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8 RYRP UDGX DQDOL]LUDQD MH pYUVWRi{iD XWRYDUQH ORSD
ORSDWH RGUHYyHQD VX RSWHUHUHQMD NRMD GMHOXMX QD
GLMHORYD NRQVWUXNFLMH DQDOL]LUDQD MH DQDOLWLpPNL
=D GLMHORYH VOR&H Qb PHRRREM B URH INRMHD WLMHDOLWLpPNL
QXPHULpPND DQDOL]D 6SRPHQXWH D QRIDIRLABIMQO B B D Wo!I MNHROGH

istovara tereta.

.OMXpQHDWIMHPLLPNL SURUDPXQ PpYUVWRiID NULWLPQL SR
QXPHULpPND DQDOL]D RSWHUHUHQMH XWRYDUQD ORSDWD Y
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SUMMARY

In this thesis, tb strength of a loading bucket mounted on a forklift is analyzed. For a given
geometry, the loads that are applied to a specific design elements are determined. Strength of
the specific design element is analyzed analytically and numerically using tieeeligrinent
method.Complex geometry partsr which the analytical calculus is not possible are analyzed
RQO\ QXPHULFDOO\ 7KH PHQWLRQHG DQDO\VHYV DUH JLYHQ

loading and discharging of the cargo.

Key words:analytical calculus, critical position, finite element method, load, loading bucket

mounted on a forklift, numerical analysis, strength
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1.UVvVOD

9LOLpDUL SULSDGDMX VNXSLQL PDQLSXODFLMVNLK VWURM
GDQDaQMH Y|YRWHFPH WHKULIRORJLMH SRVWRMH L NRULVWH
IMLKRYD MH SULPMHQD JRWRYR QH]DPMHQMLYD X YHULQL S
X SURL]YRGQLP KDODPD OXNDPD L VNODGL&A&WLPD 1D V¢
Junghenrich EFG S40s

g
&
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w !
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Slika 1.1 £ 9 L O LJprigyhéerinrich EFG S40s

*ODYQD SULPMHt@EspafVOHPBWD MHMHGQRJ PMHVWD QD GUX.
koristiti i u razne druge svrhe 8 WX VYUKX QHL]EMH aQriRraMdtlodafh® VW U X L
opremezav OLpDUH 1D YLOLpDUH MH PRJXUH PRQWLUDWL UD]Q
]D SULKYDW YLaAaH SDOHWD UDOLFH WUWQdMRaM loppRgdO UH XV
SULNOMXpPDN NRML VH PRQWLUD QD YL @hdnbg téle@RrimizlJ D L VO)
KL G U B Xtovainé&l lopate WLpDUD SUL®§Ni® 12QdoM j¢ n@ Blici 1.3 prikazana
utovarndopataPRQWLUDQD QD YLOLpDU
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Slika 1.3 ++ L G U DaXubokdoid lopata mMRQWLUDQD QD YLOLpDU

Utovarna lopataD QDOL]JLUDQD X RYRP UDGX SULND]DQD MH QD VOl
ORSDWH &@DUNL NRMH RREBIDWHNMMXHQBLUGQNRQdvibHY&/d FLOLQ
dijelovi prikazani su na slici 1.5. UtovarnapagtD VH PRQWLUD QD YLOLpDU D
RVLIJXUDYD SULWH]DQMHP YLMDpHD @RS WH DWAE MWIPI XELYRN
Utovarna lopata je prvenstveno namijenjgfa XWRYDU NUXPSLUD DOL PRaH V&t
YUVWH WHUHWD r®@SU SaHQLFD NXNX

Fakultet strojarstva i brodogradnje 2
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Slkal4+ ' &%' PRGHO XWRYDUQH ORSDWH YLOLpDUD

) Hidraulicki cilindar

Slika 1.5 +Glavni dijelovi utovarne lopate

Fakultet strojarstva i brodogradnje 3
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3ULOLNRP XWRYDUD WHUHWD KLGUDXOLpPNL FLOLQGDU VH
OLMHYR GRN VH SULOLN RRS DVWSRNRIEUG XM & UDRVOLLY D M XLLO D
VOLND GHVQR 1DMYHUD VLOD X FLOLQGUX X RED VOXp
SROR4DMX WM X SROR&ADMX NDG VH SRpLQMH JDNUHWDWL
1.6. Utom p®O R&DMX VX SRVOMHGLpPQR L RVWDOH UHDNWLYQH VI
X QDVWDYNX UDGD QD]LYDQ B WRIEWLY Q X p DSVRID REW RIHPUOIR 5D W
ORSDWH VH SUHNR aDUNL L KLGUDXOLPNRJ FLOLQGUD SUHC

Slika1.6 +=DNUHWDQMH ORSDWH NRG XWRYDUD OLMHYR L LVWRYDUD G

Fakultet strojarstva i brodogradnje 4
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2.$1%$/,7,9.2 5-(a(1-(

6YD RSWHUHUHQMD VX SRVOMHGLFD PDVH WHUHWD NUX|
konstrukcije. ODWHULMDO ORSWHWH a@QRWD pMaslO&R Bddsifal svornjaka
E295 1DVLSQD JXVWR i Dy Nl %P S nhBa kri@pR &R IG U H Vi pamdnite
JXVWRUH NYRK@SPHRDOD NRML MH SULEOLAQR MHGQDN YROXP}
lopata natovarena dd UKD 'DNOH L] JXVWRUH L YROXPHQD W OLMHG
Masa same lopi@ iznosity t « %ok je za kut, kojedK L G U DcHir@larfzatvara s vertikalnom
osi, iz same geometrije dobivedL tudvi $QDOLWLPNL SURUDpPXQ RIYUVWRIl
]D X]GXAQL GLR JIODYSIRIUGIR QXL MHDN RRHAD GLRUI® DY QRJ C
QDSUDYOMHQ MH SURUDPXQ WODND XOMD X KkopmhDeX OLpNRF
ORSDWD SUHNR aDUNL SRY R§tEeqnd je/naponiel @a\PX QIRYY@ H\W L p N R
SURUDpPXQX PRGHOL X]GX4QRJ GLMHOD JODYQRJ QRVDD
pojednostavijeni7UD&HQL IDNWRU VI5IXJQRVWL QRVDpPD MH

2.1. 6 O X p Butbvar tereta

=D VOXpDM XWRSWHDHUHQNMDDNR MN LG MEHDXMD Q DS KL S D O
2.1. Masa samog cilindija tr&ve% L] pHJD VOLMHGL WHAatr@D FLOLQGUD I

Slika2.1 +2SWHUHUHQMH KLGUD XGIIDINRMVFINMKLQIGWH ]D VOXpDM XWRYEL

Fakultet strojarstva i brodogradnje 5
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=D SRpHWDN MH PRIXNIRMRIOGVEBGMWGELVLIORRPHQWQH MHGQDG
AlgLra )agr<tU ,yWwF (s,wz\t r (2.1

L] pHJD VOLMHGL
(sLsrz a (2.2

Kako je kasnije u obzir uzetdsP HWULPpQRVW S URR&EHO(Hpobijelis KAV HEHIR M

se dobiva
(QL(—tSva a (2.3

.DR @&4WR MH YHU VSRPHQXWR%aAdpM& yHUIXBBLMB WHALQD NU X
zz{x,odnosno lopateaxxz %XGXuL GD MH X REJLU X]HWD VLPHWUL!
WHALQH SR)ait) 8l E QeRsliis®® Galsu)g L vvvz i )pL suuv. OpWHUHUHQMD

reakcijske sile kojéljeluju na jednu polovicu lopatgikazana su na slici 2.2.

