-S), PR A SR T
BRI R ) 7 e AR R 1R ) 5 U M AR B R
A BRI RAFE BN EMI TS, H2&
AR A ) E R A T 2 BT 2 L B e AR 168,



R 2 8 T TR ARSI SR

1 XA AC/DC A #ie g4k $h Kz HE I

B P I ) KRR T 2 AR T L)
AC/DC A5 23 [ B/ THD, FEAK T HLBEAR e &
AR HL I I T AR P A I R R AT T A0 AT, O
P T R R . CEREEE— 3kW 1)
SEG T B IR T %7 R ) EE

2 TEHREFITHIRIEHS

2.1 BREEER (CCM) T LM RE I R EE 2
MTELER

HI T LB LA T R R 220 (DCMD T, H
TR B K UEEAEL L AL AT LR SRR LUK, JF R 5%
SRS A LR, — B TR &,
AT 3kW ISEER TSR HIZ CCM AR
o CCM 2l HR4E F LA R4 ) g 925 3R BLay
VSRS RN 2 IECER e e Fib 2 e SRk et E
T R 03X = b 3 A4 ) 7 2 L sk s 24T 1 2L
I HT EEAL

W R LR PR ] 2 s, G SR AR
SRS HHATHEL, JEbAE R PWM 2615 5,
AL o A HESRS R RREAT T4 ] o (R W R
PEf R LU gUR, o ELAE st 0.5
B HIATEE, FTEBIMINREAM:: .

Iref

v
[ d

2 BB

A R A 3 B, RS A LW
ANBIE. AR S R A SRR, PR
B R D BE SO0, (EA TR ez e — A
AR RFEAAL, 5 5 FEAR S EMI PERE

PN

|max

Imin

[ 3 IR E RIS

PRSI 4 [FRE R R B,
5 IS H LR R PWM 655 . PRI
PR — ORI XA H A2 ], LSRR SE8L, 34
R S PG, AT DA R R U 58 T PR R A
SO s PRI A AR LR, A5 i ) R IR T DA
RIERERZ % . T BAE— DA RIEE, EMI
PERE LI A AR AR A, HLAR A B BT BN
L

iref

B4 Figeimias

TP B L, aT U S 38 F g 4
HABIRIERE, oAb seit-F & KA
AT EL IR 1) 15
2.2 BN PWM SR PWM B #TEEER

XA AC/DC BHedsi s, Hew Hm
W7 G PR, B RARE PWM i i RO P
PWM il o 6 T~ Hofth— 2/ 1 5 %, WEHL PWM.
faifk PWM WHI 557715, BAREATTER/N EMI FIFF
REFEE T EA MRS, , HREETHE M
S, MELLIAT RIS, MALEWRM. T
THIFE A SCATARFE ) 3kW SRR X R AC/DC A5 ¥
AT A IR L, X b o AT B AR AN XU
PWM il 5 1 AR B A
2.2.1 HARE PWM iR H 5 Hr



R 2 8 T TR ARSI R

LI AC/DC At 24 i ik e e o ] L7 B dip Ly 0
Yo, LB TAEAEREORAS s A o PR R T
ORI, e TR AR R B SRS G EV AL S
RIS ERPA T TR SR B PRy AARAT . s F R, s
Mg, FE RS PFC TR S Cdic Ly .
B WA TR RIS, TR et
iIFE] 5 R R A4 TAET PROBIA T LA I, B LR A A AR boost i
AR TAAR AN B3 A 7 B B 7R TR, T1 B0 Rt T
RO AERAS, SUR AT R o,
rdkp %o, FEUBOK, BAE T HEHLAR, SOLT RS REI
pe o pen [ 18, (ERIIERRI, A T1 TR PWM
Mgfwt= | CT T IR MOS B I
L—L e : TR, T1ABMLEE MOS &, HORIIBEE TR
RID31g&m IS L
- | 4 s U b A N PO B A
(a) ZTFEMIEHEHRRTTR Lk, AFEER

