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Opis zadatka:

Na terenima za golf postoje mjesta za vjezbanje udaraca na kojima se u kratkom vremenu brzo nakupi veca
kolic¢ina loptica koje je mukotrpno ruéno sakupljati. Stoga je prepoznata potreba za razvojem robotskih
uredaja.

U radu je potrebno koncipirati i konstruirati autonomno robotsko vozilo za prikupljanje loptica na terenu za
golf. Predmet ovog rada je razvoj konstrukcije robotskog vozila odnosno njegovog pogona i mehanizma za
dohvacanje i polaganje loptica u spremnik. Sustav trazenja i prepoznavanja loptica te s njime povezano
automatsko upravljanje vozilom na terenu nisu predmet ovog rada. Pogon robota treba biti baterijski pri
¢emu kapacitet treba odrediti sukladno postoje¢im uredajima na trzistu. Takoder istraZivanjem trzista treba
priblizno odrediti i kapacitet spremnika za loptice.

U radu treba:

* Analizom trZita, pregledom postojeéih patenata i metodidkom razradom obuhvatiti razlicita
koncepcijska rjeSenja.

e Koncipirati vi$e varijanti rjeSenja, usporediti ih i vrednovanjem odabrati najpovoljnije.

* Odabrano projektno rjedenje uredaja razraditi s potrebnim proracunima nestandardnih dijelova.

¢ Izraditi ratunalni model uredaja i tehnicku dokumentaciju u 3D CAD sustavu.

Pri konstrukeijskoj razradi obratiti pozornost na tehnologi¢no oblikovanje dijelova. Analizirati kriti¢na

mjesta. Opseg konstrukcijske razrade, modeliranja i izrade tehnicke dokumentacije dogovoriti tijekom
izrade rada.

U radu je potrebno navesti koridtenu literaturu i eventualno dobivenu pomod.
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1. 892

1.1. Golf

*ROI MH VSRUWVND LJUD V SDOLFRP L ORSWLFRP X NRM
XEDFLWL ORSWLFX XXGPOPOMHQOQREMWURP WOSH Y UWRXI XVGDWU FI
VH YL&AH SDOLFD NRMH VH UD]JOLNXMX SUHRPp PDWHULMDOX

UYL ]DSLVL R LJUL QDOLN QD JROI VX L] GRED VWDURJ
NRMD WHD UJDNULYOMHQLP aWDS$RPORGREAQRRARRISMDLN¥RP VH
VH UD]YLR X VWROMMIK JR@NRWVSBRVWUDPIMHQ SR FLMH
LIJUD XX6$9HOLNRM % ULWSDWL P! LG U &DXWMPUDD CHOMALE Q B DS/IDYWHXQ I V
X JROIX 7KH ODVWHUV 86 2SHQXL 38 BHBUYWOWWNXR RWERUI
%ULWDQLML > @

3UYL WHUHQ ]D JROI X +UYDW B NRUW M GLRXDWNRODOER MHH R \
JRGLQH X =DJUHEXD ¥H) MMM VRV QRRYDIQ D SUYR GUA
RGURDQ JRGLQH

Slika 1.  Najpoznatiji golfer Tiger Woods u zamahu

Fakultet strojarstva i brodogradnje 1
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1.2. Golf teren

*ROlI WHUHQL VH QDMpH&iH VDVWRMH RG LJUDOLAWD L
D QD VYDNRM UXSL VH QDOD]ISB®RYKMIIHR YSIRIERU XHNDRYV NIHU RVHX
IDLUZD\ SRGUXpMH JGMH MH YUVXER WRSR®PHRIMHGBLY ®MH
L]YDQ LJUH 2VLP WUDYQDWLK SRGUXpMD SRVWRMH L WD}
SRSXW MH]JHUD SRWRND SRGUXpMD V SLMHVNRP L VO 6WI
LJUDOLAWD LPDMX SR LHPIQ PDWHPR @ MMD UDRSD LBIWRVOM. AW D M

Slika 2.  KartaigraliSta s 18 rupa

OMHAEDOLAWH VH VDVWRML SRGUXpMD ]D YMHAEDQMH N
WH SXFDOLaAWD WM SRGUX|b¥d B HBEDMHEAHE B MIHK GXF D K DXFID PR
L ] DVHEQD DNWLYQRVW |]D DPDWHUVNH JROIHUH NRML QHPD
WRJ UD]JORJD SXFDOLa&AWD VX SRQHNDG ]DVHEQL REMHNWL
SXFDOLaAawD MHS5RNR KHNWDUD >

Fakultet strojarstva i brodogradnje 2
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Slika 3. Pucaliste

1.3. Prikupljanje loptica

1D JROI LJUDOL&AWX LJUDpL VNXSOMDMX VYRMH ORSWLF
JROI WHUHQD WUHEDMX SULNXSOMDWL RQH NRMH VX L]JIXE(
JROIHUL XQDMPH EURM ORSWLFD ORI W BFHO MH BIXF\D R [ DVGHD
JROl WHUHQD 6WRJD MH SRWUHED ]D HILNDVQLP SULNXS
1IDMpH&UD UMHAHQMD ]D SULNXSOMDQMH ORSWLFD WUHQX
SULNOMXpFL ]D JRIOS WRYIQIR WAIERJDPRUQRVWL SRVOD NDR

DNR GMHODWQLN VNXSOMD ORSWLFH ]D UDGQR YULMHPH

DXWRQRPQRJ UMHAHQMD

AT

Slka4d. 3ULNOMXpDN ]D VNXSOMDQMH ORSWLFD ]D JRO

Fakultet strojarstva i brodogradnje 3
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2. $1%/,=% 754,a7$

2.1. Patenti

3UHJOHGRP ED]H SDWHQDWD X] SRPRiU *RRJOH 3DWHQ
SURQDUL UD]JQH LGHMH L LQVSLUDFLMX ]D L]YHGEX PHKDQL
QDYHGHQL QDMLQWHUHVDQWQLML L QDMUHOHYDQWQLML SI

2.1.1. Patent US7462010B1: Golf ball collection apparatus with reversal protection

Slika5. 3DWHQW 86 %

3UYL SDWHQW SRND]XMH QDpLQ VNXSOMDQMD ORSWLFED
MH JODYQD PHWRGD VNXSOMDQMD ORSWLFD PHyX SRVWRM
SUHNR ORSWLFD NRMH ]DSQX L]PHYyX GYD HOPRWDL pEIIW IGL
GRYROMQR 4LURN GD ORSWLFD PR&H V UHODWLYQRP ODNR{

Fakultet strojarstva i brodogradnje 4
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X]DN GD ORSWLFD QH LVSDGQH YDQ GRN QH GRYyH GR ASUVYV
SDWHQW MH SULMDYOMHAQ HIRMRIAQI H RESOWR B QR FWY UW N F

2.1.2. Patent US3227298A: Rollable retriever for golf balls and the like

Liad

=) EI-;;!, f —_Z;f A
PAS = Suutss T Slompptnie

b
diR e

.a.i

O Tz

Slka . 3DWHQW 86 $

2YDM SDWHQW RSLVXMH PHKDQL]DP ]D VNXSOMDQMH JF
AWDSRYLPD OHKODIQPLORPPMKDQL]PX L] SUYRJ SDWHQWD RS
PRUDMX ELWL GRYROMQR ALURNYIEHD |OREMWHPD WQHR XDYD GGM
GRYROMQR XVNL GD ORSWLFH NRMH VX X40H X YDOMDN QH
GHILQLWLYQR PDQMH ]JJRGQR QHJR SUDA&QMHQMH VSUHPQL!
SULMDYOMHQ . JRGLQH RG WV@.DQH -DPHV & 6KRHPDNHU

Fakultet strojarstva i brodogradnje 5



'RPDJRM ODULU Diplomskirad
2.1.3. Patent US3989151A: Golf ball retriever

F7G 2

Slka . 3DWHQW 86 $

3RVOMHGQML LQWHUHVDQWDQ L UHOHYDQWDQ SDWHQYV
SRPRiUX pHWNDVWRJ PHNDQRJ YDOMND 9DOMDN VH GHIRU]
QDJQXWX SORpX NRMD ORSWLFH YRGL GR V $RB XQLA B BB K\
YHiH WUDYH LOL NDGD VX ORSWLFH EODJR ]JDELMHQH X ]t
VSUHPQLN EL WUHEDOD LPDWL OHWYLFH VD VWUDQH NDNR
VSUHPQLND 3DWHQW MH SULMDYOMHQ JRGLQH RG VWL

> @.

