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8 RYRP MH |DYU&AQRP UDGXRSPLANDYDY DHAMDN XSDHRQVWU X
DXWRQRPQRJ XUHYDMD ]D pLAUHQMH VRODUQLK SORpD 8UF
SULPDUQD QDPMHQD PX MH pL&GHQMH UHGRYD VRODUQLK S

1D SRpHWNX UDGDO R IIDVDOI WRHD BUQQIK SORpD WH MH REUD](
pL&UHQMHP 1DSUDYOMHQD MH DQDOL]D SRVWRMHULK SDWI
GRVWXSQLK DDRQYGRL&#MWX QD WHPHOMX ]DNOMXpDND DQD
dekompozicd =DWLP VX X PRUIROR&ANRM PDWULFL SULND]DQD S
XUHYyNINRQ pHJD VX JHQHULUDQD NRQFHSWD RG NRMLK N
BULND]DQ MH SRVWXSDN RGDELUD NXSRYQLK NRP®RRQHQDV
GRND]J]DOR NDNR VX NRPSRQHQWH SULNODGQH ]D NRUL&AWH
ILQDOQR NRQVWUXMWM R/ MKNQROBMHEHQNMRHE OLNRYDRYRQRRRSFK
programskom paketu Solidworks 2020WH MH GRQHVHQ ]J]DNOmMX4zBeN 8 SU
WHKQLpPpND GRNXPHQWDFLMD

.OMXpQHVWIUMRHVW D pLAUHQMH VRODUQH SORpH DXWRQRPQF
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SUMMARY

This bachelor's thesis presents the process of conceptualization and design of an autonomous
device for cleaning of solgranels. The device uses electrical energy and is intended to be used

primarily for cleaning rows of solar panels on medisized solar farms.

At the beginning of the thesithe working principle of solar panels is described and the need
for their cleanig is explained. An analysis of registered patents and existing solutions on the
market is made, followed by a functional decomposition of the device. Following this, a
morphological matrix is created which presents partial solutions for the device'stgnefiier

which 4 concepts are generated, the best of which is selected to be further developed. The
process of choosing bought part®iglainedand calculations are made to show the parts are
suitable for usage within the device. At the end of theigshesCAD model otthe final design

is presentednade in the Solidworks 2020 software, and a conclusion is made. In the attachment

of the thesis, the technical documentation produced for the device can be found.

Key words cleaning device, solar panetgjtononous brushes
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1. UuvOD

1.1. Solarna energija

6RODUQD HQHUJLMD MH HQHUJLMD QDVWDOD SUHWYRUER
GLUHNWQR NRULVWHGL IRWRQDSRQMWN\GFIBQWQNH DAY \LXQMHH
JRWRQDSRQVNL pODQFL SUHWYDUDMX VXQpHYX VYMHWOR\
XpLQDN GRN VXVWDYL NRQFHQWULUDQH VXQpHYH VQDJH
VXVWDYRP ]D SUDIHQMH SRPRIPRDREPXB OB UMHMR GIDMp H 4 i
NDNR EL SUYR SUHWYRULOL VXQpHYX VYMHW QIR 2080.X WRSO
JRGLQH VRODUQD HQHUJLMD SURL]YRGLOD MH dokjeHOHNWUL
+UYDWVNRM WDM EURM SHBRDQEAD QRNYRPD OHYyXQDURGQH H
.($ VRODUQD HQHUJLMD WUHEDOD EL SUHGVWDYOMD

kako bi se ostvario plan o neutrakti ugljikovih emisijd3].

Slikal.1. 6RODUQH SORpPpH Q& RELWHOMVNRM NXUu

Solarna energija spada pod obnovljive izvore energije, odnosno izvore koji se mogu prirodno

REQDYOMDWL X VNODGX V OMXGVNLP SRWUHEDPD D UD]O
EUAH QHJR 4WR VH PRJX REQRYLWL 6ROUBI®Q&BMMBEPOHQHUIL
XNXSQH HQHUJLMH L] REQRYOMLYLK L]BRubIajHpoStatakL]YRG Q|
WUHEDR YLA&HVWUXNR SRUEXWKXKUIX BOLWMRRGEXGXUIQRGW M
SURL]YRGQMX HOHMNPUVYRQB IHQHUSDMRHDSRWMMHIWLQLMD R

iz obnovljivih izvora[6].

Fakultet strojarstva i brodogradnje 9
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1.2. 6RODUQL pODQDN

6RODUQL pODQDN MH SROXYRGLpPpNL XUHYyDM NRML SRPRUX
HQHUJLMX L]JUDY QR)ijX[7H OHONNVRY HRUQ X HHQHBE]LYD IRWRQDSRQV!
LIYRU VYMHWORVWL QLMH VXQpHYD VYMHWORVW YHUO QSU
blizu vidljivog spektra. Osim za proizvodnju solarne energije, mogu se kidristo detektori
infracrvenog svjetaLOL |1D PMHUHQMH LQWHQ]JLWHWD VYMHWORVWL
SRYHAMHULMVNL SDUDOHOQR LOL X NRPELQDFLML GREL)Y
SRSXODUQR QD]JLYD L VRODUQD SORDD

Slkal2. 6RODUQ[8]pODQDN

6RODUQL pODQFL UDGEHPLIRPRIXI ILHONRFPOIQR® IRWRHOHNWULp
VH X PDWHULMDOX WLMHNRP L]ODJDQMD VYMHWORVWL VW)
RSD]JLR IUDQFXVNL IL]JLpDU (GPRQG %HFIRWRGDSRQVNR (GlOJ
SURL]JYHR &KDUOHV )ULWWYV WHN PHyXWLP WDM MH pO

UYL SUDNWLpPQL PRGHUQL VRODUQL pODQFho®OYRL]YHGH
visoke cijene energije koje su proizv@diL VRODUQL pODQFL SDOL EL X ]DERL
UMHAHQMH |]D QDS D Wargihk IENNRAWH. UMM DO ¥ QW HWD @/ D pbLMH
QDSDMDQMD SXWHP VRODUQUH. YaRdd @5aN&roxMBED-MDIOE YUOR N
NUHQXR VSRU UD]J]YRM D QDNRQ ]QDpDMQLMRJI BIWWRD MHLM3
VRODUQH SORpH QDSRNRQ VX GRALYMHOH UD&ALUHQLMX SUI

Fakultet strojarstva i brodogradnje 10
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1.21. 1DpHOR UDGD WH SURL]YRGQMD VRODUQLK pODQDN

6RODUQL pODQFL SURDBLIYRG@GBMpH &R YROKNRGD pLMH VH Ol
YUOR WDQNH SORpLFHMEBNEQWMDQBN VBR' DVWRML RG GYD V(
sloj je dopiran tako da ima manjak elektronatifpili pozitivni tip sloja), dk je gornji sloj
GRSLUDQ VXSURWQR WHip L Reyativhidip $oj&) GXedlid v thRvV@ Blojatave

jedan na drugog, na njihovoj se dodirnoj plohi formira tzn §poj, kroz koji elektroni ne

PRJX SURUL OHYyXWLP N DvetbstVfbtohiQlare niatérjja R dret@ju'gvoju

energiju atomima u silikonu, te ta energija izbacuje elektrone iz donjiggg gloja u gorniji
slojnrWLSD &WR MH YHUD NROLpLQD VYMHWORVWL NRMD GR!
jednogsRMD X GUXJL WH VH VWYDUD VYHJD NROLPpLQD HOHNWU

Slikal1.3. 1DpHOR UDGD VRO D Qi kelezokDon)11h X W R

6OMHMM (INRUDN X SURL]YRGQMIU M OSINMLR \DNDHD FSAHHQY D 1 NDHD W
NROLpLQX VYMHWORVWL NRMD UH >»RJ X @ O Q-teeksfs@\WW.LPH L
SUHYODND GDQDV MH WLSLPpQR VORM VLOLFLMHYRJ QLWUL
QDQRVL SRVWXSNRP SOD]PRP SRMDpDQRJ N-BVD).Kaki RJ SUHY
bi se formirao strujni krug, potrebnoje§&J DYLWL PHWDOQH NRQWDNWH SUHN
X PRGXOH LOLWL ASORpH3® 3UHNR FLMHOH VWUDA&QMH SRYU
SORpD GRN VH QD SUHGQMRMHSBIF VWL W IN\RNUDL aRAUHHGAND M WV L
RPRIXUXMHBBRHUELQH EXGH SUHNULYHQD VLOLNRQRP QD
SUHGQMX VWUDQX VWDYOMD SORpD NDOMHQRJ VWDNOD
SROLPHUQIR].pDKXUD

Fakultet strojarstva i brodogradnje 11
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1.3. Solarne farme

Fotonaponske elektranesSRSXODUQR ]YDQH AVRODUQH IDUPH3 VX IF
SURL]JYRGH HOHNWULPQX HQHUJLMX L] VXQpHYH VYMHWOR
9HULQD LK VH iXKddtekike OPOWORH SORpH PRJX ELWL ILNVLUDC
SULDPpY U aa ¢aGél magD brijentirati direktno prema izvoru svjetlosti. lako orijentiranje

SRYHUDYD HILNDVQRVW VXVWDYD RQR WDNRYHU SRYHUD
RGUADYPOQMXYHUWHUL RPRJXUXMX SURQWDYRBEX 1\BWRYHA M
LIPMHQLpQL WH SULMH SUHGDMH X PUHaAX HQHUJLMD SURC

