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Master-Slave Type Two DC-DC Converters Parallel Operation
Using a Single Current Sensor
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ABSTRACT

We discussed load current sharing for Master/Slave converter(MSC) type two DC-DC Converters parallel
operation using a single current sensor method. In the conventional method, two CTs have heen used to share
the load current equally with two converters. This paper presents a novel load current distribution method
using a single current sensor that can share load current effectively with only one CT in the Master-Slave
converters(MSCs) type. To confirm parallel operational performance of proposed DC-DC couverters parallel
operation, two experimental prototype converters were designed, implemented and experimented under three
arhitrary conditions. A load current shahring performance of the proposed method was compared with that of a
conventional peak current method requiring two CTs. Those experimental results show that load current
sharing performance of paralleled two converters using a single current sensor was good and operated as well
as conventional method (ex, Peak Current Mecthod)

Key Words : Current sharing, Parallel operation, Single Current Sensor(SCS), Master-slave
converter (MSC), Peak current method

1. M =2 automatic) 3 AF Eul(FE), F= Hefr|e] Zt

wet A 2 =2 AFAgE Ay fA, Eed © o

AT A4Y A2"e ME Jed 9o} W) 4 Qe F& S UL (fault lolerant) 53 0 2, m_oa

, B4 AR A3 223 gEo] & Fe]HA Winjs] 1712 Fafol]l 20(N+1)oldd] AHE] & AR&st
UHETF 22 HYo] aEHolIny HHIE T4 of Al2Eg A A Hed, 2 =EdAs ALE
A Egole] BEE o 39 T AEge] Alsdo =44 209 78 HE WE Fdsed dojA 7Y
SE5= 7 7ot BE EAEh=d ol 7] AFAAE o] &3 MEF FHES AASZ, +3H
2xor oFFHE ZL 9A3 A (full - 2 (frame-work) 2 bCS(Smgl(: Current  Sensor) 2}



AHEE mhaE-fEeln dE FHlE 2708 DC-DC AWE dhsA 185

g AFAME o]g3t 2709 AE HE S A
~~fle] Fot AR Eee 722 Aretal dF 2
‘459 B§Ed4S E<laty] fate 49 Sakd JE
of wh(ell Ho AFHF AF 2H AEe v|ast
g

2 -gH o] BE ¢ AHETT R FHEs 7
= AFHE ofAE (Master) 2 k31 TS AHE 9 AF
= mhaE AWE Y dFY DA EE §= FEHS
ot ZAF £5 Ao Waelth o] fxE AEH
o7 ¥l ARF ¥ AFee Ao T3 § P4
olt}, 3 HHE AL 4 £ 4ol H3EH
27 AeS & F 9ln §A - BTk Folshy, g
W4l A (redundancy) ¢ B3¢ AUz okt

7] WS 2019l DC-DCAHE B3} AFE 2
Hi8l7] A&l 2788 CT(Current Transformer)s 2
2= AT B =5 Aoket wye 2 AnEe
A LA current error)® A7) HEA e AlA

ks Abgste sCsHkAl o)

Alkdl BE 1 Ee 5 Fde] AEA 2
el 298 AT AWEE 47, Agsisia, 58
A5 2l 4 B7HE AA Matlab® o83 A
FH Agedeldd 4HE FYsiHnt 7N FYE
BH 2l A2E dnE Al F7) A= e 3
g AH SEES 4E F A

E, B =2dA Add sCslF 2749 CT7h 4
K 712 A Hu AFH)Ae Fi AR 2
W S4dEs g8 HeM Mz oe T1Edd #
S e M=z o Alols AY, AHE S Aetv] o]
=5 vhHrol TheA A8E sl BY ohdst Fat
€ osiA WA R Ay 2 548 &
sttt