Fakultet strojarstva i brodogradnje 6
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22. 3RVWRMHUL SURL]YRGL

3UHJOHGRP WUALAWD SURQDYHQR MH YL&H SURL]YRGD |
XUHYyDML VX GRVWXSQL |]D SURGDMX RGPDK D QHNL VX MR3

2.2.1. Korechi Pik'r

Slika 8.  Korechi Pik'r

5RERW 3LN U NRPSDQLMH .RUHFKL MH SUHPD QDYRGLPI
ORSWLFD QD VYLMHWX SUHGVWDYOMHQ JRGLQH 5DGL
LRQVNLP EDWHULMDPD NRMNXBOMDQMBLIREROGRSWH JBDV OR
SODVLUDQMH RYDNYRJ SURL]YRGD QD WU&LAWH MH XEOD
LQGXVWULML L SRYHUDQMH VLIXUQRVWL X SRVORYLPD 3LN
DQWHQH NRML PX RPRUDDMWHSIRHEE]QRVWL LVSRG MHGQRJ
NROLJLMH V SUHSUHNDPD NRULVWL NDPHUH L XPMHWQX LQ
PRJXiH NRQWUROLUDWL RG ELOR NXGD X VYLMHWX 3RNUHI
JXPMDP]D NRVLOLFH L SRPRUQD ]JDNUHWQD NRWDpD 7DNRY
RSUHPOMHQ V GRGDWFLPD SRSXW GRGDWQLK EDWHULMD
VHQJRUD D L PR&H VH pDN> L@® EXDDAWLD ¥ NOR MR KNEBiF DNVBIDNHR WIS
XUHYDM V PRGXOD ]D VNXSOMDQMH JROI ORSWLFD

Fakultet strojarstva i brodogradnje 7
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Tablica 1. Podaci o robotu Korechi Pik'r

"LPHJLMH [

0DVD NJ
ODNVLPDOQD EUJLQD NP K
3RNULYHQR SRGUXpMH P K
9HOLPLQD VSUHPQLND ORSWLFD
%DWHULMD VDWL DXWRQRP

2.2.2. Range Servant Robotic Picker

Slka . 5DQJH 6HUYDQW 5RERWLF 3LFNHU

SRERWLF 3LFNHU WYUWNH 5DQJH 6HUYDQW MH MRA&a MFE
ORSWLFD NRML VIHREBWSJ HW KRIGNXRIH QDMYLaH SR GLPHQ]L
MHGDQ PRGXO ]D VNXSOMDQMH ORSWLFD SD ]JERJ WRJD LP
PDQMH SRWHQFLMDOQR SRGUXpMH VNXSOMDQMD ORSWLFD
URERWISRPDOMND V IOHNVLELOQLP GLVNRYLPD =D UDG NR
SRILFLRQLUDQMH MH LVSRG FP WH PRa&aH UDGLWL GDQMX
MH GD PRAaH L]JEDFLWL ORSWLFH X XUHYyDMJBUSBSDQ M RO
=DQLPOMLYR MH L WR GD RYDM URERW QLMH GRMWX®XSDQ ]D
QDVWDYNX VX QDYHGHQH ELWQLMH VSHFLILNDFLMH XUHYDN

Tablica 2. Podaciorobotu 5DQJH 6HUYDQW 5RERWLF 3LFNHU
.DSDFLWHPRWQVWVISD ORSWLFD

IRSWLFD VNXSOMHQLK X ORSWLFD
SBUHFL]QRVW SR]JLFLRQLU| FP

Fakultet strojarstva i brodogradnje 8
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2.2.3. Golf Robotics Range Collector

Slika

SRERW 5DQJH &ROOHFWRU WYYQUWWNH PR DO N 9WRBERW DEWVHM B M
NRQNXUHQDWD 7R SRVWLaH QD QDpLQ GD LQWHJULUD PRG:
VH UDGL R HOHNWULPQRP XUHYyDMX NRML VH NUHUH SRPRU
IOHNVLENO QWM GUWNMHN LFPPRIXUHQR SRPRUX PR\
SUHGQMHIREMWRYHU PRAH LIEDFLYDWL ORSWLFH X XUHyYDM
NLORJUDPD D SURL]JYRYyDp WYUGL GD MH WR Y
=D UDJOLNRXY B BERERWN AIMBHL ERNW X S D C
QDMDIP 1IDMELWQLML SRGDFL VX SULND]DQL X VOMHGHURM V

YDOMNRP V

MH LVSRG
]DELMP®WDFO X WOR

Golf Robotics Range Collector

Tablica 3. Podaci o robotu Golf Robotics Range Collector

ODNV YHO LRl SR GIDDY D P

% U]JLQD NP K

$XWRQRPLMD VDWD

%UJLQD SXQMHQMD PLQ

=DSUHPQLQD VSUHPQLND ORSWLFD

7HALQD NJ

"LPHQ]LMH [

&LMHQD $ MHGQRS UDMMHRVHpPQR

Fakultet strojarstva i brodogradnje
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2.2.4. Steele Robotics Bot

Slika 11 Steele Robotics @EBot

*-%RW MH MR4 MHGDQ YUOR NRPSDNWDQ L ODJDQ VNXSC
MH RGYRMLY L PR&H VH ]DPLMHQLWL VD GUXJLP PRGXORP
SUYRJ URERWD ]D VNXSOMDQMH JRO| ORBVWIDFRRADL RS HKD KR
MH YMH4AW X SURJUDPLUDQMX PR&H SURPLMHQLWL SRQDA&D(
VRIWZDUHD RG VWUDQH NRPSDQLMD NRMH ipH WX 6 RPIRL X G
SUHGQMD SRJRQVND NRWDPRRL VRADDYSI] D HN ¥ RG RSUDW K R @/Q
*%RW QHPD PRJXUQRVW LVSX&WDQMD [LPR 06 S®IR & W. NFOIF LOIH
QDYHGHQH X VOMHGH{RM WDEOLFL

Tablica 4. Podaci o robotu Steele Robotics Bot

%UJLQD NP K
$XWRQRPLMD - VDWL
%U]LQD SXQMHQMD PLQ
=DSUHPQLQD VSUHPQLND ORSWLFD
7HALQD NJ

ODNV NXW XVSRQD 45°

Fakultet strojarstva i brodogradnje 10
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2.2.5. Echo Robotics Golf Ball Picker

Slika 12 Echo Robotics Golf Ball Picker

SRERW ]D VNX®RSWQFMB WROWNH (FKR 5RERWLFV MH I
HOHNWURPRWRULPD NRML VNXSOMD ORSWLFH YDOMNRP V G
MH WR GD LPD NDPHUH NRMH JOHGDMX SUHPD QDSULMHG
GXELIPHULMHG LPD |DNUHWQD NRWDpPLiUD WH LPD GYLMH E
SUHPD YDOMNX UDGL EROMHJ SRNUL %R Q NI DSREU MM R PR J
SRPRiUX VWUD&QMD GYD SRJRQVND 8\ RMERI VG ROIDMH E QL I/ VP
SXQMHQMH 2VLP URERWD ]D VNXSOMDQMH JROI ORSWLFD W
UDG NRQWUROLUDQ L] LVWH DSOLNDFLMH WH VL ]JERJ WRJD
JGMH ORSWLFH QLWIZ SOR K& XS\CMHFQH.NDFLMD MH QDYHGHQR X

Tablica 5. Podaci o robotu Echo Robotics Golf Ball Picker

.DSDFLWHW VSUHPQLND ORSWLFD

ODNV SULNXSOMHQLK ORSWLHKDRGQW IGHDQ

ODNV SRYU3ELQD SRGUXpMD SPLNXSOMDQMD

%U]LQD NP K
ALULQD SULNXSOMDQMD PP
7HALQD V EDWHULMDPD N J
'LPHQ]LMH [ [ PP

Fakultet strojarstva i brodogradnje 11



'RPDJRM ODULUW Diplomskirad

23. 8VSRUHGED SRVWRMHULK SURL]YRGD

B3UHJOHGRP VYLK SRVWRMHULK SURL]JYRGD PRAHPR XYL
UD]OLpPLWILOHNWWPQL VYL VNXSOMDMX ORSWLFH SRPRUOX
NUHUX SRPRUX NRWDpD WH VNUHUX UD]JOLNRP EU]JLQD RNU
YHOLpLQDPD VDPLK XUHYyDMD NDR L X WRPH MH OL PRGXO
X WLMHOR XUHYyDMD ,DNR VX SURL]JYRyDpL GRVWD RVNXGQL
NDGD VH VYL SRGDFL UD]OLpLWLK XUHYyDMD RNXSH PRaH \
NRQNXUHQWQL SURL]JYRG QD wUaLad&wWX WUHEDR ELWL

Tablica . 8VSRUHGED SRYWRMIDILK SU
3LNTy B5RERW 5DQJH *%RW *ROI %
3LFNHU &ROOHFWRU 3LFNHU
'LPHQJLMH Lo / L / Lo
300
7HALQD NJ / NJ NJ NJ
ODNV E NP K / NP K NP K NP K
/
8pLQDN PA K ORSW|LFDORSWL[FD ORSWLFD
GQHYQR GQHYQR GQHYQR
9HOLpLC ORS ORS ORS) ORS ORS
VSUHPQ|ILND
K / K 45 K /
%DWHULMD 3XQMHQMKXQMHQMH
PLQ PLQ
/ OMHVH / /
& LMHOD SUHWSOIMHGmMRNUDWQR
PMHVHpPQR

