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AuHoramus. Ilenp paboTel — pa3paboTka KOHCTPYKIMM MOOHJIBHOW COJMHEYHOW 3ICKTPOCTAHIIHH
C aBTOMAaTU4YE€CKHUM JBYXOCCEBBIM IO3UIIMOHUPOBAHUEM COJIHEYHBIX JJIEMCHTOB. Pa3pa60TaH aJIrOpUT™M
(bYHKIMOHUPOBAHHUS MOOWIBHOW —CONHEYHOW dyekTpocTaHimi. CHOPOSKTHPOBaHA KOHCTPYKIHUS —OJoOKa
YIpaBICHUS CHCTEMOM MO3MLMOHUPOBAHMS COJHEYHBIX OJIEMEHTOB. lccnemoBanumss u  paspaboTka
TBEPAOTEIBHON MOJENH MOOHMJIBHON COMHEYHOH JJICKTPOCTAHIMH BBINOMHSIMCH IIPU IIOMOIIM CHCTEMBI
aBTOMaTHU3UpoBaHHoro npoekrupoBanus SolidWorks. OnTuMu3zanms KOHCTPYKITHK COTHEYHOMN SIICKTPOCTAHIIMN
MPOBOJIMIIACH P TOMOIIY KOMIIBIOTEPHBIX MH)KCHEPHBIX HCCIenoBaHIH. ONTUMH3AIMA KOHCTPYKIMN JeTalleH
BBINIOJIHAJIACH METOAOM TI'€HEPaTUBHOIO NPOCKTHPOBaHMA. ONTHMM3alMs KOMIIOHOBKHM OJIOKa yIpaBieHHS
BBINIOJIHAJIACH 110 PE3yAbTAaTaM HCCIESJOBAHMH TEIUIOBBIX IIPOLIECCOB, MPOUCXOMLIMX NPU yCTAaHOBHBLIEMCS
pexxuMe (QyHKIIMOHMPOBAHUS, TPH TOMOIIM HcciieaoBarenbekoro Moxaynast Flow Simulation SolidWorks.
VYCTaHOBJIEHO, YTO €CTECTBEHHOE BO3IYIIHOE OXJAXIEHHE DSJIEKTPOHHOTO OJOKa YNpaBieHHs MOOHIBHOM
COJTHEYHOH DJIIEKTPOCTAHIMH, NPU JAaHHOW KOMIIOHOBKE DJIEMEHTOB, SIBIISICTCS ONTHMAJIbHBIM U JOCTATOYHBIM
IU1s o0ecriedeHrs ero HKCIUTyaTaluy B KIIMMaTHieckol 30He Bl. KoHCTpyKTHBHOE HCIIONHEHHE KOpITyca Oy10Ka
yhpaBieHuss —oOecrieunBaer creneHb 3ammThl [P 66. HccnenoBaHo BiMsIHME BETPOBOM — HarpysKu
Ha MPOYHOCTHBIE XapaKTEPUCTHKU HECYIIMX KOHCTPYKLMH. YCTaHOBJIEHHI 30HBI IIOBBIIICHHOT'O IaBJICHHMS,
TypOYJIeHTHOCTH, BEJIMYMHA OSKBUBAJICHTHBIX HampsHKeHHH W JedopManmii B HECYIIMX KOHCTPYKLHAX
TIPY BO3JICHCTBUU BeTpa CKOpocThio 1o 8 OamnoB (15 m/c) mo mkane bodopra. OnpeneneHbl KOHCTPYKTHBHOE
UCIIONIHEHHE M MaTepHalibl HEeCYINX KOHCTPYKIMI MOOWIBHOM COJMHEYHOH SJEKTPOCTAaHIMH C Y4eTOM
obecrieueHHs MHUHUMAJBHBIX MaccorabapUTHBIX IapaMeTpoB, IPOYHOCTHBIX XapaKTepUCTHK W yHoOCTBa
TpaHCHOPTHPOBKH. [IpM TOMOIIM TE€HEpaTHBHOTO NPOSKTUPOBAHUS IIPOBEICH TOIOJIOTHYECKUH aHaH3
HECYIINX 3JIEMEHTOB MOOMIBFHOW COTHEYHOH 3JIEKTPOCTAHIMH, YTO IMO3BOIMIO CHH3UTh MX Maccy Ha 30 %,
COXPAHHMB IIPH 3TOM HEOOXOAUMYIO PACUETHYIO IPOYHOCTb.