2 e 7A4e 9A Add ARA #1E 929
TRES of WAL T DC-DC ¥Ee HEd
BLAES : He

a8 la)e 71§9 - HM ﬂu%l
Hao® 2719 CTE E&

= Aetek SCSHA o= 2the] ZAWE Ale]e
olF oyl HA#A At AFx 7&%1 A
Bojgoh I8 1b)elAd #AWE A—l 2i 478 I,
ZivE Be RSHARE Letd xRk o] 2 ARIE §
el #AFY CTol wbf wefo= FastA €t of
g7 dlm2A CT:E ZCT(Zero Current Transformer)
A FatskA g CT 298 ¢(=L-Iyol Hl&Esd
Ve "oh 9eF LLEE, CT #3882 022 2 4
HE|S] HF 7t BdstA o] Folg vekdr
Ttef <009, CT £ 3 Gl
o] UEhA Hu

oS0} [-p= 001

2k
S
e

(a) 7|&4e
(a) Conventional sensing method

CT outpur
Feedback at slave

(b) HloFsh g
(b) Proposed sensing methed

O 1 HRA EE EE Uy e

Fig. 1 Comparison of the current difference sensing methods
3. M mu

27 294E SCSYAL 8% DC-DCAHE
2 94 Asd ZEAEE ushdt 2409
= g 27 Yehiz K& A
Sl Aol7] 2 PAOIS), Gus 2 AWEel A
2ol 9T WASE AF(e)E A e)0Z
= CTolSolth,

Augel B Feiolge oA 1 22

:‘JU i fr o

=,

I —"N



186 & EFad Gt #5456 H#25 20007 48

19 204 Z1¥E B(HHH 7AWE)e AFE V&
AFE sz, F AWHY @/aA & CT £39¢] 19
B A& e)E ZAWE)| 3 1“'15101 T AHHY =
g AF7 Bl s} [,—1, > 0o]9, CTEE

2 ok(+)o| Hm wEkAd v, 7t otk V,.7F Fo}
AW A Vazk @oldd Varl solxd HAHEH
A9 AFI)7F Fopx7] W, HE AEl(=I)7}
o] Fo|X 2 FA5A ) W] ZFe= miEvA
E CT &9o0] &(-)o] 9yl Va7l Zo}xA Hi Va
7F ZolA W AWE A9 ARt AANES F2letd
BY A/ "ok

Vert £ o

8 2 HWE W HAFHE
Fig. 2 Parallel operation overall block diagram

B E=Itoa] AlRE ABEHY Aelr|e= 2§
4 # 8 o] 4 (Regulation) 8. B = A% 4L A3

o] 23 29 RS RE 27 FE7E ALY
2% 32 ZY= B Ed PlAe7|E A&
Aol Bz FTHES ehdr”

-
= 1k
Voltage

| Dwider

Z 1k

Z
CGomnaratar I

AAR

8 3 Forward HHEL Mo 22 THE
Fig. 3 Control circuit schematic of forward converter

BUFFER SUM S=J| I —)V“*F_DI

a7 4 EAEE A os MR
Fig. 4 Current sharing circult by the single current
sensor method

o , 7
3, %(,%Oﬂ U2 AF 238 YR ¥asts L
o2 g BEow FAFI Qv o= CTEZEH
T AR LA dyew T
guE % o 54 [oAEe) A1 TR Sojn

ct.

B Ao B sk SEA a9 59 HE
TO'__;ﬂA-I %‘7]'3‘5:]?"——"—&!"]5 7—11— Z].H']E:I—"I ‘I_O]'L.TI' Ial, Ib%
Taha vedt 2

R Rcrh
Vel . Ve
J8 5 HIEARMA E7H8=2
Fig. 5 Equivalent circurt of parallel operation
V.= V)XR+ V, xR,

Ia: ( b) R L @ crh (1)
Vy— V)XR;+ VxR,

Ib: ( b a) R L b cra (2)

z

O:] 7] }‘1, R = (Rc:ra+ Rc‘)’h) X RL+ erx Rcrb
II,% ‘l?]_é.]' ;1(_]'%— RL'IO? J_?_f)']- /(_] _SOL, Rcra, R.crb“\‘_: Z}' ?ﬂ

BEo] A Fap7tx| o] FlolE Aol

4. A5 =l mMof7| A & MEET



@ Al

AE ARRE mhaE-LEols AR 2o g 2719 DC-DC Ave Hued 187

A1 HEH 2HA R Mgk

T 2 9 304 MBPZ A 42 73 S 9
th B =L ulaE-EH0]BE Ao wae|lnz
Master ZAHE Q] B ZIHEeE AF 9x7 Hzuly
2l e