Slika 1.4. Solarna farm§l4]

'DQDV VH YHULQD VRODUQLK IDUPL UDGL WDNR GD SURL]YR
PRJX SURL]YRGLWL L SUHNR *: 'DQDV MH QDMYHUD VRODU
granice s Pakistanom. Ona se sastoji od 31 manje fotonaponske elpkstawiene u blizini

jedna druge, te proizvodi 2245 MW snggg] ,]JUDYHQD MH QD SRGUXpPpMX YHO
NRMH VH JERJ HNVWUHPQLK NOLPBWNVKNLEWOMLYWPD N\DP B IWMF
temperaturamaNRMH VH UHGRFHWR NWHIUXVWXSQMHYD &HO]JLMHY
XGDOMHQR MH SUHNR NP RG IDUPH PHYXWLP HNVWUHPQ
SRGUXpMX LGHDOQD MH ]D SRVWDYOMPQMH RJURPQRJ EUR|

Fakultet strojarstva i brodogradnje 12
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Slika 1.5. Bhadla solarna farma u Ind[jL5]

1.4. 8pLQNRYLWRVW VRODUQLK pODQDND L SRWUHED ]D pL&

8pLOQNRYLWRVW VRODUQLK pODQDND GHILQLUDQD MH NDR R
WH XNXSQH VXQpHYH HQHUJLMH NRMD MH GR&40OD GR SRYU4
Hans-RDFKLP 4XHLVVHU GHILQLUDOL VX WRHRIUHYRWUN ¥ O DUIND
]JDNOMXpLOL NDNR RIQD 'DIQRVL QDMNYDOLWHWQLML VRODU
silicjasjednimpQ VSRMHP LPDMX XpLQNRYHWRMDNSWRHPWRYDpPD WY
iH QMLKRYHpWRIOQDRR@OR RGLQD L GDOMH UDGLWL V VY
[18] 2YR VH SRGXGDUD V HNVSHULPHQWDOQLP SRGDFLPD N
LIPHY X- VYRMH PDNVLPDOQH XpLQNRYDWRYRVG D RIGL @M
godina i dalje raditis80 VYRMH PDNVLPDORI XpLQNRYLWRVWL

Slkal6. 3UOMDYH L RpL&UEIDPH VRODUQH SORpH

Fakultet strojarstva i brodogradnje 13
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.DNR EL VRODUQH SORpH NP RNRY BRRBWNER ROKRFMH UHGR
5D]ORJ WRPH MH a&WR SUOMDYawLQD VPDQMXMH SRYUA&aLQX
L] VYMHWORVWL PRIXRXMH REDWDHIR-MDO N 6RODUQH SORpF
QD RELWHOMVNH NXUH X QRUPDOQLP NOLPDWVNLP XYMHW
JRGLEXNBEKINLED SULURGQR RpPLVWL cYehérbi@ Xu Saemitii Yaa WL Q H
obitelskuN XX 1DMYHUL MH SUREOHP QD BAXINKYILCPGIRN D VOVOLNR [IDHSL
QH PRAH X SRWSXQRVWL RGVWUDQLWL

OHYyXWLP QD YHOLNLP VRODUQLP IDUPDPD NRMH SURL]JYRG
pogotovo na onima postavljenim u pustinjigdiegREQ RJR SUDALQH X JUDNX pDN L
XPLQNRYLWRVWL PR&H SURX]JURpPLWL ]QDpDMQH QRYpPDQH .
YUHPHQD PR3aH VPDQMLWL XpLQNRYLWRVW VRODUQLK SOR
neisplative[21] 1D WDNYLP PMHVWLPD MH VYDNRERHIdNQER pLaUHC
EXGXIMHGWDNDY UDG |D OMXGH QDSRUDQ LOL SUDNWLpPpNL Q
L VRODUQLK IDUPL SRWUHEQR MH NRQVWUXbhddML VWUR
VYDNRGQHYQR EH] pHVWLK OMXGVNLK LQWHUYHQFLMD

15. 5D]PDWUDQMH UD]OLpPpLWLK QDpLQD pLAUHQMD

SULOLNRP UD]J]YRMD XUHYDMD ]D pLaAauUHQMH VRODUQLK SORPD
PHWRGD VXKRJ pLAUHQMD WH pLaAaUHQMD X] NRULAWHQMH YF

Indijsko 9OLMHUH ]D HQHUJISNUR FRINHRQAOMLDEMIH YNRBENKR MH ]D pLAUHQMH
SRWUHEQR A OLWDUD YRGH GRN X VX&aQLP SRGUXpMLPD V
]D pLAUHQMH PHIJDYDWQRJ VRODUQRJ SBREBNIRED XSHMXE ® RIQR
SRWUHEQR L GR OLWDUD YRGH .DGD VH X]JPH X RE]JLU (
SXWD WMHGQR |JDNOMXpXMH VH NDNR MH RYDM QDpLQ |
neprikladan.Svjetski institut za resurse nedavQ RP L]Y MREWDO)WIDIER H VH
SRJRQD ]D SURL]YRGQMX VRODUQH HQHUJLMH JERJ YHOLNR
JUDGLWL QD SRGUXpMLPD NRMD VH YHU VXVUHUX VD SUREC
RYDM QDpLQ pL aaiQdddpraobléntd aap&ukOMWBONR YHOLNLK NROLpPLC
VXaQLK SRGUXpMD

Fakultet strojarstva i brodogradnje 14
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OHWRGH VXKRJ pLAUHQMD PRAHPR UD]YUVWDWL QD DN\
SRGUD]XPLMHYDMX VWURMHYH LOL UDGQLNH NRML SRPR
odstranjuju nd LVWRUH V SRYU4ALQH GRN VX ]QDWQR PDQMH SRSX
VH QD QHNL QDpPLQ RQHPRJIXUXMH QDNXSOMDQMH QHpLVW
ANRQFHSW HOHNWULPQH ]JDYMHVHS NRMRM VH QD SRYU
onemoJ XiXMH pHVWLFDPD SULDQMDQMH QD ¥DPPL SRQUIL QRMR
SDQHOD PRUDOD QHSUHNLGQR VWUXMDWL HOHNWULpPQD
razlobljia LOL X YOD&QLP SRGUXPMLPD 6LIJXUQLMH VXNRSFLMH ¢
VH SRYUELQD SUHPD]XMH SULPMHULFH VORMHP WLWDQRYR
QHPLVWRUH ]J]ERJ VODERJ SULDQMDQMD pHVWLFD QD WDN
XPLQNRYLWH X VX4QLP SRGUXpMLPD

% X G X jelsvéh®ovog rada razviti autonomkiUHyYyDM ]D RGVWUDQMLYDQMH Ql
SDQHOD X SXVWLQMVNLP SRGUXpMLPD ]DNOMXpXMH VH ND
SRPRUX PHKDQLPpNLK pHWNL V PLNUR3GaNNBQdr PKogc209L VOLpPQ
su objavili rad u koemQDYRGH NDNR MH QDMXpLQNRYLWLMD PHWF
NRPELQLUDQMH WNDQLQD VD PLNUWPRYQ RekicRdifavany iodivVLV DY D
GRGDWQH WURANRYH WH WHALQX X VXVWDY |]DNOMXpLOL \
mkrRYODNQLPD QDML VD DWADXQ RWHWU MPHHAHRGMHH VXKRJ pLAUHC
QHGRVWDWNH SRQDMSULMH HNROR&ANH SULURGH NDR awWR

9D&QR MH QDSRPHQXWL NDNR QHND AVXKD® UMHAHQMD L G
decilitra po paneluLOL MR& PDQMH X DXWRPDWL]LUDQLP VXVWDYLP
PLAUHEMEBRIMHSDNROLPLQD YRGH |[DQHPDULYD X XVSRUHGE
bLAGHQMHP X] BRPRU YRGH

Temeljem ove analize lako f(DNOMXpLWL NDNR MH QDMEROMD RSFLMD
WDNYRVASKROXpLAUHQMH pHWNRP V PLNURYODNQLPD X NRM
vode zajedno s ostalim potrebnim kemikalijama potrebninpastizanje zadovoljavajul L K

rezultat.

Fakultet strojarstva i brodogradnje 15
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2. ANALIZA PATENAT A

2.1. Patent US9130502B2 Photovoltaic panel cleaning machine

SDWHQW MH SULMDYOMHAQ X 6MHGLQMHQaktvars®PHULpPNL
RPHNLYDQLP GDWXPRP LVWHND JRGLQH

8 RYRP MH SDWHQWX RSLVDQ XUHyDM V QDPMHQRP DXWR
VRODUQLK SORpPpD NDNR EL RSWLPL]JLUDR QMLKRYX XPpLQNRY
se nalaze na gornjojiddMRM VWUDQL VRODUQLK SORpD WH GRELYD H
VH SXQL HQHUJLMRP GRELYHQRP NRULVWHUL LVWH VRODUC
JUDND SXKDOR L POD]J]QLFH SRPRUX NRMLK VH RW W HDMNNHX
]D RGVWUDQMLYDQMH QHpLVWRUUD

Slika21.  Patent US9130502B(24]

7LMHNRP SUYRJ SUROD]D LVSXKXMH VH NRPSULPLUDQL ]JU
1DNRQ WRJD XUHYyDM VH SRpLQMH NUHWDWL X VXSURWQR
PHKDQLpPNL RGVWUDQMXMH QHPLVWRIGH V PoNORD BpulkjeK SORpP |
JUDN NDNR EL VH RGVWUDQLOH pHVWLFH NRMH MH pHWND R

Fakultet strojarstva i brodogradnje 17
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SUYRWQX SR]JLFLMX X pHWYUWRP VH SUROD]X X NRQWDN\
SURL]YHGHQD RG PDWHULM D ONDDVWOWWLBQUNDH/MVK L Y WIDRV Y PNDIN & IOH
VX X NRQWDNWX V SRYUALQRP SORpH WH WDM QDERM SUL
VRODUQLK SORpPD

2.2. Patent US9192966B2 Automatic washing device for continuous surfaces, in
particular solar thermal collectors, photovoltaic panels, continuous glazed
building walls and similar surfaces

SDWHQW MH UHJLVWULUDQ X 6MHGLQMHQLP $PHULpPNLT
2032. godine.

