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Obtaining the maximum power from the source using step-up and step-down type pulse
regulators that work on battery

Introduction. Pulse regulators are widely used to match the output resistance of the source with the load resistance in order to
ensure the possibility of taking maximum power when the value of the load resistance changes. Problem. In the case of using non-
traditional and renewable sources of electrical energy, for a more uniform supply of energy to the load, a battery is often connected
to the output of the pulse regulator, which works in buffer mode. In such cases, the load for the pulse regulator will be the battery
itself, and the role of the source load will be performed by the input resistance of the regulator. To ensure the mode of operation of
the pulse regulator, in which the maximum power will be transmitted from the source to the load, it is necessary to know the
regulating characteristics of the regulator. There are works that analyze the regulating characteristics of step-up and step-down
pulse regulators, which are used to match the load with the output resistance of the source. At the same time, for the same purpose,
pulse regulators of the step-up and step-down type can be used. Goal. The purpose of the work is to analyze the features of the
operation of step-up and step-down type pulse regulators in the mode of maximum power transmission from the source to the battery,
as well as to determine the conditions under which it is possible and appropriate to use such regulators for the specified purpose.
Methodology. The regulating characteristics of step-up and step-down type pulse regulators with sequential and parallel switching
on of the controlled key were determined and analyzed, taking into account the presence of a battery at their output. Results. It is
shown that the transfer of energy from the source to the battery is possible only under certain modes of operation of the regulator,
which depend on the type of regulator, as well as the amount of voltage on the battery. The conditions under which it is possible to
draw the maximum power from the source are determined. Oviginality. Since the output resistance of the source and the load
resistance are of the same order in the maximum power selection mode, the internal resistance of the power source was taken into
account when determining the regulating characteristics of the regulators. Practical value. The obtained results made it possible to
Jformulate practical recommendations for a justified choice of the regulator’s operating modes, depending on its type and the value of
voltage on the battery. References 15, tables 1, figures 4.

Key words: source output impedance, matching pulse regulator, battery operation, maximum power transmission, step-up
and step-down type regulators.

IIpoananizoeano pezynosanvhi Xapakmepucmuku IMRYIbCHUX De2ysSmopie niO8UWy8anbHO-NOHUNCYBATLHOZ0 MUNY 3 YPAXYE8AHHAM
SHYMPIUHBLO20 ONOPY 0XHCEPeNd MHCUSNEHHSA, 30 YMOBU NIOKNIOUEHHS aKyMyasmopa Ha ix euxooli. Ilokazano, wjo 3a HaseHocmi
AKYMYIAMOpa, pe2yiamopu Hanpyeu npaylosamumyms y pexcumi pecyiio8ants Cmpymy 3apsaodcants axymyaamopa. Ilpu yvomy
dianason pe2ynoeants i0HOCHO20 4acy 3aMKHEH020 cmaHy Kaoya 6yoe odmescenum. [ano pekomenoayii wo0o eubopy pexcumis
pobomu pezyiamopa, 3a AKUX 3a0e3neuyemvcs nepedasanus eHepeii 6i0 Oocepena 00 aKyMyIamopd, 8 3ANedCHOCI 8i0 cxemu
pe2yiamopa, a maKo4c 3HAYEHHA HANPY2U HA AKYMYIAMOopi. BusHaueno ymosu, 3a AKUX 3a0e3ne4yemopes nepeoasants MaKCUMAanbHOT
nomyacHocmi 8i0 Odicepena dcusnents 0o akymyaamopa. biémn. 15, tabn. 1, puc. 4.

Kniouosi cnosa: BuxinHmii omip pKepesia, y3roa:KyBajabHU IMIyJbCHHI peryJjsTop, po0oTa Ha aKyMyJISITOp, lepeAaBaHHs
MAaKCHMAJILHOI MOTY KHOCTI, peryJIsiTOpH HiIBHIIYBATbHO-MOHMKYBATLHOTO THITY.

Introduction. When using different types of non-
traditional and renewable sources, they strive to obtain the
maximum possible amount of electrical energy. For this,
the operating point of the source must be at the point of
maximum power (MP) on its output characteristic.
However, this mode of operation of the source is possible
only in the case when the output resistance of the source
coincides with the resistance of its load R [1, 2].

