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Wireless Parallel Operation of High Voltage DC Power Supply
using Steady—state Estimation

BE &R A RS RS R B
(J. W. Baek - D. W. Yoo-H. S. Son - J. M. Kim)

Abstract - This paper presents an improved droop method which minimizes the voltage droop of a parallel-connected
power supply. Conventionally, the droop method has been used to achieve a simple structure and no-interconnections
among power sources. However, it has a trade-off between output voltage regulation and load sharing accuracy. In this
paper, the droop is minimized with a current and droop gain control using steady-stage estimation. The proposed
method can achieve both good voltage regulation and good load sharing. A design example of two 10kV, 100mA parallel
modules is made and tested to verify the proposed current-sharing method.
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Fig. 1 Load regulation characteristic of the droop method

29 19 ReE S4FH A1 ogsd F mE9
2% Age et 2ol Yerd £ Atk

Va = Vinitl -G Iol 2

256

Vo= Viia— G+ 15 3)

A2 AR 8 24AF reex 4l oo
Zo] vehd & gt

— AVim't
al, = —¢ @

A7 N, 4V e Zt RE9 271474 293¢ 248
et

22 MoHE HAUPT Wi
221 it #H

=EAME 71E AE4 e ddE 2§ 4
29479 FR ZF flo] VIEAFE HAs A F3
€ AR Z REL SHHoE AojH=
AF FAE H4F 5+ v, 7 o] 2R3
TARE AT F Jenz FHAYY B 54 AE
&2 31 FIEFE ol F U

Y 200 ReEgel mE AR F=LHE Y
Wdth 26T FaEFel olFo)x FHE FA LTI
Bdn REEE olFt FHE FERAHE FRUIGYE 1
200N BGdeist s=delel SHAF Wt} Ao
7b e AE & F U Adses AoriEdAAN WE o
g REN AFAR TP glenz FHPRFY WG
F¢ T3 AAgEs A=A E BESFAT. 2F 294
T2¢ T4 T8 FeEde oFe F=AHon, T3%
T5= T ol ojFoia F4dd Tl 97]
A T1FZF 94 Bddez TEdo

——

Io

g 2 MAAER Ttz Mo 2T &M
Fig. 2 Load sharing characteristics of steady and transient
states



a2y 204 AA 2JAF L 7 259 AR 3
ojm g

Io = Ial + 102 (5)

A714, Lgkel 9Rsitd, lno asw dle 9
Azt dlpe} gojol ek =, W dFdW 2EH Rs
Bgg o2t AEdd T27RAA [a9 2ddF W
F Ax Ipo) wszs B oo, C D 94 2& A7E
AAA g0 BeEsos 2AWFIE FVshE T4 T4l
ME WY 4249 EES 2L 379 UF WEF EE 7}
A deh. _

AP AR TS 1Y 29 Fot 2o 4A@
Fg fASA Aok AE), AF ASF2 FA 9P I
g 2Eo Rraec A44HE BEE F YA B

293% ¥ty dl,= NEO)E 54 3% ¢ F At

AIerr = Iaum - Ion 6)

ANA, Lpme ndA 259 AAF F@AFo|d,
I, ndd 259 &rAdFott. 4= Z3is
AR oz FAFEE YA A} B 2HAF W
o] Ay WS YA ¥edd 2 5L I 4H=
AstA @ =3, FA3F PadF £ 38 289 F
2 oA ARAE 2FAF A3 J17 AHA B
g 23 & Aoin, o]AL 58 2 RELS A=AHE A
A B

W ox u
Lo g

oo

222 7| E8F 43

SEAF PHYNS 4 BE] PUsts ARAYNE B
g3l 712WRE AHAT AXHE PAANE EE A
ool umPMo| glomz RAETS o|FE H=Aus}

Fo) ofoF FFdH #ES FI 7IEA

Y 32 AL Aojie BIAEE Yehdrh EYE
N 2 & g5l 7 A7l £PHez FAHY vE
2ol ARTBMES AL gt 9T HHAFY
A L3 &4 2945 L& 58 dgagz 41,
E A2 o] o] WEgBL Wzt FAdEs A=A
gE AR

AgshtAel o FE§ FaEFo] o] T FAA
BAe EAFE & REo] ERdore 71ERFY A
719 2ok webd, FHAF @S S8 Z4LEH @
dEw 1 W FAAFE NE2AF Loz 2Y8 5%
AF 2w go] JEHAFEA RGEFL o] Fr}
Aerats walel 24 A7) o] vehd & 3t

Trans. KIEE. Vol. 538, No. 4, APR, 2004

Vo= Vref_ Gon+k.(Ire/_Io) (7)

G = { G min , Steady state.

G nax , Transient state.
p = { k , Steady state.

0 , Transient state.

0‘17]/\:‘, Gmin% 3‘—4\— 6%7&8}01%% Gmax“’_\: é]t“ @.
PSS nlatn, ke AFFHA AFLH ol Folnh
AN & F ARel, F=AH AdE b Fe] 00]nE
Z2YAFT AGASTA o3 Aojddh. RFSE &
51 Lol 43EW, 4 2850 Egslolss NEAF
o o& Aojst ojFoixch olw FIlol5E Higo=
Z2AA EJARS RAEH, TFF RIAETS J1ER
#ol o8 #7190 29 45 AXE P Ao 15E
o},

:’ ]

g Module #1 E

: i

] )

] ]

: ]

= 1

] 13

i ] L

i ' 0

i ! A

. ! D

1 1 N

1 []

! bl L

! Pl

| i

! \

: '

] :

LI i

:r E(‘mmm

g Module #2 o
1

' '

a3 3 MotE Moo ¥y
Fig. 3 Block diagram of the proposed control method.
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Fig. 4 Flowchart of the proposed control method
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Fig. 9 Steady state with the proposed method
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