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In this paper, DC converters for their use in the power supply system of a walking robot - hexapod are considered.
The problem of energy conversion of robots of this class is an urgent problem, because the quality of the transformation
will depend on the time of their autonomous operation, which in turn is an important factor influencing the range of
applications of the robot. In addition to power supplies, the converter plays an important role in this. The less losses it will
provide during the operation of the robot, the longer the robot will be able to move in space and perform useful work.

In this regard, the analysis of existing circuit solutions was carried out - from the simplest versions of converters
based on discrete components to more complex with the use of special chips. Based on the analysis, the advantages and
disadvantages of certain types of converters were identified, directly for their use in the power supply system of a
walking robot - hexapod.

Among the main types of converters were step-down, as their efficiency is higher than the step-up. In addition, the
analysis of the types of transducers showed that linear transducers have worse efficiency compared to pulse. In this
regard, the main emphasis in the work is on pulse converters.

Of the latter were selected converters built using special chips designed for use in converters, because compared
to other circuit solutions, they allow not only to obtain stable current and voltage in wide ranges, but also have the
ability to adjust them, making it easy to test on the model work different servos without replacing the converter. Due to
the high values of the output current for the developed layout, you can do with one converter, which reduces the cost
and simplifies the design as a whole. In addition, such solutions, compared to others, have less weight and size, which
is positively indicated by the possibility of placing on the hexapod additional equipment or payload that the robot can
carry in the process.
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Introduction and problem statement

The development of autonomous power sources
over the last decade has accelerated significantly. In
particular, batteries, which have become, with their
former dimensions, more capacity and power. The
reason for this was the increase in demand of the
consumer segment of the market and, as a
consequence, the discovery of new battery production
technologies, such as users of portable electronic
equipment (smartphones, laptops, and other various
gadgets operating on batteries), the appearance of
electric cars, as well as the increasingly frequent use
of quadcopters for various tasks. All this stimulated
the leading manufacturing companies to produce more
and more advanced batteries.

As for robotics, the problem of power sources
did not bypass it, because modern trends in the
development of robots are directed toward the
development and improvement of walking quadropods
and hexapods, which are no less likely to require as
long and stable power for computing modules and

actuators. But in addition to the power supply itself,
the question of electrical power conversion remains
important. The converter is an important link, because
its efficiency largely determines the operating time of
the powered device. All the advantages of powerful
power supplies are lost when the wrong converter is
selected, so the purpose of this paper is to review the
various options for power supply voltage converters
that will be optimal exactly for the walking robot
hexapod.

The power structure diagram of the robot
hexapod

A walking hexapod is a platform driven by
limbs. There are many forms of platforms, as well as
variants of placement of limbs, ranges of the angle of
rotation of limb joints. In this case, the authors built a
prototype, which is shown in Fig. 1 b, such a form
factor was chosen in order to get as large an area as
possible for placing useful equipment.

The positions of servo drives are shown
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functionally in Fig. 1 a. Each drive was numbered
clockwise, in this case the drives responsible for turning
the limb in the horizontal plane have numbers from 1 to
6, and the drives of limb lifting from 7 to 12. It is worth
noting that the minimum and sufficient number of
degrees of freedom for limb motion is 2, which was
realized using a pair of servo actuators [1-2].

To provide efficient power supply to the hexapod,
a circuit was developed, which is functionally shown in
Fig. 2. For the model there were used MG-995 servo
drives, the current consumption of which, according to
measured data, is about 1.6 A at a load on the shaft of
9 kg/cm. A peculiarity of this circuit is the duplication
of a power supply for the servos, because a quite
powerful source with a voltage of 6 V and a maximum
current of 1.5 X 12 = 18 A (this current will be
consumed by the simultaneous maximum load of all
drives) is needed to power 12 servos.

Of course, since the robot moves using different
gaits, in real conditions the consumption will be much

servos rofors

a)

less, because, for example, when using a tripedal gait,
3 servos are simultaneously engaged at each step
iteration, as shown in [2]. Thus, a power supply with a
current of 1.5 x 3 = 45 A and a voltage of 6 V is
enough.