Slika22 +2SWHUHOR®DMMH L UHDNFLMVNH VLOH ]D VOXpDM XWRY

Fakultet strojarstva i brodogradnje 6
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Da bi se odredilendR]QDWH VLOH QD ORSDWL SRWUHEQR MH SRVW|
ALra F(wF(d.."UE(«ULra (2.4
AG Lra F)OF)pE(MF(gu‘.U;F(;Jgj..‘:U;Lré (2.5

AlwLra )o,VryE)p,uzrF (Jecel; ,tt{ F (J;.. "0 ,tt{ E

E(... 20 ,wv i (el ,wyy ra 29

,] SUHWKRGQLK VH MHGQDGAEL GRELYDMX

(agl wuuxa (2.7)

(o Ltsxz & (2.8

(wg L srxyr & (2.9
Ukupna sila u cilindru je

(agl t(Jgk srxyt a (2.10
a ukupnasilana mjestis je jednaka

(wL 8(4 E(Sg Lsrzzza (2.1))

IDNRQ aWR MH SR]QDWD VLOD XdreditOviednasXtlaka ulja PRI X UH
KLGUDXOLPNRP FLOLQGUX 3RYUALQD ]D RYD MgwigxcgDM RSW
gdiesu@ L xree i @L uree  paslijedida je tlaulja jednak

(our

(agj

LL-29) 2V °
#  @F @.e
V

L\/\éu—..6LWﬂ],,f’é (213

Fakultet strojarstva i brodogradnje 7
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'D EL VH GRELOD RSWHUHUHQMD X]GXaQRJ GLMHOD QRVDpD
ADUNL YA QRSD MH QMLKRY D) WH&L QB WHHGHIHNIMD VX SULND]I
2.3.0vdjeseradiosttpNL QHRGUHYHQRP SUREQGBPX MMH @Y RREYLWR p DG
SXQR PDQMD RG XG D QO MdjejdpveipdstaMjBrioDidd3lohat BGpreuzima cijeli

iznos horizontalne sildyy aWR ]QDpL GD X RVORQFX $ GMHGK¥MH VDPR
OHYyXWLP SRWUHEQR MH SURYMHULWL RYX SUHWSRVWDYNX

Slika2.3 +2SWHUHIHQWUHDNFLMVNH VLOH ]D VOXpDM XWRYDUD V

8YMHWL UDYQRWHAH ]D RYDNDY VOXpDM RSWHUHUHQMD VX
AGLra (o F(ra L ra (2.13
AGLra (F).F(wE(glLra (2.14

Al cLra  (pg o XXIFXtr;E) g :XXIFUVVF (g ,XXIF (yg »

(2.15
LtrbLra
Na temelju prethodnih relacija slijedi da su
(ra L (o Ltsxz & (2.19
(eLw{ya (2.17)
(rg L srsuza (2.18

Fakultet strojarstva i brodogradnje 8
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Da bi provijerili prije spomenutu tvrdnju, potrebno je analizirati iznos &ilg, koja bi trebala
ELWL PDQMD RG JUDQLPQH VLOH WU Hirenia [1§ Jd@bivase VH ]D ID

(rmpL @(rg Lurvs P (g Ltsxz a (2.19
2YLPH MH SRWYUYHQD QDYHGHQD WYUGQMD L PRJXUH MH N

1IDNRQ @&WR VX SR]QDWD RWURCGYXMWU KIBQRIDD PRAH YW VWRI
glavnog QRVDED DQDOLWLPpNEXEAQR UDPX @ RX¥IDpD PRGHOLUDQ Mt
oslonca. 0ODVD QRWB@ww™MB RYGMH MH NDR RSWHKRNIER®MH XVO
NRQWLQXLUDQNW. R&SW He Hoje @il SR FLMHORM QQHXWIQQ b NAR VI
PRGHO X]GXa4QRJ GVMHP R DRNOHDHOMLPD S Patimddd MH Q
QDSRPHQXWL GD MH (WijeRi k& mijeS aR UD @ XipesaMiuljinaHL xr o ¢
]DSUDYR GXOMLQD VORERGQRJ SURVWRUD NRML RVWDQH (
ulaze sdesneW UDQH QRVDpPD

Slika24+2SWHUHUHQMH X]GXAQRUHB®INWFHRBNHRVDGB ]D VOXpDM XWRY!

8YMHWL UDYQRWHAH ]D X]GX&4QL GLR QRVDpD VX
ALra (sa F(zLra (2.20
AGLra (eF (g5 E (e F (t1gp EM,sswal ra (2.21)

Al ;L1  (rg . SSWEF XXI F (g5 ,:SSWaF HE (¢,

. (2.22)
.S SWHE M,,sswéw,,55—69{9 Lra

Fakultet strojarstva i brodogradnje 9
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Iz navedenih XY MHWD UDYQRWHAaH VOLMHGH YULMHGQRVWL

(L (pga Ltsxz a (2.23)
(tgs L Wuwsa (2.29)
(tgp L ww{wa (2.5)

‘LMDJUDP XQXWDUQMLK PRPHQDWD VDYLMDQMD SR GXOML:
GLMDJUDPX VH YLGL GD MH NULWLpQL SUHVMHN QD PMHVW?:

Slika 2.5 +Dijagram unutarnjih momenatasaviMDQMD SR GXOMLQL QRVDpD ]D VOXpDM

IRVDRAXBHOSWHRP MHQMLYRJ SUDYRNXWQRJIQRR®Y B pPRM LS VH VM
V H V Xsadesnhdy kraja prema lijevome tako da3® G X O M LliiQdar@Rijimgpdamo
visina presigkk DR aWR MH SULND]DQR QD VOLFL

Slika 2.6 tLinearna promjenavisine SRSUHpPpQRJ SUHVMHND QRVDpD

Fakultet strojarstva i brodogradnje 10
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1D VOMHGHURM VOLFL SULND]DQL VX SRSUHpPQL SUHVMHFL «

Slika2.7+3RSUHpQL SUHVMHFL OLMHYRJ L GHVQRJ NUDMD QF

.DR aWHRYHU VSRRMQAPWR SVHVMHN QRVDpIDtWHUQDB PMHVWX V
D GD EL VH L]UDpX€ipdsavi@izS QBPMIMHMH MH SRWUHEQR L]!
inercije presjeka na tom mjesto X Gseioldje radi o linearnoj promjeni visipravokutnog

SRSUHpQRIDS ODWNRHMH LQWHUSRODFLMRP LJUDpX@DWL YLV
dobivene geometrije slijedid H PRPHQW LQHUFLMH NULWLPpQRJ SUHVME

. SYr,wwtw - SXTr,VyZtw

L srrxswere 83 (2.26)
St St

Prema tome, naprezanjslijed savijanjge jednako

Lyxés” - d (2.27)

Minimalni potrebnifaktor sigurnostije5,, -t GRN JUDQLFD WHpHQMd&si ]D PDWE
tuw e¢ 5SD MH pYUVWRIHDR]|GR¥QBD GD®RYROMHQD WM

4n4é§ . ..
5L 2, LuaxP Syt ta (2.28

Fakultet strojarstva i brodogradnje 11
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6YRUQMDFL NRMLPD MH ORSD\W D YSQUHPNSRLRRDCOpHPGRERIAKH \DXQ R D

I unutarnjitlak, savijanje tedrezpremaslici 2.8[2], a pemaprethodnimslikamg RSWHUHUHQL

svornjacisuu Ai S.