Slika2.2. Patent US9192966B25]

8 RYRP MH SDWHQWX RSLVDQ PRGXODUDQ XUHYDM ]D pL&uUH
QD NRMHP VH XUHyYyDM QDOD]L NDGD QL MM een@RipRti@bai RNY LU
]D pLAGHQMH VRODUQLK SORpD WH pHWNH NRMD REDYOMD
VWURM GRELYD VQDJX L] EDWHULMD NRMH VH QDSDMDMX L
SORPDPD RVWYDUHQR MMNYSRKRNIRMRWO PRIDVQDIRQL X] UXE
SRWUHEQR ]D RVWYDULYDQMH OLQHDUQRJ SRPDND SRJRC
JODYQRJ YUDWLOD QD NRMHP VH QDOD]L pHWND .RWDpLI
JRUQMRP L GRQMMRM S BDUXUGRPMSO®RAH VWDELOQR UDGLWL

Fakultet strojarstva i brodogradnje 18
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awR XUHyDM QH ]DKWLMHYD GD VH QD VDPH SORpH PRQW
LIPHYyX RVL QD NRMRM VH QDOD]JL pHWND WH SRYU&LQH VRC

'RGDWQD MH SUHGQRVR\QRWRXNRUHYD ND @GWRHRNRUQL SRPDN

XUHYyDMD V MHGQH SORpH QD GUXJX pDN L DNR VH L]JPHyX S
XUHYyDMD QDOD]L VH X PRIJXUQRVWL YDULUDQMD GXaLQH ptF
SUDQMH 1DNROQMAWRDXYL pLAaUHQMH DXWRPDWVNL VH YUDUUD
SORpD NDNR QH EL IDNODQMDR SRYU&GLQX SORpPD NRMX RE!

2.3. Patent US9080791B1 Docking and locking sysfor solar panel cleaning system

Patent je registriran 201 X 6 MHGLQMHQLP $PHULpPNLP 'UADYDPD WUH
2034. godine.
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Slika2.3. Patent US9080791B26]

8 RYRP MH SDWHQWX RSLVDQ ]QDWQR YHUL WH WHKQLpPNL
QDYHGHQLP SDWHQWLPD 1DMYHUD MH UD]JOLND RYRJ SDWF
XUHYDM LPD PRJXUQRVW SRPLFDQMD SR Gli¢drbHtirRnéba 8UH Y D |
UXE VRODUQLK SORpD NRMH VX SRVWDYOMHQH SRG QDJLE!
HOHNWULPQLP PRWRURP L NRWDpLULPD |JD OLQHDUQR SRPL
QDODJ]L VH MR& MHGD Q a R MdkWRNRYPLRIW]DWRFG Q RNRWDpLGLP |
MHGQX LOL YL&H pHWNL ]D RGVWUDQMLYDQMH QHpPLVWRUD
SRSUHPQR X RGQRVX QD ORQJLWXGLQDOQX RV SR NRMRM

Fakultet strojarstva i brodogradnje 19
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XUHYDM WDNRYHU VDRBH&]DSRPRIHHVASSHRIIRQMHQH SRPRUX
vratila manjeg okvira.

8UHYDM RSLVDQ X RYRP SDWHQWX VDGUAaL QL] VHQ]RUD ]D
NDNR NDEORYL QH EL GR&aOL X SR]JLFLMH X NRMékmD EL PR.
GUuUxXJLP HOHPHQWRP 8 SDWHQWX MH WDNRYHU QDYHGHQ
PLNURYODNQLPD NRMD VX SR]QDWD SR VYRMRM GXJRWUD
VXVWDYX VH WLMHNRP pLA&0HQMD QH NRULVWL YRGD

Fakultet strojarstva i brodogradnje 20
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3. ANALIZA 32672-(0,+ 5-(a(1-$ 1$ 754,478

SRVWRMHUD UMHAHQMD QD WUaLaAaWX PRAHPR SULPDUQR UD]
sustave Neautomatizirani sustavi, iakh QLFLMDOQR MHIWLQLML NUR] GXAL
LILVNLYDWL YLAH WURANRYH RG DXWRPDWL]JLUDQLK VWUF
REXpDYDQMHP L]YUALWd QaADSUBDGOHB QENWOYNRa&VWRMH
WUaLd&wWX L] REMH NDWHJRULMH

3.1. Mazaka Heavy Industry Solar Panel Cleaning Machine

7XUVND WYUWND OD]JDND +HDY\ ,QGXVWU\ QXGL QHDXWRPD)
X REOLNX QDVWDYND NRML VH PRA&H PRQW [eUrBdik.z&Q D J XV
XSUDYOMDQMH QDVWDYNRP WH YRAQMX YR]LOD QD NRML M
SULODJRGOMLYLK ELOR NDNYRM NRQILJXUDFLMB00RODUQL]
PP GRN MH SRYUZLQD NRMX BEOI X7 FBpilnddtévcilsl pégoviipriv X
GL]JHOVNLP OLWVXELVKL PRWRULPD WH VDGU&H pHWNX SUF

O 1DVWDYDN MH YUOR WH&ADN RNR NJ EH] YRGH QR
]D RGUADYDQMH NR QVVGCID@WI@HD BUWW RVMLHPMMONH LIRG SRYUAEL
EL GR40R GR RAWHUHQMD SRYU&LQH

Slika 3.1. 5MH&AHQMH WXUVNH WYUWR/H OD]DND +HDY\

Fakultet strojarstva i brodogradnje 21
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3.2. SIC Solar Panel Cleaning Machine

'UXJD MH YUVWD QHDXWRPDWL]JLUDQRJ UMH&AHQMD VWURM
.LQHVND WYUWND 6,& 6RODU QXGL WDNYR UMH&AHQMH X NF
teleskopsko vratilo koje ima maksimain G XOMLQX P yHWNH VH URWLUDMX
GRN EDWHULMD NRMX RSHUDWHU QRVL X UXNVDNX PRaH RP
UMHAHQMH NRULVWL YRGX SULOLNRP pLAUHQMD WH MH VW
operatdd QH PRA&H SRPDNQXWL GDOMH RG P RG VSUHPQLN
QHSRIJRGQR ]D SXVWLQMVNH SURVWRUH JERJ SRWUHEH ]D
SRIRGQR MH |D PDQMH VRODUQH IDUPH X SURVWRULPD V EC
SORPpH QLVX PRQWLUDQH SRG QHNLP NXWRP YHiU VH QDOD]
PRQWLUDQMH SORpPpD J]QDWQR VPDQMXMIX&QUIEEEMNR MX RS
VYODGDYDWL QDJLE SORpPpD SULOLNRP pLaAaUHQMD

!

Slika3.2. 5MH&EHQMH NLQHVN2] WYUWNH 6LF 6RODL

Fakultet strojarstva i brodogradnje 22
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3.3. Monsson Logistic fAutomatic solar panel cleaning system

Rumunjska tvrtka Monsson LogistiQ XGL DXWRPDWVNL VXVWDY ]D pLaUHC(
NRULAWHQMD YRGH VXKL WLS pLaoHQMD WH EH] NHPLNDOL
7R 1QDpL GD RYDM SURL]YRG QH | DKWMHYD LQVWDODFLMX F
odsWUDQMLYDQMH pPHVWLFD V SRYUGLQH VRODUQLK SORpI
SURL]YRG L]QLPQR SULNODGQLP ]D SXVWLQMVND SRGUXpMI
WUDQVSRUWLUDWL GR a8HOMHQH ORNDt6 bdddhtjev® Mu¥skei D MH
LOQWHUYHQFLMH X QL MHGQRP VOXpDMX RVLP-&K6DIgD 6YH °
QDOD]L QD VDPRP XUHYyDMX WH VH YULMHPH pLAUHQMD PF
SORpD 7R PRAH ELWL QSU NDG@HXPYRE YROWRHWW QK VWD @O

doba dana ili u ovisnosti o drugim parametrima poput brzine vjetra.

-Ra MH MHGQD SUHGQRVW RYRJ VXVWDYD @aWR QH [DKWMHY
YHUO VH YRGL SR UXERYLPD SB8RYDVRNRNWHDDMW HWHQN RRRW R
SULNODGQL |]D XSRUDEX SUL YLVRNLP WHPSHUDWXUDPD GR
VXVWDYD EDWHULMH L IRWRQDSRQVNLK 0HOLMD %DWHULI
QDOD]L QD VDPRB XRNR DQMRX LWKHU WMHDO M VSRVREDQ SULMHUOL X
HOHNWULPQX HQHUJLMX L] EDWHULMD GRN MH SUHNR GDQ
SXQMHQMD EDWHULMD GRN VXQpHYH JUDNH REDVMDYDMX V
X U pko 810 m/min.

