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Abstract- In this study, obtaining the PI control
coefficients of a power converter using the heuristic
optimization method was investigated. A new converter
has been designed to increase the lifetime of the energy
storage unit of a satellite power subsystem. It is also
possible to increase the active duty life of the satellite by
using the aforementioned converter according to the
increased battery life.
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1. INTRODUCTION

The demand for energy storage units to provide
uninterrupted energy to users is encouraging power
electronics researchers [1]. Batteries are the most preferred
unit for energy storage in satellites due to their high energy
density. Supercapacitors have less energy density but
higher power density than batteries, so they can be
integrated with batteries for instantaneous power needs
such as SAR load activation on satellites [2]. Satellites
with payload types that draw high instantaneous currents
have a shorter battery life. In a power subsystem
architecture that uses a supercapacitor for instantaneous
power requirements and batteries for average power
requirements, this problem will be eliminated and the
satellite mission life will increase according to the battery
life [3].

For satellite applications, a Weinberg converter is used
to increase the input voltage, and a Buck converter is used
to reduce the input voltage. The battery voltage may be
more or less than the supercapacitor voltage according to
the satellite operating mode. Therefore, the proposed
power converter between the battery and the
supercapacitor should be capable of increasing and
decreasing the input voltage. This is accomplished by the
proposed converter, which combines the Weinberg and
Buck converters in a single topology [4] and its topology
is shown in Figure 1.
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Figure 1. Block diagram of the mentioned power converter

Waveforms of the mentioned converter are analyzed
for Buck and Weinberg mode operations. Pl control is used
for voltage mode control [5-7] and coefficients of PI
control are obtained using differential evolution algorithm
[8-11].

The operating modes of the power converter are
described in section 2. In section 3, the differential
evolution algorithm is presented, and the responses of the
control coefficients obtained using the differential
evolution algorithm of the mentioned power converter are
analyzed in section 4. The characteristics of the research
and future work are discussed in section 5.

2. OPERATION MODES OF MENTIONED POWER
CONVERTER

The new power converter that combines Weinberg and
Buck converters into a single topology is investigated in
the scope of this study. The proposed converter can be
operated without any instability problems by increasing
and also decreasing the input voltage. As a difference from
classical Weinberg converter, it is added a switch, named
as S;, between the input source and the inductor L;; in
the proposed power converter. When the required
supercapacitor voltage is greater than the battery voltage,
switch S; is at ON state continuously and the converter

operates as classical Weinberg converter, so the battery
voltage increases to the target voltage. In this operation
mode, when S; (or S,) is at conduction, ity passes to

ground by flowing through the coil T; (orT,) of the
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transformer and S; (or S,). The current which is at the
same value will pass through T, coil (ig, =i, ), because
T, and T, have the same number of turns. Since S, (orS;)
is at cut off mode, i, passes through D, to the load. The

transformer’s middle point voltage (Vcr ) is at the same

value as the half of the load voltage as in Equation (1) [4].
This operation mode is shown in Figure 2.
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Figure 2. The current paths when S; is at ON state
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When §; is at conduction mode, the input current iy is
equal to the sum of the currents of S;and D, and this is
also valid for the case when S, is at conduction mode. The
output current is at the half value of input current i, as
mentioned in Equation (4) [4].
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The input current flows through D; when S;and S,

are at cut off mode, thus input and output currents have the
same value. The valid inductance value is equal to four
times of the inductance of L, or L, due to the fact that they

have the same turn number (N =N ;=N,,) [4]. This
operation mode is shown in Figure 3.
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Figure 3. The state when S; and S, are OFF that mentioned power
converter operates on Weinberg mode

Equations (12) and (13) can be interpreted according to
the derived equations [4].

Vin =Ver =Ver —Vour (12)
Vi +V
[VCT ]OFF = ”\‘TOUT (13)

At steady state operation the increase and decrease in
current are equal according to Equation (14) [4].

2Vin —Vour 4 (1_ Dl)(VIN _VOUT) -0 (14)
4L, D, 44

Equation (15) can be derived from Equation (14) [4].

Vour =(1+Dy)Viy (15)

When the required supercapacitor voltage is smaller
than the battery voltage, then the mentioned converter will
be operated on buck mode. In this operation mode, S; and

S, should be at cut off mode constantly and freewheeling
current of the circuit when Ssis at cut off mode circulate
through the body diodes of S;, S, and L;, . This operation
mode is shown in Figure 4.
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Figure 4. The Buck mode operation when S is at off state

I

When S, is at conduction mode, the current will pass
through Ly;, Ty, Ty, D; and D, . This operation mode
is shown in Figure 5.
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Figure 5. The Buck mode operation when S; is at on state

There will be no saturation problem in the transformer
because of turning the windings of T,; and T,, around the

same core. The novel power converter will be operated as
classical Buck converter for that operation mode.
Considering the voltage on the input inductor asV, , the

source voltage as V,y, the load voltage asVyyr, the
voltage on the transformer coils asVy , the duty cycle of
S;as D, and the period asT , the following equations are

derived.
Vv +V +V; +Vgur =0 (KVL equation with the left-

half of the transformer) (16)

Vv +V =V; +Vour =0(KVL equation with the right-

half of the transformer) a7

Vi =Vin =Vour (18)
When S;is at cut off mode, Equation (19) can be

written [4].

