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Paralleled Control for Half-Bridge Three-Port Converters

Zhang Junjun, Wu Hongfei, Cao Feng , Xing Yan, Hu Haibing

(College of Automation Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing, 210016, China)

Abstract: A current sharing control strategy for paralleled power system is presented based on half-bridge

three-port converter (HB-TPC). To realize the current sharing of the system, current sharing control

should be applied to more than two ports simultaneously, and then the third port achieves current sha-

ring naturally. To simplify the close-loop design, decoupling variables are employed and bandwidth of

the multiple control loops is set far away to decouple the converter approximatively. To obtain the high-

er stability and better current equalization degree, a structure with the current sharing outer-loop and

voltage regulation inner-loop structure is adopted, and parameters of the control loops are designed opti-

mally. A 200 W HB-TPC prototype is selected as the module to build the paralleled power system. Fi-

nally, the analysis and design are verified by experimental results.
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functions

DRI ek i A ) B 6 5 R A A R A
AR IR AR ORI Z A - Z IS RS
28 il 1 R A Lt R AL A

'ZJO(S) 0 Gg*z(S) EZ(S)

FEF A R A R 1 A8 o 2 AT A ) R G AE
I 3 iR, Hor o Ry ~ Ry, R AR 4 R H i
JEE s Hio (5)sGay (9 H Gewn () 4351 4 SR A AR
PRV 201 AL R . W 3 () TR, 51 A
i R T A5 K T A A P R Y R 1 i s 40 i) i
RIZFJG A5 525 o, SE B4R X 2 i 4R .
(D R BAE X ZAL R Gl (D Gy, () T E]



TR A5 < A = 7 g O 1B 47 147

() FINMEAIZ IR

. H )
l'in(s) iC,(S)
Vinret 0
- Gu(s) F Gonis) F—{ G I;(—s)-
Yot 20y [ Go®) |~ God®) F—{Go) P
: ()
()
i o)
(b) R

3 il R A AR B4 PR F A A R

Fig. 3 Diagram configuration of decoupling control

3(h) 7R SR Ja AT LAk Sz e b HL A B 9 1 4%

2 YRR HIR
2.1 MRERTE

LI AT PR I A PR L B A A (DD LR
SR I ER L AN 4 Ca) TR 5 (2) LR P 3R L 3
TLANER CANIEL 4(b) iz . 75 L AR BR800 N A Y
ZEF R, L JE A FR 9 5 28 (Voltage regulator, VR)
B % S AE Db 29 3 9 R (Current sharing, CS) 1 3%

! I v
7 VR
com +
Vxef

L

i

CS_
<
+

CS
(@) AR, WRNE

<
%

(b) HIENFR, BHSNER
B4 R[] B3 5 1 1 L B 45 A A [

Fig.4 Diagram of different current sharing methods

e o AR HL VR R AT B AN TR] R HE AT DL P
7] LR die AR 5 430 %o oz~ 247 i, O 428 o] 5 U P
TAPE ST R R RS N S . XTI
W ETAN IR B S5 i T E s P B R 24 A B 1Y
— BBy AE VT I T 2 R A T A ER A R

WA TR EGE AT R TPC, f5 2R Hoh
A S D EAT B A% ] - 54 1. 2 s HB-TPC
P M AFTEPI RN B SR A 25 - (D) g A 5
i H R 5 (2) R M S e R . AR —
PR o A SC LA v Y s A A o 24 3 A 0 BE O O
WK 28 490 14 O 42 i AE 11 i 18] 5 B R Herpr, BCS(Bat-
tery current sharing) fil OCS(Output current sha-
ring) 73 i) Je 2 F, YL s R L o 24 0 9 T 4 4y e
A 2 v 0 01 2 8 VR MU S R i S e AU BE G . B
BELR BOTE RT3 15 T LR S 290 8 32 ik AR ST
K

WIFEELR Tow
5 =3 A2 46 48 1 B R 40 4 A

Fig.5 Block diagram of TPC paralleling system
2.2 HRIgit

HY TSR T MR AR ) o 8 BT 2 BRI AT DY
TEAERE A RGO AT AL B . & 6 S Hi s i 2 i 45
TlHE ], o F R PN R A4 TR M i G TR A
Pe B A5 2 i e A% 38 R R G FIR BE R B
F,, WA FLOFEEER B AHRKE F B
TR R H A B AME RS G o 1 T HLR
FEAL TH R AE 2 05 . F. BV R 628 B 40 i (31 % 1/
R,.