Slika33. 5MHAHQMH UXPXQMVNH W29UWNH ORQVVRQ |

Fakultet strojarstva i brodogradnje 23
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3.4. AX System zAutomated solar panel cleaning system

8UHYDM IUDQFXVNH WYUWNH $; 6\VWHP UD]JOLNXMH VH RG

VQDJIJX GRELYD L] KLGURPRWRUQRJ SRIJRQD NRML SRPRUOX

YUDWLOR QD NRMHP VH QDODI]L FLOLQGULpPpQDz pgerdbD 2YR

HOHNWULpQH HQHUJLMH &WR JDUDQWLUD YLVRNX SRX]GDC
YRGX WH SULVXWQRVW VSUHPQLND YRGH V GLJHOVNRP YLVF
YRGRP 8UHYDM MH VSRVREDQ SRPDN@XMRAVWHRE RVM PWPLL G R3
X] SRWUR&AQMX ¥YRGBIV®OGMH XQ@ HYyDMD RNR NJ PHYyXWLP RQ
SO RpOG XIMHG®XOMLQD XUHYyDMD SULODJRGOMLY SDUDPHWD L
RG PP WH VH RNUHWHPEQ]LRIP pHPXNSULWLVDN QD VROCL
SUHOD]L 03D NDNR QH EL GRA4OR GR RJUHERWLQD QD SRY
PRIXUQRVW NRMX XUHYyDM QXGL MH GD NDGD XUHyDM ]DYU
SRpHWDN NRXWHRBRWWDYL QD GUADp QD NRWDpPLULPD NRML
WDGD RSHUDWHU PRUD SRPDNQXWL GUabDp GR VOMHGHUHJ L
jekorisnaEXGXIRPE&DXuDYD GD VH MHGQLP XUHYDMHP WHODWLYQ
SORpD QR SULPMHULFH X SXVWLQMYXKXRaKtewa konstaRtbu RYR M|
SULVXWQRVW pRYMHND QD PMHVWX UDGD XUHyYDMD

Slika 3.4. 5MHAHQMH IUDQFXVNBIJWYUWNH $; 6\VWHI
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4. FUNKCIJSKA DEKOMPOZICIJA

1D WHPHOMX ]DNOMXpDND L] XK RHEBkoWpregiBda WegisirEaBih X U H y D |
SDWHQDWD WH SRVWRMHULK SURL]JYRGD L]JUDYHQD MH IXQ
energije, materijala teignala unutar sustava.

A

% Signal o radu

i uredaja
! 1
Signal o 1 Signal o I_ ______ 1 I_ ______ 1 1 Prigusena
uklj.fisklj I Ukljugivanje i iskljucivanje uklj.fisklj Korisnika o radu | ! Buka . | 1 buka
.......................... L) > C - izusiti — U .
1 > omoguciti 1 uredaja obavijestiti | I 1 Bukwprigysid I 1
1 1
1 I |
1 1 !
. ! ! o
Elektritna | El El 1 | EL | | . Prigusene
energija Elektritnu energiju | €n. Elektri¢nu energiju [ €n | | Elektri¢nu energiju | , en Elektricnu energiju u Vibracije | vibracije
—_— ] LS — b — ‘ 1 i . ibracije prigusiti | |mm——pr——-
prihvatiti pohraniti 1 voditi | mehanicku pretvoriti | Vibtatije prigust |
! 1
| - 1 U | ;
! A Signal Mehanicka ik f A 1 )
1 : z . . - Energija
:  poziciji uredaja energija I
1 Signal o L reakcije
1 poziciji uredaja : Vibraciie | L
Ljudska ! E B s e ol e B s el [ |  Toplinskii
energija 1 : Ljud 1 1 | mehanicki
%—'» | en. | 1 gubitci
Postavljanje na > Odispadanja | : | | Linearni pomak (tran§ aciju) Rotaciju fetki omoguditi 1 8 -
................ Looorerr plote omoguditi osigurati > 1 Cetki omoguciti I ] w
Signal o 1 | 1 |
poziciji u Feﬁﬂjﬁ A ____________________
| Mehanicka 1
I e
lzolacijski | Izolacijski ! — BHCIE !
materijali Metalne kontakte | materijali ! Egenca !
—_——— = =] : R ) I Necistoc
izolirati —_— Energija
| ° Solarne plote Eistiti  fm = = = = = ——— - - - - r=——=-s
1 —— Materijal ]
L e [reererrrosess o Signal 1
! 1
____________ ;UE;KA_ ST T T T T T T T T T T T T T T T T T T T Granica sustava
energija

Slika4.1. Funkcijska dekompozicija

1D WHPHOMX IXQNFLMVNH GHNRPSR]JLFLMH SRWUHEQR MH L
generirati te ocijeniti koncepti.
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5. 025)2/24a.AMATRICA

Na temelju IXQNFLMVNH GHNRPSR]JLFLMH QDSUDYOMHQD MH Pl
PRJXUD UMHAHQMD ]D RGUHYHQH IXQNFLMH SURL]JYRGD

Tablical ORUIRORAND PDWULFD
Funkcija 5MHaAHQMH

8NOMX
ei

LVNOM

H RPRJ

%x\

ORELOQR ZHE

(OHNW

energiju

prihvatiti

Solarni modul (pretvorba iz
VXQpHYH VYM

(OHNW
energiju
pohraniti

Li-lon baterija

Akumulator
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,QIRUPDFLMH QD XSUD

(OHNW "
energiju %”
‘ el
voditi
Kablovi
Korisnika o
radu ‘\\"\
obavijestiti '

ORELOQR ZHE

*XPHQL SUL

vibracija

Amortizeri

(OHNW '
energiju u A
gl \\‘\{
PHKDQ =4
pretvoriti b |
Asinkroni motor Sinkroni motor Servomotor
Buku
SULJX
, JRODFLMVNL PDWHULMDO XQX\V\

Vibracije

SULJX

Rastavljivi spojevi s
HODVWLpPQLP S

Fakultet strojarstva i brodogradnje
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Postavljanj
H QD S
RPRJX

Ljudska energija

Dizalica

)LQDOQD PRQWI
VRODUQRM ¢

Od
ispadanja
osigurati
9LMpDQL VSRMHY Osiguranje oblikom
NRWDpLUL QD
Translaciju @ . -
XUHYL v @’
RPRJIX| &
Navojno vreteno s
maticom .RWDpLUL
Rotaciju
pHWN
RPRJX

=XSpDQL S

Tarniprijenos

Remenski prijenos
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=

. @il >.

=

Solarne
SORDpH YyHWND V

mikrovliaknima YHWND V|

(horizontalno mikrovlaknima

postavljena) 1L] PDQMLK NU]

(vertikalno

postavljena)

Metalne @ : &T'
kontakte v -

izolirati

*XPHQL NRWDpLUL X NRQWDNWX

1DNRQ 4aWR MH IRUPLUDQD PRUIROR&AND PDWULFD SUHOD.
SDUFLMDOQD UMH&GAHQMD QDYHGHQD X PRUIRORANRM PDWUIL
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6. 7(+1,y.% 63(&,),.$&,-$

Prije generiranj&oncepata, potrebno je u svrhu jednostavnosti opisa koncepata zapisati neke
NDUDNWHULVWLNH NRMH UH ELWL |]DMHGQLpPpNH VYLP NRQFH
od njih.

8 GRIJIRYRUX V PHQWRURP RGOXpHQR M idp@kiadary DV plL\&a WHU@RNIHN |
QD VvVRODUQLP IDUPDPD NRMH LPDMX UHGRYH VD GYLMH

[ PP VORAHQH SDUDOHOQR RGQRVQR PRGXO ]D pL&uUH
od 2000mm gledano u smjeru okomitom na slaganje solaW@RpD 2YH VX GLPHC
QD]QDpHQH QD VYLP FUWHALPD NRQFHSDWD

6YL HOHNWURPRWRUL QD ILQDOQRM YHU]JLML XUHYyDMD X]L
SXQLWL NDGD MH VWURM L]YDQ SRIJRQD QSU QRUX 3R]LF
naYHGHQD XQXWDU RSLVD NRQFHSWD YHU UH ELWL RGUH
RGDEUDQRJ NRQFHSWD NDNR EL VH SRVWLJOD QDMEROMD F
, VWR YULMHGL L ]D 3/& SUHNR NRMHJD UH VH XSUDYOMDWL

Ranijeuovomr& X GRQHVHQ MH |[DNOMXpDN NDNR MH QDMRSWLPD
VXKR? pLAUHQMH pHWNRP V PLNURYODNQLPD NRMH NRUL
NHPLNDOLMD =D WDNYR pLAUHQMH NDNR EL L]JEMHJOL SR\
crijeva, potrebno je na stroju imati manji spremnik iz kojeg bi se dovodila potrebna voda za

pLA&UHQMH .DR L SR]JLFLMD EDWHULMH SRJLFLMD WH YROXF

konstrukcijske razrade odabranog koncepta.