Vi ="Vour (19)

Equation (20) and Equation (21) are derived for steady
state condition [4].

(Vin =Vout ) DT +(~Vour )(T -D,T) =0 (20)
Vour =DVin (21)

It can be interpreted that the voltage at the output of
the converter is (1+D;)V,y when the required

supercapacitor voltage is greater than the battery voltage
and is D,V y when the required supercapacitor voltage is

smaller than the battery voltage.

The novel power converter can be used for increasing
and also decreasing the input voltage by these operation
modes. Parasitic effects are ignored here to derive steady-
state equations [4].

3. DIFFERENTIAL EVOLUTION ALGORITHM

Differential evolution is a heuristic algorithm
presented by Rainer Storn and Kenneth Price in 1995. The
basis of this algorithm is evolution. Differential evolution
looks alike genetic algorithm according to working
principles. The coding of the algorithm is simple and the
algorithm can ensure solutions with high performance in a
short time. The pseudocode of DE is given below [8-11].
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Population creation-randomly
Initial population calculation
DO
FOR every chromosome in population
Mutant vector obtaining
Trial vector obtaining by using crossover value
Trial vector calculation
IF calculation of trial vector is worse than
calculation of initial vector
Assigning initial vector values to target vector
values
ELSE Assigning trial vector values to target
vector values
END
WHILE maximum iteration or minimum error state is
not obtained
END

The values of population dimension, population size,
iteration number, limits, crossover ratio (CR), and scaling
factor (F), that can be had by chromosomes are presented
at the beginning of the differential evolution code.
Crossover ratio and F are between [0,1] values. For the
novel power converter that controlled by using PI control,
Voltage_Kp, and Voltage_Ki values should be

calculated, so the dimension of population is 2. By doing
some trials, it is determined that the best results are
observed by presenting population size as 20, iteration
number as 25, maximum limit of Voltage Kp as 1,

maximum limit of Voltage _Ki as 1000 for Weinberg
operation, maximum limit of Voltage Kp as 100,
maximum limit of Voltage Ki as 100000 for Buck

operation, minimum limits of chromosomes as 0, CR as
0.9, and F as 0.1. Initial vectors can be created by random
method at the beginning of the code. The calculation of the
initial vectors is realized after the creation of population.

Three vectors are selected in mutation stage by random
method. The difference of two vectors is calculated, this
value is multiplied by F, and added to third vector. The
formed vector called mutant is obtained by using that
procedure. Trial vector is created by using initial vector
and mutant vector in crossover stage. If vector values
exceed the borders of the limits after calculations, limit
values assign to these values. A random number between
[0, 1] values is taken and compared with CR value. If
random number is smaller than or equal to CR value, trial
vector value is produced by using mutant vector.
Otherwise, it is produced by using initial vector. Trial
vector values are examined. If they ensure high
performance than initial vector, they are assigned to target
vector.

The algorithm is concluded when maximum iteration
number or minimum error criterion is reached. Otherwise,
the mutation step is reiterated [8-11]. The algorithm is run
twice because of having two operation modes as Weinberg
mode and Buck mode of the novel converter, so the control
coefficients are obtained for two different operation modes
separately.
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Cost function is formed simply on the basis of s L
minimizing the error value between output voltage and
reference value. The results are investigated during N\/\/\N\N\N\M/\/\f\/\/\/\AM/\/\/\/\f\AN\f\AM/\AMAN
iterations and the best results are obtained by using ”
MATLAB software. )

4. P1 CONTROL RESULTS
The results of simulations that performed by using
PSim software are presented in this section. The ) L — - — — -

parameters used for simulations are presented in Table 1.
Figure 6. Input and output voltages for Viy = 80 V (Weinberg mode)

Table 1. Hardware parameters of the prototype

VDS_WEINBERG

Parameter Value 0 [y
Vin 80-120 V 0 W LU o “\f—‘—u-‘—\j"
Vour 1005 V : :
POUT 500 W VDS_WEINBERG2 i
Transformer L1p= Lypp= 200 pH mj \_\d-\_\ e e T
Inductor L|_11= L|_12= 2mH -” | U U U U
Output Capacitor 200 pF —

Voltage mode control is used because of any ; :
requirements for current sharing between different ww e wew wwe wm e ows e
modules and PI control is preferred because of providing
zero steady-state error under line and load changes [5-7].
Pl control coefficients obtained by using differential
evolution algorithm for different operation modes of the
novel power converter are presented in Table 2. |