S LA E AT AT LA 1, 2 A PWML 7

| AL B T RS R LA,

o peen | BRI A 2 AR AT

' T T FSLAERA. TR R, B A

L _@ 0| e 0 3 Ve A-vde B0 A f, BT UL
i |,

M &, Hal sk Re bt
To———— - 2.2.1 WUk PWM R il 4Bt
(b) BTSN IE 4 B R R AR R PWM 8T, FAHMF R AC/DC
Feoooooooo R TAE T PFC B AR ARSI 6 fir
D, 7N o

' i

us| |

a L |

_____________________________ rYYlf]______‘ | :
|

T3 D3 T;% D4 ! : | =l =

AC = . | Cou| |

(c) 3ZRMITA F T ! : T |

|

- |

' |
' |
|
------- pe--f o (2) SRMEE AR
' I
ACW:: : : I ==: _-% e
| | : b | |
: L, Ty D T, D,
|
|

I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1T ~
[ -
| |
ila !
e !
fessns
| |
1| O
| £
|
1]
>
@)
_—Fl_‘l
|
|
|
IL |
" |
|
|
| <
|
|
|
L
O
IL
v
1l
B

) REWAERESEE 0 e
Bl5 St UM EHIRE TR R 2 o, 1;44} D

AP O IERS, 37 T3 S, B R ——— ]
e kR, MR BT, (b) 3B B R R




R 2 8 T TR ARSI R

>
(@)
i — —
—@—ll
|
I
<$—
1L ™
i |
|
|
}
19—
|
|
O
1l
v ___
1l
e

L,

|
L I
| : : = =
AC T | : Cbus

(4) ARG E BRI
6 BURME PWMEFHIAE LIERE T HRIRE R
2 R TR O IERS, T2 A T3 558, HRH
JEFIBEZG B R L RO BT e, R BT, Ut
(NEE]

e

di
Ld_tL:Vg +V,. 3)
24 T2 A1 T3 W, T1 A1 T4 S, B,
FEL PO B R H RS (RO R 7R HE, LRI T B,
i)
di
d_tL:Vg _Vdc (4)
TEXUHAE PWM TR, AN
B 4 DN REE AR T m IR A, MR T At
WHRBE, FFRPFER, FRIK T RCE, i H U
WE T, HFEH HEEE-Vde 1 Vde 2 [8481L,
AW RE R . W T RCR SRS S, A
HR R 3kW BLAEAF RN H] AC/DC ASH 8% 7 FH B A 14
PWM i) 77 2.

L

3 HE BRI EHT Th AT SR

FRE PWM iR BAR B RAIT R4 kE, i
AR s B BRI AR, B EMI RS A0 T 00K
P PWM |, H e H A A IR AR % R i
A M AR PR R A

SR FH AR R A I, 2 e £ HL R L e
MHE A EENE LN E RO, A

P32 1S R A AR R R D FL TR R R e S5 R L, T R S
A AR ) A . T A SO A
3kW SEEGF- & B A 1 i R AR () AT 40 A, I
FE ML ERA FAR T — b e IR R e AR 1 A
Fiie

DA A TAERE OB HEAT 70 b, AR 0 FL A
REE R ER S L I FL T, B SEE A D R R 4.
K] 7 BT AR 4 5 2 R R A os =, R
S LCL RS E U L JERES, 7T A4S 2
VA U L R AR G R, ] 8 e

L2 L1

Vg Cin Vi
T

7 #EFRLBEMELRER (V. IEREE, V.
REHK B E)

Vi .
7 o(L+L,)ip

| Ve

B8 FTHATHRELRER

G R A mT LB H 38 ) R e R R ] R
PTEAHZE o AR PESE I, 70 W i 2 kAT
BEY. S EWE NE FIER, TSR
JEAE 0~Vde Z24k; HIEWNE L S, WAadE
i R FE-Vde~0 AZ Ak o 43 ) R e o i s AR 0 e o
A, RGBT REBFISNE S, HlT VKl Vg
TEEMZE, I3 T, RS SR R I Rl
T, SRR, SR EE R EAES:, B
TSR A AR