Fakultet strojarstva i brodogradnje
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3. .21&,3,5%1-( 352,=92'%

31. &LOMHYL UD]YRMD

.DNR EL VH PRJOR XRSiH SRpHWL V VWYDUDQMHP NRQF
ELWL MDVQR ]DGDQL 'R FUDYRLYAID M D QWRHVPD RV I DEVREOLDNQ L M L F
SURL]YRG PRUD RGJRYRULWL SRSXW JODYQH ]DGDiUH XUHYy
]JDGRYROMLWL NRML VX OLPLWL LWG 1D WDM QDpLQ GRELY

x DXWRQRPQR L HILNDVQR VNXSOMDQMH JROI ORSWLFD
x LIEDFLYDQMH JROI ORSWLFD X UHIHUHQWQRM WRpNL
X VLIXUQRVW VYLK OMXGL X EOL]LQL XUHyDMD

X MHGQRVWDYQR NRULAWHQMH

X WLKL UDG

x NRPSDNWQH GLPHQ]LMH

x PDOD PDVD

Xx PLQLPDODQ XWMHFDM QD WHUHQ

32 7THKQLpNH NDUDNWHULVWLNH

SRWUHEQR MH GHH QNDUDDMNIW HKWWMNHWDRUHYDMD NDNR
wuaLawx 3RVWRMHUH SURL]YRGH PRaHPR VYUVWDWL X GY
YHOLN VSUHPQLN ]D ORSWLFH L PRJX GQHYQR YHOLNX SR\
VSUHPQLFLRQR2NGEO KD ]Y LM D WN RXQUNHXY D MONRIMYL RIBIOBMIW SRV WR
L] SDU UD]J]ORJD ODQML XUHYyDML ED& JERJ VYRMH PDQMH YH
WH QH L]JJOHGDMX NDR GD EL LP PRJOL XJUR]LDVIQWDPPpIXUQR
PDQMX PDVX D PDQMD PDVD VPDQMXMH XQDa&WR Y R QNRHE RWAUL
]D VNXSOMDQMH JROI ORSWLFD UHODWLYQR QRY L]XP L GD
ORSWLFH UD]JXPQR MH SUHWSRGWRFLVWIIDEDYDNR WH NRD I XV
ELWL X YHULQL VOXpDMHYD PDQMLK GLPHQ]JLMD 1DSRVOMH
PRaH NRPSHQ]JLUDWL QMHJRY PDQMDN NDSDFLWHWD QSU
QDMYHUD NRQFHQWHDPBEMQXORBWX A DUNMER $HAUH SULMHUL
ULMHWNR ]DYU4H URERW PRAaH RELUL UMHYH

Fakultet strojarstva i brodogradnje 13
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2GDELURP UD]YRMD PDQMHJ XUHYyDMD RG NRQNXUHQL

&ROOHPHWRRN L**ROI %DOO 3LFNHU '"HWDOMQIEMMP XWHYO NM®F
IRWRIJURRPWW R MH GD50YDHUREGROGIHBRANWRM XL VVSHFLILNDFLMH
UHODWLYQR QHUHDOQH 1D SULPMHU GD EL VH SRVWLJOD
PRUD ELWL L]YHGHQD FLMHOD RXUS®DMW DANSH WD MIFH SSRRE B
MH WYUWNDPD WLK URERWD WR MHGLQL SURL]JYRG SD MH
VWY D WBQRN\RW & DMBHRER WOl %DOO 3LFNHU NRPSDQLMH (FKR

PHWDOQX NRQVWWKRITL M)HSNONMHNERIDNRYHU WYUWND RVI
DXWRQRPQX NRVLOLFX W UWRMWRH |QRKID GIDH NYHH (Y I DD WYUWWBH. 3 R/M D V
VSHFLILNDFLMH UHDOQH ,] WRJ UD]J]ORJD WRD®DW@WHQHWL.SW DIN E
EXGX NRQNXUHQWQH URERWX *ROI %DOO 3LFNHU WH VX RQ

x .DSDFLWHW VSUHPQLND ORSWLFD
x 2NYLUQH GLPHQ]JLMH [ [ PP
x ODNVLPDOQDNPUKLQD

X 7THALQD NJ

x 7TUDMDQMHKEDWHULMH

x ODNVLPDOQL NXW XVSRQD 30°

3.3. Funkcijska dekompozicija

6DGD NDGD MH MDVQR NRMH ]DGDUH SURL]JYRG PRUD LVS
QD SRMHGLQDpPpQH IXQNFLMH NDNR EL VPR ODNaH RGOXp!
VDGUADYDWL 8 WX VYUKX SULPMHQMXMHPR PHWRGX IXQNF

Fakultet strojarstva i brodogradnje 14
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3.4. MorfoloSka matrica

1IDNRQ SUHSR]QDYDQMD RVQRYQLK IXQNFLMD X IXQNF
SURQDUL &WR YL3H QDpLQD QD NRMH VH WH IXQNFLMH P
UHDOLVWLPQRVW UMHAHQMD 3UR QDERM B DUWWHEFHQMD QDY H (

Tablica . MorfoloSka matrica

Ricgen
Funkcije jesenja
C d e
L QG XN
1. El. en. o
SULKYD .r?’
.RQGHQ 6SUHP(
SRG WODNRP
2. El. en. am
pohraniti
%HaLp| 5D]GMH 5D]YRG
g N SORpPLFD NXWLMD
3. El. en. ) ' ) @ ‘
YRGLWL o -
A
T / ;
,QYHU| 5HJXOL 7UDQ]L 3RWHQH UHNYH
QDSRQ DU L SUHWYDUDDp
4. El en.
regulirati
(OHNWU
5.El.en.u
PHKDOQLI
SUHWYR!I
B3URSH 1RJH | =UDpPQL
Kretanje
RVWYDU

Fakultet strojarstva i brodogradnje 16
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5RERW 9DNXX 5H&AHWI] 3GLVN" | -HGQRYV
UXND f ‘ YDOM D FLMHY
IRSWUF W%ﬂ “ |
skupljati & Q\- -
! _‘j'f'\
2ELpPD QUHUC OUH&D 5H&aEHWI
VSUHPC( i VSUHPQLN
8. Loptice
pohraniti
2GYRM 3RNUH .LSHU 3XaQuy 2WYRU
VSUHPQLNWUDNDPHKDQL )
. JEDFLYDQMH P i
loptica
RPRJIXULWL \\‘;L/
%URM| 2SWLDp
DH ORSWLFDVHRU
Napunjenos
t spremnika
detektirati
3/& OLNURN
11. HU
B8UHVDM
XSUDYO
5DGDy 80WUD]
VHRU
12. Loptice
detektirati
5DGDy 80WUD]
13.
Prepreke
detektirati

Fakultet strojarstva i brodogradnje
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*60 DQW ‘L)L %OXHW aLpQR
BULKYDW
informacija
osigurati
aLURVI ODJQHW 'LJLWD $NFHOH
WDU OLEHOD DU
15. Nagib
XUHyYyDM[D
detektirati
I1LVNR V 9HOLN 3RNUH 3RPRIU
SUHyDM UD]JPDN XWHJ NRWD|p
od RVORQDFD
SUHYUWDQMD
osigurati
*60 DQW ‘L)L %OXHW aLpQR
3RYUDWQX
informaciju
o radu
XUHyYyDMD
poslati
*36 9LGHRN| ODSLUL
18. Poziciju SURVWRUD
XUHyYyDMD
detektirati
%UDQL 3UHSR](
S8UHYDM MH SUHSUHND
od kolizije
osigurati

Fakultet strojarstva i brodogradnje
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3.5. Koncepti

,DNR PRWXIRORANRM PDWULFL QDYHGHQD VYDNDNYD NUI
QHSUDNWLPQD ELOD NRQFHSWL UH ELWL L]YHGHQL QD UHI
ELR aWR EROML 6WRJD UH RGUHYHQL HOHPHQWLQHLWL ]D
HOHNWULpQH HQHUJLMH X EDWHULMDPD DNFHOHURPHWDU
XUHYyDMD LWG

3.5.1. Koncept 1

.RQFHSW VH NUHi{iH SRPRiUX NRWDpD 2WUDJID LPD GYD
VYRM |DVHEDQ HOHNWQRPRWMR G Y DDIPNIMHGQBHNRWDpPLUD |
RVWYDUXMH UD]JOLNRP EU]JLQD RNUHWDQMD VWUDAQMD G\
SRPRiUX UHAHWNDVWRJ YDOMND NRML VH QDOD]L XQXWDU W
V NRMRP SRPRiX VWURMQRJ XpHQMD PRA&H BFSRNGIDRINWI
VSUHPQLND VH SUDWL EURMDQMHP VYLK ORSWLFD NRMH YL
3RGUXpMH UDGD VH XQDSULMHG ]DGDMH SXWHP PRELOQH I
MH RSUHPOMHQ :L)L PRGXORP

