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Fig.1 Topology structure of proposed novel converter
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Characteristic analysis and control of LCC-based three-phase four-wire inverter
LIU Ping'?,LIU Meiqi',MIAO Yiru',LIU Tao',LI Shanhu’, HUANG Shoudao'
(1. College of Electrical and Information Engineering, Hunan University,Changsha 410082, China;
2. State Key Laboratory of Reliability and Intelligence of Electrical Equipment,
Hebei University of Technology, Tianjin 300130, China)

Abstract: There are some problems in traditional three-phase four-wire inverters, such as complex topology
and control, large volume caused by industrial frequency transformers and so on. Taking a simple three-
phase four-wire inverter based on LCC network as the research object,the construction principle and working
characteristics are deeply analyzed. The output voltage of each phase is independent of loads,so it has the
function of output voltage self-balancing under a variety of unbalanced loads. The gain of LCC network
can also improve the utilization of DC bus voltage and meet the application requirements in the field of
electrified transportation. The parameter design flow of LCC network is given. Aiming at the complex coup-
ling relationship in LCC network, the decoupling control method based on the combination of double order
of3 coordinate system and single sequence dq coordinate system is adopted and simulated by computer. A
1 kW /105 V principle experimental platform is established. Compared with four typical three-phase four-
wire inverters,the results verify the correctness of theoretical analysis and the effectiveness of the proposed
control method.

Key words: unbalanced loads; LCC network; electric inverters; electrified transportation; double sequence de-

coupling control

(L#% 1037 continued from page 103)

Novel bidirectional three-level double-current LCL-T resonant DC converter
ZHANG Zhongyi'?,JIN Tao"?,XIAO Xiaosen',DAI Xiangyang', WU Weixin'
(1. College of Electrical Engineering and Automation,Fuzhou University, Fuzhou 350108, China;

2. Fujian Key Laboratory of New Energy Generation and Power Conversion,Fuzhou University,Fuzhou 350108, China)
Abstract: For the popularization of constant-current charging methods for energy storage batteries, aiming at
the problem that the conventional voltage source direct current(DC) converter hasn’t natural constant-current
output in the bidirectional on-board charger,a novel bidirectional three-level double-current LCL-T resonant
DC converter is proposed by combining the LCL-T resonance with the three-level cascaded neutral-point
clamp active bridge. Due to the special pattern of cascading by the coupling transformers,each sub-arm of
the active bridge can work independently or in parallel. Based on this, different modulation methods can
be designed to control the input voltage of the resonant tank,and establish one-time and two-time quasi-
constant-current (QCC) modes. Furthermore,the symmetrical design of the resonant tank parameters is used
to achieve unified bidirectional power transmission characteristics, and a LCL-T resonant QCC output con-
trolled by normalized frequency f, and quality factor @ is researched. Considering the reactive power control
and realizing zero-voltage switching of switches,the filtering algorithm of output condition that satisfies the
restricted given (QCC output accuracy is designed. Finally,the simulation platform and experimental prototype
are established to prove that the proposed converter can achieve the (QCC output within a restricted given
accuracy in each mode.

Key words: bidirectional on-board charger; LCL-T resonance;electric converters;three-level cascaded neutral-

point clamp active bridge;quasi-constant-current output;filtering algorithm



w8 F AR &

Misk A

Ug| ‘

“"MZ*W*M//—\K*
o N
V | |||?|i i |?/ 1
[
U/ — B 1 T W

|
|
kUi — - — —\
|
|
T
! 1
|
kUins— — =i+ — +— —_— — -
[TIIN I
— o
KUins T o
U [
:||||| :I\ | :
AT M
o INLI 1
SN i i
LN o
kUin | T —_ -

s
fo Drtls tgtr &

Al —EEERECEETEE
Fig.A1 Key waveforms for once QCC mode

+ Cyy LABAQ

i Co
sy
U
L. = (
Z{Dn
Cay

(b) FFRIRTS 1([11,12))



w8 F AR &

+a «— 1 [,
p|Mav e CT e
- TRTM

(¢) FFRIEZS 4([ts.16))



w8 F AR &

+ Cl!)__ LABA

+ RABA

U & oy
Dk

CZ.S -

+ o, LABAG

: Ca.
U i
L =
Da,
Cop|
+ ol RABAT
ll :
Usne T i Cii
i D 3
R 0 d”uV

Co : - .‘ . }f
(g) FFRIEZS 6([t7,55])
A2 —EEIERER T EAXIRSHEE
Fig.A2 Operation states under one-time QCC mode