KnroueBble cioBa: colHEYHas SJIEKTPOCTAHIHMSA, METOJ KOHEYHBIX 3JIEMEHTOB, TEIUIOBOH PEXHM, BETPOBas
Harpyska, FreHepaTHBHOE IIPOSKTUPOBAHUE, HH)KEHEPHOE HCCIICIOBAaHHUE.

Kongukt uHTEpecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBHU KOH(MIMKTa HHTEPECOB.
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Abstract. The purpose of the work is to develop the design of a mobile solar power plant with automatic biaxial
positioning of solar cells. The authors have developed the algorithm for the operation of a maobile solar power
plant and the design of the control unit for the solar cell positioning system. Research and development
of a solid-state model of the mobile solar power plant were done using the SolidWorks computer-aided design
system. The design optimization for the solar power plant was carried out using computer engineering research.
The design optimization of the parts was carried out by the method of generative design. Optimization
of the control unit layout was carried out according to the results of studying the thermal processes that occur
during steady-state operation using the Flow Simulation SolidWorks research module. It is established
that the natural air cooling of the electronic control unit of the mobile solar power plant with this arrangement
of elements is optimal and sufficient to ensure its operation in climatic zone B1. The design of the control unit
housing ensures 1P66 protection. The effect of wind load on the strength characteristics of load-bearing
structures has been investigated. The research has established pressurized and turbulence zones, the value
of equivalent stresses and deformations in load-bearing structures when exposed to wind speeds of up to 8 points
(15 m/s) on the Beaufort scale. The design and materials of the supporting structures of the mobile solar power
plant are determined taking into account minimum weight and dimensions, strength characteristics and ease
of transportation. Using generative design, a topological analysis of the load-bearing elements of the maobile
solar power plant was carried out, which allowed the reduction of their mass by 30 % while maintaining
the required design strength.

Keywords: solar power plant, finite element method, thermal regime, wind load, generative design, engineering
research.
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BBenenne

B mHacrosmee Bpems NPOMCXOAUT WHTEHCHUBHOE DPA3BUTHE AJbTEPHATHBHBIX HCTOYHHKOB
sHeprud. OZHUM M3 caMbIX HEPCIEKTHBHBIX SBISIETCA CONHEUHAs >Hepreruka. lcmonp3oBanue
COJTHEUHOM DSHEPrUHM XapaKTEPU3YeTCs HKOJIOTMYECKOM YHUCTOTOH, MPOCTOTOM HCIONb30BAHUS,
a KOJIMYECTBO COJIHEYHOW 3HEPIHHM, IOCTYMAIOLICH HAa MOBEPXHOCTh 3€MJIM 33 HEIENIO0, MPEBbIIIAET
9HEPTUI0 BCEX Pa3BENaHHBIX MOJIE3HBIX HCKOMAEMbIX, IPUMEHIEMBIX ISl FeHEpaluH IEKTPUIECKON
sHepru [1]. T['7aBHBIM NPEUMYIIECTBOM CONHEYHOW DSHEPrEeTUKH SIBISIETCS OBCEMECTHOE
pacnpocTpaHeHHe U JOCTYIHOCTh HCTOYHUKA H3JIyYEHHUs, YTO MO3BOJISIET PACCMATPUBATh COTHEUHbIC
JJEMEHTHl KaK CcaMblii yJOOHBIA Ccrmoco0 CHAOXEHHWS DJIEKTPUYECKOW OSHEeprueid paiioHOB
0e3 coOCTBEHHO YHEPTOCETH.