.DR GRGDWQX |DAWLWX RG NROL]JLMH XUHyDM LPD JXPH
MH RVLIJXUDQ QLVNLP WHALAWHP 8UHYDM VH SXQL 4LpQR L

Slika 13 Skica koncept 1
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'RPDJRM ODULUW Diplomskirad

Slika 14. Princip rada koncept 1

3.5.2. Koncept 2

.RQFHSW VH NUHUH SRPRUX JXVMHQLFD SRNUHWDQLK
VNXSOMDQMH ORSWLFD NRULVWL YDOMDN V IOHNVLELOQLP
LPD WODQD GQX ]JERJ PRJIJXUQRVWL SUDAQMHQMD VSUHPQLI
VSUHPQLND VH GHWHNWLUD RSWLpNLP VHQ]JRURP 8UHYDM
GHWHNFLMX SUHSUHND D SULNXSOMDQMH JROI GRBWLFD °
SRERW MH RSUHPOMHQ *60 DOQWHQRP L *36 PRGXORP WDNR
JGMH QD VYLMHWX 3XQMHQMH MH DXWRPDWVNR L EHAaLpQR

Slika 15 Skica koncept 2
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'RPDJRM ODULUW Diplomskirad

Slika . Princip rada koncept 2

3.5.3. Koncept 3

.RQFHSW VH NUHUH SRPRUX NRWDpPD -HGDQ HOHNWI
VNUHWDQMH MH RPRJXUHQR ]JDNUHWDQMHP SUHGQMLK NRW
UXNH X VSUHPQLN NRML MH RGY R MLPL WHQIRWGEDQ MBS M QWHLQNL
SUD]QLP 1DSXQMHQRVW VSUHPQLND VH GHWHNWLUD V VF
EHALpQX NRPXQLNDFLMX YHuU JD VH SUL SUYRP NRUL&AWHQI
VNXSOMDWL ORSWLFH 1DNRQ WRJD XUHyDM ]D VYDNL SXW
XQXWDU WLK JUDQLFD NRULVWL YLGHRNDPHUX L DOJRULWF
MH RG SUHYUWDQMD RVLIJXUDQ VPMHAWDQMHP NRWDpD QD
RG XGDUDFD V SUHGQMH L VWUDAQMH VWUDQH MH JXPHQL

Slika . Skica koncept 3
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'RPDJRM ODULUW Diplomskirad

UHGQRYDQMH L RGDELU ILQDOQRJ NRQFHSWD

I1DMEROML NRQFHSW L]JDEUDW U4H VH SUHPD NULWHUL
UD]YRMD 2FMHQH VX XGWDH BRQ XQRP® O RARQLCHO (L UGHD XME&EWR O W |
VH |[EUDMDQMHP RFMHQD D RGDELUH VH NRQFHSW V QDMY}

Tablica8. 2FMHQMLYDQMH NRQFHSDWD

Kriterij Koncept 1 | Koncept 2| Koncept 3
(ILNDVQRVW VWK 4 5 2
%U]LQD UDGD 5 5 1
6LIXUQRVW NRU 5 5 4
-HGQRVWDYQRYV 2 5 4
&LMHQD LJUDGH 5 5 1
-HGQRVWDYQRYV 5 4 3
.RPSDNWQH GLP 5 5 3
ODOD PDVD 5 4 3
BNXSQR ERGRYD 38 21

,] WDEOLFH PR&HPR XYLGMNW LQG Dl INRH GNNRXES HVEDBIN 6 ODR
SRPRiUX URERWVNH UXNH MHVDP®URBRRIE RWWNDN DXQ@R NRH S\CH
UMHEHQMH .RQFHSW L VX YUOR EOL]X SUHPD RFMHQDP
MHGQRVWDYQLMH L ODN&H UMBEADE®MWN RSO VD\QWHQ LOFFDS WIL
UHAHWNDVWRJ YDONNDV B RDINO|EDP M MPFORMIGED NFOML QDpLQ
QDPLMHQMHQL ]D UXpQX XSRUDEXMHOW HNDSWDH RMAILSRWNRE
UD]JPDNQH UHAHWNH L LRWKWHOL [DLRODNV WSH BYieQ. WRRNGRP Y H
YDOMND WH YUOR EU]JR PR&H GRiL WR .RQFWISSPHI) [P D NERRSOM.
QDpPLQ VNXSOMDQMD ORSWLFD DOL JD VSXWDYDMX JXVMHQ

3UHPD JEURMX RFMHQD SIRREN.DVGOS VRI 18R JXORIGHHBXW R F M H
VWDYRR&H VH XYLGMHWL GD MH QDMEROMD NRPELQDFLMD
SUNXSOMDQMD ORSWLFD RG NRQFHSWD  \WEBG\YRDREDF Kl I$ WLDQ D
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'RPDJRM ODULUW Diplomskirad

4. R$=5%'$ , 3525%y81 ),1$/12* .21&(37$

1DNRQ RGUHYLYDQMD QDMEROMHJI NRQFHBWWIR SHRWUHE
RGUHGLWL SRWUHEQD PDVD ORSWLFD L GLPHQ]JLMH VSUHP
GLPHQJLRQLUDQMD PRWRUD 1DNRWO RMEE {#HyYTRWHHEQDKH
VSHFLDREDWHMWLMH VSRMNDWLGDPHQYIOMDIDNRYHU (H X UD]
VSHELILNDFLMH VYLK L]JDEUDQLK NXSRYQLK NRPSRQHQWL

4.1. Spremnik za loptice

4.1.1. Volumen spremnika

=D L]JUDpXQDWL SRWUHEDQ YROXPHQ |J]D SRKUDQX JROI
ORSWLFD L YROXPHQ SUD]J]QRJ PHYyXSURVWRUD ODNVLPDO
VIHUDPD XWYUyHQD MH PDWHPDWLpPNL L LIQRVL QR X VW
RQD L]QRVL RGJ[14] GIRWRJD VOLMHGL SRWUHEDQ YROXPHQ V.

8= Téﬁ: 500 M= 34,69 @0° mm® N35 L. (1)
3 @& 3 ®.6
JGMH MH
N=215mm- SROXPMHU JROI ORSWLFH
T= 500 - ] DKWLMHYDQL EURM ORSWLFD
3= 0,6 - IDNWRU LVNRULVWLYRVWL SURVWRUD

6WYDUQL YROXPHQ VSUHPQLND L]JQRVL

§ = =® ®= 1015 ®50 @01 = 35,88 L, (2)
JGMH MH

== 1015 mm — 4aLULQD VSUHPQLND

>= 350 mm - GXOMLQD VSUHPQLND

?= 101 mm - GXELQD VSUHPQLND

6SUHPQLN YROXPHQRP [DGRYROMDYD

Fakultet strojarstva i brodogradnje
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'RPDJRM ODULUW Diplomskirad
4.1.2. Masa tereta u spremniku

ODVX WHUHWD X VSUHPQLNX pLQH PDVD JROI ORSWLFD |
X] ORSWLFH SRSXW ]JHPOMH L WUDYH NRMH UHPR X]JHWL X
XNXSQD PDVD WHUHWD

;= T@® 2 &= 500 @6 @,1 = 253 kg, 3)

JGMH MH
| p==469g - PDVD MHGQH ORSWLFH
5=11 - IDNWRU VLIXUQRVWL JERJ QHpLVWRUD

4.2. Odabir motora i reduktora

=D RGUHYyLYDQMH SRWUHEQH VQDJH PRWRUD UD]PDWUI
VOXpDMX XVWDOMHQH YRAQMH X VOXpDMX XEU]DYDQMD Wt
RGDELU PRWRUD L UHGXNWRUD UH VH X]LPDWL X RE]JLU QDM

421. 8VWDOMHQD YRAQMD

PRWUHEQD VQDIXQ@BWRUDUHPD L]JUD]X

2= (®R®S, (4)
3
JGMH MH
( - VLOD NRMX MH SRWUHEQR VDYODGDWL X YRAC
R=5kmh — |IDKWLMHYDQD EU]LQD NUHWDQMD URERWD QD
5=11 — IDNWRU VLIJXUQRVWL JERJ JXELWND X OHabDMH
3= 0,7 - IDNWRU NRULVQRVWL UHGXNWRUD

=ERJ PDOLK EU]JLQD YRAQMH X UDpPXQDQMXXWLNDHIFS R L
YMHWUD L DHUROYDPL XWMWHEFRMOLPD RWSRU NRWUOMDQM:
QD WuDYL JROI WMNVSEDLPHQYWBEPRERXWYUGLWL QR ]DVDG
LIQRV SUHPD LVWUDALYDQMX RWSRUD NRWUOMDQMX WUDN
NUDWN RMV@W U DYDY BV X/ WDOMHQRM YRaQML MH

Fakultet strojarstva i brodogradnje 24




'RPDJRM ODULUW Diplomskirad

(5= (1 i+ 1) @@= (253+616) ®S1 ®1=8522N, (5)
JGMH MH

| 1 = 61,6 kg — PDVD XUHYDMD V EDWHULMDPD

2= 0,1 —- IDNWRU RWSRUD NRWUOMDQMD

6WRJD VOLMHGL
8532 @39 @1
B 0,7

= 186 W. ()

=D RGDELU PRWRUD SRWUHEQL VX QDP L L]OD]QL PRPHQW L

@ 350
6= (s @ ®= 8522 &~ @1= 1641 Nm, ()
R _ 139 -
= = = - 8
% e ees0 M ®)
JGMH MH
@ 350 mm ~ SURPMHU SRJRQVNRJ NRWDpD

4.2.2. Ubrzanje na ravnoj podlozi

6QDJD SRWUHEQD SUL XEU]DYDQMX XUHYyDMD uH ELWL
VLOH RWSRUD NRWUOMDQMD SRVWRML L NRPSRQHQWD XEU

(6= (11+ 17) @@+ 1+ 17) &

()
1,39
(6= (253+61,6) ®81 ®,1+ (253+ 61,6) ®5—= 109,36 N.

