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An Analysis of Battery Charger - Dischrger using Parallel Connected
Bi-directional Converter

Jae-dong Choi, Jae-whang Ahn’, Se-jin Seong”
Korea Aerospace Research Institute, Chungnam National University”

_ ABSTRACT

The battery charger of spacecraft has two different
modes of operation respectively. One is the bus
voltage regulation mode and the other is the charge
current regulation mode. And also the battery
discharger provide the power during eclipse mode of
spacecraft.

In this study, a test model of the battery charger
and discharger using bi-directional converter are
designed and analyzed. These Battery Charger and
Discharger is introduced the modular converter method
that can be added the converter modules according to
the load variation.
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Controi Circuits +

Vret

EZ2A2 AYEod 4 ot}

AW el A FH7]9 29fxef Waz]e] 29
A2 wdg2A FA7](Buck) 29 A 7} enables
WA 7] (Boost) 2~ 9 X &= disablegth. whek 24
29 X7t enable=|W JHE = HFuRa} 2k
HAYol AEEFEEolth welA FH7] &
A7t vEelg £HH1FE AT F+ A Dok
ek ZA7] A4 A7) disable® 2 WARE A9
27} enable®EW IHE T wiEg A o)
12AA 18A°lstd wf BPCHFUHE dfs)
B4 522 9o oldd wiEy % - wA
71E gAE Aoy e e gAPFHRZEEH B
WAE F-8d 29x B o8 FAu7r 2
FEt E3 Avee FdA 9-AWEIL Ho
WS vig e detom thEAlA FHEA H
o, AN EreE-ZAYHZ F3=9 e A
dE Mg B A7 B¢ A8e 3FEA @

=

2 Nodorfr

[«

i

21 dig2l & - wHNT| V22 ey

g e Fd7]e sadEe 19 29 ¥ 7y
Hel 2o 293z Sio] 23 19 AREG =%
Om% oW, WA PHAYG Vies Falgoo] vebd
o aga A9 S0 e AEd AE(0fHE
o Ratgre] LS o] =

211 BMBE o4
2 204 A9 Lot weeel AsAe A4
B COb o) Hom v =29 Fugels oY

[nORLE

A= YA Wohol AuiA Ak iy A

Lels 988 W57 523 AQAE co 3

A% ANY WF il ANAE A% nol BB
Ygol TFWT wEHY 7] REZ ojguH:
¥ 2

1

A

D

(@29A REFH0KKSL,) (DZAA AFGPN(4,<t
2l 2 HiEe| &X7) ALk 2E
Fig. 2 Switch Mode of Battery Charger
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Fig. 3 Switch Mode of Battery Discharger

22 Y AHEH vlgle| & - HH™T[ MY

a2Y4E T AY AME ¥EAA A Aol 98
gaolth JUH VFE LT 23] H-29
A e yrE-29gAs 25WE 2282 A
B 2dA¢e 227 s ARH U o

Y8 H4&® BWHY Aogzme ZZriolo]

Ki God1(S)
Bus - —ﬂ
Sense +
Filter G(S) Qs)
Gain=

K2 | God2(S)

0% 4 Hige| & - €N HojRxe| g8ciojolay
Fig.4 Block Diagram of Battery Charger/Discharger
under Control

7] A
K = #AHE i9] PWMol 5

Godi = AWH AF il VL d4
GS) = sz Aggs
Q) = FAAd2 34

. iLx(S)__
S
(28C+F}—)(SL+7’Q)
L : Vba'f
(sL+r,l)+((23C+7}L—)(5L+7,2)+1)+(SL+rQ)
)
(9
G =" =
<Zsc+RL)(sL+r,,)
L : Vbal
(SL+r2)+((25C+7%:)(5L+rﬂ)+l)+(sL+ra)
(8)
3. 2 HAF =
WE g & - wAdr]e] Aoqs Y8 JAARE S
g BASZE2 gesit AAE #7019 YdH
Zeo] BF 44 Adolmz FHARI Aol
Al Fod FHIE EAdAHMA V] A$oE B AR

