SEMMTIMAATS| =2 X| H7E N2E (K7—2—14)

EDF ReRg ol AW o & zie 44

Low-earth orbiting satellite multi-output converter design and
verification by using EDF modeling
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ABSTRACT -

Satellite power system is critical for mission design and survival operation. Accordingly power conversion circuit has to
stable design and verify for operation condition change (load, voltage, thermal condition). however, multi-stage make
complicate for modeling and get all state solution. In this paper present all state solution for multi-stage converter by using
Extended Describing Function(EDF) modelling. EDF modelling has merit to solve complex circuit but it has limit too.
Because of fundamental approximation, EDF modeling is not match all topology. Consequently, we verify passible topology

for EDF modeling and stable design multi-stage converter.
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X 1, Extended describing function

Function name

fundamental approximation

symmetry switching
voltage or current

4 . T
5 = ;-Vg ~sm(5'd)sﬁ1{f“’s 1)

asymmetry switching
voltage or current

fi = -sin(7-D)-v,

7-(1-D)

+sin (e, - 1)

out-put capacitor
voltage sign

5 (VCdQS’VchC’iLo) . cos(a)s -t)

12 (“"Cdzs"’cdzc,%) - sin (&’s . f)"‘
where,
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out-put capacitor
voltage absolute value

|VCd2| = f (V(JdZs’deZc )

where,

2 2 2
— Ve TVeae
T

2. simulation modeling comparison

EDF modellinge fundamental
Agshrel ool alolE Y & 9tk &

o T

O

g gdart gt
modelling 23= vl

A BEEZZAE o] 8% 4
% gtk webA EDF modelling 235
ol doll Algdo] Ae} vluste] Bl %
H Fo e AE3E EZEZ X0 w2

I e o8I, A
al, Mo 29
ARl A 23 Aol 53

T kst A

Aolg el

ato] ARgol 7hs ek Aol el

obtt. 17 4 B TF 3l AAY Aele] 37

2917

77

Fik % A9 simulation ¥ EDF model3}2] =}



=2X| H7H mM2s

==

o

Aol

oI 2] £ 5irk g1 Hal B = Aske] 2914

S oldle] A Fohl A AL AT Tl &
whelol 19 5 Wtd T Aol modelling 3
@ 5 ek gl A Bl & 5 o] Wik %Y 7

704 % fundamental ALE-3H=

_1

o)
PR

2]
%)
EDF  model ¥}
o 4 sle e 24
= %ol ng 5y
g

—rfﬂr—r%

EDF model-o— *}%0}01 =8 3}
T5 Al 2 29 Foaee F

2~

sfolof §2 A9 & 4

Ak

20
i}
o
Z
» 20 I
:'é EDF m?del
= o :
& 40
=
@ 0 : o
g i R
=~ Simulation model
2 _50 5 L
ki P PP S
o 100 EDF mtzdel
-150
-200

1o 1o0* 1ot 100 100

Frequency (rad/sec)

12! 4. open loop gain simulation vs. EDF (symmetry)
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12! 5, open loop gain simulation vs. EDF (asymmetry)
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12l 6. current mode control diagram
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2l 7. first stage closed loop control bode plot
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12! 10, second stage load variation to out—put voltage
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