Slika 2.8 +Svornjak [2]

ZaRYDM VO XPWDRUDYMQ]ELW @H G boP,HQ JdzMeH Mppomjer svornjaka

koji iznosi @L twee+ . Prema tome, zsvornjak na mjestu A, u¢e L w{y, slijedi da su

L £ L,[(—:E@_ ST OLlymnL srrﬂé (2.29
Ls L%@ résujOmenL srrﬂé (2.30)
G L rawr(; gv: L s&W—rg O &gpmak {X—T=4 (2.31)
ifLEL (E‘Lré(s—Oié,anxv a

. t# t”@%e ee 6 = ee 6 (2.32)

azasvornjak na mjestu,%z (wL srzzz, vrijedi da su

Fakultet strojarstva i brodogradnje 12
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(w . ]
LtéNLt—:@_ SZBW—p OLlymnL srr——a (2.33)
LW o) L : (2.3)
Lsav ?@— a ee 6 Lo mn Srr.. g :
rav, (w.rav,= ~ i
édéNL r(_;v @ L tl’éT6 Oedban {xﬁa (25)
i LMLALssét{—Oi L xv——4a
_av t# t @é ee 6 _&dmn ee O (2%)
Y

YyYUVWRUD VYRUQMDND ]JDGRYROMDYD
Da bi se krlQ XOR X SURUDpPXQ SRSUHpPQH FLMHYL QDMSULMH N
GMHOXMX QD VDPX FLMHY D RQD VH GRELYDMX L] SUHRVW
prema slici 2.1, tj.

ALra  Dagj “UF (agE (e *<*GE(ez ... "YU Lra (2.37)

AGLra F)agt<*UE(sE (e ... " F(ez*<tULra (2.39)
L] pHIJD VOLMHGL GD VX

(a Lvtzs a (2.39

(czg L {wyt & (2.40)

Ukupna sila(gjednaka je

(cL8(& E(& Lsrvzxa (2.41)

Fakultet strojarstva i brodogradnje 13
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ODVD SRSUH pQik+B8 B HH WIH A ) QLD{ $1 HIRGBNHD Q D khskmiayi L P D
AXSOML NYDGUDWQL SRSUHPQL SUH\GMHRNYV R SWHUM HMNQIR R
kasnije bitnomN ULWLpPpQRP WRpNRIRi29ULND]DQ MH

Slika2.9 +3RSUHp QL SRISIWHHNHXFILWMHYQLY RSWHUHUHQMLPD ]D VOXpDM X

Ukupni moment uvijanja zbog silég; i (g SUHQHV HQ XX &/XIHTEH. RWBIjeSiRSUHpPp Q'+
iznosi/ , L uyruyree idjeluje u pozitivnom smjeru ogi Radi jednostavnosti prikaza, na

VOMHGHULP VOLNDPD SULND]DQD VX RSWHUHUHQMD SRSUHPp
2SWHUHUHQMH PRPHQWRP XYLMDQMD SULND]DQR MH VDPR

Slika2.10+2SWHUHUIHQMHALMRISUHp QHDNFLMVNH VLOH X KRUL]IRQWDOQRM U

Fakultet strojarstva i brodogradnje 14
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Slka211+2SWHUHUHQMH SR SUHIPNAH- MVMHYM.LOH X YHUWLNDOQRM UDYQLQ

,] XYMHWD UDY QRW HcrigoritBIind} @uWhiki blifedi HaxW D X
(a4 L(ja Ltsvidv a (2.42)
l,alLl,gLszwszwe & (2.43)
a za vertikalnu ravninu se dobiva
(L (ygLvyvay a (2.44)
8NXSQH VLOH X (L) VX WDNRYyHU MHGQDNH L L]QRVH
GLGLwts & (2.45)

.ULWLPpQL SUHVMHN MH QD VUpi&sSjelgejddma HYL D PRPHQW LQF

yre

+L+ L+ L—
TLTL

X
F— L {trzuu- 8a (2.46)
st
ORPHQWL VDYLMDQMD X NULWLpPpQRP SUHVMHNX WM QD VUI
/7 LFsxuwvatee a (247

/i Lyuzvydl e & (2.48)

Fakultet strojarstva i brodogradnje 15
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dok je moment uvijanja u tom presjeku jednak
/s Lszwszwe & (249

Kako se ovdje radi o kosom savijanju, naprezamgjged savijanjaX N UL WIRINRM L] VOLN
2.9) jednako je

|
édLT My F—Jr' Sy L {rdu—sa (2.50)

3RYUALQD NRQWXUH S S U ,x @Rt tbJsHOVaMOrZ R mdiHent otpora
presjekapz UL wee | iznosi

9. Lt #,, 0L vttwre 74 (2.51)

Dakle naprezanjeslijed uvijanjaje

|
irL?e L v&iz—a (2.52)
¢

3UHPD WHRULML QDMYHUH JXVWRUH GLVWRUJLMVNH HQHUJL
&i L 8ESEUI®L {ravw—a (2.53)

.DNR MH SRSUHPQD FLMHY GLR JO DDYVOYR JRQ BEWDH M HWWID N/ YW

zadovoljena, tj. vrijedi

4n 4%

5L—
€it

L t& P G ta (2.54)

Fakultet strojarstva i brodogradnje 16
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2.2. 6 O X p Bidtovar tereta
=D VO ¥opdeMeretd K LGUDXOLPNL FL O L QeGjinaprikadéi i€ @ligi 212R SWH U H (

Slika2.12 +*Opt HUHUHQMH KLGUD XOQLHDIRBLM\ONK) FUOH ]D VOXpDM LVWRY

SRVWDYOMDQMHP PRPHQWQH MHGQDGAEH RNR WRpPpNH & SR
(sLsrz a (2.55)

odnosno zbog simetrije problema
(SUL(—tS Lwv a (2.56)

2SWHUHUHQMHS O RSYCHOH VVHH WD]J]OLNXMH RG SUHWKRGQRJ VO

slici.

Fakultet strojarstva i brodogradnje 17
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Slika2.13+2SWHUHUHQIMMUHHDRNFLWHMNH VLOH ]D VOXpDM LVWRYDUD

8YMHWL UDYQRWHA&H ORSDWH VX
AeLra (wF( . "OF(eULra (2.57)
AGLra F)oF)pE(we F(&e<tU E (5. U Lra (258)

AlwLrd  F)o,tsVF)p, tvtF (Jecel; ,zWE (55;.. “U;

JZWIE (&0 xrTE (Jyp<eU; xrrLra (259
iz kojih se dobivaju
(agl stuz a (2.60)
(w L wwya (2.61)
(wg L vxywa (2.62)

Fakultet strojarstva i brodogradnje 18
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Ukupna sila u cilindru je

(aglh t(agl tvyx & (2.63)
a ukupna sila u S iznosi

(wL 8(4 E(& Lvyrz a (2.64)

Sadakada je poznata sila u cilindru (2.63)PRJXUH MH RGUHGLWLUYULMHG
KLGUDXOLPNRP FLOL@GXrXeSshjek] SURPMHU

(agj (agj . , -
LL—# L@Lf&lﬂl_zanfa (265)
\'

7TDNRYyHU VDGD MH PRJXUH SUR WHKK®Q@NApEQEIBLD.EMDNH ND
ovdje su jedinioptetHUHQL VYRUQMDFLVOBMBDBIXED pYUVWRUD VYRUC

tj. vrijedi da su

I—téNLtL:W@ yaw——5 Olymnl srr——a (2.67)
(w, , -

LSNVL?@— SaUﬁSOmenL Srrﬂa ( )
rév” ”ré\I”: ye ~ 7

Ca L r(é;,;V @ - 1au 5 Ofemil {x77=4 (2.69)

SIS LT TRV L x )

_avEToa @e e o 6 ~ '_®Omn ee 6 (2.70)

2SWHUHUHQMH X]GXaQRJ GLMHOD QRVDpD VH VDGD WDNR
PHKDQLpNL PRGHO QRVDpD SULND]DQ MH QD VOMHGHURM V1

Fakultet strojarstva i brodogradnje 19
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=DYU&QL UDG