+ oy LABA%%;

t Qs % Dn
- e i O
Unl2,. T kY
2,
EE';DIZ

T RMBA
lins H
l :;PJI
U i Cat,
Ry
Eé'.:Djz

A3 ZEEERRRX T I RES 0([0.0))
Fig.A3 Operation state 0 ([fo,t1)) of two-time QCC mode



w8 F AR &

wIgatt
Suo=1.0, Af=0.01
LI
v
fn:ﬁLo
v PR R
f,Lo:f,LoJrAf“ fn N Qmax‘ anin
g v RAH M,
Hlnm\ HI min
M, 1max > M 1min
J =8
ﬁ]‘ Qll\ﬂx‘ Qll\ll] , ‘ éﬁm}
A4 B TRFEREERE

Fig.A4 Flowchart of filtering algorithm for output load

= Al HESH
Table 1 Simulation parameters
PB4 HfE a5
BUERN R HBE iimp=1.76 A, Upny=200 V
— AT AR UE i HH R lins L=2limp*4/m?=1.427 A
LV IES Pu=32 ; Rima=3402 W
BUE N B 5 iinp=1.76A; Uinp/2=100 V
A AR UE i HH R fins2L=Tinp¥ 8/m2=1.427 A

BE D)3

SEHA Cips Cope Cisn Cay
AR TXp TX, HUE{Y
R B9 70 s 3% TX HLUEE
R Q—Qss Ti—Ts
FAL AR Dy Dp(i=1,2,3,4)
KEEHA Cn—Chn

Pu=2 Rim=3402 W
940 pF
1.5mH : 1.5 mH
1.5mH : 1.5 mH
IRF460
Power diode

0.2 pF

200

100

Uinp/2
vV

1.5
fins2 1.0
/A 05

258

Ting21.

200
Uins2150

100
N 50;

0
f/ms

50

100

150

200 250 300

(a) iﬁ])\EE,E (Jinp/2\ §ﬁtﬂEﬁiﬁ iinsZ\ iﬁHjEE,E l]insZ



w8 F AR &

Qi1Qs

o
£
Q

{
NS QQs

NS Q2Qs Q2Qs

/V 200k
-40
200
|

=200
1

(©) Rimax=167.06Q(Omin=0.34)

B AS —fEEIERERGERERY

Fig.AS Simulative waveforms for two-time QCC mode

RA2 ARG
Table2 Components of prototype

A FUA 1Y
FFRE Qi—Qsv Ti—Ts IMW65R107M1H(650V/20A)
FEAL A Dis Dp(=1,2,3,4) APT30DQ60BG(600V/30A)
A EEEREY (S TI TMS320F28379D
A RS TXps TXs TX fEAS Ferrite EES5/EE65
Lev LGS Ferrite EE42
G CBB 2000V
A Cn—Cn CBB 630V
SYEHEE Cips Copn Cisn Cxs ECAP 500V

==

A6 HHEMISBFE
Fig.A6 Prototype and experimental platform



w8 F AR &

I T
/5 100V |

! Ting21L,

R |

N |
o ) [
| Q=063 Quin=034
g S
| |
I l‘ T :

|

|
| |

1
£:200 ms/div

(= fEHEEREEIS

Uap

I

W

ugﬁlt 10V/div

1.2 ps/div

(b) Uap = EE.qziﬁ]Hj(Qmax:063)

> UgsQl
S Uab
=3 ‘Vm.....
i b W
= i
S Unng1,
1.2 us/div
(C) Uab EEE.SFiﬁ]Hj(Qmm:O?)“-)
R UdsQl Yl -
Shs —E =] ,
2225 ke L
see o 1T |
= 3 50V
1.2 ps/div
(d) FFERE ZVS(Qmx=0.63)
UgsQ1
= UdsQ1 f'-——“_
% : |
s S0V
£:2 ps/div

(e) FFXE ZVS(Qmin=0.34)

1 1 ]

UgsQl
»

1y, 200V/div
isi:5A/div

t:2 ps/div
(H RTM BB FEFE ST F2(Onax=0.63)



w8 F AR &

i 5A/div .

]

tgs01:10V/div
um:200V/div

£:2 ps/div
(2) RTM BB FRHE 7SS F2(Onin=0.34)

| |
TR
> 2zl s
E5 o5 the ‘
S>S50 | ] |
TEE -
Uyl |
14 ps/div
(h) TX, BB/E#EE (Omax=0.63)
i L J -
> 2 | Ugo s e
ST .23 e . :
S253, | | "
RN ) | i \
Uap

14 ps/div

(i) TX, BB EFBA (Omin=0.34)

Uyo

Zz " ITXp
S \

]/Hw

Iy SA/div

,,:50V/div
irxp:SA/div

[

t:4 ps/div

(J) a i’)] 5ﬁ(Qmax=O.63)

Uso

itxp § ' \

U,,:50V/div
IT\p S5A/div
iy:5A/div

I/ iy » h

4 ps/div

(k) BYIHR(Omin=0.34)
B A7 —fFEERER SR
Fig.A7 Experimental waveforms for two-time QCC mode
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