,] WRJD VOLMHGL SRWUHEQD VQDJD

109,36 @,39 @,1
B 07

WH SRWUHEQL PRPHQW

= 239 W, ()

350
6; = 109,36 ®2— ®,1 = 21,05 Nm. (11)
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'RPDJRM ODULUW Diplomskirad
423. 9RaAQMD X] QDJLE

Slika 18 Shema sila na nagibu

1D SXFDPDL &ANRMH MH RYDM XUHYyDM SUYHQVWYHQR QDPL
UDYDQ QR PRJXiUH VX NUDWNH X]JEUGLFH ,] WRJ UD]JORJD
NUDWNRWUDMQR VDYNORGIUY 0Q WK IQMHRPEDSHQMDQMD X]EUGR
EUJLQD YRBQMB VLOX H RVLP NRPSRQHQWH RWSRWIDFB R\ U
JUDYLWDFLMH

(7= (1j+ 1 ;) &®osU+ (| ;+ | 1) BC®nU

(7= (253 + 61,6) ®81 ®,1 ®030°+ (253 + 61,6) ®,81 ®n30° (12)
(7= 4999 N,
JGMH MH
U= 30° — QDJLE X]EUGLFH

SRWUHEQD VvVQDJD PRWRUD WDGD L]JQRVL

(7 ® 4999 ®56 @1

2, 2 57 = 436 W, (13)
JGMH MH
R= 2 km/h ~ ]IDKWLMHYDQD EU]JLQD YR&QMH QD X]EUGL

,JUD]L ]|D SRWUHEDQ PRPHQW L EURM RNUHWDMD YUDWLOD

350
6;,= 4999 ®2— ®,1 = 96,23 Nm, (14)
R 0,56 .
= = = . 15
Js S @0 & @50 30,3 min (15)
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'RPDJRM ODULUW Diplomskirad
4.2.4. Odabir motora

'RELYHQL L]QRVL PRPHQWD L EURMD RNUHWDMD YUDWL
YUDWLOX UHGXNWRUD WDNR GD LK WUHEDPR VYHVWL QD Y
WUHED SUHSRORYLWL MHU MH XUHYyDM USWI@) NNHDQ DN W ¥ D LS
PRWRUD RQGD L]QRVH

2,436

3RWUHEDQ PRPHQWRWRUDVXRWDKOWBIQPRM YRAQML
6 16,41

%= s@E® 2@ @7 L0°MIm )

J, = Js @& 758 @1 = 5382 min, (18)
JGMH MH

E 71 _ SULMHQRVQL RPMHU UHGXNWRUD

SRWUHEDQ PRPHQWRWHRUDMYRAQMWIXMRDJILE

== % g6gm
%= o @E®m 2 @1 @7 00 MNm -

Jy7= J; @= 30,3 @1 = 2151 minL. ()
2GDEUDQ MH PRWRU (& WYUWNH OD[RQ 6SHFEILEDFLMH V

Tablica . Specifikacije motora Maxon EC 45

3URL]YRYDp OD[RQ
ORGHO (&
1D]JLYQL QDSRQ Vv
6QDJD 250

%U]LQD YUWQMH X SUBHDRP KRGX

1DJLYQD EU]JLQD PEQ

1D]JLYQL PRPHQW P1P

1D]JLYQD MDNRVW HOHS$SWULPQH VWUXMH

ODNV HILNDVQRVW

oObVvVD J
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'RPDJRM ODULUW Diplomskirad

Slika . Motor Maxon EC 45

,] VSHFLILNDFLMD MH YLGOMLYR GD PRWRU PRaH LVSF
YRaAQML 3RWUHEQR MH SURYMHULWL PRaH OL LVSRUXpLWL

6i= 6+ o Fdaz_ 347 + 5490 F2151 2244 mNm (21)
= & G 1,76 - ’
JGMH MH
6=347mNm - QD]LYQL PRPHQW PRWRUD
Jo=5490mint - QDJLYQD EUJLQD YUWQMH PRWRUD
G= 176 - JUDGLMHQW PRPHQW EU]LQD YUWQMH

ORWRU ]DGRYROMDYD

4.25. Odabir reduktora
=D UHGXNBMRAL GBPKWLMHYDQL L]JOD]QL PRPHQW SUL
NUDWNRURpPQRP UDGX NRML L]QRVH

16,41
65 = 365= — = 8,21 Nm, (22)
96,23
6&7: 27: T = 48,12 Nm. (23)

2GDEUDQ MH UHGXNWWRNHESBIFRSDLNDFLMH VX QDYHGH@H X VO
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'RPDJRM ODULUW Diplomskirad

Tablica . 6SHFLILNDFLMH UHGXNWRUD OD[RQ *3 $
3URL]YRYVDD OD[RQ
ORGHO 3 $

3ULMHQRVQL RRMHU

ODNV NRQWLQXLUDQP PRPHQW

ODNV NUDWNRURpPQLRPRPHQW

ODNV HILNDVQRVW

ODVD J

Sika . 5HGXNWRU OD[RQ *3 $

4.3. Odabir baterije

=DKWMHYL SUHPD NRMLPD UH VH ELUDWL EDWHULMD \
SUHGQRVW UH VH GDWL QDMODN&RM EDWHULML NRMD ]DGR"

4.3.1. Kapacitet baterije

.DNR EL RGUHGLOL SRWUHEDQ NDSDFLWHW EDWHULMH
XUHYyDM SURYHVWL X NRMHP UHAaLPX UDGD =D GDOMQMH UL
YUHPHQD X XVWDOMHQRM YRAaQML YUHPHQD XEU]DYD
X] QDJLE. 6WRJD L]JUD] |D RGUHYLYDQMH SRWUHEQRJ NDSDI
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'RPDJRM ODULUW Diplomskirad

%= 5®0.9 @%; 0.05 ®65—E6+oo % @ (24)
JGMH MH
5= 1,1 — IDNWRU VLIXUQRV WY \WBDRH CHNOMNIWRRL
Ge= 73,9 mNm/A -~ PRPHQWQD NRQVWDQWD PRWRUD
6= 6h ~ ]DKWLMHYDQR YULMHPH UDGD XUHyDM

SRWUHEQR MH MR&4 RGUHGLWL SRWUHEQL PRPHQW X VOXpD

__ 5 2105 212 mNm 25
6a6_2®E®$_2®1®,7_ ' (25)

6WRJD NDSDFLWHW L]JQRVL
%= 1,1 ®0.9 165+005 212+005 508 ® = 18,53 Ah ()
& 11 @09 Gzg+ 005 @35+ 005 Br5p®= 1853 Ah

432. ODNVLPDOQD VWUXMD SUDAQMHQMD

SRWUHEQR MH RGUHGSWDR aRIMWHVQOLMDORRMDNWEKK KWL SUL\
XUHYyDMD X] QDJLE ]UD]]D RGUHYLYDQMH JODVL

5 —2@5@6&7 2@1@— 28,82 A ()

2GDEUDQD MH EDWHULMDB S HF L $IKNW F IUNVHNAOSG R BIBH S R @ HVXD E O

Tablica 11.  Specifikacije baterije

3URL]YRYyDp $HJILV
1DJLYQL QDSRQ 9
.DSDFLWHW $K

ODNV NRQWLQXLUDQD WUXMD SUDAQMHQMD

ODNV YU&aQD VWUXMD S®JDAaQMHQMD

ODNV VWUXMD SXQMHGMD

9LMHN WUDMDQMD FLNOXVD
'LPHQ]LMH [ [ PH
0DVD N J
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Slika 21 Baterija
4.3.3. Vrijeme punjenja baterije

,JUD] ]1D YULMHPH SXQMHQMD EDWHULMH MH

o 0/@_20_4h

== =4h (28)
JGMH MH

%= 20 Ah - NDSDFLWHW EDWHULMH

+=5A — PDNWWUXMD SXQMHQMD

4.4. Odabir spojke

SRWUHEQR MH RGDEUDWL VSRMNX UDGL XEODAaDYDQMD
VNORS UHGXNWRUD L PRWRUD D L UDGL IX@SRIEMARWHD MD
PRUL SUHQHVWL PDNVLPDOQL PRJIXIA2 ®BPUH QWD NNRH LV & RN
WYUWNH 1%. 6SHFLILNDFLMH VX>Q@WYHGHQH X VOLMHGHURN

Tablica 12.  Specifikacije spojke
BURL]YRYD)p 1%.

