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Isolated Three-phase AC-DC Converter with Autonomous Distributed Control

Masakazu Adachi®, Kazuki Aoyagi, Satoshi Nagai,

Keisuke Kusaka, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper proposes an autonomous distributed control method for a multi-modular isolated three-phase AC-DC converter.
The controllers in the modules independently control each module. Multi-modular topologies are applied to high-voltage rapid
charging of electric vehicles. In the conventional control for multi-modular topologies, however, balance control with high response
between each module is required by a centralized controller. In the proposed method, by including the main functions of the among
modules controllers in each module, it is not necessary for the main controller to have a high response. For this reason, wireless
communication can be used, and control flexibility is improved. As a result, it is confirmed that the balancing among the modules

is achieved without a high response of the control.
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Fig. 1. Configuration of isolated three-phase AC-DC converter with autonomous distributed control.
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Fig. 2. Control block diagram of proposed circuit.
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Fig. 3. Equivalent circuit of droop control.

WERDNT o A CILBRIESMEE A A 2 Fr—
Z M CHEBEHIET 2 72 O BIEHIEIC R E N o WRE £ Tk
BrmLl THOUENDDTH, Afray ha—J 235
WIREANTEREND, LA o TEdhllE N %ER -
ML DBEIXREECTH D, —F, BEHE CIXELEHE O
T H = =T THIET 578, EBEHE L 0 IROIGET
B, F70, FA U T UNTURARRERY 7 M Licky
BETHDOT, HETNAT VA SEDLHLETRY, F Ok
BRI ATAIAAL v ay b a—F | EVIRESOE R
WEEZLEEET, BRBENAREE 725,

3. YIal—YalsiER

KRETIE, BEEKIZOWTY Ialb—va s ilih R
=TI E R— T I & RN T L A & A D
BEBOBEMREIT), B LIV Iab—a &b
Y, FRIT1 AL LTI alb—yarEfrol, 23
TR 0 AN BRI RSO 2 758 k5 (100
Hz F£721% 120 Ho) & fBfEH E L TAN L TV D 7o mil
TRIEDRD HID, RHEEE 2 5EEEA Sy 100Hz
ELEX, Iy MATEMEIL 628 radls & 72 % 7 HER
I oD R 44 R I 5T 628 radfs DL OB CRREFT D LB
Hb, TDEOARY I 2L —arTEDy bF7EBEK

3.6



D#) 10 £ 6000 rad/s TEERLHIE OISE A W5 & 5% L

Teo £T, F

R OIS E A SR U AR &

B3 E

TRDT= D%

W NEITER S ez 8 50radls & LTz, /X?A@ﬁz
AR LKW & L, AJJEEFRET200V 725 L 9%
E LTz, HAEEORIHEELZEEET 5729 U MO DE
JEOHEZ 1K T S¥7, 7z, BT o Ao
SREHIT 0.1s & FBEERIEOIGEIT R TEN,

X 4

2 RA—THIED I & N )L— I & BT v &

B 2 S DR I 2 b—y g VSR AR, K

4@ &V,

48 & L A B T2 W T AT ERIZ AT ELE
BNRIFFT 1L EZERTETWNDZ ERNbnd,

DHDOYE, U BRI
L, 152% & 72 o7z,

95 V,WHOE

RL—THIfE DO & RL—T il & BT o A

JEIZX LT

KL — 748
BT LV INT A

—77, RL—T7HlE L ER AN T A
il & ML A B D T BILEIR T /8T AN 0.6% L 72
D, RA—7HEOHRDEREIZLEXTERDT LV INT A%
KEINDZ L EMHR LI, £, 20 & XD AJEN THD

WEIERE T A nNT v RNT AT 5 EATERPAT
@T& R0, ANNERNETZ & ZMER Lz, X 50) u%*ﬁ@
ASVETRWE 2R, K 5(b) &L 0 &M O A BRI
FE—ELTRBYERAT CAHBEREEL TS Z &%ﬁ
LT, BIWIERICEE L TWD U TIVERHEE R T 4L
ZIZEVAELTWS, £, UMERICHT 2 V,WHOE
WT NG U ARFVHE : 4.07%, WHH : 2.33% & 72 o7z,
B CEMIBEL R R DITHMHETF A LV ORETHD L5
ZAbnd, YIalb—va sERIVERBRHES A BT
UNT AL TWT HRERIEIC X0 T THETE 5
TEEMER LI, TOROSFOAT)EN THD X U 48 :
3.94%, V #H : 5.84%, W HH : 4.50% & 72~ 77,

M 6 UMDOANERE, A1ERE BITBEERE 277,
X6 XV, UMOANERIL, Ialb—Ta EREM
FRICA S BIE L RO IESLHE & 72 > TRV IFIENE 1 T
IELTW5, F£7, MABEOFLHEIL 105.8V & IEAE

1Z051%Th b, X 4h)L v HEFEITHESE 350V IZxt L
T 3483V LIFIF—HLTEBY, —EIOLELLEBENT
ETCWDH T LA LT,

4. EHERRELE

AFETIE, FA—7HI#H & ERANT o AHEOMEAE D
WEEH LB OMIEZRGET 5, £ 2 ICARBROER
BIOERSEMEZRT, VI 2 b—a r EEBRICEHIT L
vl L, REGEODREZERT 2720 UHOE1E
JERHMEE 5% TF &8, KAr—74%4 0% 0.10pu.t L
7=

5(a)lZ HEZE il 5

i H IO AN 1B TE & R T, 5(a)

200

Table 1. Simulation condition.

Input voltage Vin 200V
Rated power P 1kw
Conveter capcitance Ceonv 48 uF
Output capcitance Cout 680 uF
Input inductance L 7mH
Load resistance R. 120 O
Voltage reference Vgc* 350 vV
Switching frequency (PFC) fow 20 kHz
Resonant frequency (LLC) fo 50 kHz
Angular frequency of ACR | wacr | 6000 rad/s
Angular frequency of AVR | war 50 rad/s
Droop gain K 0.03p.u.
Trans turns ratio NiN; 1.0

U phase V phase
v v
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Fig. 4. Waveforms of input voltage, input current and output voltage.
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Table 2. Experimental condition.

Input voltage Vin 50V
Rated power P 83.3W
Conveter capcitance Ceonv 48 uF
Output capcitance Cout 680 pF
Input inductance L 7mH
Load resistance R. 120 Q
Voltage reference Vgc* 100V
Switching frequency (PFC) fw 20 kHz
Resonant frequency (LLC) fo 50 kHz
Angular frequency of ACR | wacr | 6000 rad/s
Angular frequency of AVR | war 50 rad/s
Droop gain K 0.10p.u.
Trans turns ratio NN 1.0
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(a) Without proposed method
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(b) With proposed method
Fig. 5. Grid current waveforms

U phase voltage vIn « [50 V/dIV]

[4 ms/dlv]
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Fig. 7. Step response of output voltage and input current.
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Fig. 8. Waveform of output voltage and DC-link voltage.
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