Figure 7. Drain-source voltages of the switches for V\y =80 V
(Weinberg mode)

e

Table 2. Obtained control coefficients by using differential evolution LWEINBERO2
algorithm 5 N ﬂ /’\ ; /'\ ﬂ ﬂ /—\ : ﬂ
Coefficient Value

Ky (Buck mode-proportional coefficient) 35 BUCKG .
by Mo scetfiser T o1, TR s e

Ky (Weinberg mode-proportional coefficient) 0.12 " |

Ki (Weinberg mode-integral coefficient) 100 : R e R T

Time (5)
The responses of the mentioned converter are analyzed. Figure 8. Currents of switches for Viy = 80 V (Weinberg mode)

The analyzes are performed by using the limit values of the
input  voltage for  both  operation modes.
Vps _WEINBERG1 and | _WEINBERGL belongsto S, ,

Vps _WEINBERG2 and | _WEINBERG2 belongsto S,,
and Vps _BUCK1 and |_BUCKGL belongs to S;,

respectively.

The graphics for Weinberg mode as input and steady-
state output voltages are shown in Figure 6, drain-source
voltages of the switches in Figure 7 and currents of s
switches in Figure 8, respectively. It can be interpreted Figure 9. Input and output voltages for Vi = 120 V' (Buck mode)
from the figures that S; is always on conduction mode and

S; and S, switch with 180° phase difference for 1

Weinberg operation mode. IEEa s = aaaaas
It is shown the graphics for Buck mode as input and '

steady-state output voltages in Figure 9, drain-source

voltages of the switches in Figure 10 and currents of ) H U \} oy W U U e \/

switches in Figure 11, respectively. It can be interpreted

from the figures that S5 switches according to error signal N | i B S e €
and S; and S, are always on cut off mode and current ™ !
0.55638 0.5564 0.55642 055644 0.55646 0.55648 0.5565

circulates from the body diodes for Buck operation mode. i
Figure 10. Drain-source voltages of switches for V,y = 120 V (Buck mode)

VIN  VOUT

VDS_WEINBERG1

VDS_WEINBERG2
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1 WEINBERG!

EEEEEE ==

1_WEINBERG2

0.55642 055614 0.55616 055618 0.5565
Time (s}

Figure 11. Currents of switches for Viy = 120 V (Buck mode)

It can be seen in the simulations that load voltage is
reached the reference value for Weinberg mode and Buck
mode S; is at conduction mode constantly and S; and S,
are switching with 180° phase shift with each other for
Weinberg mode operation, and S; and S, are at cut off
mode and S; is switching for Buck mode operation as
expected with theoretical equations. Control results that
obtained by using differential evolution algorithm provide
high performance.

5. CONCLUSIONS

The proposed power converter is controlled by PI
control and control coefficients are obtained by using
differential evolution algorithm in the scope of this study.
The converter is designed to feed the supercapacitor from
battery to extend the lifespan of battery and compensate
SAR satellites’ instantaneous power demands. The battery
life, consequently the satellite life, will be increased by
ensuring the instantaneous power demands by using
supercapacitor instead of the battery. The mentioned
converter will be located between the battery and the
supercapacitor and has the ability to control the
supercapacitor voltage in the values between D,V and
(1+D;)V,y - Theoretical equations are supported by
simulation results. Control coefficients obtained by using
differential evolution algorithm are obtained in short time
and results of simulations are pretty good. Output voltage
is settled at reference value. It can be applied by changing
circuit and control parameters for different design
requirements easily. It is planned to add different
parameters like phase margin, maximum overshoot value
into cost function, design a control structure with two
loops as in current control scheme, and try other intelligent
optimization methods to obtain control coefficients for
future works, thus it is intended to compare performances
for different conditions.

NOMENCLATURES
1. Acronyms
CR Crossover Ratio
DE Differential Evolution
F Scaling Factor
KVL Kirchhoff’s Voltage Law
Pl Proportional Integral
SAR Synthetic Aperture Radar

2. Symbols / Parameters
D, : Duty cycle for Weinberg operation mode

D, : Duty cycle for Buck operation mode

| _BUCKGL: Current of S,

I _WEINBERG1: Current of S;

| _WEINBERGZ2 : Current of S,

Kp : Proportional coefficient for PI control

Ki : Integral coefficient for Pl control

Pout : Output power

Vps _ BUCKL: Drain-source voltage of S3

Vps _WEINBERGL: Drain-source voltage of S;
Vps _WEINBERG2 : Drain-source voltage of S,
V|y © Input voltage

Voltage _ Kp : Proportional coefficient for PI control
Voltage _ Ki : Integral coefficient for PI control
Vour : Output voltage
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