Pa3BepToiBaHrEe CTaMOHApHOW COJHEYHOW 3JIEKTPOCTAHLIMHU 3aHMMAET CIHMIIKOM MHOTO
BpeMeHn. Ho  cCymecTBylOT cuTyaluu, KOTOpble TpeOyroT oOecredeHusi 3KCTPEHHOIO
sHeprocHaOxeHusa. Haumbonee pacnpocTpaHEHHBIMH SIBISIFOTCS MOOWIJIBHBIE 3JIEKTPOCTAHIMHM Ha
OCHOBE JBUTaTeNedl BHyTpeHHero cropanus. OAHaKO B HEKOTOPBIX CiIydasiX HX HpUMEHEHue
OIpaHMYEHO, HANpPUMEP, IPU OTCYTCTBHHM BO3MOXKHOCTH [JIOCTaBKM TOIUIMBA, OrPaHUYEHUSIMU
10 BEJINYMHE IIyMa, BBIOPOCOB OTpabOTaHHBIX ra3oB B atMocdepy U T. I. lloaToMy ncnosib3oBaHue

“The manuscript has been recommended for publication by the Organizing Committee of the Belarusian-Chinese
Competition of Scientific and Technical Creativity of Students (Minsk, November 22 - December 27, 2019).
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MOOWJIBHOM  CONTHEYHOW 3JIEKTPOCTAHIMU  SIBJISCTCS ONTHMAJIBHBIM  BapuaHTOM. (OCHOBHBIM
HEJJOCTAaTKOM  COJIHEYHOH OHEPreTHKH SBJISCTCS HEMOCTOSHCTBO BO BpPEMEHH IUIOTHOCTH
JHEPreTHYECKUX IOTOKOB, TNPHUMEHEHUE JOPOTOCTOSIIEr0 OOOPYAOBaHUS Ui TPeoOpa3oBaHuUs
Y aKKyMYJHPOBaHHS SHEPTUH, HEBBICOKOro Kod(duuuenta nonesnoro aercreus (KI1[) comHeunbix
Oarapeii. Makcumansnoe KI1J] conmneuHoli 6aTapen JOCTUTAETCS MPU €€ MHCOSIMU ToA yriioM 90°
K TIOBEPXHOCTH TMpeoOpa3oBaTeis CONHEYHOW 3Hepruu [2]. [ns mopiep)kaHus ONTUMAIBHOTO yriia
HHCOJIIIN COJIHCYHBIX 63Tapel>i MOKHO HCIIOJIB30BaTh YCTpOﬁCTBa MO3NIIMOHHUPOBAHM,
YTO TIO3BOJISIET MOBBICUTH A(P()EKTUBHOCTH CONHEYHOI AnekTpocTanuu B 1,2—1,3 paza [3].

Henbio qanHO# paboThl sBiISETCS pa3pabOTKa MOOMIIBHOW COMHEYHOU AnekTpocTanimu (MCD)
C aBTOMAaTUYCCKUM ABYXOCCBLIM IMO3UITMOHUPOBAHUEM COJTHCYHBIX 3JIEMCHTOB.

MeTO}IHKa MPOBEACHUSA IKCIIEPUMEHTA

Pa3paboTka KOHCTPYKIIMM W KOHCTPYKTOPCKOH mokymeHTannn MCD mnpousBoauiach
P TIOMOIIIM CUCTEMBI TBepaoTenbHoro mozenupoBanus SolidWorks u CATIP AutoCad Mechanical.

KommbroTepHbie HccneaoBaHusl TEMIOBLIX PEKUMOB (DYHKIIMOHHUPOBAHHUS OJIOKa yIpaBiIeHUsI
U BeTpoBoil ycroiWuuBoctTd MCD NHpPOBOAMINCH METOJOM KOHEUHBIX JJIEMEHTOB IIPH TOMOIIHN
CAE monayns SolidWorks Flow Simulation.

OnTumu3anysi HECYHIMX KOHCTPYKIMH  OCYIIECTBISUIACH  METOAOM  T'€HEPaTHBHOTO
MIPOEKTUPOBAHUSI.

Pe3yJ’lLTaTLI H UX 06cym11em/le

st pa3paboTKu TEXHHYECKUX pPElleHUH TpH KOHCTpyHupoBaHuu MCD pa3paboTaH alropuTM
ee pyukunonupoBanus. [Tpuniun ¢pyuakuronupoanus MCD crienyromuuii:

— mocie ycraHoBkM MCD Ha MeCTO OKCIUTyaTallid aBTOMATHYECKH, NP TIOMOIIN
ycranoBieHHoro B 0yiok ynpaieruss GPS I'NNIOHACC monyns, onpeaensercs ee reorpauueckoe
MECTOIOI0XKCHHE;

— aBTOMATHYECKH  ONpEAeNseTcsl OpPHUEHTUPOBAHWE OTHOCHUTEIBHO CTOPOH  CBETa
MIPH TIOMOIIIY DIIEKTPOHHOT'O KOMTIaca;