U svim je konceptimap?/ UHEQR RVLIJXUDWL NRPSRQHQWH SRSXW OH?2
LOL GUXJLK QHpLVWRUD L] DWPRVIHUH NRMH EL PRJOH GRY

Fakultet strojarstva i brodogradnje 30
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7. KONCEPTI

7.1. Koncept 1

8UHMDVDGUAL WUL HOHNWURPRWRUD (0 ndRojBu SRj@gRQH WU
SRPRUX VSRMNL 6 'YD YUDWLOD VOXaH ]D RVWYDULYDQM
SORpDPD GRN WUHUH QD VHEL LPD PRQWLUDQX pHWNX vy

SRYU4GLQH SORpD 1D YUDWLOHPODLRREDQRIXERPDNRV SR BOL
VH GYD NRWDpD . MHGDQ SUL YUKX WH GUXJL SUL GQX V|
NRWDpLUL 3. RSLVDQL X SRIJODYOMX A7HKQLpPND VSHFLILN

.DNR EL VH XUHYDM RVLJXUDR R GVMWEDED § RQ VIRWKLIDGR. M
REOLNRP RVLJIJXUDYD EXB XDilkH GOH § UGIY HWOBQWLD RPRWRUD X]
WHALQH XUHYyDMD EXGH SUL JRUQMHP GLMHOX SORpD ,Gt
presjgkiu A$ QD SULORAHQRM VOLFL NRQFHSW

SUHGQRVW MH RYRJ XUHYyDMD MHGQRVWDYQD NRQVWUXNFL
LI YUADYDWL SRSUDYNH WH UHODWLYQR EU]JR pLAUHQMH YH

za velike solarne farme. Dodatna je prednost niska cijeadeéze mali broj dijelova.

1HGRVWDWDN XUHyYyDMD MH aWR VX SRWUHEQD WUL HOHNW
X VXVWDY XQRVL ]QDpDMQLMH WURANRYH WHAaLQX WH VWY
QHGRVWDWDN MH WHALQD RVLIJXUDYDQYMDSORBRDPRO BW@RRELSH
GRYHVWL GR OR&HJ UH]XOWDWD pLaUHQMD

Fakultet strojarstva i brodogradnje 31
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7.2. Koncept 2

8 RYRP NRQFHSWX FHQWUDOQD RV pHWNH ]D [sblaiaiHQMH SR
SORpPD 8B8UHYyDM pLVWL VRODUQH SORpH SUDWHUL SXWDQMX
7R ]QDpL GD VH PRGXO ]D pLiAGHQMH QD NRMHP VH QDOD]L p
QDNRQ pHJD VH SRQRYQR SRGLYH SRPR[pHWQG F\RDR DM OD. ¥
PHWNH WH SRQDYOMD WDNYD JLEDQMD GRN QH RpLVWL !
GRJDYyDMX VH LVWRYUHPHQR YHiU EL WUHEDOR VPMHURP
HOHNWURPRWRUD XS&Djy\0H QWO B]R PQRDI XN X 0& 4WX VWURMD

/LQHDUQL SRPDN SR SORpPDPD RVLJXUDQ MH SRPRUX GYD H
MHGQRJ QD GQX VRODUQLK SORpPD 1IMLKRYD VX L]OD]QD YL
YUDWLOD QD NRMLPD VH QDOD]H NRWDpL .ravaWrijendgH SRPRI
VQDJH QD NUDWND YUDWLOD QD NRMLPD VH QDOD]H UHPH
SRPRUQLK NRWDpLUD 3. RSLVDQD MH X SRIJODYOMX A7HKQ

7UHUL HOHNWURPRWRU VSRMHQ MH SRPRUX WSBiMId2Zi 6 QD
UHPHQLFD 5 X] SRPRU NRMH VH SUHNR ]XSpDVWRJ UHPHC
time i na drugo navojno vreteno. Time je osigurano sinkrono okretanje dva navojna vretena na

NRMLPD VH QDOD]H PDWLFH 0 NRMH DJRWH YILHOMADO Ry b HP\R
HOHNWURPRWRUD (0 SRPRUX VSHEBMHAUBYRMQIDGOWHWH XDSWX"
/| SUL GQX VRODUQLK SORpD QD SURVWRUX JGMH SUHVWDI

3UHGQRVW MH RYRJ XUHYDMD W HP H O RkLowgR vhjenidiget@bhl SORp L
]D pLAUHQMH YHULK SRYUALQD RGQRVQR PDOD EUJLQD pL&
PpLAGHQMH ]DKWLMHYDOR YHiUX NROLPLQX YRGH QHJR RQR |
NRPSOHNVQRVW L YHOLN EDRM ANARPBERQ HQWIG Hi W R GRATHYID C

Fakultet strojarstva i brodogradnje 33
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7.3. Koncept 3

8 RYRP MH NRQFHSWR MILS VRRID@ XQHYyDMRpH pLVWL SRPRUX

tako da se nalaze jednaispoddid NRMH VH QHSUHNLGQR URWLUDMX SUI
V SRyuaLQH 8UHYDM VH SULWRP NRQVWDQWQRP EU]JLQRP
NRWDpD . SRIJIRQMHQLK HOHNWURPRWRULPD (0 SUHNR V!
kako je opisanouR QFH SW X 7TDNRYHU VX SULVXWQL SUHWKRGQR F

5RWDFLMD pHWNL RPRJXUHQD MH QD VOMHGHUL QDpPpLQ KF
SUHNR VSRMNL 6 SRJRQH YUDWLOD QD VSRMHQD UHPHQLI
]IXSpDQLEND NRQVWUXLUDQLK WDNR GD VH RPRJXUL SULMHC
YUDWLOD QD NRMLPD VH QDOD]H pHWNH y 7LMHNRP NRQV)
REUDWLWL QD SRGPD]JLYDQMH ]XSpDQLND NRM N RRRMNDU & M/F
]XSpDQLNH RG XODVND SLMHVND L] DWPRVIHUH &aWR EL PR.

SUHGQRVWL RYRJ NRQFHSWD VX LJUD]JLWR WHPHOMLWR WH
UDGL GRJDYDMX LVWRY UHP K Rlagvido Mdhoxt&ykbD Y OMDQMH XUHY

1HGRVWDWDN NRQFHSWD MH SRWUHED |]D SRGPD]JLYDQMHP
SR SORpDPD XNROLNR NXUuL&WH QLMH NYDOLWHWQR JDWYR
EURM NRPSRQHQWL WH WHKQLpND NRPSOHNVQRVW VXVWDY

Fakultet strojarstva i brodogradnje 35
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7.4. Koncept 4

%XGXiUL GD PHYyX SUHWKRGQR JHQHULUDQD NRQFHSWD .R
EUJLQH L NYDOLWHWH pLAGHQMD SORPD NDR HYROXFLMD Q
LIYUVQH UH]XOWDWH pLAGHQMD QR LVAWDRIDUWRHBDRRWP BRW

komponenti.

2YDM FLOM SRVWLJQXW MH RVPLAOMDQMHP HILNDVQLMHJ «
NRMH VX PDQMH RVMHWOMLYH QD HOHPHQWH L] RNROL&D W
XUHYyDMD SR SORpPDPDXRMWG QB B ¢! MHIN B'/RIRPRWRUD NRML L]
NRWDpD QD GRQMHP UXEX SORpD 3ULMHQRY VQDJH QD YU
HOHNWURPRWRU (0 RVWYDUHQ MH SRPRUX ODQFD / ]ERJ
osiguralo jednolkoNUHWDQMH NRWDpD SR SRGOR]JL 7DNRJyHU VX ¢
RSLVDQL X SUHWKRGQLP NRQFHSWLPD 1D JRUQMHP UXEX
NRWDpD WH QL] SRPRUQLK PHyXWLP X RYRP NRQFHSWX R
osiguratipRWUHEQD VQDJD ]D SRPLFDQMH XUHYDMD SRPRUX HOI

1DpLQ pLAUHQMD ]DGUADQ MH L] .RQFHSWD PHWLUL pHW
VRODUQH SORpH YUWH VH X LVWRP VPMHUX NDNRUQH EL Pl
1DpLQ QMLKRYRJ SRJRQD SRMHGQRVWDYOMHQ MH NDNR EL
ovom konceptu 2 vertikalno postavljena elektromotora (EM) pogone vratila na kojima se
QDOD]H pHWNH 6YDNL HOHNWURPRWRU SPOIRD L XGY DM W LR
UHPHQRP =5 NDNR EL VH RVLJXUDOD SRX]GDQD L MHGQ
komponenti vidljiv je u presjeku A.