In addition to servo drives, various sensors
installed on the hexapod (accelerometers, cameras,
touch sensors, etc.), microcontroller and PWM
controller require power [3]. The PWM controller
PCA9685 and Arduino Atmega-328p microcontroller
are used in this layout. The module boards, on which
these controllers are located, with voltage regulators
are equipped. But the power line of the PCA9685
servo drives is not stabilized and to achieve the
maximum torque on the shaft it is necessary to supply
6 Vtoit.

Figure 1. Servo placement: a) The positions of servo drives; b) Prototype of hexapod

DC voltage source DC-DC Converter SERVO 1
Hight current for SERVOS
4 SERVO 2
DC voltage source DC-DC Converter | | Microcontroller FWIM
Low current for other Module
Sensors SERVO 12

Figure 2. Functional scheme of hexapod power system

Therefore, it is necessary to have a separate
converter for the servo power supply and for the
computing core. Based on the previous works, the
separate power supply for the power part (servo
drives) and the computing part was realized [4].

Modern Li-Ion battery format 18650 has a
voltage of 4.2V and a maximum current of up to

30 A, since the voltage of one battery is not enough to
power the servos, a DC voltage converter is needed
[5]. The available converters can be divided into two
main classes: step-up and step-down converters. Of
the available research in the field of direct voltage
converters it is worth highlighting the work [6], which
examines the efficiency values of various converters
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and for step-down converters its value is maximum.
Since the ultimate goal is to minimize losses in the
power circuits, in this paper, only step-down
converters will be considered, as the most energy-
efficient.

Analysis of converter circuits

Today the market offers a wide range of different
converters, both AC and DC, high and low power. The
use of one or the other depends on the supply voltage,
which in turn depends on the layout. The use of one or
another converter depends on the supply voltage,
which, in turn, depends on the arrangement of power
sources. A series connection increases the voltage,
while a parallel connection increases the capacity of
the whole battery. Therefore, for robotics applications,
a balance must always be struck between the capacity,
power, and mass characteristics of the batteries. The
choice of switching option is determined by the
components of the robot that require one or the other
voltage.

Since a walking hexapod can be built on the
basis of common and available components, the power
supply unit is accordingly not a special purpose
source, i.e. it does not require any unique
functionality, in this connection let us consider
popular voltage converter circuits, which can be
assembled from discrete components. This approach
will allow to universalize the hexapod power supply
system, as well as solve the issues of quick repair.

1) Transistor-based step-down converters.

In the simplest case, the step-down converter is a
circuit, shown simplified in Fig. 3 a, which is an
adjustable voltage divider. The transistor operates in
active mode and is adjusted so that the voltage drop
across the collector-emitter junction is in the desired
range. Fig. 3b shows the circuit of pulse converter, the
main difference of which is regulation of output
voltage by changing the fill factor of PWM signal,
equal to the ratio of output voltage to the input voltage
as:

U{)ut
D U (1)
The higher the coefficient, the higher the voltage
will be at the load.
The PWM signal for the pulse mode can be
obtained from a crystal oscillator or a microcontroller
used as the computing core of the robot.
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Figure 3. Voltage step-down converters on transistors:
a) linear converter; b) pulse converter

The main disadvantage of the linear converter is
the dependence of the efficiency on the input and
output voltage difference [8]. On this basis, in this
paper, the main emphasis is placed on pulse
converters, as they are devoid of this disadvantage.

To begin with, let's note that in general terms any
converter without power amplification has the
following form (Fig. 4).

In this case, the constant voltage source consists
of batteries connected in series, parallel or mixed
mode. The other parts are made as a printed circuit
board of discrete SMD components to reduce the size
of the whole device. Loads are limb actuators, control
unit, sensors, etc. Schematic diagram of such a
converter looks like diagram as on Fig. 5.

DOC voltage source —M autogenerator —M rectifier — filter ——M load

Figure 4. Functional diagram of the voltage converter
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Figure 5. Schematic diagram of a voltage step-down
converter on a transistor

The DC-DC converter circuit shown in Fig. 3
consists of transistor Q1, which operates in the key
mode, diode D2, input C1 and output C2 smoothing
capacitors, inductor L2. The opening/closing of the

transistor is done by a PWM signal. When the
transistor is open, energy is stored in the coil. After
the transistor is closed, the energy stored in the coil is
given to the load via diode D2 due to the self-
induction EMF.