— MCD aBTOMAaTHYECKH TPHUBOIUTCS B pabodee TMOJOKEHHUE IIPH ITOMOIIH DIEKTPUISCKUX
aKTyaTOpPOB;

— 3alycKaercs pEKUM CIeKEHHs 3a IOJNOKEHWEM CONHIla Ha HebecHOW cdepe
B 3aBUCHUMOCTH OT reorpauueckux KOOpAMHAT;

— KPYIJIOCYTOYHO  OCYIIECTBISIETCS ~ KOHTPONb — MapaMETpoB  OKPYXKAIOIIEH  cpelsl
(TeMmepaTypsbl, BIQXKHOCTH, CKOPOCTH BETPa);

— TpU YBEMWYEHWH CKOPOCTH BeTpa cBeime 15 M/c MCD mepexomuT B pexuM
TPaHCIIOPTUPOBKH (COTHEYHBIC TMAHENN CKJIAIbIBAIOTCS B 3alIMTHBIA KOPIYC) JUTS TPETOTBPALICHUS
MOBPEKICHUS COTHEYHBIX HJIEMEHTOB U KOHCTPYKIIUU B IICJIOM;

— TpHU JIOMYCTUMOW CKOPOCTH BETpa OCYIICCTBISCTCS BBHIPA0OTKA W  HAKOIUICHHUE
ANEKTPOSHEPTHH;

— TIOCNIE JOCTHIKEHHUS COJHIIEM JIMHUM ropu3oHTa MCD mepexomuT B PeXHM OXUIAAHUS,
a MOJIOXKCHUE COTHEYHBIX 3JICMEHTOB TIEPEBOIUTCS B TIOJIOXKEHHUE, COOTBETCTBYIOIIEE BOCXOy COMHIIA
CIICYIOIIETO JHS.

OnHuM M3 BaxHBIX (DAaKTOPOB, OOECHEUMBAIOIIMX HAASKHYI0 M OecriepeOoiiHylo paboTry
3JIEKTPOHHOTO YCTPOMCTBA, SBISETCS COONIOJICHHE B TPOIECCEe OKCIUTyaTal[dH OMPeeN eHHBIX
TEMJIOBBIX PEXHUMOB. [leperpeB 3JIEKTPOHHBIX KOMIIOHEHTOB BBI3BIBAECT HECTAOWIIBHYIO paboTy BCel
ANEKTPUYECKON CHUCTEMBbI yCTPOHCTB. ONTHUMHU3AIM KOMIIOHOBKH BBIONHSIACH MO pPE3yJbTaTaM
HCCIICIOBAHUH  TEIUIOBBIX  MPOIECCOB,  MPOMCXOAAIIMX  TPU  YCTAHOBHUBIIEMCS  PEOKHME
(YHKIIMOHUPOBAHHUS B 3aMKHYTOM MIPOCTPAHCTBE KOPITyca 3JIEKTPOHHOr0 OJI0Ka YIpaBICHUS.

Jlns mpoBENeHUs WCCIENOBAHUN TPACKTOPUU TEIUIOBBIX MOTOKOB TPU ECTECTBEHHOM U
NPUHYIUTEIBHOM BO3JYLUIHOM OXJIAKACHHUM U BBISBICHHS a3POJMHAMHUYECKHX TEHEH, B KOTOPBIX
MOT'YyT 00pa30BBIBATHCS 3aCTOMHBIE 30HBI, pa3padoTaHa TBEpAOTENbHAsI MOJEb JIEKTPOHHOrO OJIoKa
ymnpasiieans MCD. Kputepuem ontumu3zandy NpaBUIBHOCTH KOMIIOHOBKHM Obuia  BbIOpaHa
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MaKCUMaJIbHO JOMyCTHMAasi TeMIlepaTypa OJKCILUTyaTallud 3JICKTPOHHBIX KOMIIOHEHTOB, KOTOpast
He nokHa mpeBbimiath 60 °C.  PacmonmokeHue — DJIGKTPOHHBIX  KOMIIOHEHTOB  OOYCJIOBJICHO
TEXHOJIOTUYHOCTHI0 MOHTa)Ka W TEXHUYECKOTO OOCITY)KMBaHHs 3JICKTPOHHOTO OJIOKa YIpaBJICHUS
MCD. [ns ynpouleHuss  KOMIBIOTEPHBIX — UCCIENOBAaHUM  PACHONOXKEHUE  DIEKTPUUECKUX
COCIMHUTEICH W 3JIEKTPUYECKMX TIPOBOJOB OBLIM MCKIIOYEHBI M3 pacuera, TaK Kak MecTa
HX YCTAaHOBKH HE OKA3BIBAIOT BJIMSHHUE HA PACIIPOCTPAHEHHUE BO3AYIITHBIX U TEILIOBBIX MTOTOKOB.