To ensure the possibility of selecting MP from the
source in a wide range of changes in the load resistance, a
pulse regulator (PR) is switched on between the source
and the load, which matches the output resistance of the
source with the load resistance [3-6]. In such cases, the
role of the source load will be performed by the input
resistance of the regulator R, = f(R, t*), which is a function
of the load resistance of the regulator R, as well as the
relative time of the closed state of the regulator key
£ = tuesea! T during the period of operation of the key 7.
By changing the parameter ¢ it is possible to ensure the
fulfillment of the condition R, = r in a wide range of
changes in the load resistance R.

The amount of energy coming from non-
conventional and renewable sources often depends on
external conditions. Therefore, to ensure a more uniform
supply of energy to the load, a battery is switched on at

the PR output, which operates in buffer mode. In such
cases, the PR load will be the battery itself, and the source
load will be the input resistance of the regulator.
Transmission of MP from the source to the battery can be
ensured by choosing the appropriate operating mode of
the PR [5, 7, 8].

In [9], the conditions under which it is possible and
expedient to transfer the MP from the source to the
battery using step-up and step-down PRs, as well as the
peculiarities of the operation of these regulators in the
specified mode, were analyzed. To match the output
resistance of the source with the load, well-known PR
circuits of the step-up-step type can also be used [10-12].

The goal of the work is to analyze the peculiarities
of the step-up and step-down PRs operation in the mode
of MP transmission from the source to the battery, as well
as to determine the conditions under which it is possible
and expedient to use such regulators with the indicated
purpose.

Circuits of regulators. Let’s consider those variants
of IP circuits of the step-up and step-down type, which
provide the possibility of sampling MP from the power
source [13]. The corresponding circuits of the regulators
are presented in Fig. 1, 2.
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Fig. 1. Regulator of the step-up and step-down type
with serial key activation
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Fig. 2. Regulator of the step-up and step-down type
with parallel key activation

We determine and analyze the control characteristics
of these regulators, with the help of which the PR
operating mode can be determined, in which the MP will
be selected from the power source. Since in the MP
selection mode, the load resistance and the output
resistance of the source are values of the same order,
when determining the control characteristics of the
regulators, we will take into account the internal
resistance of the source, considering it to be /inear.

The regulator of the step-up and step-down type
with serial activation of the key (Fig. 1). If the losses in
the elements of the PR circuit are not taken into account,
in the continuous current mode of the inductance L, the
conditions will always be fulfilled [12]
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1-¢ t

If it is assumed that the internal resistance of the
battery is much smaller than the internal resistance of the
source, it can be argued that during the regulation process,
the output voltage of the regulator will remain practically
unchanged and will be equal to the voltage on the battery
U, = E,. Therefore, in order for the system to be in a
state of equilibrium during the regulation process, the
input voltage of the regulator must be equal to

-1 1 ‘&
U Uout t* > (2)

t
where 7 = tuosea! T 18 the relative time of the closed state
of the key S in the period T, f.sq is the duration of the
closed state of the key.

Due to the presence of the internal resistance of the
source, the input voltage of the regulator will change with
changes in the consumed current and will be determined
by the output characteristic of the source [12]

Uin =Upe = Lo (3)
where U, is the no-load voltage of the power source.

Thus, in a state of equilibrium, conditions (2), (3)
must be fulfilled simultaneously

U

o

1-f
Upe — Ly = Eg 21 @)
t
or moving to relative units [12]
11} =E" l—t, )

t

where E, =E, /U, : Ly =1, /I ; I =U,./r is the
short-circuit current of the source.

Taking into account that the no-load voltage of the
source, as well as the battery voltage, are fixed, by
changing the parameter ¢, we will thereby adjust the input
and, accordingly, the output current of the regulator

I *1

(6)

Taking into account (1)
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Therefore, (6), (7) are the regulating characteristics
of PR according to the circuit (Fig. 1).

The regulator of the step-up and step-down type
with parallel activation of the key (Fig. 2). For this
circuit in the continuous current mode of the inductance
Ly, arelationship is valid [12]

* *
=Uin=1_*t; Tour = 1Lin d * (®)
1-¢
where ¢ = topen! T} topen 18 the duration of the open state of
the key S during the period 7.
Therefore, in the steady state of operation, the input

voltage of the regulator should be

* *

t t
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In order for the system to be in a state of
equilibrium, the condition must be fulfilled

U
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U, =U
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E, —=1-1,r, (10)
1-¢
or in relative units
E-L _—1-I. (11)

*

1-t¢
Therefore, the control characteristics of the PR

according to the circuit (Fig. 2) will look like this
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Thus, if there is a battery at the output, the regulators
under consideration will operate in the mode of regulating
the input and output current (battery charging current). At
the same time, the output voltage of the regulators will
remain almost constant and equal to the battery voltage.