HY 18] 6 AT LAAS 2 35 30 31 09 JF 345 3 oR 2R

. Fm ch Gvd
I.= 1+ F.F,GGu HG.F, (8)

P 7 D B2 I i 32 0 0 B 48 4 R R R 1 T
RO i 32 A B R 9% S 50 Hez, i i H A e



148 Moa it o= i

5546

P 6 Hh o 240 30 P 4 S AE

Fig. 6 Block diagram of output current sharing control

loop

60 _
8 30 e FMERT
50 e Tll— M5
iit _30 ™+ “'A\ -
= 60
|oH
= 90 N
~ 90 __
- 0 - *I\'{EHU_
% _90 FHH- L _ *I\,f%}ﬁ
# -180 et
=270 T
£ 360 T

10° 10’ 107 10° 10°
M / Hz

7 MRS 24 U I 2R ek O R

Fig. 7 Bode plot of original and compensated loop gains

IR B R L 9% 500 Hz, W6 3% 40 22 4%, 0] Z 0%
BB Z B2, T & d e it . 5
iy M Ui 2 I B B9 A ] S AL s RS A

3 SLIGHER

T IR R T SOt R IE e S T —
£ 2X200 W 2P =i S48 R B R G 6k
AR 40~60 V, FH MR KR HEI 2 A&
RFCH IR 27 V. 4 s 28 VL 5 Aok
Freescale /A &) MC56F8247,

8 iy f H B AR IR I IR BRI Y
HL R BT » A 8 AT B O 120~360 W, AR A8 1L
60 Wo [EIH, v a0, 23 300 O A T LS L G s
i 3 3 A PR R B L ot i HL I CR T R R L L)
TR + din » 1z 73 591 9 PR He iy A HL AL 5 7
Lo 73 991 A TR AR B A £ L O

H &L O TR T S R B R R G AL
TR T IR A i A s iRy MPPT 5 Bl 7 28038
s &5 HL TR R S R A L AE AT A T R i R
& ARSI MO OR SR AR — R

v,(10 V/E#) ~

et v (20 VI ER) ‘
in(2 AZKE) <

#(1 S/*ﬁ)l

L @y #saiei |

lﬂﬁ/ﬂﬁﬁ/ A I

| i (10 V%)

[ I v, (20 V/R)

| | 1

i | (AR

j | T AK)

! I : (1 /%)
R |
| | mppT !

i | [ — v (10 V/H&)

! OV ]
lwﬂ.

i | LeAm

{ : . 4 n—-—im

| QAR

[ ! | (1 s/4%)
.

i A MPPT }
(O if:: LM

P8 A Al e % s 1T R TR LR IR DR

Fig. 8 Experimental results with output load changing

N BRI AR N R G AL T XU AR s Z )
Ak S 3N R S B A DR AT DR AN A R ALt )
AW L5 R G T % T:”tl_BiFFWij‘EI’J%
A BAEOUT » PR A I R L B R
T B9 B30 B 5 HL )45 gk 18] 3 25 P RE AT

AUk 3 XU ACIR 25 D048 191 . 45 H U 8 g
lia) 2y 285 0 O S 5 B L AL 9 o . B9 AR
LR AT AE S A Y) e i 4% i PR IR AR S B
BAF B - ELAG S I P ARE B 4% i 11 HL AL fEL L S
— B0 P PR 22BN+ A W LI (8] 5 T8 e R O
(1% 230 25 W 1O I (8] %52 06, 29 0 10 ms, i A 3 155 HE
T i L I 8 25 R B I () B L 24908 110 ms . X 55 g
142 S 0 S ) AL 0 3R A A 22 S e A — B

IR S S5 I T 4 U A ) SR Y T AT
AR 3 R B HY A AL



%1

TR S5 < A = 7 Jf g O Ik 4

149

v,(10 V/EE) —~
v,(20 V/i%) H

WAl ~
i —

i 110 ms
120 ms/H%) b
; (a) %Lt g
L XU i N
v(10 V/EE) —

V,

AL ‘

LCARS
Vet e
e e e »l
w2 AH) ~ ST oms ;
#(20 ms/#%) T
E (®) WAL
| XU : KU
V(IO V)™~ t

v 20 VI~ T

QA = o -

#20 ms/#%) i
I TR T
QR fiL:N
&9 U H 3 Xy AT g e 3l 285 0 7 S 5 5
Fig. 9 Experimental results with working mode chan-
ging
4 HRIE

AL = g 1 AZ 425 D ), A 2 T = 1

AR AR [ — P X A SR . IR R R SR P
LI I DL S S IR SN IR I 254 o) T R B 2 A

.