Ha pwuc.1,2 npeacraBieHbl pe3yibTaThl KOMIIBIOTEPHBIX HCCIICAOBAHUN  TEIUIOBBIX
MPOIIECCOB TPH  YCTAaHOBHMBIIEMCS pexkuMe pabotel Oyoka ympasienus MCD  (TemiepaTtypa
okpykarore# cpespl mwioc 50 °C).

a b
Puc. 1. [IpuHyauTensHOe BO3IYLIHOE OXJIAXKICHHE dIIEKTPOHHOTO OJ10ka ynpasieHuss MCD: a — TpaeKTopus
BO3YIIHBIX TIOTOKOB; b— pacnpeaeicHue TEMIICPATypPHBIX rojei OXJIAKJAOIICTO IOTOKAa BO3AyXa
Fig. 1. Forced air cooling of the electronic control unit of MSE: a — the trajectory of air flows;
b — distribution of temperature fields of cooling air flow

a b

Puc. 2. EcrecTBeHHOE BO3IYITHOE OXJIAXIECHHE 3JIEKTPOHHOTO Oitoka yrpasierns MCD: a — TpaekTopus
BO3YIIHBIX IIOTOKOB, b- pacnpeneneHue TeMnepaTypHbIX MOJIEW OXJIaXkAAI0IIEro IOTOKa BO3yXa
Fig. 2. Natural air cooling of the electronic control unit of MSE: a — the trajectory of air flows;

b — distribution of temperature fields of cooling air flow

VYCTaHOBICHO, YTO NpPHU HPUHYIAWTEILHOM BO3AYLIHOM OXJIAXAECHHHM IIOTOKOM BO3AyXa
CKOPOCTBIO JI0 2 M/C MaKCHMallbHasi Temrieparypa mnoroka He npepbimaer 60 °C. 30H KpUTHYECKOTO
neperpesa BhISIBIIEHO HE ObLIIO.

[Ipu ecTecTBEHHOM BO3IYLIHOM OXJIQXKJICHUM MaKCUMajlbHas TeMIIepaTypa KOHBEKTHBHBIX
notokoB He mpesbimaer 60 °C. I[loaToMy [0OCTaTOYHBIM SBJISETCS OPTaHH3ALMsI ITACCHBHOTIO
BO3AYIIHOTO OXJaXJeHUs1 Onoka ynpaieHuss MCD. YCTaHOBIEHO, YTO TPAeKTOPHs BO3AYIIHBIX
MIOTOKOB IPY OZJHOCTOPOHHEM PACIIOI0KEHNH BEHTHIISILIHOHHBIX OTBEPCTUH SIBIISETCSA ONTUMAIIBHON U
obecrieunBaeT paBHOMEPHOE pacIipeesieHre TEIUIOBBIX M0JIel 110 BceMy 00beMy OJI0Ka yIpaBieHHUS.

HccnenoBano BiIMsAHME BETPOBOM HArpy3KH Ha MPOYHOCTHBIE XapaKTEPUCTUKU HECYIIUX
KOHCTPYKIIMH U ycroiunBocts MCD. Onpe/eneHbl 30HbI OBBIIIEHHOTO ABIICHHSI, TYPOYJISHTHOCTH,
BEJIMYMHA SKBUBAICHTHBIX HANPsDKEHUN U eopMmalnii B HECYIIMX KOHCTPYKUMAX IPU BO3AEHCTBUN
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BeTpa ckopocThio 10 10 6amnoB mo mkane bogopra (puc. 3). BelsiBneHHbIE y4acTKH MOBBIILICHHOTO
nmasnenust (P =275 Ila) Ha Hecyiue KOHCTPYKIIMH TTO3BOJIHIIN BBIPA00TATh TEXHUYECKUE PEIICHHMS,
obecneunBaroiue 0e30MacHy0 paboTy MpyU CKOPOCTH BeTpa 1o 8 Oamtos mo mkaine bodopTa.