2YLP VX NRQFHSWRP |DGUADQH GREUH NDUDNWHULVWLNH
kao i upravljivost te stalD QRVW PRGXOD |]D pLAUHQMH WH MH SRVWLJ
WH EURMD NRPSRQHQDWD X XUHYyDMX 7LPH WDNRYHU SDG!|
GRN VH SRYHUDYDMX MHGQRVWDYQRVW RGUADYDQMD WH P

Fakultet strojarstva i brodogradnje 37
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7.5. Usporedba koncepata i odabir koncepta za daljnju konstrukcijsku razradu

.DNR EL VH RGUHGLOR NRML UH NRQFHSW ELWL RGDEUDQ W
je 7 kriterija po kojima su koncepti ocijenjeni ocjenama od 1 (ne zadovoljava) do 5

]JDGRYROMDYD X SRWSXQRVWL 6YDNRP MH NULWHULMX WELC
UHODWLYQX YDAQRVW WRJ NULWHULMD 9ULMHGQRVWL W|
pPoWSXQRVWL QHELWDQ GR NULWHULM MH L]QLPQR YDA&DQ
AWR VH VXPLUDMX VYL XPQRAFL WHALQVNLK IDNWRUD V SUI

Tablica2. Ocjene koncepata

Kriterij d T]ve Koncept Koncept Koncept Koncept
faktor 1 2 3 4
Masa 0,8 4 2 3 4
Cijena 0,8 4 3 3 3
Jednostavnost 0,9 4 2 2 4
uivs 1
] ulvs i
Upravljivost 0,7 4 3 4 4
Ellv 1 vi 1 5 1 5 5
d u oi]S}es ]° 1 2 4 5 5
Stabilnost modula 0,9 2 4 4 5
za |“ i
G 21,6 16,5 23 26,5

,] RFMHQD NRQFHSDWD YLGOMLYR MH NDNR .RQFHSW G
.RQFHSWL L QHPDMX ]QDpDMQR UD]JOLpPLWH ILQDOQH F
SUHWKRGQRJ LPD YSRERRPMMBQHK ENRNUDNWHULVWLND %U]L
GDOHNR VX QDMYDAQLML NULWHULML ]D UD]JPDWUDWL WH

daljnji razvoj odabire Koncept 4.
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8. ODABIR KUPOVNIH KOMPONENATA

8.1. Odabir glavnog elektromotora

Tijekom konstrukcijske razrade preliminammiH SURUDpPpXQRP RGDEUDQ HOHN
zadovoljavao prvotno postavljene uvjete. Pri kraju konstrukcijske razrade, kada su se
NULVWDOL]JLUDOL ELWQL SDUDPHWUL SRSXWoRroegHeXUHyDM
PURUDPXQ SRWUHEQRJ RNUHWQRJ PRPHQWD JODYQRJ HOHI
PDVD XUHYyDMD V EDWHULMDPD WH VB8YHHPKyL.dRjEfaktRrGH SUR
WUHQMD L]PHYyX JXPHQLK NRWDpPpD WHAVIWDX A EHSS\R Yelh 5% Q
} Aol Jvu & E}ip 1}8 U 1 ad ¥y Ivi@ vI}i] copul T % E]i vie o
Po Av}P AE 8]Jo <1} uv P}viv} AE 8]Jo}X EI]v %}u] vi pE
jekao parametarv %0} SIp EvF@® m/blin = 0,2 m/s.

D}u v $E}u}+3] A}i]o ne=2&) rémjeraBx = 127 mm i masenk = 0,24kg
JIE puv A « «o0i Ju JIE T}uw

6
S m
1 LI EZ@ g ®1Ap®—8:‘\p (8.1)
y6

S rét
i LIsrrEs @av@p@——p Lr&rwiG@ °© (82

ORPHQWL WURPRVWL ODQpPDQLND ]JDQHPDULYH VX YULMHG
YR]LOD UHG3*YH®DLMHQHWRA&H SUHWSRVWDYLWL NDNR MH PR
ukupnom momentu tromosiv = Juk. Moment ubrzanjdx UDpXQD VH SR VOMHGHUHP

6 L A ®—V®Jo (8.3)

9ULMHPH SRWUHEQR ]D XEtU]D QM I3 RGWHIF G R RV M H. JNDR X Q D W
NRWDpD X PLQXWL NDNR EL GRELOL PRPHQW XEU]DQMD

Fakultet strojarstva i brodogradnje 40
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R
Ja LXI‘@tﬁN (84)
Jy L xr rd LurdayxsEFJ>NurlEJ® (85)
5 ®————— :
a S XM & @axuw oYX u

6DGD XYUawDYDQMHP GRELYHQH YULMHGQRVWL X L]JUD]

ur
3 8.6
6 Lra/rwt®{éw—pL raw vl (8.6)

Radni okretni momenio RGUHYyXMH VH QD NéhjfaFi pristjexije o mvgibarta
XUHYyDMD SR SORpDPD

(cal C®I EJA @ 4; & (8.7)
(caL {@s@srrEv@adv, ®& L w{dwrvd (8.8)
(géc';gtﬂ &A5 (
8.9)
&L= %

U gornjem su izrazDu1i Dio GLREHQL SURP M H U EstOparQHobBs@dstiddsta@aR N M H

pretpostavljen na 90%.

t
r4 srsau

W{\dwrv@gﬂy STsiu
®

6, L LvstyxOl (8.10

Sada kada su poznahk RPHQW XEU]DQMD L UDGQL RNUHWQL PRPHQV

potrebni okretni momenk elektromotora, uz faktor sigurno§r 1,5.
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6L 5®6 E6; (8.11)
6L savRrdwvEVvsityx L xudyuwl (8.12

.DNR EL VH RVLIJXUDR SRWUHEDQ RNUHWQL PRPHQW XUHYVI
motora snage 140 SURL]YRYDpPD 1%/(,6 2 161K2A0A-FORseViROgU kupiti s
X J U Dy Hrfghd3nikom sa stupnjem prijenosa 50 (6GU10K-GU50K) aWR UH RVLJXUD
AHOMHQX EUJLQX Y UW Q M =RBGruirt. PH ©QnX ptij¢bbBridRRmjeru, svaki

RG GYD PRWRUD SURL]JYRGL 1P RNUHWQRJ PRPHQWD aw
XUHYyDMHP X] IDNWRU VLIXUQRVWL

€ ™
NBLEISON

T

Slika8.1.

Motor 61K140ASF SURL]YRYDpPpD 1%/(,621 V XJUDYHQLP SU
6GU10K-GU5S0K [31]
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82. 2GDELU HOHNWURPRWRUD ]D SRJRQ pHWNL

2GDELU HOHNWURPRWRUD ]D SRIJRQ pHWNL QDSUDYOMHQ
6ROLGZRUNYV QDPLQMHQ VNORS pHWNH VD SRJRQVNLP
UHPHQLFRP L VSRMNRP 1D EVBI@t&VWRIa$s RviddeMdudicisMmdiey M H P

SURJUDPD RGUHYHQ XNXSQL PRPHQW WURPRVWL VYLK GLMI

a
oLl gLvtrzwsva@ll ®LravtrzwsC¥ (8.13
@b

5HGXFLUDQL PRPHQW GYD WDNYD VNORSD N mRiMdAskdgO HNW U R
prijenosa jednak je:

agL t® Lt@avtrzwL razvsyC? (8.14)

YHWNH VH PRUD M XniRN20HiwhDte\ubrAatudd t@RAihe u vremenrt= 1 s, iz
bHIJD PRAHPR LJUDpPpXQRBWL NXWQR XEU]DQMH

J & @

Y, L?P L P (8.15)
\’QLU{MU—?@LtrétN:@ (8.16)
Moment elektromotora potreban za ubrzavanje masa jednak je:
6 L .ag® (8.17)
6 LrazvsyWrdtL syxsDl (8.18
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=D SRJRQ pHWNL L]DEUDB0O VX SIVOLPIRWBRD 1%/(,621 2YL F
VX LVWRVPMHUQL V SHUPDQHQWQLP PDJQHWRP WH GROD]H
prijenosai AWR UH SRG RSWHUHUHQMHP G DM 28HAMHQX EU]
3UL WRM EUJLQL YUWQMH PRWRU GDMH SUHNR 1P RNUHW
SRJRQ pHWNL

Slika8.2. Motor NBLEISON 63R2480250[32]

8.3. Odabir spojki

7TLMHNRP NRQVWUXNFLMVNH UDJUDGH X GRJRYRUX V PHQ\
NDQGA&DVWH VSRMNH V QHPHWDOQLP XPHWFLPD NDNR EL \
SRUDYQDYDQMX RAUDWLDW LFDOHINHWUNRPP RWRUD 2YH UH VH VS
.75 WH VH EURMHYL VYLK GLMHORYD NRMH MH SRWUHEQF
SRWUHEQR MH NXSLWL GYLMH PDQMH VSRMNH R]JQDNH 527(;
24. 1z slika jJH WDNRYHU YLGOMLYR NDNR VSRMNH PRJX VLJXL
HOHNWURPRWRUD RGDEUDQLK X WRpPpNDPD WH
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ROTEX® 14 with keyway Variants: Driving: | Large hub (1a) v | Spider: |92 Shore A V\ Driven: \ Large hub (1a) v\ g
# Number Partnumber Description Availability

1 1 020145101000 ROTEX 14 ST Hub 1.0 @10H7 key DIN 6885/1-JS9 On demand

2 1 020141000045 ROTEX 14 Spider 92 Sh-A =T-PUR®= orange On stock

3 1 020145101000 ROTEX 14 ST Hub 1.0 @10H7 key DIN 6885/1-JS9 On demand

Slika 8.3. KTR ROTEX 14 spojka s poliuretanskim umetk§s3]

Size (9xL): 30 mm x 35 mm
Nominal torque Tkn:7.5 Nm

Max. torque Tk max.: 15 Nm

Max. speed Nmayx: 25400 min™'

Max. bore: 16 mm
Weight: 0.13 kg
Properties:

* Maintenance-free
* ATEX conform

« Axial plug-in

« Torsionally flexible
« Compact

» Puncture-proof

« Single-cardanic

« Damping vibrations
« High power density

Slika 8.4. Svojstva ROTEX 14 spojka3]

ROTEX® 24 with keyway Variants: Driving: | Large hub (1a) V\ Spider: |64 Shore D V\ Driven: \ Large hub (1a) V\ E
# Number Partnumber Description Availability

1 1 020245101500 ROTEX 24 ST Hub 1.0 @15H7 key DIN 6885/1-JS9 On stock

& 1 020241000020 ROTEX 24 Spider 64 Sh-D =T-PUR®= light green On stock

3 1 020245101500 ROTEX 24 ST Hub 1.0 @15H7 key DIN 6885/1-JS9 On stock

Slika8.5. KTR ROTEX 24 spojka poliuretanskim umetkori83]

