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( Design and Verification of the Modularized Solar Array Regulator
using Average-current Mode Control)
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Abstract

Recently, as the power capability of satellites increase, we need to develop a new SAR(Solar Array
Regulator) with much higher power capacity whenever we design a power system of a new satellite. In this
case, modular design method could be a good solution for this kind of problem. But when we use a modular
method in the design of the parallelled converter, it is very important to share current equally between each
module connected in parallel. In this paper, we study how to design the optimum current control-loop and
voltage control-loop when we apply average current-mode control method to the parallel module SAR. With
the design results, we make a prototype of the 3-module paralleling SAR and verify its performances.
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Table 1. Specification of the solar array regulator
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&9 ASHV] 22 T 4V
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2903 Fy<r[kHz] 100kHz
g BFHw] 500W/module
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Fig. 1. Circuit block diagram of the PWM signal
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Fig. 2. Clear, Reset, Clock and Duty signal at PWM
Duty Value=0.85
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Fig. 3. Current-loop of the average—current mode
control
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Fig. 4. Bode plot of the current-loop

A Aol FE) 4A 25 R PYE AR AT
o BYsiT 5, e We WUAl] FZo U=
2 HRA HE] dYeld Bz F1evInnt e
1gr1E e o2 NsS Roley, Mt w4
719} olS3} 9, FHe thee) 2ol Aol

- A B AF FZe) Bdels Fukko]

e Zent

“
nE=

-438 -



- A sz 2y A £52 IH
X FupilA @ ) S3HE 2T, &YYE A
#AE] ESRY 93-& etk

a9 5 AY, AR BAVIE IFY HT ARER=

AopgAe] HddE vehis, 18 62 YT &
4& vehliie AYRAA7E T HAFZo Bode
A=EE Uehdd. dAle 2471 ¥5E %S o
3 it

- AF BA7) o5 GCA = 042
- Rii = 10kohm, Rfi = 42kohm, Cfi = 1.2InF
- 29 o)5 F(CA) : 158Khz

O3 5 HAF HERCMe MY X
Fig. 5. Voltage-loop of .the average—current mode

control
BN
Gain Overall Gain

Power
Circuit mw

N N
~

ks 2ESR

DY 6. MY FXEO| Bode M
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Fig. 7. PWM signal, external ramp signal, error

signal (@ Vin=90V)

Tae | b AlAalas 2l A A "k
ALY 74\VA VA4

O 8. PWM 41E, 4 d8x MS oig] M3
(@ Vn=40V)

Fig. 8. PWM signal, external ramp signal, error
signal (@ Vin=40V)
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Fig. 9. Prototype of the 3-module parallel SAR
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Fig. 10. Inductor current of each module at
Vo=40V (@Vo=28V, 16=30A)
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Fig. 11. Inductor current of each module at

Vo=60V (@Vo=28V. 10=30A)
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Fig. 12. Inductor current of each module at
Vo=90V (@Vp=28V. 16=30A)
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Fig. 13. Inductor current of each module at
10=30A (@Vin=60V, Vo=28V)
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Fig. 14. Inductor current of each module at
10=40A (@Vin=60V, Vo=28V)
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Fig. 15. Inductor current of each module at
10=50A (@Vin=60V. Vo=28V)
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Fig. 14. Simulation Results of Single Module
Failure Response: Module-3 failed at
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Fig. 15. Experimental Results of Single Module

Failure Response: Module-3 failed at
each Module Carryving 10A
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