P 16 AT DA — b A vk e AR 1) T
RIPLE L R 2R U, AR ) i IR — A A
FE 0, {75 R ES:, M T Bl i
TR Rem . FIFIXE, 76 3kW (XA A e 2%
SEIGT AT T, B9 B 10 it S
FEAOLAME R JE RS ae s B, TR B T LR
H, RMEHT IS R 2 A R R ] R AR B TR )
B0, MIMIESE T 75kl A7 1%



R 2 8 T TR ARSI R

I

NAVaVAray

Max(C1 kv (5} BV

Max(C? 19.4 A (k -18.7 A €7}
Max(CA] v CA =340 V C4,
Max(M2] 1.33kVA MZ) -1.30kVA

B9 RMIFELMBAAMRETRFMER (KE) KEE

!

318,068V AveFrealC! B ATZROKH:
12,1858 A AvgFr 51.12684
2% %3V AvsFreofC4 50

277,149 VA AvgFr

e o
55 A 00 Vose L -
Main £ 125 k S/ dv
BHEHIE
A s A F ot L
w.\/ W
FPa Lz HLpod i

CII) MV Cl{ 2 Ruee; m{ BV Rafr CIE 63 06065
G2} 15.0A (G2 19.0 A 2] 12,1464 A AveFroalC2 50, 7689 Hz
(CA] eV (CA 38 v Ruueid CA] manyv AveFrogCA] 50. 20684 We

1.38VA -1.3VA NSBVA  AveFr 04736 1k

10 MAET RAEAMERHMBR (K8) R
4 ZEip

ASCAE B XA AC/DC 28 He 28 i Sk |,
ST T FEECE LR, BT
HELJAE R O 2 il LA A% 1 5, EMIT P RE e AT LA K
RSB R L, DL YE PWM
W77 B TR, I REI LT AR AL
L T 28 e 38 28R AN EMI 251 REFR AR5 &, AR
HHOGE R T R T T X IR TR U 4 o) G IS R B A
PWM il 7. (E2 M PWM G172 5

BAYA 2 R I R IR IR A, S5 X R I A A 11 J R
BEAT 7RI BT, JFEILIR T A SR AL A
BRI, e B SRR 1T E R AT
Mo

S5 3R

[1] Kempton W, Tomi¢ .

implementation: From stabilizing the grid to

Vehicle-to-grid power

supporting large-scale renewable energy[J]. Journal of
Power Sources, 2005, 144(1):280-294.

[2] Su W, Eichi H, Zeng W, et al. A Survey on the
Electrification of Transportation in a Smart Grid
Environment[J]. IEEE Transactions on Industrial
Informatics, 2012, 8(1):1-10.

[3] Y. Xia and R. Ayyanar, Comprehensive comparison of
THD and common mode leakage current of bipolar,
unipolar and hybrid modulation schemes for single
phase grid connected full bridge inverters, 2017 IEEE
Applied Power Electronics Conference and Exposition
(APEC), Tampa, FL, 2017, pp. 743-750.

(4] BRWEH], B0k, XIE4He. BB/ 1
Br K JwE e (7). Atk sh B 3tk 2012,
34(5) :1-7.

(6] BIEFJ7. T BOOST &K R 5 J I % PRC it
[D]. HFRHERYE, 2014,

[6] Sharma R, Ball J A R. Unipolar switched inverter
low-frequency harmonics caused by switching delay[J].
Iet Power Electronics, 2009, 2(5):508-516.

[7] Wu F, Sun B, Zhao K, et al. Analysis and Solution of
Current Zero-Crossing Distortion With Unipolar
Hysteresis Current Control in Grid-Connected
Inverter[J].
Electronics, 2013, 60(10):4450-4457.

(8] AR, BE, FfE, & HTHIPNEREHE
HH PWM B3 & 07 SRR L LT ]. fA% 30, 2016,
46 (3) : 34-38.

IEEE  Transactions on Industrial