Size (9xL): 55 mm x 78 mm
Nominal torque Tkn:75 Nm

Max. torque TK max. : 150 Nm

Max. speed Npmax: 13800 min™
Max. bore: 35 mm

Weight: 1.11 kg

Slika 8.6. Svojstva ROTEX 24 spojkia&3]
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8.4. Odabir remenaL S URUD p »KkdgWijenot&

2GDELU L SURUDpPXQ UHPHQD QDSUD[B MMRWLYXV B RLSRYRVUXS
SDUDPHWUH GRVWXSQH X WDEOLFDPD X VNULSWL =D SULWMN
JRQMHQR YUDWLOR V pHWHI[RP NRUIJXBHADVMWB\QHRHQINDNR E
sinkronost vrtnje oba vratilde prikladne remenic€odaciz katalogao remenu remenicama

mogu se vidjeti na #ama ispod

Synchroflex® Timing Belts T10
DIN 7721
T10 T10-DL No of
Belt length Belt length teeth Zy
T10/ 260 T 10/ 260-DL 26
) T10/ 370 37
. o TH0/ 410 4
T10/ 440 a4
T10 500 50
T 10/ 530 T 10/ 530-DL 53
T10/ 560 56
T10/ 600 60
T10/ 6810 61
Ordering example T10/ 630 T 10/ 630-DL 63
I's———um&— T10/ 660 T 10/ 660-DL 66
Width {mmj} Pitch/Length (mm} T10/ 680 58
T10/ 690 69
T10/ 700 70
T10/ 720 T10/ 720-DL T2
T10F 730 73
T105 750 75
T10/ 780 78
T10/ 810 a1
T10/ B4D T 10/ B40-DL a4
T10/ 850 85
T10/ 880 a8
T10/ 880 ]
T10/ 920 92
T 107 960 96
T10/ 970 a7
T10/ 980 10/ 980-DL 98
T 1001040
I T 10/1080 1;5 I

Slika8.7.  Podatci 0] X S p DV W R FSytcHrBflexQr10/108(35]

No. of QOutside Tooth Total [BoredH7
dia- width width | without PO
It {
lezlh meter da B By Keyway Specification
Type mm mm mm mm mm
T10 12 36,35 42 21 3 6 |LS 31T10/12-2 Nabe® 28x10
14 42,70 48 21 31 8 |LS 31T10/14-2 Nabe® 32x10
Belt width 15 45,90 51 21 3 8 |LS 31T10/15-2 Nabe® 32x10
b=16mm 16 49,05 55 21 31 8 |LS 31T10/16-2 Nabeid 35x10| ~— ™
18 55,45 61 21 31 8 LS 31T 10/18-2 Nabe ¢ 40x10
19 58,60 64 2t 3 8 |LS 31T10/19-2 Nabed 44x10
20 61,80 67 21 3 8 LS 31 T10/20-2 Nabe ¢ 46x10
24 74.55 80 21 3 8 | LS 31T10/24-2 Nabe® 58x10
25 7770 82 21 31 8 |LS 31T10/25-2 Nabe@ 60x10
27 84,10 90 21 3 8 |LS 31T10/27-2 Nabel 60x10
30 93,85 99 21 3 8 | LS 31T10/30-2 Nabe® 60x10
32 100,00 | 105 21 31 10 [LS 31T10/32-2 Nabe@ 65x10
36 12,75 118 2t 31 10 LS 31T 10/36-2 Nabe 70x10
40 125,45 | 131 21 at 10 | LS 31T10/40-2 Nabe. 80x10
48 150,95 - 21 31 16 | LS 31 T10/48-2 Napbe 95x10
60 189,10 - 21 31 16 LS 31 T10/60-0 Nabe 7 110x10
YT ey ET T ST T T M VNS Y- WYY -
I 14 42,70 48 30 40 8 LS 40T 10/14-2 Nabe J 32x10 I Type 2
Belt width T =T ri " = 10 L e S L e 3 oy ‘y
b =25mm 1 4905 | 55 30 40 8 |LS 40710/16-2 Nabe. 35x10 inelusve up
18 5545 | 61 30 40 8 |LS 40T10/18-2 Nabe = 40x10 toz =40
19 58,60 64 30 40 8 LS 40T 10/19-2 Nabe ™ 44x10
20 61,80 87 30 40 8 |LS 40710/20-2 Nabel 46x10
24 74,55 80 30 40 8 |LS 40710/24-2 Nabel 58x10
25 77.70 82 30 40 8 LS 40T 10/25-2 Nabe & 60x10
27 84.10 90 30 40 8 LS 40T 10/27-2 Nabe & 60x10

Slika 8.8. Podatci o odabranim remenicama LS 40 T10-2135]
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Prema preporuci [84], odabran je broj zubi na remenicama:
WY LVLSVPVgsl st (8.19)

%URM |]XEL QD YHURM L PDQMRM UHPHQLFL MH MBRXGXNL pLF
da je poznat broj zubi na remenicama, te njihov maodul PP PRAHPR L]JUDpPXQ

njihove diobene promjere:

QLQ@LI ® LuszusvL vvavxtl (8.20)

SRWUHEQD MH aLuLQbD UHPHQD

(8.21)

Gdje jeP snaga na pogonskoj remeni€e SRIJRQVNL IDNWRU 2MbBFOHipQL SR
remena,t®n MHGLQLpQD VQDJD UHPHQD WDEOLPQL SRGDWDN G

uxz y®&d

B S? g 8.22
ST 2@ Lt&s?l L ts&ll (8.22

>éé(;é51|—

SUHPD LJUDpXQDWRM YULMHGQRVWL ELUP2¥HmPrdos@Io0QRUP LU
MH SURYMHULWL |IDGRYROMDO R HBGHYX pQMMMMWOD X UHPHQX

2 (c ®
( L5— Q(xaal % (823

Gdje jeviembrzinarerena, dFNn MHGLQLPpQD VLOD X UHPHQX WDEOLpPQL S

Lux’iyL £10 O Lytr@élv
( r& X X yi{® (xaa sd

LswriO (8.24)
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,] pPHID MH YLGOMLYR GD MH XYMHW ]D Y XpQoemenskny UHPHQ
prienosaNRMD R SW H WFKjadodkaljeYy UDWLOR

(g L s&® L saw® {&tL ss&z0 (8.25

9DAQR MH QDSRPHQXWL N kbzRaniHAPSH @R ol BRDHB] tel jevn@ W D

ViJu %}SE v } Sv *SE}iv } E ~ p“vi “1E P % E}IAES 3 F
] u“vi } 8v Ep% | le]i ov} }¢]PUE vi v AE S]Jop %}ju} u E
vijka).

8.5. Odabirlancai SURUDpPXQ ODQpPDQRJ SULMHQRVD

/IDQpDQL SULMHQRY MH RGDEUDQ X GRJRYRUX V PHQWRURP
QD JRQMHQR YUDWLOR V NRWDpHP ]JERJ VY RabHalsrlhh@@D JR{ H Q
L SURUDPXQ ODQpDQRsh iSrakL tel sh@e? EB6].N\URIOgodion i kentorom
RGOXPHQR MH NDNR iiH VH X VYUKX VPDQMLYDQMD WH&LQH
UHGRYLWLP SRGPD]JLYDQMHP NRULVW L VEhol®©OdapaniQsuFL L]UC
WODpPQR OLM H¥ pdpbstOD\QIkas® lafac pren@ U R L]Y RidRib Danac je
LJUDYHQ SR QRUPL ',1

Sprocket KRK with hub 08 B-1 1/2 X 5/16" 25 teeth material polyacetal resin

——

C

— -

Dda
o

|

|

|
o8 _|
@ND

L

Bores ISO H8. Metal inlays at the hub with custom bore, feather keyways or threads for sek screw available

Service: | Catalog Page

The supplied 3D models, pictures and technical drawings are made with reasonable care.
Nevertheless liability is excluded for the accuracy and correctness of this data.

Article ID: 10552500

No. of Teeth 25
da [mm] 107,0
d [mm] 101,33
B [mm] 16
ND [mm] 36
L [mm] 25

weight [g] a0

Slika89. 3RGDWFL R RGDEUDQRW ODQ@pRmERIR V] ZREE
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60LPQR NDR L VD UHPHQLFDPD L ODQpPDQLFL PRUDMX QDNF

Roller chain similar to 08 B-1 pitch 1/2x5/16" material stainless steel 1.4301

Similar to DIMN ISO 606 (ex DIN 8187).
Material: Stainless steel 1.4301 (AISI 304). Good chemical resistance. Main dimensions according to DIN. D

Service: | Catalog Page

The supplied 3D models, pictures and technical drawings are made with reasonable care.
Mevertheless liability is excluded for the accuracy and correctness of this data.