JHMR p,=—u,A, v,=0F 7tF &}

e,= Gy e

= Gc,/ . (]u_]b)
= G- ( ('Uzz_ Z)b)-R[_hl_ vaR(,rb _ (vb_ Ua)RL+ UbRcm )
Tt Rz Rz
- 'Ua(zRL - Rcrb) _Ub(ZRL + Rcm)
Tl Rz
_ Gr_»/ A A - (Z-R;QL + Rm-b)
3
2 e,
Gy
7| A =
4714, A 1 +GlH1

T AEES] AR 2 dd(e)E 1" 2904

G. ‘
=—%A- (2R, +R_,;) &)

A5 2w Aozl de Fa Kol dAs v
B ot HE A2 FzdA AR HAg @
> T, Ol NFZ A %#f%‘*ﬂ =
° 2~He] Fur|E&7)doe

i

rdo

o]

Ziegler— N1chl HWelell o3t 7:31' Ny =4 E’Jr
& MY FHE AT AArE AASIED o] A
715 wlete 2 A&l 39 (Trial and error)& %
gkl 2(6)T 7ol 2719 FH (T = Y

% e e e Folv|2 AA g/
__Astl
K9="BF0 ®)
42 WY XA HE2Z NMoHES
2% 2, 1Y 3% 54 ARZ Jd9dse oLl
ol A& F ok

Vo= (vn— Gy e;- K)- A (7

Vo™= Vyep - B &)

Ge- (L,— 1) ©

&
1+GoH,

4NN AF LA e)E TEH 2ok
. _ A - Uyent = RLrb_B Ve ” RLra
Cer = R2+Gct'A'RL7b+ ‘K
2N RS ob@sh 2o vehRelAT

1 X
R2+G] ' RLH‘J' K- Gm‘

€,= Gct tEer=

°|tt. o714 B=

(10)

[A-Rys —B-R..l- [ ”feﬂ] (11)

v »af2,

0;17]}\-], RLm=2RL'l‘Rcms RLrb:2R1.+Rcrb

ok — — 1 o
al Vel = Upefp = Useps R(m _ Rcrb_ Rcr%‘. 737—0”

=

A5 23l el WP ASZ HRPSE 87 2o
I
(A=B) - vy (12)

er= Rcr-]- Gc.‘t. Gl ‘K

o714 Zzte] AWE WE A Bl ol¥4oz 7
o oat AF eF00 HH 28 dFY #F BullE
5] §18ME A, B7b wolol dile AR =gd
B.Ed A BE 032 B9 ARyl £go] o

AE golng EFFon Eoziche Ae Ala o
o TEEE 23 dfe) 35 WAE 7] AT

%imulin k

EJ]OME Zéﬂ}a i@]zt}.
OE 7 T AEHe Ve Ay
of glejale] o7 BEAIZMo =

W 4% QAE o 0.8msecol A A



dlo
e

o
s
Ik
a s
2
_T‘_‘.‘

A¥E A Be 4o]7] o
q2] AlgEleld 2=

s ol de

r
o, M
S
2oy
X

[+1]
[
Hu
M ¥
=
4

Hasr madula 1

:
H2|
Vi
out 2

O 6
Fig. 6

1-1[A]

o=l 7
Fig. 7

A

oD+
-0 5
104

-1

Regl module £

= e e €EH 2He| AlgdoM SBME
Simulation block diagram of two converters
parallel operation

]
"

10+
[

an-

-0 5 ~

-1 04

T T T T 3 T
a 000 0001 0goz naoi unos 2005

time[sec]

Mz ClE 7[ZFol|M HHE A, B2 HF 27t
Current error of converier A, B from simulation
in different reference voltage.

25
204
15 -
10

05

5= T T T T T
0000 0001 v oL 0003 004 00Uy

time[sac]|
25t71x(12] #Holg MEo| Mz o2 Aol Z{E
A, Be| MF 24
Current error of converler A, B from simulation
in different cable resistance to load

I-4[A]

o 0‘00 0 nll'H 0 n'uz 0 0|03 0 0‘04 o Uln‘a
I, 0,[A]
a2 9 MZ Cci2 0|58 Xl Hu{E A, B2 M7 2F
Fig. 9 Current error of converter A, B from simulation
in differenl feedback gain.