Slika2.14+2SWHUHJBRMHRA GLMHQRIQRMDZpBOXpDM LVWRYDUD WHUHW

8YMHWL UDYQRWHA&H VX
AGLra F(w E(zLTra

AGLra (wF(igsE (1g EM,sswavl ra

Al ;Lra (yg.SSwaF (tgp:SSwaF HE M,,SSW&/,,—SS(SQ@

iz kojih se dobivaju
(tgs L Wrvt a

(tgs L sWx &

(2.71)

(2.72)

Lra (2.73)

(2.74)

(2.75)

‘'LMDJUDP XQXWDUQMLK PRPHQDWD VDYLMDQMD SR GXOMLQ
VH YLGL GD MH NULWLpQL SUHVMHN QD PMHVWX WRpNH 8

Fakultet strojarstva i brodogradnje
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Slika2.15+'LMDJUDP XQXWDUQMLK PRPHQDWD ]DDWQ XDIQW DVIRR & X 0 Bl VQHL U

KiWLpQL SUHVMHN QRVDpPpD/ MHzZzODrPMHY WDX EW RPH H. ] Dp X QL
naprezanje uslijed savijanaQDMSULMH MH SRWUHEQ&pile}jgka pXQDWL PRI
PMHVWX 3RVWXSDN MH DQDORJDQ NDR X SUHWKRGQRP VO

Syr,vradyw_sxr,utdyw
+ L y — Y e ~ Y Lvysy{fe 8 (2.76)

Naprezanje uslijed savijanja jednako

[ 4 vrayw
édL—#d,, ty L ss4u

4 (2.77)

o0 t

YyYUVWRUD X]GXaQRJ GLMHOD QRVDpD |[DGRYROMDYD WM Y

4n4é§ , ..
5L :, L s{& P 5 m} ta (2.79)

=D SURUDpPXQ SRSUHpPpQH FLMHYL SRWUHEQR SR]QDYDWL RS
VH GRELYDMX L] SUHRVW Hr@X & L XNM HW O LWQEEYDXR B/HHPID] ¥ GKILF L

Fakultet strojarstva i brodogradnje 21



ODWHM 0OLQDULUG =DYU&QL UDG

ALra Dagj “UE(agF (@ *<tUF(ez...°U L (2.79

AGLra F)agt<*UE(sF (e .- "UE(z*<tULra (2.80)
iz pH3ledidasu]D RYDM VOXpDM

(ca L ssswa (2.82)

(g Ltvsy a (2.82

Ukupna sila(gsadaznosi
(cL 8(& E(& Ltxxt & (2.83

SRSUHpQD FLMHY MH VDGD RSWHUHUHQD SUHPDIhatdpMBE GHUR N
]D RYDM VOXpDM RSWHUHUHQMD

Slika2.16 +3RSUHpQL SUHVMHN $SROWEHRPQHA REWHIWUIHYHQMLPD ]D VOXpDM L

Fakultet strojarstva i brodogradnje 22
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Ukupni moment uvijanja zbog silégy i (g SUHQHVHQ X VUHGLAWH X]GXaQH |

sada iznosi/ , L {ssvree i djeluje u negativnom smjeru osi Radi jednostavnosti

SULND]D QD VOMHGHULP VOLNDPD SULND]DQddtaMof i RSWHU'
vertikalnoj ravninistimedeg RSWHUHUHQMH PRPHQWRP XYLMDQMD SULN

ravnni.

Slika 2.17 +2 SW H U H il H Q M eV iRedktiiskeGite urhorizontalnoj ravnini ]D VOXpDM LVWRYDUD W

Slika2.18+*2SWHUHUHQMH SRSUHIPNOAH- MVMHYMLOH X YHUWLNDOQRM UDYQLQ

] XYMHWD UDY Q@ MDHX X RBWRQWDOQRM UDYQLQL VDGD V

(la L (ba Lwwaw a (2.84
/.4 L/,gLvwwyse a (2.85)
a za vertikalnu ravninu se dobiva
(gL (JgLstwva (2.86)
BNXSQH VLOH X ( L kedXadd/iblieyHU MHGQD
(G L(GLsuyta (2.87)
23
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.ULWLPQL SUHVMHN MH SRQRYQR QD VUHGLQL EthodidyL D PR
VOXpDMD UHO@RPHOQWL VDYLMDQMD X NULWLPQRP SUHVMHN

/[y Lvutxuree a (2.88)

/i L Fs{tuvres a (2.89)
dok moment uvijanjaznosi

[« Lvwwypse & (2.90)

Kako se ovdje ponovno radi o kosom savijanjyreaanje uslijed savijanjX NULWLPQRM WRpD

slike 2.1§ sada je jednako

i / i

éd L_‘f ,,\4_\, F_+ ,,L&_V L tUé/W“—Ga (291)

7TRU]JLMVNL PRPHQW poym& Rd prijewrBlaciay(Rl Rl pd hbprezanje uslijed

uvijanjasada iznosi

N .
I L?(;L saz——a (292

SUHPD WHRULML QDMYHUH JXVWRUH GLYAWRU]JLMVNH HQHUJL

& it L§é§Eu‘|r6Ltuz’zt” X! (293
Vrijedi da je
4

5L—"2 | {&yP 5 mrp ta (2.94)

it

awR ]QDpL GD pYUVWRUD SRSUHPpQH FLMHYL |IDGRYROMDYD
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3.180(5,y.% $1$/,=%

31. 2 PHWRGL NRQDpPQLK HOHPHQDWD

OHWRGD NRQDpPpQHKYXNOUIPPIHOIVNQ M HULPpND PHWRGD ]D UMH
YULMHGQRVWL WHPHOMHQD QD IL]JLPNRM GLVNUHWL]DFLML
SRMDYLOD VH VUHGLQRP SUR&GORJD VWROMHUD D V UD]JYRM
doL]UDaDMD 5D]PDWUDQL SURVWRU V EHVNRQDpPQR VWXSQ!
EURM SRWSRGUXpMD NRMD VH QD]JLYDMX NRQDpQL HOHPH
WRpPpNDP Du@QID NNRRQHVV H Q DZd svakivEment Brétpodstavija seaiel QMH [DGDQH
GLIHUHQFLMDOQH MHGQDGAEH X REOLNX LQWHUSRODFLMV|
QMLKRYLP YULMHGQRVWLPD X pYRURYLPD ,JYRGL VH VX
QHSR]QDQLFH pYRUQH YHOLpPLQH D QD Norra\deRglobali® GJRY D L
VXVWDY MHGQDGAEL ]|D FLMHOL GLVNUHWL]LUDQL PRGHO X
HOHPHQDWD GLVNUHSWNROUDRRYXSREQYRPPD HOHPHQWL SUI
SRYHUDQMHP XNXSQRJ EURMDHOHPHRODRNGIH RIOYRIKH R W R XS
PHWRGD MH MHGQD RG QDMUD&ALUHQLMLK QXPHULpPpNLK PHW
UDpXQDOQLK DODWD ED]JLUDQLK QD RYRM PHWRGL NRML RP
VORAHQH WHRUXYNMMHINRMDORR. SRQDADQMH VDPH NRQVWUXI
QXPHULpPpNRM PHWRGL YDAaQR MH QDSRPHQXWL GD VX VYD L
SURUDPXQVNRJ PRGHOD L NRQDpPpQLK HOHPHQDWD PRJXUH
Zbogvelikog broja podataka kojima operira, program je podijeljen na tri cjeline: predprocesor,
procesor i postproceso8 SUHGSURFHVRUX MH SRWUHEQR RSLVDWL
SURFHVRUX YUAL UMHAGDYDQMD SUREOHPD riuttd BoDIVALPNRJ F
Se u postprocesoru.