Article ID: 10599000

DIN ISO-Nr. 08 B-1
Pitch p x Inner Width b1 [mm] 12,7x 7,75
Pitch p x Inner Width b1 [in.] 1/2 x 5/16
Inner Width b2 [mm] 11,30
Roller @ d1 [mm] 8,51
Bolt @ [mm] 4,45
b, [mm] 17,0
b [mm] 3,9
Breaking Strength approx. [N] 12000
Weight [kg/m] 0,70
Slika 8.10. Podatci o odalanom lancu s welstraniceSUR L] Y[B8} D p D

IDUXpXMH VH XNXSQR PpODQDND NDNR EL VH VWYRULOD G
VQDJH VD YUDWLOD HOHNWURPRWRUD QD JRQMHQR YUDWL(

Potrebno je premiB6] provijeriti vijek trajanja valjaka, odnosno potvrditi vrijedi li uvjet:
{ Q (e (8.26)
U

GdiejeF YXpQD VL DQOPRFMDND XGDUD , WR BRISKEW SR GDWXPY D \

traci lanca za valjke
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(e L (2 @ (8.27)

GdjejeFr QDJLYQD YULMHGQRVW YXpQH VLOH X JBRVjEKRVWL R E
WUDMDQMD ]D YDOMNH SUHR &t fakcdWsté @RcR. YLMHNX WUDMDQ|

(gLwrr@axus&tL wauGO (8.28)
2 srvdwxw
(L—L—————= L xwWw (8.29)

R réw{

Gdje jeP VQDJD NRMD VH SUHQRVL O/Db@ifeDaddaRitSbodhaiiQimy Q LN R |
ODQpPDQLND

,] JRUQMH GYLMH MHGQDGAEH YLGOMLYR MH NDNf MH ]DGI
SRWUHEQR MH X]JHWL X RE]JLU L WURAHQMH KDEDQMH X ]J

tlak pv u zglobovima po izrazu:

(8.30)

Gdje jeFc XNXSQD Y XApSFOYVEOQD ]y DREFONNID XGDUD WDEOLPQL

XW&®SSU 6

3RPRiUX RYH LQIRUPDFLMH WH RGDELUD GD VH QIBQFL QDN
RGUHGLWL ]QDpDMNX Y L MHONNDHWMIHD M D QMDD BRIPIREM NI U D PIR E

S, LR &, (8:32)
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U kojem jety IDNWRU EU]JLQH NRUDND ORQFPBPWRWD EBXWWDR LW SR DM

podatak).

S,Lsz®@&L sv& (8.33
Dalje se iz odnosa/wp RpLWD RPpHNLYDQD Y Uk EyBIpRKYA YLMHN!
L]JQRVL SULEOLAQR K

86. /HADMHYL

.DNR EL VH NRQVWUXNFLMD a&WR YLdH SRMHGQRVWDYLOD R
V LVWLP OHA&DMH izdbrab zaBrRIAQUHH O @ RDNVHHYH NDNR QHpPpLVWRUH

PRJOH XQLAWLWL YDOMQDHWLIM QX M QPOW VWM B DM B MAD ML
bi se smanijio broj nestandardnih komponenata koje je potrebno proizvoditi za proizvodnju

X U H yibdvibrazlma odabrani su SKRYL OHADMHYL VD NXuULAWHP 3 )0

NXULAWD R]QIXNB® BPBARMOMD <(2YL VX OHADML QDMPDQML X V
LIDEUDQL GMHORPLDPQR L JERLINWHY @ M&IDNPP SR N BRIRWE M H W L

Slika8.11. /JHADM 3 )0 SURLJ3RYDpD 6.)
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Slika8.12. SUHVMH[ROIOHADMD

1DJLYQL YLMHN WUDMDQMD OHADMD PRA&H VHMAOQUDpPpXQDWL S

— = @5p (8:34)

Gdje jenm broj okretajaX OHALAWHQRJ YU O WQ DML K NPL Q RPAaYjSky W O H & D
HNYLYDOHQWQR R& XWHNMBRIMHVHN OYHLANDHWINDD WUDMDQMD NRML
WHRULMVNLP GRGLURP X WRpNL 1D]JLYQL YLMHN WUDMDQM

r7

St D{pr Lvxsxr{p (8.35)

Xr@&r vyt

54U

awR MH YLAHVWUXNR YL&AH RG RpPpHNLYDQRJ UDGQRJ YLMHN

zadovoljavaju.
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87. .RPSRQHQWH SURL]JYRYDpPD %RVFK 5H[URWK

Razvoju nosive konstrukcije na koju su spojeni svi pokretni dijelovi pristupljeno je s idejom
NRULAWHQMD &@&WR YL&H NXSRYQLK NRPSRQHQWL NDNR EL
YULMHPH SRWUHEQR |D2SDE U R Q/NHX NXONHRjrikMj@izrad@ R VLY D 1
RG NXSRYQLK GLMHORYD GRVWXSQLK RG VWUDQH SURL]Y
velikog broja informacija te CAD modela putem njihove web strarimabrane kupovne
komponente (aluminijski profili, kutni element R WpDdehne matice i vijci) navedene su u

WHKQLpPpNRM GRNXPHQWDFLML XUHyYyDMD

Slika8.13. SULPMHU VSRMD DOXPLQLMVNLK SURILOD NRULVW
Rexroth[41]

Slika8.14. .RWDpL %RVFK 5H[URWK SRYROMQL ]D XSRUDEX >
pogonimg42]
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9. .21$y12 .216758.&,-6.2 5-(a(1-(

8 RYRP MH SRJODYOMX VOLNDPD SULND]DQ NRQDpPQL &$' P
SDNHWX 6ROLGZRUNV WH MH RSLVDQ QDpLQ UDGD XUHYDM

Slika9.1. .RQDPQR NRQVWUXNFLMVNR UMHGHQMH VI

Slika9.2. .RQDPpQR NRQVWUXNFLMVNR UMH&GHQMH V WUD

Fakultet strojarstva i brodogradnje 54



)LOLS 3DQVyD =D Y UaQ L

Slika93. .RQDpPQR NRQVWUXNFLMVNR UMHAHQMH E|

Slika9.4. Pogled s boka

.RQDpPQR VH NRQVWUXNFLMVNR UMH&ZHQMH VDVWRML RG |
NXSRYQLP NRPSRQHQWDPD WH pHWLUL pHWNH NRMH URW
VRODUQ = SRR pHWNL NRULVWH VH GYD HOHNWURPRWR!
SRJODYOMX VYDNL RG NRMLK SRJRQL GYLMH pHWNH NR
RGDEUDQLP X SRJODYOMX 7UDQVODFLMVNL t8RRADN FLM]!
MH SRPRiUX GYD DVLQNURQD PRWRUD RSLVDQD X SRJODYOM
UDJUDGH SRVHEQD SR]JRUQRVW GDQD UDVSRUHGX WHALQH
trebao bi biti jednakoR SWH WHHI BRIR QLWL NRW D p B DM¥GHYDNREP VEHU W I
QDOD]H SUHGYLYHQD PMHVWD ]D VPMHAWDQMH EDWHULMD \
QRVDpH QD NRMH VX RVORQMHQL SRIJRQVNL HOHNWURPRW
SRSUHpPQL QRVDpPp NRML VH QROB]ELQYH BHGLPIL] XUHYD MSIR \
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FLMHYL WH RAaLpHQMD' RSYURRMKQWMH. KY¥ KGKUGRDIMHKW NL WH HOH
HOHNWURPRWRUD QLMH UDJUDYHQR X RYRP ]JDYU&GQRP UDGX
oni bi se mogli razvitiismjeg/ LWL QD UD]¥D WHEKX XWHYDM D QDOD]H VH
SRPRUX NRMLK VH XUHYyDM PR&aH SRGLUL GL]DOLFRP NDNR E

Slika9.5. Prijenos snage s vratila izravno poddHQH pHWNH QD JRQMHQR YL
]XSpDVWRJ UHPHQD

Slika 9.6. SRORYLQVNL SUHVMHN V Y LGyMajynhemxn@zs aLaWHQN
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Slika9.7. S3RIJRQVNL VNORS pHWNH

Slika9.8.  Pogonski skopX UHMD RIDQpPDQLP SULMHQRVRP
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Slika9.9. SRPRUL NRRWDPKUDQMH RG LVSDGDQMD V S

Slika9.10. ULPMHU VSDMDQMD DOXPLQLMVNLK SURILOD NR
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Slika9.11.  1RVDp O H gbnjémbd Dragd

=bawLwD XUHyDMD WUHED ELWL LJUDYHQD RG SODVWLNH
konstrukcija sa slojem toplinske izolacije u sredini kako bi se osigurale temperature povoljne

]D RSHUDFLMX XUHYDMD RGQRWMNWVWRIPEWBDWXOHaABDWIL NR
QRUPDOQR IXQNFLRQLUDWL 8UHYyDM MH QDPLMHQMHQ ]D X
SULPDMX VYMHWORVQX HQHUJLMX NDGD VX L WHPSHUDWXI
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10.=$./-8y$.

8 RYRP MH ]DYUaGQRP UDGX SULND]DQNBRVWXXDN DNORMIF K\
SUDQMH VRODUQLK SORpD 3URYHGHQRP DQDOL]JRP SURMHN
XWYUYyHQR MH NDNR UH SRWUHED ]D RYDNYLP XUHYyDMLPD
DXWRPDWL]JLUDQLP XUHYDNMIORDP DD D aubYNRM \RRYONYRUKX UH
ILOQDQFLMVNL LVSODWLY 6WURM UD]JUDYyHQ X RYRP UDGX V
QHJR YHULQD WUHQXWQR GRVWXSQLK SURL]JYRGD QD WUAL
RULMHQWDFLMIHQNWNPHBRXWLP VWURM MH BWOGDRKL$QK HW B |
cienu 8VSUNRV WRPH L GDOMH MH GREUR SULODJRYHQ ]D X:
solarnim farmamaQ D NRMLPD MH SRX]GDQRVW XUHyYyDMD ELWQLMD
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