IR 2 e R 5

TP AR B AR AR B AR . AR BEAT MR R 2
BT ALk 220w AR A BE B S AR T B R
ARBE . SCHRAS R RN =i AR IR SR
JE KR E VR BT Bk 1 A 27 ) SR W ) TE AR

S % Lk

[1]

RLURGIRE R IR S WP R = H R AR
fHuds (00 EE L TR 242, 2011.31(33) :37-43.
Wu Hongfei, Zhang Junjun, Xing Yan, et al. Three-
port half-bridge converter with synchronous rectifica-
tion[ J]. Proceedings of the CSEE, 2011,31(33); 37-
43.

[2]

[3]

(4]

L6]

7]

(8]

(9]

(10]

Xie Jun, Zhang Xing. Zhang Chongwei, et al. Re-
search on bi-directional DC-DC converter for a stand-
alone photovoltaic hybrid energy storage system[ C]
// Asia-Pacific Power and Energy Engineering Con-
ference. Chengdu,China:IEEE, 2010:1-4.

Haimin T, Duarte ] L, Hendrix M A M, et al. Mul-
tiport converters for hybrid power sources [ C] //
Power Electronics Specialists Conference. Rhodes.,
USA:IEEE,2008.:3412-3418.

Su Guijia, Tang Lixin. A multiphase, modular, bidi-
rectional, triple-voltage DC-DC converter for hybrid
and fuel cell vehicle power systems[]J]. IEEE Trans
on Power Electronics,2008,23(6) :3035-3046.

Wu Hongfei, Chen Runruo, Zhang Junjun, et al. A
family of three-port half-bridge converters for a
power system [ J ]. IEEE
Transactions on Power Electronics, 2011, 26 (9).
2697-2706.

E AN 1 = B R e BB v A m R Y i
DC-DC 4% ffe #8 [J]. o [= d #1 T % 2 #ig, 2011, 31
(30):1-6.

Wu Hongfei, Xing Yan, Hu Haibing, et al. Three-
port half-bridge DC-DC converter with post regula-
tion scheme [J]. Proceedings of the CSEE, 2011, 31
(30):1-6.

SRR NE RBTRE . 5. DC/DC 5 e IR 35 3 4
AWFFE LT, o AL 4 4R . 2005,25(19) : 31-36.
Zhang Junming, Xie Xiaogao, Wu Xinke, et al. Re-

stand-alone renewable

search on active current-sharing methods for DC/DC
converters[ J]. Proceedings of the CSEE, 2005, 25
(19 31-36.

Qian Zhijun, Abdel-Rahman O, Reese J, et al. Dy-
namic analysis of three-port DC-DC converter for
space applications [ C] // Applied Power Electronics
Conference. Washington, USA . IEEE, 2009. 28-34.
Wang Lei, Wang Zhan, Li Hui. Asymmetrical duty
cycle control and decoupled power flow design of a
three-port bidirectional DC-DC converter for fuel cell
vehicle application[J]. IEEE Trans on Power Elec-
tronics, 2012, 27(2): 891-904.

Qian Zhijun, Abdel-Rahman O, Al-Atrash H, et al.
Modeling and control of three-port DC-DC converter
interface for satellite applications[J]. IEEE Trans on
Power Electronics, 2010,25(3) :637-649.

[11] Qian Zhijun, Abdel-Rahman O, Elmes J, et al.

[12]

Fault-tolerant current sharing for integrated three-
port DC/DC converters[ ]J]. International Journal of
Integrated Energy Systems, 2009, 1(1); 71-77.
Qian Zhijun, Abdel-Rahman O, Pepper M, et al. A-
nalysis and design for paralleled three-port DC/DC
converters with democratic current sharing control
[C]/ IEEE ECCE2009. San Jose, USA:IEEE,2009:
20-24.



150 (I O GRS N S S ¢ 5546