OnpeneneHbl KOHCTPYKTHUBHOE HCIONHEHWE W MaTepualbl HECYIUX KOHCTpykKiuid MCO
C y4eToM oOecrieueHus] MUHUMAaJIbHBIX MacCOra0apuTHBIX ITapaMeTPOB, TPOYHOCTHBIX XapaKTEPUCTUK
U ymoOCTBAa TpPaHCHOPTHPOBKH. [Ipy mOMOIM TIeHEPaTUBHOIO MPOSKTUPOBAHHUS IMPOBEICH
TOIOJIOTHYECKUH aHaNW3 HecymuX 3JeMeHToB MCD (IOMOMHHUTENbHBIE OMOpBI, MauTa KPEITUICHHS
COJIHEYHBIX OaTapeii), 4To MO3BOJIIMIIO CHU3UTH X Maccy Ha 30 %, COXpaHUB MPH STOM HEOOXO0IUMYIO
pacUeTHYIO MPOYHOCTH (puc. 4).

Puc. 3. CkopocTh 1 TpaeKTOpHs BETPOBBIX ITOTOKOB Puc. 4. Pe3ynbTaT reHepaTHBHOTO MPOEKTHPOBAHUS
1 CO3JaBacMO€ JaBJICHUE Ha KOHCTPYKIUIO MCD Ma4Thl KPETUIEHUST COJTHEYHBIX 6aTapeI71
Fig. 3. The speed and trajectory of wind flows, Fig. 4. Result of generative design of solar cell tower

and the pressure developed on the MSE

[lpoBeneHHbIE HCCIENOBAHHUS IO3BOJMIM  ONTHMH3HPOBATh KOHCTpyKImio MCD
o0ecneynTh €€ SKCIUTyaTalllio B YCIIOBHSAX, COOTBETCTBYIOIIMX KIMMAaTHYECKOMY HCIONHEHHIO Bl
(mo TOCT 15150-69) u crenenn 3ammtel IP 66 (mo TOCT 14254-2015). TeepmorensHas MOjENb
MCD npencraieHa Ha puc. 5. O00opyJ0BaHHAsI TPEMsI COTHEUHBIMHU OaTapesMu (Hanpumep, Sunway
OCM-400M) MCD obecrieurBaeT TreHepalmio AIeKTpuIecKoi sHepruu He meHee 5000 Brxy.

Puc. 5. TBepaoTenbHast MOJeTh MOOHIBHOM COMTHEUHOM AJIEKTPOCTAHIHN
Fig. 5. Solid-state model of mobile solar power plant

3akaouenue

B pesynbraTe BhINOIHEHHS PaOOTHI pa3paboTaHa KOHCTPYKLMS MOOMIIBHOM COJNHEYHOH
JJEKTPOCTAaHIIMK, OOECIEYMBAIOIIAsl BBIPAOOTKY 3JIEKTPOSHEPIHMH IIPH MOMOIIM BO300HOBIISIEMOIO
HCTOYHUKA dHepruu. lIpuMeHeHne TBEepAOTENbHOrO MOIEIMPOBAHUS IO3BOJISIET OLICHUTH BIIMSHUE
YCIOBUH O3KCIUTyaTalMd Ha KOHCTPYKTHMBHOE HCIIOJIHEHHE pa3pabaThIBAEMOro YCTpOMICTBa
U CYILIECTBEHHO CHU3UTH BPEMsI IOUCKA ONTHMYMa IPH BBIOITHEHUN KOMIIBIOTEPHBIX HUCCIEOBAHUM.
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HpI/IHHTI)Ie TCXHUYCCKUEC PCHICHHA U KOHCTPYKIUSA MOOHUILHOH COTHEUYHOM SJICKTPOCTAaHIINN
SBJIAOTCS OpUTMHAJIBHBIMU U YYUTBIBAIOT COBPECMCHHBIC TCHACHIIUN PA3BUTHA aBTOMATU3UPOBAHHOI'O
MMPOCKTUPOBAHUA U ITPOU3BOACTBA.
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