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Research and development of deployable solar tracking
system in SolidWorks for multiple tasks

Nowadays, we have a problem of uninterrupted automatic operation of unmanned ground vehicles (UGV).
The appliance of alternative types of energy, in particular solar, as a system of main or additional power
source in automatic mode, can be carried out in the body of a ground robot. Within the limited space in
the trunk, it is necessary to place the solar panels and actuators densely as possible, and also effectively
locate the plane of the unfolded panels in relation to the sunrays. For these reasons, a deployable solar
tracking system was developed and analyzed. There were made calculations of the-number of necessary
solar energy, cells and panels for the effective charging of the UGV in automatic mode, construction of a
3D model of the device in SolidWorks, selection of the design of the deploying mechanism based on the
motion analysis and simulation of the model, identification of location.of the charging system within the
existing UGV. The further stages of research are determined.

Keywords: solar, tracking, SolidWorks, deployable, automative system, ugv, portable, alternative energy,
3D modelling.

Continuous automatic functioning of the UGV can not be performed for a long time without timely charging
of the batteries. One of the solutions to the problem is using of solar energy, which makes it possible to receive
the necessary energy in an automatic mode, no tight binding to a certain place of charging, the amount of
energy received is limited only by the capacity of the battery and the state of the environment. Among the
imperfections, it can be noted an increase of the UGV’s weight, the dependence on weather conditions and lower
rate of charging of the storage batteries. Sufficient charging efficiency with the solar panels in a given limited
space of the UGV design can be compensated by the introduction of deploying system. Therefore, the coverage
area of the unfolded solar panels is inereasing several times in comparison with the occupied area in
the trunk.

UGV automatically executes deploying of the solar system at a definite threshold of battery charge, at
sufficient solar illumination and in a safe state of the environment. After a full disclosure, the system begins
tracking of the best position of the solar pamnels, in which the sunrays fall at right angles to the surface. Tracking
panels in two axes will increase the efficiency of the charging by 81.68 percents [1]. In the case of battery
is fully charged or unfavorable conditions are occurred, the system folds the panels into the UGV’s
body.

According to the analyzed characteristics of different types of mono and polycrystalline solar cells, one of
the optimal solutions is to-use Maxeon C60 with nominal parameters, shown in Table 1, and I-V curve presented
in Figure 1.

Table 1
Electrical characteristics of Maxeon C60 solar cell at 25 °C
Pinpp(Wp) Eff.(%) Vmpp(V) Impp(A) Voc(V) Isc(A)
3.38 22.1 0.577 5.87 0.684 6.26
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Figure 1. Maxeon C60 I-V curve

The future system must satisfy the following conditions:

— Dimensions compactness;

— Maximum simplicity of the design;

— Resistance to changes of weather conditions;

— The most effective placement of Maxeon C60 solar cells in a:box measuring 420x250x800 mm.

The most suitable technology is a Smart Flower [2] for the first three criteria. To satisfy the fourth criteria, a
slightly different design of the panels must be chosen. The most effective shape of the panels for the arrangement
of Maxeon C60 solar cells is a square or rectangle, with the sides. that are multiple to 125 x 125 mm cell
dimensions. The average output voltage of one cell is 0.5V, in cloudy days 0.25V. For a stable power supplying
of a 12V system, even in overcast weather, it will be required-about 36-40 solar cells. The most optimal solution
is the deploying mechanism [3] with four rectangular panels with dimensions of 260x640 mm, on which 10 solar
cells can be arranged. With a relatively simple design and actuators, the coverage area of the solar panels
increases four times. Of course, the origami method [4] can’execute magnifications of more than 20 times, but
to deploy such small area, it is necessary to use very thin panels that, even in conditions of slight windiness,
have weak stability.

SolidWorks software has been used to create and calculate the motion of the deployable tracking solar system
model (Fig. 2-5).

Figure 2. Fully deployed system

To store the system in the body of the UGV, there were made several structural changes, because the
occupied area has the highest priority. Compactness in length can be obtained by reducing the support stand,
but in this case we have to raise it in a pair with the movement of tracker axes. This compensation is necessary
because of the collision when lifting only one support stand. Such change decreases the length of the box 2
times.
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Figure 3. Support stand in unfolded position

The center of the clutch with the shaft located in the corner of the panel, so the folded panels should be
placed at angle of 12.72 degrees to effectively use the space in the box (Fig.4).

Figure 4. Solar system in folded position

As a result, we receive a box with dimensions of 410x220x750 mm, which is quite satisfactory for the
dimensions of the available UGV’s trunk.

For deploying system, it has been used compact DC motors with high RPM in pair with gearboxes based on
cylindrical and bevel gears. The wiring of the motors passes through the centers of the shafts of each execution
block. More detailed placement of motors, wiring and actuators is shown in Figure 5.