—_—

H Age B sz @ ey F9Es
B43EE Fi w448 93dge o5e
o

2l o}
1Y 59 72 HALA 2 BPCHA3Zott 129 6
[e) 7

& vaxgtozRe 22Y 44D Belg2g Tl 2
4 Foe $UEYE BelFm vk 29 88 BRC

2ol Agelfsh o5 nel Faglrh

BUS Error Filter
23

'SZ2 R24

- Bus_Error
Bus sense R21 >————O
O— +
R25
+10V, C43
i—? R26

1% 5 BA X EAag2
Fig. 5 Compensated Circuit of Bus Error

WaRgoR e dEY HioAnRe duy

A
T A 99 g2d.
G, = Ly 1 + Cp-Ry-S (9)
"Ry 1+ Cyp-(RB+RA)-S
40,
;
30}
g |
£ 20
[
< 1
10
10° 10’ 107 10" 10" 10° 10
Frequency [rad/sec]
L1000, - e R
w20 Lo
g
;-14%
2
“»160! ‘
_1eoi . ria Crteed 4 iaaum i »,:; PR
10° 10' 10’ 10’ 10' 10° 10’

Frequency [rad/sec]
O 6 HA QX HASZ
Fig. 6 Compensated Circuit of Bus Error

BPC Compensation

(C44
Bus_Error R42 C41 R43
.__\MA,_—_

m - BPC Signal ctrl
R41 5
+
R45
-10V, C43
I R46

J8 7 wiEE - UH7 2432
Fig. 7 Compensated Circuit for battery charger
discharger

SN

WElZ] £ 3U7E A8 Bavle AgdeE 4

- 775 -



(1008 Ztoh
—R43 1 -+ C“' (R41+R42)S

o= Ry 1 + Cy Ry S (10)
[ ¢ ST IFE T DPSRR I U § N1 YT S O FTE SR P VY YRR Y SR P
10° 10’ 10 10 10’ 10° 10°
Frequency [rad/sec)
300
250
g 200
ﬁ 150
1000 - e e Ve e e FOUTTI
10° 10’ 10° 10° 10* 10 10"
Frequency [radfsec)
28 8 HiE2| & - WEHI| 243 R
Fig. 8 Compensated Circuit for battery charger
discharger
4. Md A1
9 9% M B4719 ARAH AYeRA F 2
Ao &2 gie ueiFn dd oldd L9l
F34& 100KHzo1H, 68Vel W2 &g 2 AH &
=

(Duty Ratio) 0475 #=% zﬂoﬁggg ¥ 32Vel wiE
FAAES 24 Ik 28 102 viE -%iﬂwl A4 -
27 Ao A gl Aglo] a8V Wl ZEAYe] 32V
7t @k o] Ao A& 0470 oF AHEA FHA
U o] FEHE ZHFgoZA WA 7hetEE dAs
oAt ¥ 11 wiEHE F - A7 A7zt Eel
Wrl2A $aA4E WE e Ygdsielth 1Y 1
el BAA wiE e o - &8 A% HATI
22

b Fl(’ 05 Rt rN

5 & &

2 AFodME FLFHHEE o] &5 wiE g
‘%‘%iﬂﬂ At ol ht. Atd WE ¢

BHel ddzinE ARgA F - gd
ARzt EMEden, ¥

AREAL ZE el Aol AR Rl g deds
7} BAEAJT E3 HAA ZEIZ

5 -7 BAsRe 954

Lo

2 o 2 ¢
[1] G.W.Fleck, "Solar Array Switching Unit Stability
Analysis”, Inter-Society  Energy  Conversion
Engineering Conference, pp. 576 ~581, 1984.

a8 9 digel d7(2 A9yTHY
Fig. 9 Switching waveform of BCR

gl T .
28 10 g2 BMA YEHTY
Fig. 10 Input * output waveform of BCR

EaEsassacaes
B e e e s i s s e
B, 'y L 1 e T ]
galtiees
— I o
Vv ‘.[wj: N I N
O% 11 siE2] BEY{el AR oY

Fig. 11 Switching waveform of discharger

‘ Il | 3
T s v nc;\__i_u_—[ E,_L_L,_L_L
02 12 ezl SHA| YESAY

Fig.' 12 Input - output waveform of discharger

[2] JAMES J. LOCASCIO and WILLIAM CHO, "A
New PWM Controller IC for Battery Powered
System”, HPFC proc. pp81-93, 1993

[3] P.Perol, E. Navarro Anton, "A Novel High
Efficiency Low Mass Battery Discharge Regulator
for Minisatellite ”, European Space Power Conf.
Vol. 1, pp 33-39, 1995

[4) N.Mohan, T.M.Undeland and W.P.Robbins, Power
Electronics: Coverters, Applications and Design,
John Wiley & Sons, Inc., 1989.

[5] J. D. Choi, et al, "Design and Analysis of a
Battery Charge/Discharge Regulator of Satellite”,
The international  Conference on  Electrical
Engineering, Vol. 2, 1998, pp.935-938

- 776 -