6. &g &3
B =g Aekst HE 71 dyel KB dF &
il 242 gelsl7] 93t 25We DC-DC ABE =

- Q8% Peak current methodel
o e 9F HiF By 52 u|ust

A, Az 483 Avjele] Ak Fl1z) 2k

F 1 PHE] MHA AR

Table 1 Design paramelers of converter
9 3LV 2824 ~32) [V]
Z9 #HVo) 5 V]
29 d57o) 5 [Al
B71el AU ) 07
293 FIr(Fsw) 40 (]
Hl27] °]5(Vm) U3
RIS E(L) 76 [uH]
ZIHAIE(C) 2660 (4]
715 A (Vref) 25 [V]
Hath AF B9 BAE #dsk7] faA delef 4
g 2ASHT HHE M2 o2 7EdY, FA
©



g AFALE ALRE olAE Hdoln BF Eujy 270¢] DC-DC A¥E HEex 189
Io— I+ 1, (A] E2 ME CfE 7|EFU0 e MF 2HEE Audn
aug 2 i (13) Table 2 Current unbalance ratio of experimental results
= nms i different reference voltage conditions
o], AF EHHE(Current Unhalance Ratio : CUR)
o yleql 7 i
= VeI 2] Aot e SCS method Peak Current Method
e
I,—1,, LAl | cUur®e | I0Al | CUR®™)
CURzM %100 (%) (14) L - L -
avg 1.76 341 1.84 40.22
- 3. £ 3. 20.
oJ Mg zdslel ARERASCUR) e Y N B - ol
SellA AE A(13), (1D <8N QokElm T 2, aqer | 965 1.24 587 14.14
3, 49} JERdr 754 0.80 783 11.37
A= e VITAR( YV, 2 ANE AL VE 940 | 043 975 954

A Voen) 2 25[V], 7B B 712 A V,.p) e
26 [VIZ 8ted veyt A= 2 % 23 79
10} 2o,

Fa7HA e M=z BE ]H
H &E ﬂx}a} v-;—o}- /\]-o] ]
st A 9] %

A

=d
=
a9 12¢ AW =
Aol Qoinel 3
78 AY G, =
stel 3T shie
oI "o 8]

o9 108 SCS H

SC5 Method

LA

B 3 i B G B 1 H H 3 5 3
A LU

2010
Fig. 10

MEZ CIE 7|F gAML
Load current sharing characteristics in different

vol tage reference condition

S5 HF 28 S4

s llo—
s #Hrj
A% 4%

e ol
Y I—‘_O_, ]-O{I

=

v

0]

s

S5 Muthod Pouk Current Method

Ikl

a8 1

Fig. 11

[N} [A] 1183

Aol 23

Sshrix| e Holg
ME 2o 54

xgo| M2 cfE

Load current sharing characteristics in different
cable resistance to load

Z 3 AME o2 #olg Mg oig M EHHE A"ET
Table 3 Current unbalance ratio of experimenial results
in different cable resistance to load

SCSH FH A
G 5
I;[A] | CUR(%) I;[A] CUR(%)
1.73 053 1.7 400
364 0.55 369 736
AlE sy 055 561 9.09
7‘_] _‘_501_ o X ) ol LU
7.25 041 7.50 937
895 078 9.35 10.37
g 12 SCOHAe PEstA edsH, A A
FHe Hst #AFIF A REoA ekrte] B o)
2AE B s AF 2HE olFxn v ZElu
E 49 CURgtezg &% <= ith



190 LW rBE ik o B 28E 20004 4N

Ll SC3 Muthod Peak Current Method

o]
1141

e et
i ]

3 . H
1, 1,1A1 1 1A

a8 12 T ZHE[] 3|EW o|S0] CE
2uj S
Fig. 12 Load current sharing characteristics n different

feedback gain of two converters

E 4 MRCEE
Table 4 Current unbalance ratio of experimental results in
differenl feedback gain of two converters

i p=rl o|_“_| %d_?_g| M= %nﬂodg AlslAnl

SCSH
CUR(%)

o
i

AL 5.65 0 5.64 106
7.55 0.14 7.52 0
941 021 9.37 0.53

2,
=

£

% 2n 2o
U A AFE 25
o

o
T
1]
W=
Fll: r11
=
pr
|
f o
N

2,
]
>y, T :
._.["_O,_‘_("

L

¢

off.

