A= ] A8 A" HAsE A7 2dE B A

S|

En*
-1

g

ol z]*

[eRg A

colE A

Ho
o

’
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ABSTRACT

Satellites industry has been developing with the commercial and military needs. Because power system of satellite is
very important to survival operation and hard to test, increasing reliability is very critical. Due to LEO small satellites
are very sensitive to power system, effective stabilization control is important. Therefore, this paper introduce methods
for general modeling of power converting system which it can be used design of controller and analysis of external
disturbance influences. In conclusion, a modeling of LEO small satellites power converting system and a possible guide

line to design reliable controller which optimizing power converters of LEO small satellite are generated.

design. Next, the paper will present a guide line to

design reliable controller which optimizing power

I. Introduction converters of LEO small satellite.

The stabilization control of satellite power system

is a major topic among research organizations II. Modeling of LEO small satellite converter

because it is very important to survival operation
and hard
demands for the development of compact power
with higher

have

to test characteristics. In particular,

supplies power density and higher
This

introduces general modeling of converter system that

efficiency been increased. paper
can be applied to satellites to enhance stability and
be

focused on a modeling technique and stabilization

capability. Therefore the main discussion will

Because of Load demand, several stage concepts
are required for power distribution. Figure.l shows
the diagram of LEO small satellite electrical power
system. Once solar

distribution array generate

power, first stage converter changes voltage and
current for proper load condition. If first stage can't
all load

conversions are required.

match condition, second stage power
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1. The equivalent circuit and State equation of
converter

Figure.2 shows the general converter model of
LEO small
modeled by topology and disturbance and Bus

satellite power system. VAB can be

specification. Other parameters present filter and
parasite component. [1]

In order to analysis steady state and small signal,
The EDF (Extended Describing Function) method is
used for modeling of converter. A fundamental
approach of EDF

equation. The state equation of equivalent circuit is

is useful for solve all state

given by Equation (a) to Equation (h).

di " (a)
a —E = VAB - I/cdl
dt
- b
di o (b)
»—— = Ve
dt
di (©)
L,—=V -V, ~V.,—R, i,
m dt cdl cm cd?2
av., . ) ) (d
cle_ Lp_lm_lLr
dVv. (e)
Cm < = im
dt
dv ()
C,,—«2—j _son(V. ,)-i
cd?2 dt m g ( cd2) Lo
di r PR (g
L, d;o =|Voa| (1= ORL L)'Vm =(r, PR)- (i, +i,)
(h)
Co Ve, =L PR, (G, = L +ip)
dt r, "
Additionally, the non-liner terms of above
equations are three which is VAB, sgn(Vcd2),

|VCd2|. VAB

switching frequency component. And,

can be modeled by fundamental
other terms
symbolize effect of output rectified current which
Next,

fundamental

controlled by diode. the equations can be

approximated by frequency  The
envelope terms have slow response than switching

frequency. Therefore, differential Equation (i), (j) can
i(t) = i(t)sin(ow -t)+i(t) cos(w -t) @
v(t) = v()sin(w t)+v(¢) cos(w 1) )
be denoted by Equation (k), (1)

% (d—l—w ~i()-sin(w\ -t)+(%+w\ ~i‘)-cos(w\ -t) @

dt

dv dv, . dv. o)
dv (7_@.VLJ.SIH(@.t)+(7+w,v\j.cos(m,t)
dt dt
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Figure 1. Diagram of LEO small satellite power

distribution system
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Figure 2. Equivalent circuit model of satellite converter

2. The Extended Describing Function approximation
and modeling

The non-linear terms are approximated by blow
equation by using Figure. 3. As shown figure 3, an
asymmetry PWM topology is used for analyze.

A fl function can solve by Fourier series. Since
time constant is very slow, ILO also approximate DC
because of sgn(Ved2)ILO
has same phase with Vcd2,

component. Accordingly,
f2,3,4 functions are
justified by  Equation (q),(r),(s). By substitute this
equation, state differential equation divide by two.
Thus

satellite converter.

terms are general equation of LEO small

Vi = fi(dov,)-sin(@ 1) (m)
Sgn(VCdz) i, 2, (VCdZs’vchC’iLo) ) Sin(ws 't) + -
5 (VCdZS’vchf’iLo) : cos(a)s 't) "
|VCdz| = f (VCdZS’deZC) (o)
. ()
ﬁ = m'Sll’l(ﬂ"D)'Vg
_ 4 Veaoe . @
fo= T,
VVeas T Veae
4 Vo . (r)
no= 2 2&12( — i,
T \Vers +Vea
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(a)VAB Approximation wave form
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(b) sgm(Ved2)ILo Approximation wave form

abs(v.,,) Approximation
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(c) abs(Vcd2) Approximation wave form

Figure 3. Approximation waveform for EDF modeling

3. Steady state solution and small signal modeling

In order to get steady state solution, differential
components set to zero and solve the problem. The
small signal model can be achieved by perturbation
and linearization. To make two port models, value
setting is needed. (See figure.4. input value: input
voltage and output current. control value: duty and
frequency. Output value: output voltage and input

current or phase difference) [2], [3].

X= Ax + Bu
A y=Cx+ Du

d 7

Figure 4. Two port small signal modeling

For example, if the difference between Vcdl and
ILm is needed, EDF modeling equation can be used.
Figure 5 shows phase difference Vcdl and ILm. This
difference is given by Eq (t).

®

. (L - 003(227[))
0 = —tan”' e _tan™! 1-D 1-D T
Iy ( D (sin227r))
1-D T
= eﬁm + 00

This output value also small signal modeled by
perturbation and linearization. In this paper, output
voltage and phase will be stabilized by changing duty

and switching frequency. [4]
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Figure 5. Phase difference wave form

II. Stabilization Control

In order to check stability in steady state
condition, interaction of parameter is derived by
general model. As shown in Figure 7, it checked that
the selection parameter has no interference with
others.

Next, the phase and voltage control of converter
small signal concept is produced in Figure 6 as an
example. By changing the duty and frequency out
will be ratified. [5] Figure 6 shows the two port
design block modeling of output voltage and phase
control.

To compensator design, the inference analyzing of
control loop between frequency and duty is derived
in figure 7. As sown figure, the bandwidth of
compensator is dominant for stabilization. Therefore,
this paper designed that use 3-times higher control
bandwidth as a duty loop then frequency loop. Final
closed loop design result is shown in Figure 8] it
has sufficient gain and phase margin with bandwidth
difference between voltage and phase controller.

Figure.9 shows the disturbance response at worst
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steady state condition. it presents that the effect of

disturbance is not amplified all frequency range.

Figure 6. Small signal
output voltage control
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Figure 7. Bandwidth impact computation between duty and
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Figure 9. Disturbance performance at worst condition

IV. Conclusion

This paper introduced EDF general modeling of
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LEO small satellite converter system and analyzed
The

prediction of LEO small satellites power system is

stabilization  control  design. performance

typically critical. Because of verity controller and
rectification value, it is hard to computation and test
implementation. So, this approach has merit that will
reduce cost and make reliable

more system.

Furthermore, it can be constraint of converter

specification and controller design.
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