Figure 5. Location of motors, wiring and actuators

In result, developed solar system [5] has a number of advantages: portable, compact, energy efficient,
ecological clean, autonomous. A system of this kind can easily be applied into various areas of obtaining an
energy. In the future, it is planned to implement the system on an existing UGV.
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OPTYPJIi TanckipMaJjaapabl opbiHaay yrorH SolidWorks-Te
KYH NOIyaKTapbIMeH TYCiHAIpijeTiH Oakbliay »Kyiiecin
3epTTey >KoHe JTaMbBITY

Kasipri yakpirTa anamcers xkep yeri kesirinig (AZKYK) ysiniceis aBToMarTs! Typie *KyMbIC icTey Moceseci
KOTepiIyne. DHEPrUsdHbIH OajaMa TYpPJEpiH maiiaJanybl, aTal alTKaHIa, KyH, HETi3ri HeMece KOCBHIMIIA
HOp Gepyiri XKyliesiep peTiHe aBTOMATTHI TYP/Ie 2Kep/ieri pOOOTTHIH KOPIIYCHIH/ 1A KY3€ere acbIpyra 00JIa bl
ITlekTeysmi keHicTikTeH KopiycTa OapbIHINA BIKIIAM/IBL KYH TAaKTACBIH KOHE aTKAPYIIbl MEXaHU3M/Iep-
Il OpHAJIACTBIPY KAXKET, Tarbl Ja KYH COyJIeJiepiHe KATBHICTBI AIIIBIK, ITAHEJIbIEPIiH KA3bIKTBIFGIH THIMII
opHasjacTeipy Kepek. Ocbl MakcaTTa KYH IIyaKTapbIMeH TYCIHIipijeTiH 6akbLiay Kyileci TajjgaHibl XKoHe
azipnenai. AZKYK aBromarTe! Typze TriMal 3apsiTay YVIIH KYH SHEPIHsCHIH, XKacyllajaap, TaKTaJlap/IblH
KaXKeTTi caHbl ecenTeren. TyciHaipieTin/ MeXaHu3MAEP/IiH KypbLIbIMIAPbIHA TAHIAY >KACAJIbI. ATma-
parTeiy, 3JI-Moneni KypbLiabl. KaxkeTTi KOHCTPYKIMAIAPABIH KO3FaJbICThI TaJIay HEridi >KoHe MOJEJbIiH
cuMyIsiusichbiHa ecenrey »Kyprizinai. Ilekreymni keHicrikrer Kasipri 6ap A?KYK zapsiaray xkyiiecin opHa-
JIacKaH Kepin Oinmipeni. Byman opi@eprreyain Ke3eH1epi aHBIKTAJIIBL.

Kiam cesdep: kyHOiK, 6akbLiay, SolidWorks, apromarts! xkyiieci, A2KYK, nmopraTusTi, 6aiaMaJibl SHEPTUs,
3/-monenbaey.
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WNccnenoBarme n pa3zpadoTKa pa3BepThIBAEMOI COJTHEYHOI ciieasieii

124

cucrembl B SolidWorks /1j1s1 BbIIIOJIHEHUST PA3JIMYHBIX 3a1a4

B macrosmiee Bpemst mpobiema GecriepeboitHO aBTOMATHIECKOH pabOThl OECHUIOTHBIX HA3EMHBIX AIlapa-
roB (BITHA) ocobenno ocrpa. Mcnosp30BaHne ajJbTepHATUBHBIX BHIOB SHEPIMH, B YaCTHOCTH COJIHEYHOM,
KaK CHCTEMBI OCHOBHOI'O WJIH JIOMOJTHUTE/ILHOTO MCTOYHWKA MUTAHWS B aBTOMATHYECKOM PEKUME MOXKHO
OCYIIECTBUTH B KOPILyCe HA3eMHOT0 poboTa. B paMKax OrpaHHYeHHOr0O MPOCTPAHCTBA B KOPIIyce HEOOXOINMO
MaKCHAMaJIbHO KOMIIAKTHO PA3MECTUTh COJIHEYHBIE [TAHEJN Y MCIIOJIHUTEJIbHbIE MEXaHU3MBbI, & TaKXKe ILJIOC-
KOCTBb PACKPBITHIX TIaHEJIe OTHOCUTETBHO COJTHEUHBIX JTyueit. /[jist aToro paspaborana u mpoaHaIu3upOBaHA
pPa3BepThIBaEMas COJIHEUHAs CJESINas CUCTeMa. PaccuuTaHo KOJIMYeCTBO HEOOXOAMMOMN COJTHETHON SHep-
U, si9eeK, naHeseit mis apdexrusroro 3apsina BITHA B aBromarmyeckom pexxkume. OcyinecTBiieH BHIOGOD
KOHCTPYKIIMU pa3BepThiBaeMoro mexanmsMma. llocrpoena 3/I-momesns anmapara. Ha ocHoBe ananmmsa jgBu-
JKEHWSI U CUMYJISAIAU MOJIEJIM [IPOU3BE/IeH pacdeT HeoOxoauMoii KoHCTpyKimu. OB03HAYEHO PACIIOJIOKEHNE
cucTeMbl J103apsaku B paMkax cyinectByromero BITHA. Onpesesiens! qajbHeIe sTamnbl NCCIeJ0BAHMSI.

Karoueswie caosa: connednast, cuensmas, Solid Works, passeproiBaemas, aBromarudeckas cucrema, BITHA
IOpTaTHUBHAA, AJIbTEPHATHBHAA dHeprus, 3/1-Monemnposanue.
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