ORGHO 025 .-14-25

7LS VSRMNH 20GKDP

ODNV PRPHQW 1P

ODNV EUJLQD |YUW P\

ODWHULMDO (1 $:- SROLPFHWDO

ODNV HNVFHQWPRRpPQRVW

ODNV NXWQR I BGVWXSDQMH
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Slika 22 Spojka

45. 3URUDpPXQ L RGBDLWLOWBADMD

SRWUHEQR MH RGUHGLWL VLOH QD OHAaDM L L]JOD]JQR )\
SRPRUL VOMHGHUD VKHPD

Slika23 6 KHPD VLOD QD YUDWLOR

,DNR MH XUHYDM QD NRWDpPpD SUHVWRRROYDNRW INRW D/i-
LIQRVX SROD PDVH FLMHORJ XUHyYyDMD VD VSUHPQLNRP &
RGUHYLYDQMH VLOH QD NRWDD

(11+ 17) & (253+ 61,6) ®81
(A= > = >

= 426,24 N. ()

,] VXPH PRPHQDWD RNR WRpPpNH / GRELYDPR

_ (1 ®J_ 42624 ®55
T H 84,5

(& = 279,96 N< 520 N, ()
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DL] VXPH VLOD X VPMHUX RVL ]

(A= (a+ (g= 426,24+ 279,96 = 706,22 N < 4360 N, (31)

3UHPD SURL]YRYDpX UHGXNWRUD GR]YROMHQR UDGLML
1 VWRJD PR&HPR ]DNOMXpLWL GD ]JDGRYROMDY® /HH®D®HADM
SUHPD BLDWDORJX >0@ #R&H SRGQMBERE]LVREPHWDI QNWL.LOH
QHPD D QRVLYRVW OH&ADMD MH VNRUR UHG YHOLpPLQH YHi
]JDGRYROMDYD

3URUDDXDWLOD

SRWUHBQRYWHULWL YUDWLOBUDWUQR L\pIQ RISWWHHYMHQ B
VWUDQH UHGXNWRUD WH VDYRNMQWLPDP@ LV SOH VQLH IS RIHR @VOND
QDVORQD OHA&D®BR SWHRP® MFROD]|EURPMHUD YUDWLOD PDOL
GMHORYDQMH WH MH NJWRWXMaGH DDLNRWYDMH YRIMDMWLOD QDM

Slika24 .ULWLpQL SUHVMHN YUDWLOD

9UDWLOR SURUDPXQDYDPR SUHPD IRUPXOL
> ®p @y

daeT G, R 5ac4 (32)
JGMH MH
>= 0,93 — IDNWHRQLPpLQH VWURMQRJI2GLMHOD RpLWDC
>= 0,95 - DNWRU NYDOLWHWH REUDE&H SRYUALQH R
é;,%(;:190MPa - WUDMQD GLQDPLpPND pYUVWRUD ]D QDL
QDSUH]DQMH SUL VDYLMDQMX ]D 6
T=11 - IDNWRU XKGDQR 3RGELPD >
P: & x - UHGXFLUDQR QDSUH]DQMH
Bacs 2 — SRWUHEQD VLIXU@RYW RGDEUDQR SUHF
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,JUD] |D PRPHQW RWSRUD SUHVMHND YUDWLOD JODVL

e e
= — Rd= — 7= 7
9 32 o ®5 7= 1534 mm’, (33)
JGMH MH
@ 25mm - SURPMHU YUDWLOD QD NULWLPQRP SUHVI

5HGXFLUDQW RERMHYXMH VH L] LJUD]D

| sg7 8K @L o+ 0,75( U, @ @})6 (34)
JGMH MH
Ly — IDNWRU ]JDUH]QRJ GMHORYDQMD NRG VDYLMDQMD
3, - IDNWRU pYUVWRi{iH PDWHULMDOD
(b, - IDNWRU ]DUH]QRJ GMHORYDQMD NRG XYLMDQMD

)DNWRU |]DUH]QRJ GMHORYDQMD NRG VDYLMDQMD RGUHYXM

by 1+ 2kl g Flo= 1+ 0,25(25 F1) = 1,375, (35)

JGMH MH
%2=025 - IDNWRU ]JDUH]QRJ GMHORYDQMZIINRG VDYLMD
Gb=25 - IDNWRU ]JDUH]QRJ GMHORYDQMPBIINRG VDYLMDZC

)DNWRU pYUVWRUH PDWHULRMDRXIORGUHYXMHPR SUHP

. & A 260
= = = 1,07
U“ 173 @g,a 1,73 @40 073, ()
JGMH MH
&p. = 260MPa - WUDMQD GLQDPLPND pYUVWRUGD SUL LVWF
o 140MPa - WUDMQD GLQDPLPND pYUVWRUD SUL LVWF

)DNWRU |]DUH]QRJ GMHORYDQMD NRG XYLMDQMD RGUHYyXMH

U= 1+ %kl g F10o= 1+ 045(1,8 F1) = 1,36, ()

JGMH MH
%=045 - IDNWRU ]JDUH]QRJ GMHORYDQMD@RG XYLMDQ
Ugs=18 - IDNWRU JDUH]QRJ GMHORYDQMD.NRG XYLMDQ
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ORPHQW XVOLMHG VLOH QD NRWDp L]QRVL
| = (x ®2= 42624 ®2= 22 Nm. (38)

60OLMHGL LIQRV UHGXFLUDQRJ PRPHQWD

| sg= ¥22 @375) %+ 0,75(1,073 @8,12 ®@,36) 6= 67,92 Nm. ()

,JUD] ]|D UHGXFLUDQR QDSUH]DQMH MH

| g 67920

Pagr —g— = e, = 4428 MPa. )

.RQDPQR SRVWRMMFNVNVLIXUQRVW

0,93 ®95 @90
@y 11 @428

= 345 R5.5 2. (41)

SUDWLOR ]DGRYROMDYD

SBURUDpPXQ SHUD

3RWUHEQR MH SURUDpPXQDWL YHDR/INRRPH SRYR]XRMH
UHGXNWRU VD VSRMNRP VH QHiUH SURUDpPXQDYDWL MHU W)
]JDKWLMHYDQL PRPHQW 3HUR NRMH YH&H NRWDp V YUDWLO
LVWLP RSWHUHUHQMHP NDRI BWUBDL]|POYXLPORMNMRLYHUH G
SURUDPXQDYDMX QIR22EER p,QUDW QI ¥ BSHP ' GDN JODVL

(¢

L:O’STMEQLX% (42)
JGMH MH
(¢ — RERGQD VLOD QD YUDWLOX
D= 7 mm - YLVLQD SHUD
K= 13 mm — QRVLYD GXOMLQD SHUD
E1 - EURM SHUD SR RERGX
Le 2= 100 N/mm? _ GRSX&WHOQL ER2DL WODN SUHPD >

,JUD] ]D RERGQX VLOX MH
2 @:; 2 @812

= = , 43
(6=—@ = ooz - 3B496N (43)
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6WRJD ERPQL WODN L]JQRVL

3849,6

- 2 Ax — 2
L 05 @ @3 @ 84,6 N/mm~- Q L. 5= 100 N/mm=.

(44)

SHUR |[DGRYROMDYD

4.8. Odabir linearnog aktuatora

SRWUHEQR MH RGDEUDWL OLQHDUQL DNWXDWRU NRML
YDOMNRRBDURP 6 RE]JLURP GD VX GYD DNWXDWRUD X QDM
RSWHUHUGHQ V SROD PDVH VNORSD NREDUH L YDOMND NDG
DNWXDWRUL LJOR&AHQL YWDHEDN MH HDOHWPHIMMR P IV, SRFMHUW LI L

MDNVLPDOQR RSWHUHUHQMH DNWXDWRUD RGUHYXMH VH L]

(1 @) & _ (253 @44) ®81

o = 244 N. 45
( 5 > (45)

2GDEUDQ MH DNWXDWRU &%$+% WYUWNH (ZHOOL[ [BPHFLILND

Tablica 13.  Specifikacije linearnog aktuatora
BURL]YRYDp(ZHOOL]
ORGHO &3$+9%0-% $ -$% % $ +080

1DSRQ 9

ODNV VLOD 1

,3 |DAWLWD,3 . ,3 6
SUHGQML SGLOQREPDNY SURYUWRP PP
6WUDAQML| RSUDNQERPDW SURYUWR|P PP

QUHWHQR | 75
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'RPDJRM ODULUW Diplomskirad