This circuit has no short-circuit protection or
current stabilization, so apart from simplicity it has no
other advantages.

2) Step-down converters on specialized chips.

The simplest step-down converter on the chip is
the converter on the MA7805KM (analogue-
KP142EHS5b) Fig. 6 [8]. The maximum input voltage
is 15V, the rated output voltage is 6 V, and the
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maximum output current is 2 A, which satisfies the
hexapod design described above. Using such a
converter is not the best circuit solution because this
type of chips implements a linear step-down converter
with a stabilizer, and as mentioned above, its
efficiency is worse than the pulsed ones [5].

Thus, this type of converter can be used in
circuits where losses can be neglected. However,
despite its simplicity, due to losses, its use for a
hexapod will adversely affect the operating time, so its
use in robotics is not advisable.

(MA7805KM)
KP142EH5B
Uin Uout

lm 1 3 ? lfﬂ
T T

Figure 6. MA7805KM step-down converter.

The best solution in terms of its characteristics is
a pulse converter on one of the specialized chips, such
as XL4016 (Fig. 7) [9].

The appearance of such transducers is shown in
Fig. 8, a and Fig. §, b.

Microcircuit XL4016 — pulse DC-DC converter,
input voltage range 5-40V, output 1.2-35V, the
output current — 8 A, when using forced cooling up to
12 A. The voltage converter based on this circuit has
the highest efficiency of all the types of converters
considered above, and also allows to regulate the
output voltage and current, which makes it a
convenient circuit solution when testing different
types of drives on the robot layout. Due to the high
output current, only one converter can be used for all
servos, which saves space and allows the robot to
carry more payload.
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Figure 7. Schematic diagram of the pulse step-down converter

Figure 8. Converters on specialized microcircuits:
a) SA step-down converter; b) 12A step-down
converter

Thus, among all the above circuit solutions, the
pulse step-down converter based on special chips is
the best and most energy-efficient solution.

Conclusions
In this paper, we considered various circuit
solutions for selecting a DC converter for a walking

robot — hexapod. As a result of comparing the
characteristics of step-up and step-down converters,
the latter were chosen, since they have the highest
efficiency.

The analysis of variants of converters based on
discrete and integrated components showed that the
integrated ones, in addition to ease of installation,
have better characteristics and capabilities, because
they allow us to obtain a stable output current and
voltage.

Among converters on microcircuits the pulse
ones were selected, which have the best characteristics
among all considered variants. Consequently, it is
advisable to use pulse converters as the most energy-
efficient, low-cost circuit solution to implement the
power supply system for the walking robot hexapod.

Further research is planned to consider the
possibility of modifying pulse converters to further
increase their efficiency.

One of the options can be implemented by the

80 Bicnux KITI. Cepia ITPHJTAJOBYYBAHHA, Bun. 63(1), 2022.



ISSN (p) 0321-2211, ISSN (e) 2663-3450
Asmomamusayia ma inmenekmyanizayia npunadodyoysanna

implementation of the “sleep mode”, at the end of the ma monooux eyenux. Egexmusnicmv ma aemo-
active phase of movement, the microcontroller can Mamu3zayisi iHJ#CEeHEPHUX piuleHb Y npuiaoodyoy-
issue power-off commands to all or a group of servos, eanni, Kuis, 2020 p., c¢. 37-41
the position will be held due to friction in the servo [5]. I. M. IInatoB, “Cucrema KMBJICHHS KPOKYIHOUOIO
gearboxes. rexcanona’, in The X International Science Conf.
Topical issues, achievements and innovations of
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AHAJII3 CXEMOTEXHIYHUX PIIEHLb TIIPU BUHUBOPI TIEPETBOPIOBAYA JUJIA
KPOKYIOUOI'O POBOTA-T'EKCAIIOJJA