32. 2 NRQDPQLP HOHPHQWLPD

2YLVQR R REOLNX L QHSR]QDWLP SDUDPHWULPD X pYRUR"
HOHPHQDWD 9HUL EURM QHSR]QDQLFD ]DKWLMHYD L VOR?Z
elementa. Stuptj YL VORERGH HOHPHQWD VX QHSR]QDWL SDUDP}
pomaka mehanike deformabilnih tijela opisuju pomake i derivacije pomaka. Na slici 3.1

SULND]DQH VX VNXSLQH NRQDp Qo \H® H PXHRWIHWDV N RGIRINVWHXQ)
poglajima RSLVDQL NRQDpQL HOHPHQWL NRULAWHQL X RYRP UI
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Slika3.1+1DMpH&UH NRULBNVHQL HOHPHQWL

321,/ MXVNDVWL NRQDpPpQL HOHPHQW UHGD V U
(S8R)

6 REJLURP GD VX GXOMLQH L aLULQH VHIJPHQDWD eODYQR.
VWMHQNH X QXPHULpPpNRP PRGHOX NRULAWHQL VX OMXVND
6 5 MH GYRVWUXNR |][DNULYOMHQL OMXVNDVWL NRQDpPQL HOI
SR VYDNRP pYRUX aWR XNXSQR OuileMrhentiopMuX0eliQadrily D VOR
raspodjelu pomaka i linearnu raspodijelu naprezabhjd PHULpND LQWHJUDFLMD MH
]OQDpL GD VH XPMHVWRVRDRQMWSHUBPRGMHQYPMHAWHQH XQXWD
element prikazan je na slici 3.2.

Slika 3.2 £l XVNDVWL NRQDpQL HOHPHQW UHGD M3UHGXFLUDQRP LQ

Fakultet strojarstva i brodogradnje 26
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322.+HNVDHGDUVNL NRQDpQL HOHPHQW U
integracijom (C3D20R)
6SRPHQXWL HOHPHQW MH WURGLPHQ]JLMVNL VHUHQGLSLW\
UDVSRGLMHOMMQERMDPRPRIXa VWXSQMD VORERGH SR VYDNR
stupnjeva slobode. Polje pomaka opisano je nelinearnim, a polje naprezanja linearnim

SROLQRPRP 1XPHULPpND LQWHJUDFLMD MH UHGXFLUDQD 6.
VOMHGHURM VOLFL

Slika3.3++HNVDHGDUVNL NRQDpPpQL HOHPHQW  UHGD V[3UHGXFLUDQRP

3.3. OHULILNDFLMD QXPHULpPNRJ PRGHOD

3.3.1.0 programskom paketuAbaqus
8 RYRP UDGX ]D QXPHULpPpNX DQDOL]XbaiesTh fWaipQenbtiH SURJU
programski pa&t za nelinearnuQ X P H UdnfliduXkonstrukcija koji se temelji na metodi
NRQDpQLK HOHPHQDWD 3ULPMHQMXMH VH ]D JRWRYR VYH
GLQDPLpPpNLK RSWHUHUHQMD NRQVWUXNFLMD D QDMpHA&aUH
JUDNRSORYQD L DXWRPRELOVND LQGXVWULMD JUDYHYLQDL

3.3229HULILNDFLMD NRQDpPQLK HOHPHQDWD QD
QRVDpD
Za YHULILNDFLMX NRQDpQJekP RGH® HEFOSNVB PNRHU FAWMH@L 53X S
SRS U He3jBkd) gy QRJ QRVDPD ]D NRML VX LP D@DOUDY UMHREH ¢
9HULILNDFLMD MH QDSUDYOMHQDH ODVQRSDM]DQWRIYD NI MK

dobiva &, L tu&t e ®(relacija 2.93)..ULWLpPpQD WRPND ]D RYDNDY VO
prikazana je prije na slici 2.16
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1D VOLFL SULND]DQ MH ' &$%' PRGHO SRSUHpPQH FLMHYL J

Slka3.4+ ' &%' PRGHO SRSUHpQH FLMHYL JODYQRJ QRVDpD

.DNR EL VH UXEQL XYMHWL VLOD LOL SRPDr¢DedbeBieOL X Q
modela, potrebno e QDSUDY LWL UHIH Ujel QrekaRinemaiRd GloxiplingR\d4e

povezanas bridovima prema slici 3.Kinematic CouplingVH NRULVWL peveatb VH aH
VWXSQMHYL VORERGH RGUHYHQRJ VNXSD pYRU®BMN&IiV MHGQ
VORERGH pYRURYD R]QDpHQLP EULGRYIBPWRIMRYHRPRL VX N
]DGDQD RSWHUHUHQMD

Slika 3.5 +Kinematic CouplingvezaNRG SRSUHpPpQH FLMHYL ]D YHULILNDFLMX 6 5
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IXPHULpPNNRRG WG NR UL aW HR@EhEnHtH prikadaid falsieX3dbk su
UWDEOLFL LVSRG SULND]DQH GRELYHQH YULMHE QR YL S\RP
EURM NRQDpPQLK HOHPHQDWD

Slka3.6 t£1XPHULpNL PRGHO SRSUHpPpQH FLMHYL ]D YHULILNDFLMX

Tablica 3.1 xDobivene vrijednostipomaND L QDSUH]D QMD iXavelifikaijup® B M RVQRIpPNQ L K
elemenata

Broj elemenata Pomak [mm] Naprezanje[N/mm?]
576 0,093191 21,8355
1392 0,095804 21,8727
3096 0,093189 21,9353
5568 0,093201 21,9482
$QDOLWLp&N - 23,82

=D YHULILNDFLMX HOHPHQDWD & ' 5 NR4lid3W addpbivehi QXPHU
pomaFL L QDSUH]DQMD]X N D]LOLpHORMEWR4NY Eblii B.2DDdE D

MH WDNRYHU NKngrhatieV BoaingLH P y X e irBdbdxa u kojoj se zadaje
RSWHUHUHQMH L pYRRI¥Dirad stpRjdwiLsrobDode,HkajiHsu analogni
prethodnom modelu.
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Slika3.7+1XPHULpNL PRGHO SRSUHpPpQH FLMHYL ]D YHULILNDFLMX &

Tablica 3.2 +Dobivene vrijednostipanaND L QD SUH]D Q M D i Xa \etifikabiju pfG3B2URW R p N
NRQDpQLK HOHPHQDWD

Broj elemenata Pomak [mm] Naprezanje[N/mm?]
1768 0,102472 24,1538
2392 0,102374 24,1003
3640 0,102530 24,0554
7176 0,102671 24,0195
$QDOLWLPN - 23,82

Iz prethodQ LK WDEOLFD PR&H VH XRpLWL GD RED WLSD HOHPHQ
UD]JORJ ]DAWR VX ]D QXPHULpPNX D QUdaljn]ix sRaliaEd) aG8REDE R'Y
HOHPHQWH UH WDEOLpPQR ELWL SULND]D QD MRRDH UEIRIND i HM]
&' 5 HOHPHQWH ELWL NRULAZWHQD VDPR MHGQd sBUH&D N
SURPMHQRP JXVWRUH PUH&H UMHAHQMD |DQHPDULYR PDOR

3.4. I1XPHULpPpND DQDOL]D SRSUHpPpQH FLMHY
.DNR MH X DQDOLWL DN R Pstawjerja ixpts @ukupBia HieBije Mald@dihiR
same cijevi, prema slidi.4je jasno da zapravo polovica te sile djeluje na dadiplohama sa
VYDNH VWUDQH PDOR RGPDNQXWR RG VUHGLQH FLMHYL S
SRSUHp @R CADMEMEIY QRVDpPLPD NRML SRYH]XMX prikerbrQ GDU V
jenaslici3.8.3UHPD WRPH QXPHULpPpND DQDOL]D SRSUHPQH FLMFE
]D RYDNDY VOXpDM RSWHUHUHQMD
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Slika3.8+ ' &' PRGHO SRSUH®®MDRLDWRYEUDXOLpNL FLOLQGDU