Slika 25. Linearni aktuator

SURUDPXQ VYRUQMDND OLQHDUQRJ DNWXDWRUD

SRWUHEQR MH SURUDPpXQDWL VYRUQMDNH NRML SRYH]
6YRUQMDNH WUHED SURUDPXQDWL QD VDYLMDQMH WODN L

4.9.1. Svornjak sa strane konstrukcije

Sika . 6YRUQMDN VD VWUDQH NRQVWUXNFLMH

,JUD] |1D RGUHYLYDQMH QDSUH]DQMD QD VDYLMDQMH MH

A

_ 05 @ ®5 @& 05 @44 ®5 ®
T 01 - 01 ®7

=596 MPaQ §x35x 48MPa, ( )
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'RPDJRM ODULUW Diplomskirad

JGMH MH
== 5mm — aLuULQD XaNH
@ 8 mm - SURPMHU VYRUQMDND

,JUD] 1D RGUHYLYDQMH WODND MH

(. 244
T2=RD 2® @®

L = 3,05 MPa Q Ly s = 12 MPa. ()

,]JUD] ]D RGUHYLYDQMH QDSUH]DQMD QD RGUH] MH
4( 4 @44 :

1= @é:m:4,85/2:(}|0x35 20 MPa. (48)
6YRUQMDN OLQHDUQRJ DNWXDWRUD VD VWUDQH NRQVWUXN

4.9.2. Svornjak sa strane sklopa koSare

Slika . 6Y R &kQ@aktrane sklopa koSare

,JUD] ]D RGUHYLYDQMH QDSUH]DQMD QD VDYLMDQMH MH

(- ®5 @ 244 ®5 @8

&= oTe@ - o1 @7 - “289MPaQé.ax 48 MPa, ()
JGMH MH

>= 18 mm - ALFLOEDQGUD DNWXDWRUD

@ 8 mm -~ SURPMHU. VYRUQMDND
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'RPDJRM ODULUW Diplomskirad

,JUD] 1D RGUHYLYDQMH WODND MH

L= (_ 244—169MP L= 12 MP ()
= >@ 8@ aQliyn= a.

,JUD] |D RGUHYLYDQMH QDSUH]DQMD QD RGUH] MH
_A(_4@44

0= g3™ go - 485 /2= Qloxar 20MPa (51)

6YRUQMDN OLQHDUQRJ DNWXDDVRRMROMI¥YWUDQH VNORSD NF

SURUDpPXQ VYRUQMDND VNORSD NR&ADUH

3RWUHEQR MH SURUDpPXQDWL VYRUQMDNH NRML IS®RX H]X
iH VH SUHWSRVWDYLWL LVWD6NMO®RS NERRE DUGE L\QH B IRGRPR D X
PHVWR PLpH SRPRiX OLQHDUQLK DNWXDWRBRDXWH NHR MDY M
WURSGHQMD L]JPHyX VYRUQMDND L SURYUWD ]D VYRUQMDNH V
WODN NOL]J]QRJ OHA&DMD MH 03D 4WR MH JQDpPDMQR YL&H C
ELWL OLPLWLUDMXuUL IDNWRU NRMHJ WUHED SURUDpPXQDW

Slika28 .0OL]QL OHAaDM ,JXV LJOLGXU *

,JUD] |1D RGUHYLYDQMH QDSUH]DQMD QD VDYLMDQMH MH

(- ®5 ® 244 ®5 @l

& “oTeg - oiaar - “89MPaQa.ax 48 MPa, (52)
JGMH MH

>= 11 mm — ELULQD OHADMQRJ PMHVWD

@ 14 mm ~ SURPMHU VYRUQMDND
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'RPDJRM ODULUW Diplomskirad
,JUD] 1D RGUHYLYDQMH WODND MH

( 244
= = = ax = . 53
L S&o 11 @A 158 MPa Q L, 5 = 12 MPa (53)

,JUD] |D RGUHYLYDQMH QDSUH]DQMD QD RGUH] MH

6= —== — =159 /2=Qlgxax 20 MPa. (54)

(M
o
S
@

6YRUQMDN VNORSD NRabUH J][DGRYROMDYD

411. 2GDELU OHADMD RVRYLQH YDOMND

SRWUHEQR MH RGDEUDWL OHADMHYH ]D RVRYLQX YDONM
YDOMDN X NRQWDNWVR WHDPWOKPDKX SULOLNRP QDOHWD QD
FLMHOD WHAaLQD XUHyYyDMD VH PRaH SUHQHVWL QD YDOMDN
NUDMX RVRYLQH VYDNL SUHX]LPD SROD PDVH XUHYyDMD D
uH MINWRU VLIXUQRVWL 60LMHGL L]UD] |]D L]IQRV UDGLMD

_(11 @) 6 (253 @44) ®81

(s 2 2

@ = 488 N. (55)

2GDEUDQ MH OHabM 3%7 WYUWNH 0,680, 6SHFRUHLNDFLMH

Tablica14. 6SHFLILNDFLMH OH&DMD RVRYLQH
3URL]YRYyDp| 0,680,

ORGHO 3%7

SURPMHU SURYRIRNVD

6WDWLPND QRVLYRVW

'LQDPLPND QRVLYRVW

ODWHULMDO /LMHY OHJXUD V FLQNRP

iLYDQMD

1DpLQ SULpYUA
=DW Yh@®IDN

QD RVRYLQX
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'RPDJRM ODULUW Diplomskirad

Slika . /H&ADM RVRYLQH YDOMND

412. 2GDELU SUHGQMLK NRWDpD

SRWUHEQR MH RGDEUDWL SUHGQMH SRPRUQH NRWDpH
SRPRUX UD]JOLNH X EUJLQDPD RNUHWDQMD VWUDAQMLK NRW
7DNRYyHU SRaHOMQR MH GD MH PDWHULMDO SRRURHUIMMN U
SUHWSRVWDYLW UH VH LVWR RSWHUHUHQMH NDR L QD SRJI
FLMHORJ XUHYyDMD V SXQLP VSUHPQLNRP ORSWLFD 2SWHUL

(1= 426,24 N, ()

2GDEUDQ MH NRWDp WYUWNH %OLFNOH[2BLMH VX VSHFLILND

Tablica 15.  Specifikacie SUHGQMLK NRWDpD
SBURL]YRYDp %OLFNOH

ORGHO [:*: -73% Sl

SURPMHU NRW DD

aLuLQD NRWDpLP

6WDWLpPND QRULIYRVW

1RVLYRVW 5100 1INP K

7YUGRUD JXPH6KRUH $
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'RPDJRM ODULUW Diplomskirad

Sika . 3UHGQML NRWDp XUHYyDMD

413. 2GDELU XSUDYOMDpPNRJ VNORSD L RVWDOH HOHNWURQL

,DNRD]UDGD HOHNWURQLNH QLMH GLR WHPSURNSRIUNN & D
NDNR VH PRJOR GDOMH QDVWD YoL WE | QUIRIA| R ROVCH B XH SHR M ¥ R
WLSD UHODWLYQR QRYL QD WU&ALAZWX UD]XPQR MH SUHWSF
UDQL XVYDMDpL HQJ HDUO\ DGRSWHUV 5DQL XVYDMDpL
HQWX]LMDVWL WH YROH SULODJRGLWL XUHYyDMH VDPL VHEL
VRXUFH SODWIRUPD .DR JODYQR UDpXQDORQDUNRDMMD/R RPSRE
LQVWDOLUDWL RSHUBWERQL 2SXVUWDY.QIPBQ/WHP 526 7DN
SRGUADYD UDG DSOLNDFLMVNRJ SURJUDPVNRJ VXpHOMD $
SODQLUDWL UXVBR XURHNENMD ORRVDIDQDP W UH EIRER WG U2 NR
B8UHYyDM LPQMMMSWWGEBDQL SUHGYLYHQR PMHVWR ]D NDPHUX
FDPHUD PRGXOH -HGLQR aWR WUHED QDSUDYLWL ALQ KR
ORSWLFH SUHSUHNH L VOLPQH UHOHYDQWQH SRMDYH QD J
ELOD QDMEROMD $QGURLG L L26 DSOLNDFNMNDD %D YHINIRIR I Iq-+
,QWHUQHWD

Slika3L Mini UDpXQDOR 5DVSEHUU\ 3L
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'RPDJRM ODULUW Diplomskirad

5. 23,6 352,=92"'%

8 RYRP SRIJODEDWMK @GDWHGHHQL WHKQLpNL SRGDFL R XU
XUHyYyDMD SRPRUX ' PRGHOD PRGHOLUDQRJ X 6ROLGZRUNYV

51. 7HKQLpPNH VSHFLILNDFLMH XUHYyDMD

8 WDEOLFL LVSRG VX QDYHGHQH WHKQLpPNH VSHFLILNDF
WHKQLpNH WSHFLMIINBRpPMWND UDJUDGH NDR L VSHFLILNDFL
XRpLwL GD MH XUHYDM LVSXQLR VYH ]DKWMHYH SRVWDY
NRPSDNWQLML ODNAaL EUAL WH PRAH SRKUDQLWL YL&H ORS¢