Analysis of control characteristics of regulators.
If there is a battery at the output, the PR will operate in
the battery charging current regulation mode. In the case
of ¢ = 0, the power source and the load are disconnected
from each other and there will be no energy transfer to the
battery. If £ > 0, to ensure the transfer of energy from the
source to the battery, the condition /;,, > 0 must be
fulfilled. For the circuit (Fig. 1), taking into account (6),
this condition takes the form

(12)

(13)
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- = o, (14)
t
and for the circuit (Fig. 2)
-1 _|>o0. (15)

Taking into account that, in general, the parameter ¢
can vary in the range [0...1], taking into account (14),
(15), we come to the conclusion that in the presence of a
battery, the permissible range of changes in the parameter
¢* will be limited. For the circuit (Fig. 1), the permissible
change of the parameter lies in the range

*

E

124 >4 (16)
E,+1
and for the circuit (Fig. 2)
0<f <—0. (17)
1+E,

Therefore, the higher the voltage on the battery E; ,

the more limited the permissible range of regulation of the
parameter ¢ in the PR will be. At the same time, the
analysis of (16), (17) shows that the battery voltage can
be both higher and lower than the no-load voltage of the
power source U,,.

As is known [1], in the case of linear internal
resistance of the power source, at the MP point, the
relative value of its output current (input current of the

PR) should be 7;, =0.5.

Therefore, the condition of MP selection from the
source for the regulator circuit (Fig. 1) will look like this

-2 s, (18)
t
and for the circuit (Fig. 2)
*
- L _—os. (19)
1—-t¢

Thus, the MP will be transmitted from the source to
the load under the condition that 1" = IZ/IP , where for the
regulator circuit (Fig. 1)

* E
up =————» (20)
E, +0,5
and for the circuit (Fig. 2)
* 0,5
Iyp = @n
0,5+F

The regulatory characteristics of the considered
circuits presented in Fig. 3, 4, confirm the results of the
analysis carried out. The main properties of these circuits
are similar. However, if for the circuit (Fig. 1) the
permissible regulation range is limited to the left [#y, ... 1],
then for the circuit (Fig. 2) it is limited to the right [0 ... £y
This is a consequence of the duality of the circuits of the
considered regulators [13].
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Fig. 3. Regulatory characteristics of PR with serial key
activation
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Fig. 4. Regulatory characteristics of PR with parallel key

activation

To compare the properties of the four main PR
circuits Table 1 shows their main features when operating
in the MP transmission mode from the power source to
the battery, namely:

e condition of energy transfer from the source to the
battery;

e condition of MP selection from the source;

e reasonable battery voltage E, change range.

Table 1
Conditions of energy transfer from the source to the battery
Reasonable
Regulator Energy Condition of range of
No. type transfer MP selection £
P condition change of E,
1 [Step-down ' >E, typ =2E, 0,1<E, <0,5
2 [Step-up i <1/E, typ =1/2E, 0,5<E <5
Step-up and £ £
* a * a *
3 |step-down t>—F | yp=—= 0,1<E, <5
(Fig. 1) 1+E, E,+0,5
4 sttep-él {6l I N P 01<E, <5
step-down = Mp = ¥ JA<E, <
(Fig. 2) 1+ E, 0,5+E,

Today, there are modified versions of step-up and
step-down PR circuits that differ from the considered ones
by the polarity of the output voltage (ZETA and SEPIC
converters) [14, 15]. Changing the polarity of the output
voltage is achieved by the appropriate construction of the
output circuit of the regulator. However, since the main
properties of the regulator are determined by the method
of construction of its input circuit, and first of all by the
method of connecting the controlled key S, the obtained
results will be valid for the corresponding types of
modified circuits of the step-up and step-down type
regulators.

Conclusions.

1. If there is a battery at the output, the pulse voltage
regulators will operate in the current regulator mode.
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2. The nature of the regulation characteristic and the
permissible range of regulation depend on the type of
regulator and the value of the voltage on the battery.

3. The maximum power from the source will be

selected at a certain value of the parameter ¢ =t¢,,,

which is determined by the type of regulator and the value
of the voltage on the battery.

4. The pulse regulator of the step-up and step-down
type, in comparison with separately the step-up and step-
down type regulators, have the widest permissible range
of changes in the relative voltage on the battery.
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