341.6 5 NRQDpQL HOHPHQWL
.DNR EL VH RSWHUHUHQMD ]DGDOD X WRpNL SURVWRUD NRM
Kinematic Couplingopcijedefinirana veza izily X WH WRpPNH L VNXSLQH pYRUR
SUHQLMHWLSR X %IHWHH Y @ M Ré&, bdabfaive sibRevnd alici 3a88spomenuta
veza prikazana je naslici 3. YL VWXSQMHYL VORERGH QD R]JQDpHQLP S
UHIHUHQWQLP WRpPpNDPD

Slika 3.9 +Kinematic Coupling vezakod OMXVNDVWRJ PRGHNIOD SRSUHpPQH FL

IXPHULPNL PRGHOZz8RG KX plh R ieeriRAIBRIEEEmentprikazan je na slici

310 D NRULAWHQH PUHG&ED D XOD MrEtd® 8 RFERGPNL PRGHO MH
ovome, uz naravno promjenu smjera i iznosa fila.oba O XpDMD NRULAWHQH VX
NRQDpQLK HOHPHQDWD
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Slika3.10 +1 XPH U ljyskdsti PRGHO SRBUIMHWYIH]ID VOXpDM XWRYDUD WHUH

b) 0U H&2048 elemenata a) OUHA&D V HOHPE

d) O0UH &D434 elemenata c) OUHAD V HOHP

Slika3.11+.RULAWHQH PUHaAH NRQDpQLK HOHPHQDWD 6 5 ]D SRSU

'RELYHQL UH]XOWDWL ]D QDMJX&auX PUHaX SULND]DQL VX QI
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Slika 3.12 +Ukupni pomaci [mm] ljuskastog modelaSRSUHp QH F Lajutbyara iddetd O X p

Slika 3.13 +Ekvivalentna von Misesova naprezanjgN/mm?] ljuskastog modelaSRSUHpQH FLMHYL ]D VO

utovara tereta
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Slika 3.14 £Ukupni pomaci [mm] ljuskastog modelaSRSUHALMHYL ]D VOXpDM LVWRYDUD

Slika 3.15 +Ekvivalentna von Misesova naprezanja [N/mrf ljuskastog modelaSRSUHpQH FLMHYL ]D VO

istovara tereta
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8 VOMHGH idar jeMBgor@dbi ldobivenih rezultdt® VYH pHWLUL NRUL&WH
NULWLpQLP WRPNDPD SRMHGLQR JPut@bxp jo NaporverDtkako jeW L p N L

RYDNYD UD]JOLND L]JPHYyX DQDOLWLPNLK L QXPHULpPNLK UMHa&
DQDOL]L NRU LreahijifRodelU XJDpLML

Tablica3.3+8VSRUHGED GRELYHQLK YULMHGQRVWL SRPIuskbstt QDSUH]DQMN
elemente

UTOVAR TERETA ISTOVAR TERETA
Broj elemenata Pomak Naprezanje Pomak Naprezanje
[mm] [N/mm?] [mm] [N/mn?]
2048 0,342262 70,7191 0,084503 18,6664
4224 0,362355 71,8834 0,090089 18,6917
7424 0,347324 71,8352 0,085807 18,7061
10880 0,34291 71,7774 0,084899 18,7146
$QDOLW|
UMHA&HQ - 90,55 - 23,82

342.& ' 5 NRQDpQL HOHPHQWL
1XPHULPNL PRGHO SRS UH p Qterefal ZsIE8D20Rddervedtaptikdzdn }War Y D U D
donjoj slici, a ispopdMH SULND]DQD NRULAWHQD Bdilkado NRYDp QLK
elemenata. RG LVWRYDUD WHUHWD QXPHULpPpNL PRGHaiIlMH DQDO
=D RED VOXpDMB NRWDIWHRHD NRQDEWHK VHOKBERHRED W D
Coupling opcijedefinirana veza analogno prethodnbaskastommodelu.

Slika3.16 +*1XPHUBRPRRGHO SRSUHPpQH FLMHt¥etalD VOXpDM XWRYDU
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Slika3.17+.RULAWHQD PUHAD NRQDpPQLK HOHPHQ@1EDl&menak)]D SRSUHpP Q>

'RELYHQL UH]XOWDWL SULND]DQL VX QD VOMHGHULP VOLND

Slika 3.18 +Ukupni pomaci [mm] 3D modelaSRSUHpQH FLMHYL i@etd OXpDM XWRYDU
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Slika 3.19 +Ekvivalentna von Misesova naprezanja [N/mr] 3D modelaSRSUHpPQH FLMHYL |]D VOXpDN\
tereta

Slika 3.20 +Ukupni pomaci [mm] 3D modelaSRSUHpQH FLMHYL t&redOXpDM LVWRYDI
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Slika 3.21 +Ekvivalentna von Misesova naprezanja [N/mrj 3D modelaSRSUHpPQH FLMHYL |]D VOXpDN

8 VOMHGHuURM WDEOLFL SULND]DQD MH XVSRUHGED GREL
NULWLpQLP WRpNDPD ]D SRMHEQADQOQLWRLYPNDLM BEWHHIGNNH ME

tereta

RpHNLYDQD RYDNYD UD]JOLND X UM éiragMLPD MHU VH UDGL

Tablica3.4+8VSRUHGED GRELYHQLK YULMHGQRVWL SRPEDN2Men@DSUH]DQMI

UTOVAR TERETA ISTOVAR TERETA
Broi elemenata Pomak Naprezanje Pomak Naprezanje
) [mm] [N/mm?] [mm] [N/mm?]
7124 0,388705 81,2703 0,097019 20,9110
$QDOLW|
UMHA&HQ - 90,55 - 23,82

Usporedbom tablica 3.3 3.4, vidlYR MH GD HOHPHQWL &
kako je i pokazanoSUL YHULILNDFLML NRQYRpQHK LHORPH@QRWEBHU \

elementima.

Fakultet strojarstva i brodogradnje
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3.5. IXPHULpPpND DQDOL]D JODYQRJ QRVDDPpD
Na slici 3.22SULND]DQ MH ' &$' PRGHG D GRYWIRIER RYOHBULpPpNH
napravljeni su pojednostavljeni ljuskasti i 3D m@@e JODYQRJ QRVDpPD NRML VX

slikama 325i3.322.3RWUHEQR MH QDSRPHQXWL NDNR MH X DQDOL]L

WDNR GD VH X DQDORJLML V DQDOLWLpPNLP SURUDpPXQRP S

Slika 3.22 +3D CAD model JODYQRJ QRVDpD

351.6 5 NRQDpQL HOHPHQWL
3UL PRGHOLUDQMX JODYQRJ QRVDpD 6 5 HOHPHQWLPD SR(

SURVWRUD L VN XBéngaic Gouitikgre2aly pdkeivanje svilstupnjeva slobode
kako je prikazano naslici3.2828sOXpDM XWRZDDDVIO X[OOMLLVWRYDUD WHU

Slika 3.23 +Kinematic Coupling vezakod ljuskastog modelaglavnhog QRVDpD ]|D VOXpDM XWRYDUD
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Slika 3.24 tKinematic Coupling vezakod ljuskastog modelaglavnog nosDpD ]|D VOXpDM aVWRYDUD \

1XPHULpPNUICCRGCHI]Q RAPID M X WaRSBR tBrbenié iprikaz v [ na slici
3.25 aza slufaj istovarateretana slici 3.26 ,VSRG WRJD SULND]DQH VX pHWL
NRQDpQLK HOHPHQDWD