'O,
(9 pob
ki

o

T

X
o
3l ol
]
l
2

W, A
)
LA

=

=
=

Me o% 38 oE

o
a
fil
r
i
1
ot
o
1o,
B ol
0
AL D
o

i

2
o
2]
8
of

o
tg
)
[«
=
o
rN
:"ﬂ

=2
il e
23T
30 o o2 3@ Hu
|
]
w
)
:‘1[

oE o

Bl
oo
Lo
WA N -H T
]
i, o
e, T
.
i
||0
» Mo
2 o
ci N
2
2

w1

1_0J
%
_l
ol
2
Hu
He
I
€t
ofh — @
il
a
-
o &L

:
i o,
d

x0
P
=)

ot flo o
i m .

0E o &5
4 g @

I

I

GiL

I

!

=]

(o, N

v 2
bt
i
=
2 B
=
.
X
=
=2
2
= Ao
[N
ok

o
>
o e
4
(i o
4=
ol ¥
5
du ¢
ME g
o
ofil
ril
L
G

LB

ORI 2 AlHE

(T
8]
e
&

off
o o

e
ro
ek

Azele 249 AEE WY
3 CT7} gasigion, & e
2 ¢4 ks ¥ scs wa

17l CTHte.

EHstr] 3 27
k=
o] mhiE-gdo]n

AP By AFAN B9 A 2 5L B
218k7] A, 2709 AMEE A, AFsE T 7S
o] (el A PAFE) A Aok A vl A
B] uL8ke] )7 g-]a}/\] A 7478 e EAsA AE
s Zajo] s,

A3 A7 74'ﬂtl 2 E WY sk B9
A= 7)Ee] W o 2= 2789 CT7F Eoatgot A
obgh SCSHHalg o83 1709 CT wre® Fa
7 Ba7h % olvolde BT 4+ A9,

$F 47 FART SCSUAE =9 nfe) Ay
HE WE edalr] A% A % @ o Ay =
& 13N 1F AE T2 F2 AT AAR AR
=3

#oag s

[11 Ren-Hua, Teruhiko Kohama, Yuichi Kodera,
"Load-Current-Sharing Control for Parallel Operation
of DC-to-DC  Converters”, Power Electronics
Specialists Conference, pp.101-107, 1993,

[2] JRajagopalan, KXing, Y.Guo and F.C.Lee, "Modeling
and Dynamic Analysis of Paralleled DC/DC
Converters  with  Master-Slave  Cwrrent  Sharing
Control”, Applied Powcr Electronics Conference and
Exposition, Vol 2, pp.678-684, 1996.

[3] Mark Jordan "UC3307 load share IC sinplifies paralle)
power supply design”, Unitrode application note

[4] SSKim, HJKim, “A Study of Parallel Operation
Analysis of the DC DC Converter using Matlab”.
KIEE, Vol47No.9, pp.1432-1 440, 19989

Bl A Qe dF B2 A 94 Ay =99 § 2
2]« PWM zidjee] #3H &3” KIEE, Vol46 Nos9,
PP.1372-1378, 979

[6] Richard C. Dorf, Robert H. Bishop, Modem control
systems 7th edition, Addison Wesley Publishing
Company Inc. 1995

[7] Muhammad H. Rashid, "Power Electronics circuits,
devices, and applications”, Znd edition. Prentice hall
international (UK) Limited, 1993.

[8] Karl Johan Astrbém, Tore Hagglund, Automatic
Tuning of PID Controllers, Instrument Society of
America(ISA), 1988

(0] daF “~Anz g8 AZghel”, 4T, pp.l0l~
122, 1998.

[10] &2, +53,

pp.665~658, 1999, 7



w9 AR AET mhaE Sl AF Fald 2709 DC-DC 7)EE W

£4 191

Chn
[

B2 (A 44R)

9734 108 13¢M 19994 =uoy M7
BB BY(SPAD. 19094 ~#R| E by
&

IS ot At

—

AN (BB IR 7E)

19749 68 7M. 1099 BHddn) 2
H7IBea FASIAN, 2000A ~HA &
T Mol Z st ML,

A (gt 3)

1948 78 15U, 19738 MECHBo
YRS SAEAD, 19754 S cfSha
L(MAD, 1988 U= FZIUCH ohet

ZR(ERAR, A Bl 3o M7E
I.

1 ey ol