VY naniit poOOTI pO3IIISNAIOTHCS IEPETBOPIOBAYI MOCTIHHOTO CTPyMY AJIsl IXHBOT'O BUKOPHCTAHHS Y CHCTEMI JKUBIICHHS
KpOKyto4yoro podora — rexcanona. [Ipodnema nepeTBopeHHs eHeprii poOOTIB TaKOTro KJIacy € aKTyalbHOI0, OCKUIBKH
BiJl SIKOCTI NEPETBOPEHHS 3aJIe)KaTHME 4ac iXHbOI aBTOHOMHOI PO0OTH, 110, Y CBOIO YEPTy, € BAXKIMBUM (HaKTOPOM,
SIKHU BIUTMBa€E Ha CHeKTp cdep 3acTtocyBaHHS poOoTa. BaknuBy ponb y mMbOMY, OKPIM JDKEpeN XKUBJICHHS, BiJirpae
MIePETBOPIOIOYNH TpHCTpii. UM MeHIi BTpaTH BiH 3a0€3MeYnTh Yy MPOIECi eKCIuTyaTallii podoTa, THM JIOBIIE poOOT
3MOYKe TIEPEMIIIYBaTHCS Y IPOCTOPi Ta BUKOHYBATH KOPUCHY pOOOTY.

VY 3B's3Ky 3 MM OYB MPOBEACHMN aHAI3 iICHYIOUMX CXEMOTEXHIYHHUX PIllleHb - BiJl HARTIPOCTIIIMX BapiaHTIB MEPETBO-
proBadiB, moOyIOBaHUX HAa TUCKPETHUX KOMITOHEHTAX, JI0 OUTBIN CKIIQJHUX i3 3aCTOCYBAHHSIM CIEIIAIbHUX MiKPOCXEM.
Ha ocHoBi anani3y Oyiu BHIiICHI IIepeBaru Ta HEJOMNIKH Pi3HUX THIIIB NEPETBOPIOBAUIB, OE3MM0CEPEAHBO JUIs TX BUKO-
pHCTaHHS B CUCTEMI )KHBJICHHS KPOKYIOYOT0 pOoOOTa — TeKcarnoa.

Cepezsr OCHOBHUX THIIIB IIEPETBOPIOBAYIB OYJIO BHIICHO MOHMKYIOYi, OCKIJIBKH 1X CyYMHHHUK BUAATHOCTI BUILIH, HIX Y
nizBuiyounx. KpiM 1poro, anami3 THIIB IepeTBOPIOBAYiB [0Ka3aB, IO JiHIHHI MEPEeTBOPIOBAYl MAalOTh HIKYUH Cy-
YMHHHUK BUJATHOCTI, NOPIBHSHO 3 IMITyJIbCHUMH. Y 3B'SI3KY 3 IIMM OCHOBHHH aKIEHT y poOOTi 3p0o0iIeHO caMme Ha iMITy-
JIbCHI MEPETBOPIOBAYI.

3 ocTaHHIX OynaM BUAUIEHI TepeTBOPIOBaYi, MOOYIOBaHI 3 3aCTOCYBAaHHSM CIEIIAIbHUX MIKPOCXEM, pO3POOIICHUX ISt
iX BHKOPHCTAHHS Yy TEPETBOPIOBAaYaX, OCKIJHKH MOPIBHSIHO 3 PEIITOI0 CXEMOTEXHIYHHX pillleHb, BOHH JO3BOJISIOTH
OTpUMATH CTAOUTBHHUN CTPYM 1 HANPyTy B MIMPOKUX Jialla3oHax, KPiM MbOTO MAaOTh MOXKIIUBICTE iX pEryIiOBaHHs, 10
JIO3BOJISIE JIETKO TECTYBaTH Ha MaKeTi poOOTa pi3Hi CEpBONMPUBOAM 0€3 3aMiHH TepETBOPIOBaYa. 3aBASKHA BUCOKHM 3Ha-
YEHHSIM BUXITHOTO CTPYMY JUISl pO3pPOOJICHOTO MakeTa MOKHA OOIWTHCS OJHUAM IMEPETBOPIOBAYEM, IO 3JCIICBIIOE Ta
CITPOITY€e KOHCTPYKIIIIO 3arajioM.

KaiouoBsi ci1oBa: rexkcanos; MOHWKYIOUHH EPETBOPIOBaY; CEPBOIPUBO/I; aKyMYJISITOP; CXEMOTEXHIUHE PIILICHHS; JKe-
peno xxussenHst; [IIIM-koHTposiep; MIKPOKOHTPOJIEP; TPAH3UCTOP; MIKpOCXeMa;Koe(illieHT KOPUCHOT Aii.
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