Slika 3.25 +1 X P H U liyskasti model JODYQRJ QRVDpPpD ]JDet® XpDM XWRYDUD
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Slika3.26 +1 XPHU ljiyskdsti PRGHO JODYQRJ QRVDpRrgt® VOXpDM LVWRYD

b) O0U H a9312elemenata a) O0U H aT68elemenata

d) 0U H ai2440elemenata c) O0UH &aN620elemenata

Slika3.27+ . RULAWHQH PUH&H NRQDpQLK HOHPHQDWD 6 5 ]D JODY
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NaslleGHULP VOLNDPD SULND]DQL VX GRELYHQL UH]XOWDWL ]I

Slika 3.28 tUkupni pomaci [mm] ljuskastog modelaJODY QRJ QRVDpD ]Derdtd XNpDIMNVX WERL D UD
PMHVWD R]QDpHQD VX FUYHQLP WRpPpNDPD

Slika 3.29 +Ekvivalentna von Misesova naprezanjgN/mm?] ljuskastog modelaJODYQRJ QRVDpD ]D VOX
utovaratereta NULWLpQD PMHVWD R]QDpHQD VX FUYHQLP WRPNL
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Slika 3.30 tUkupni pomaci [mm] ljuskastog modelaJODYQRJ QRVDpD JDenv@ XphpDMVILLWWRY DUD
PMHVWD R]QDpHQD VX FUYHQLP WRpPpNDPD

Slika 3.31 +Ekvivalentna von Misesova naprezanja [N/mr ljuskastog modelaJODYQRJ QRVDpPpD ]D VOX
istovaratereta NULWLPpQD PMHVWD R]J]QDpHQD VX FUYHQLP WRPpNIE
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8 WDEOLFDPD L SULND]DQD MH XVSRUHGEDPGREHYHQL
NRQDpPpQLK HKKOMNP H\W DMWY R]YRPpHMOP® QD SUHWHRIGSils® VOLND
RPpLWDQH ]D NULWLPQH WRpPNH SRSUHIDNR FiH M HML XRY LKA @
SRJRAULYDQMHP PUH&H UH]XOWDWL YH&D RS QMHP GRREQ R DU
5D]J]OLND L]PHyX DQDOLWLpPNLK L QXPHULpPNLK UMH&AHQMD N
SURUDpPXQX UD]P DQIIEREGBXaV[Ehidddl

Tablica35+8VSRUHGED GRELYHQLK YULMHGQRVWRMSWRPND § RESVHDKD|D G MDD
ljuskaste elemente

UTOVAR TERETA ISTOVAR TERETA
Broj elemenata Pomak Naprezanje Pomak Naprezanje
[mm] [N/mm?] [mm] [N/mm?]
5512 0,443027 64,4923 0,130969 17,1240
8166 0,443437 63,9061 0,131036 17,1493
12440 0,443839 63,8663 0,131104 17,1716
16210 0,444091 65,5789 0,131150 17,1811
$QDOLW|
UMHA&HQ - 90,55 - 23,82

Tablica3.6 +t8VSRUHGED GRELYHQLK YULMHGQRVWL SRPDND L QDSUH]DQML
Q RV D pyjka&ie elemente

UTOVAR TERETA ISTOVAR TERETA
Broi elemenata Pomak Naprezanje Pomak Naprezanje

) [mm] [N/mm?] [mm] [N/mm?]

5512 1,398590 90,0443 0,033205 19,8107

8166 1,402840 90,4077 0,033599 19,9358

12440 1,399500 90,3990 0,033366 19,8291

16210 1,400450 90,5480 0,033353 19,8941
$QDOLW|

U Mrijea H - 76,91 - 11,93

352.& "' 5 NRQDpQL HOHPHQWL

1XPHULpPNL PRGHOMERS B p\QHX b zMCIDAMR EBroehte\pritdz &h\jé Da
slici 3.32 a]D VOXpDM LVWRYDIMIHER®@ IMNOSWFILND]DQD NRULAWHQIL
elemenata od ukupnd0096 HOHPHQDWD =D RED VOXpDMD NRULAWHQC
HOHPHQDWD 2 YKnenkhtiMEbuBliRdPdpdijefiniranaveza analogno prethodnim
PRGHOLPD VDPR aWR MH ]D RED VOXpDMD RSWHUHUHQMD
vezannaunutl@ M X SRYUALQX QRVDpPpD D VLOD QD GHVQRP NUDMX
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Slika3.32+1XPHUBDPRRGHO JODYQRJ QRVDp®re® VOXpDM XWRYDUD

Slika3.33+1XPHUBPRRGHO JODYQRJ QRVDp@rgl® VOXpDM LVWRYDUI
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Slika 3.34 tKori AWHQD PUH&D NRQDpQLK HOHPHQDWD & ' 5 ]D JODYQL QR

1D VOMHGHULP VOLNDPD SULND]DQL VX GRELYHQL UH]XOWD

Slika 3.35 +Ukupni pomaci [mm] 3D modelaJODYQRJ QRVDpD ]Der¢t@ XNpWDIMVX WRLY PWIOH VW D
R]QDpHQD VX FUY)HQLP WRpPpNDPD
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Slika 3.36 +Ekvivalentna von Misesova naprezanja [N/mr] 3D modelaJODYQRJ QRVDpD ]D VOXpDM
tereta NULWLpPpQD PMHVWD R]QDpHQD VX FUYHQLP WRpPpNDPI

Slika 3.37 xUkupni pomaci [mm] 3D modelaJODYQRJ QRVDpD ]Derta Xy D IMvhias RY D UD
R]IQDpHQD VX FUYHQLP WRpPpNDPD
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Slika 3.38 tEkvivalentna von Misesova naprezanja [N/mr] 3D modelaJODYQRJ QRVDpD ]D VOXpDM
tereta NULWLpQD PMHVWD R]QDpHQD VX FUYHQLP WRpPpNDPI

U tablicama 3.7 i 3.8 dana je usporedba dobivenih rezulataNU LW LPpQH WRpPNH NRMH
QD SUHWKRGQLP VOLNDPD 9ULMHGQRVWL VX RpLWDQH ]D
GLMHOD QRVDpD 5D]JOLND L]JPHYyX DQDOLWLPNLK L QXPHULE
DQDOLWLPpNRP SURUDpPKRX RBRGHIWUDR GUXJD

Tablica3.7+8VSRUHGED GRELYHQLK YULMHGQRVWL SRPDND L QA2SUH]DQMD

3D elemente
UTOVAR TERETA ISTOVAR TERETA
Broi elemenata Pomak Naprezanje Pomak Naprezanje
) [mm] [N/mm?] [mm] [N/mm?]
30096 0,498366 72,3248 0,147697 19,0812
$QDOLW|
UMHA&HQ - 90,55 - 23,82

Tablica3.8 +8VSRUHGED GRELYHQLK YULMHGQRVWL SRPDND L QDSUH]DQML

Q RV D [3D e]dinente

UTOVAR TERETA ISTOVAR TERETA
Broi elemenata Pomak Naprezanje Pomak Naprezanje
) [mm] [N/mm?] [mm] [N/mm?]
30096 1,48184 97,0163 0,036952 24,3215
$QDOLW|
UMH&HGQ - 76,91 - 11,93
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3.6. 1XPHULpND DQDOL]D ORSDWH

' &$' PRGHO ORSDWH SULND]DQ MH QD GRQMRM VOLFL D ND
NRQDpPQLK HQHIHODWRULAWHQD VLPHWULPQRVW SUREOHP
DQDOLWLPNLP SURUDpXQRP SURPDWUDOD MHGQD SRORYLF

Slika 3.39 +3D CAD model lopate

3.6.1.6 5 NRQDpQL HOHPHQWL

IXPHULpPNL PRGHO ORSDWH ]D VO XleDdhteXS8MR pfikaddd jévild U HW D
VOMHGHURM VOLFL D ]D VOXpDM LVWRYDUD QD VOLFL LVSR
seoX SRNODSD V X]GX4aQRP RVL FLOLQGUD WDNR GD MH PRJX
RP-2 staviti QgqL 1. RefHUHQWQH WRpPNH YH]DQH VX ]D JH&®PHWULM
prethodnh modela S R P Riiexhatic Coupling vezd.inearna raspodijela tlaka definirana je
MHGQDGAERP SUDYFD WDNR GD MH XNXSQL L]QRV VLOH W(
W H derefaH

Slika 3.40 +1 X P H U liyskékti model ORSDWH ]D VOiwetd® M XWRYDUD
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Slika 3.41 +1 X P H U liyskékti model IRSDWH ]D VO XiprBtM LVWRYDUD

=D RED VOXpDMD NRULAWHQLIP MAWDHG XN PIGIRD N RHIOHRH @D
prikazanana donjoj slici.