Tablica . 7HKQLpPNH VSHFLILNDFLMH UD]JYLMHQRJ XUH}
7THKQLPND VSHFL 5D]YLMH *ROI %[
UDJUDGH SURL]YRG 3LFNHU
'LPHQ]JLMH [ [ [
7THALQD NJ NJ NJ
ODNV EU]L NP K NP K 3 NP K
9HOLPLQD
ORSWLFD ORSWLFD ORSWLFD
VSUHPQLN|D
K
%DWHULMD K /
3XQMHQMH K
ODNV NXW 30° 30° /

Slika32 ' PRGHO XUHyDMD
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'RPDJRM ODULUW Diplomskirad

52. 2SLV XUHYyDMD

B8UHYDM MH [DAWLIHQ SRPRD)XQ B OBV XMWMIFDXIDLAWD NR
NXiLAWX VX LQWHUHVDQWQD GHWDOMD 3UYL GHWDOM MH
1IMHQD VYUKD MH GD XRpDYD JROI ORSWLFH SUHSUHNH L V
SRAWR QNDADY LKL VHQ]RUD QDSXQMHQRVWL VSUHPQLND XU
NROLNR MH ORSWLFD SUH&DR WH SRPRiX WRJ SRGDWND GR
MH NRQWDNW QD ERPQRM VWUDQLFL XUHYyDMD 3UKNR WRJ
EDJQRM VWDQLFL

Slika 33 Detalji kamere i kontakta za punjenje

SRVOMHGQML GHWDOM QD NXuLaWwWX MH SRNORSDF V JRI
MH RODNAaDQR YUAHQMH LQVSHNFLMH XUHYyDMD LOL UXWLQ

Slika 34. Pogled ispod poklopca
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'RPDJRM ODULUW Diplomskirad

.DGH WNLQH SRNURY PRA&H VH YLGMHWL SXQR YLaAH NRPSRC(

Slika35 8UHYDM EH] SRNURYD

8UHYyDM MH SRVWDYOMHQ GRJIJRRINWDpIWHVHWHDAQMD G
IDNUHWQD 8UHYDM VNXSOMD ORSWLFH QD QDpLQ GD LK Sl
GLVNRYD /RSWLFH VH JDELMX L]JPHYyX GLVNRYD WH VH QDV
pHAaOMD yHaDOM VIDNX¥MMIOPRSWVYWHAD YPEOMND X VSUHPQLN

Slika . Prikupljanje loptica
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'RPDJRM ODULUW Diplomskirad

.DGD VH VSUHPQLN ORSWLFD QDSXQL XUHYDM RGH Q
ORSWLFD QDMpHa&auH NRG XUHyYyDMD RWSDDDOMHPREWDLWD W
SRPRUX OLQHDUQRJ DNWXDWRUD

Slika . 3UD&QMHQMH VSUHPQLND
8UHYDM LPD VSRVREQRVW VSXaWDWL L SRGL]DWL YDOMD!

NDGD XUHyYyDM PRUD VNUHQXWROKRQBU VRINSJFBRIB®MHR DL QPOD
VNUHWDQMH MH RWH&DQR 'UXJR GD EL VH PRJOD UHJXOL
YLVLQD PR&H RYLVLWL R GXOMLQL WUDYHsDOHL QHHSUBYHBQ
PRJDR QDJQXIWAIHFH SUD&QMHQMD ORSWLFD NDNR EL VYH O]

Slika38 9DOMDN X SRGLJQXWRP L VSXaWHQRP SRORAD
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'RPDJRM ODULUW Diplomskirad

.DR aWR MH YHUO VSRPHQXWR XUHyYyDM MH SRIJRQMHQ \
RVWYDUXMH UD]JOLNRP EU]JLQD SRJRQVNLK NRWDpPpD 6YDNL
YH]IDQ SUHNR UHGXNWRUD 20GKDP VSRMNH L YUDWLOD ,]I
.XuL&WH X NRMHP VH QDOD]H PRWRUL L RVWDOD HOHNWURC
NRIEUWYX NDEORYD

Slika . 3RJRQVNL VNORS MHGQRJ NRWDpD

Slika . %UWYD NDEHOD

Fakultet strojarstva i brodogradnje a7



'RPDJRM ODULUW Diplomskirad

=$./-8y$.

6NXSOMDQMH JROI ORSWLFD QD JROI WHUHQLPD MH SR
LGHMD GD VH ORSWLFH VNXSOMDMX SRPRiX DXWRQRPQRJ X
.DNR MH X UDGX SRND]DQR NRQNXUHQW QQGRVWH DHD KQ R B[
XSLWRP VH MR& X]PH X REJLU L JHRJUDIVND SR]JLFLMD WYUW
PR&H VH XYLGMHWL GD X (XURSL SRVWRML YHOLND UXSD N
SURL]YRG

8 RYRP UDGX MH NROIFLBQUPRYL XBRYDW ]D VNXSOMDAQ
QDSUDYOMHQ ' PRGHO L WHKQLpPND GRNXPHQWDFLMD
SURL]J]YRGRP QDMVOLPpQLMLP SUHPD IXQNFLRQDOQRVWL PR
NRPSDNWQLML WHQLBX Y3 WX PRI WD RODVSREWMLNBFLMH YHU VI
REHUDYDMXuUH LPD MRa SXQR PMHVWD |]D QDSUHGDN

60MHGHUL NRUDN X UD]J]YRMX XUHyYyDMD EL ELOD L]JUDGD
NRML VH PRUDMX RGUHGULWRHWX\GWVNBY b HM\PHVXHED|® DQD Gl
ELWL WDNYL GD YDOMDN QH ]JDELMD ORSWLFH X WOR D V G
QHJR OL GRyX GR pHaOMD 7DNRYyHU WUHED SURYMHULWL
YULMHPH UDGD XUHYyDMD QD MHGQRP SXQMHQMX MHU X
YULMHGQRVWL WH MH XUHyYDM QM pQR MPMNDR XIIHY G MADH QHL RE
VPDQMLWL ]DPMHQRP PHWDOQLK GLMHORYD ]D SROLPHUQ
WHVYWQMH L LVSLWLYDQMH NDNR QH EL ELOR XWMHFDMD Q
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/,7(5$785%

[1]
[2]
[3]
[4]
[5]

KWWSV Z7ZZ HQFLNORSHGLMD KU QDWXNQLFD DVS["LG
KWWSV 7Z7Z7Z EULWDOQOLFD FRP VSRUWY SDJDQLFD
KWWSV KU HIiFDMRWLFRP JROI

KWWSV Z7Z7Z JROINBOMFBRBIREBRXUVH

KWWSV 777 SURILWD-POF AWK MHIIRA KR Z

> @ KWWSVY SDWHQWY JRRJOH FRP SDWHQW 86
> QKWWSV SDWHQWYV JRRJOH FRP SDWHQW 86
> QKWWSV SDWHQWYV JRRJOH FRP SDWHQW 86
> @QKWWSV NRUHFKL JROI

[10]
[11]
[12]
[13]

[14]
[15]
>

>

[20]
[21]
[22]
[23]
[24]

[25]

>

KWWSV 272727 UDQJHVHUY-BOMNHRP SURGXFW URERW
KWWSMWRERWILFV FRP

KWWSV 72727 VWHHOHURERWLFV FRP SURMHFWYV
KWWSV HFEKRURERW REVRERPNVH R QMEIGRBEeNWI H-F W R U

KWWSV PDWKZRUOG ZROIUDP FRP 6SKHUH3DFNLQJ KWP
SHWWHUVRQ 7 & *RRFK 6 ' 5ROOLQJ UHVLVWDQFH RI $
@KWWSYV Z7Z7Z PDI[RQJURXS FRP PD[RQ YLHZ SURGXFW

@KWWSYV 77Z7Z PD[RQJURXS FRP PD[RQ YLHZ SURGXFW JHD

@WWSV 7277 DHJLVEDWW¥HRQ WRIPRBR O/ QHHFONV HRMQS/UR G X F W'
DIOLRED W8/ \
@KWWSYV Z7Z7Z QENSG6 SHREXEWY FRXSOLQJ FRXE®LFRQ RO

6.) UROOLQJ EHDULQJY FDWDORJXH

+RUYDW = 95%$7,/2 3URUDpPXQ =DJUHE

'HFNHU . + (OHPHQWL VWURMHYD 7HKQLPND NQMLJD =
KWWSV Z7ZZ HZHOOL[ FRIPFWXDBWR G WY EFAA FDIKEH D U
KWWSV XN PLVXPL-

HF FRP YRQD GHWDLO "316HDUFK 3®BUFKHIOVV X &
RZ VXJJHVW SURGXFWYV .H\ZRUG 3%7

KWWSV Z7ZZ EOLENOH-FRP SUBGXFW /[:*;

@OMDMLQ 0 2SDOLUO O 6QAHRWDHUIUANNDIDNROWBW X 60DYR
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Diplomskirad

PRILOZI

) &'-5 GNMNV
. 7THKQLpPND GRNXPHQWDFLMD

Fakultet strojarstva i brodogradnje
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