Slika3.42- . RULAWHQD PUHAD NRQDpQLK HOHPHQDWD 6 5 ]D ORSDWX

'"RELYHQL UH]XOWDWL SULND]DQL VX QD VOMHGHULP VOLND

Fakultet strojarstva i brodogradnje 50



ODWHM 0OLQDULUG =DYU&QL UDG

Slika 3.43- Ukupni pomaci [mm] ljuskastog modelaORSDWH ]D VOtretd M XWRYDUD

Slika 3.44 +Ekvivalentna von Misesova naprezanja [N/mr ljuskastog modelaORSDWH ]D VOXpDM XWR

tereta
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Slika 3.45 +Ekvivalentna von Misesova naprezanja [N/mr ljuskastog modelaORSDWH X NULWLpPpQRP
SRGUAPMOXpDM XWRYDUD WHUHWD

Slika 3.46- Ukupni pomaci [mm] ljuskastog modelalo SDWH ]D VOXpDM LVWRYDUD WHU
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Slika 3.47 tEkvivalentna von Misesova naprezanja [N/mrf ljuskastog modelal RSDWH ]D VOXpDM LVWR

tereta

Slika 3.48 +Ekvivalentna von Misesova naprezanja [N/mrf ljuskastog modelal RSDWH X NULWLpPQRP
SRGUXpMX iovaftOwueretd® M
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362.& ' 5 NRQDpPpQL HOHPHQWL

1XPHULPNL PRGHO MH DQDORJDQ SUHWKRGQRPH VDPR &W
NRQDpPQLP HOHPHQWLPD .RU & plikapark | Hadhci\3, 4k suld O H P
VOLNDPD LVSRG SULND]DQD GRELYHQD UMH&AHQMD

Slika3.49- .RULAWHQD PUHAD NR QIDRAR.ZK [dh@HBOISEBMEData)

Slika 3.50- Ukupni pomaci [mm] 3D modelaORSDWH ]D VOXpDM XWRYDUD WHUH'
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Slika 3.51 +Ekvivalentna von Misesova naprezaja [N/mm?] 3D modelaORSDWH | varOtsrptB M X W

Slika 3.52 +Ekvivalentna von Misesova naprezanja [N/mrf] 3D modelaORSDWH X N GLUXIPMXRFD SR
VOXpDM XWRYDUD WHUHWD

Fakultet strojarstva i brodogradnje 55



ODWHM 0OLQDULUG =DYU&QL UDG

Slika 3.53- Ukupni pomaci [mm] 3D modelal RSDWH ]D VOXpDO#M LVWRYDUD WHUH

Slika 3.54 +Ekvivalentna von Misesova naprezanja [N/mrj 3D modelal RSDWH ]D VOXpDM LVWRYDU
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Slika 3.55 +Ekvivalentna von Misesova naprezanja [N/mrf] 3D modelaORSDWH X NULWEZEQRP SRGU
V O X idvia texeta

3.6.3.$QDOL]D UMH&AHQMD

ZprHWKRGQLK UH]XOWDWD YLGOMLYR MH GD VX NULWLpPQD I
ORSDWH &aWR MH L ORJLPpQR MHU MH WR MHGDQ RG RVORQ
YLGOMLYR GD L OMXVNDVWL L ' PR koBcehtEadijeXnap@zapj@ma UMH &
XJORYLPD SRYU&GLQD QD NRMLPD VX |DGDQL UXEQL XYMHYV
NRQFHQWUDFLMD QDSUH]DQMD GRELYDMX VH SULKYDWOML
mjesta gdje je zadani rubni uvjet. Da MH GRELOD WRPpQLMD UMH&AHQMD
podmodel te detaljnije i realnije razmotriti taj dio.
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4. =%$./-8y8%.

8 RYRP UDGX QDSUDYOMHQD MH QXPHULpND LMWA@QIH] C5 KQVARS
lopate prilikom utovara i istovara teretdajprLMH MH QDSUDYOMHQ DQDOLWLD
konstrukcije koji su jednostavnjdHRPHWULMH SRSUHPpQD FLMHY X]GXaQ
time da su uvedene neke pretpostavkE RMHGQRVWDYOMHQMDDdBiMERIUD pXQV
UH]XOWDWL VX YDRRIYRERFR MODMMIUIDNWRU VLIXUQRVWL ]D V)

od minimalnog potrebnog.

IDNRQ &a&WR VX GRELYHQL UH]XOWDWL DQDOLWLPNRJ SURLI
PHWRGRP NRQDpPpQERSHEBHRHQPWIHYL JODYQRJ ®RR/MPO L
programskog paketAbaqus . RULAWHQL VX OMXVNDVWL NRQDpQL HOHF
LOQWHJUDFLMRP 6 5 NDR L KHNVDHGDUVNL NRQDpPpQL HOHP
(C3D20R) Spomenuti elementi odabrani gbog toga jer definiraju glje pomaka opisano

nelinearnim polinomom, dok su naprezanja opisana linearnim polinorDam.je prikaz

XVSRUHGEH UMH&AHQMD |DL\PHIXLDRP®HW LBPOIRALNBPQXPHULY
RPpHNLYDQD L ORJL p Quandlifamag tadrrakald R JOY LMMHL PRGHOL 8 QXP
DQDOL]L QDSUDYOMH®@L HOHBHEWBpPpX QR &H Q HiloJ AR PXUWMWMU L M H
SURUDPpXQDWL DQDOLWLPNL 8VSIRRH&EGERFGRBILXGWD WDGRLGE

rezultati

,] JUDILPNLK SULNDMRDYBMMEHGMDVHYQ®OSRGUXpPpMX UXEQLK
NRQFHQWUDFLMH QDSUH]DQMD NRMH QLVX UHDOQH L X NRM
EL VH GRELOD WRpQLMD UMHAHQMD X Whdnd@&ianjuXGMLPD SF
svrhusekoristi tzv. AVKiBF@ QO L G F R¥eS<e IdiQ ha kojem se javlja koncentracija
naprezaja modelira 3D elementima, dok ga ostatak konstrukcijeriste ljuskastelenenti.
7DNRYHU MH PRJX{AH NRRR G H@NWA JWH YU M H & H QdkbBtaxhijdgD R E D O Q
PRGHOD SUHQRVH NDR UXEQL XYMHWL QD GHWDOMDQ ORND
QXPHULpPpNL PRGHO PRUD ELWL aWR MH PRJXUH VOLpPpQLML
QDMWRpPQLMD UMHAHQMD 8 VNORS lavieidRali td bi GidjeGaR 6P RG H O |
QDpLQD NDNR GRELWL WRpQLMH UMHEHQMH QD NULWLpPQLP
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PRILOZI

l. CD-R disc
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