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Pe3ume

Y 0BOM 3aBpIIHOM pajy je MPeaCcTaBIbEHO MPOjeKTOBakE IEHTPUPYTaIHe TypOoIyMIIe, Koje ce cacToju
O]l TMMCH3MOHHCAkha U M3pajie Mojienia CTe. Y MPBOM IMOTJIaBJby Cy O0jallllbeHe TEOPETCKE OCHOBE,
NPUHIMIT pajia, Mojelia Kao W MPEJHOCTH M HEJOCTall HEeHTpUdyraaHe typbonmymmne. Y Apyrom
MIOTJIABJBY j€ JCTAJbHO ONMCAH MPUHIUI JUMEH3MOHHCAka IeHTpUudyraiue typoomnymie, takohe cy
JaTH W pe3yiTaTd NpopadyHa mpu oapeheHHMM BpeIHOCTHMA Hamopa ¥ MpPOTOKa Koje OcCTBapyje
mpeaMeTHa Tymma. Y TpeheMm MoriiaBby je 00jalllbeH MPHHITMN H3paae Moiella PamHoOr Kojla U
cnupanHor Kyhuinra neHTpudyraise TypOomyMIe Ha OCHOBY JOOHjEHUX BPEITHOCTH Y MpopauyHy. Y
YETBPTOM TIOTJIABJbY j€ JaTa TEXHUYKA TOKYMEHTAI[Mja [ICHTPU(YTraaHe TypOomyMIie, OTHOCHO JIaT je
TEXHUYKH I[PTEXK CKIIONA Ca CBUM JICIOBHMA MYMIIE, K0 U TEXHHYKHU [[PTEKU HECTAHAAPIHHUX JeI0Ba
npeAMEeTHE yMIie. Y MocieliheM MOTIaBJby Cy U3BEICHH 3aKJbYUIU Ha OCHOBY HCKYCTBA CTYJICHTA ca
NpPEAMETHHM 3aBPLIHAM PaJIOM.

Kibyune peun: Liearpudyranna rypoonymna, CATIA, TpomuMeH3MOHAIHN MO

Abstract

This diploma thesis describes the calculation and design of centrifugal turbopump. In the first chapter
are defined theoretical foundations, working principle, classification, advantages and disadvantages of
centrifugal turbopump. Second chapter provides the explanation of calculation principle and results of
calculation based on real flow and pump effort values. In the third chapter is explained the principle of
impeller and spiral volute 3D model making based on calculated parameters. In the fourth chapter is
given technical documentation of centrifugal pump that includes technical drawing of mechanical
assembly with all parts of centrifugal turbopump and technical drawing of all nonstandard parts. The
last chapter includes conclusions based on diploma thesis experience of the student.

Keywords: Centrifugal turbopump, CATIA, Tridimensional model
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1. IEHTPU®YT'AJIHA TYPBOIIYMIIA

HenTtpudyramaa TypbonmyMmIia craga y TpyIry XHApayIHYHIX MalliHa KOje TPeTBapajy MEXaHHIKU paj
y CTpyjHY eHeprujy pagHor ¢hiaynaa. HasuB moMeHyTe BpcTe MyMIH OTHYE OF] YHHEHUIIE Ja Ce HhEeH
MPHUHIMT pana 6a3upa Ha BPIICHY paja HeHTpH(YraTHUX cuja ycien oOpTama pagHor Koja, pajHor
oprasa 3aJy>XeHor 3a TpaHc(hOopMaIijy eHepruje.

Yecrto ce y mpakcu IeHTpudyTraiHa TypOOITyMIia OClIOB/baBa Ha3WBOM paiujaiiHa TypOomymma 300r
TOra MITO j€ KOJ e KapaKTePUCTUYHO Jla pagHu GUIyu U3 PaJHOTr Koja U3JIa3u pajujaiHo (y IpaBIly
panujyca pagHor Kona).

ITomenyTa 1neHTpudyraiHa TypOOIMyMIIa c€ KOPUCTH Yy CHUTyalljaMa Kaja je moTpeOHo 00e30emuTu
BHCOKE paJIHe IPUTUCKE alTd HEIIITO HUXKE PAJHE MPOTOKE.

[punnun paga nertpudyranHe Typbomymne oQjallll-eH Ha OCHOBY CIMKE 1 Ha K0joj je mpuKaszaH
MIpeceK jeHOCTETIeHe paaujaHe TypOomymIe:
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Cimka 1 — Jennocrenena paaujanHa rypoomymna (1)

e [lokperame moroHcke MmammHe (Hajuemihe enekTpoMoTopa) o0e30elyje oOpTHO KpeTame
paHor Bpatuia [4] koje ce mpeHocH Ha pajaHo KoJo [2].

e [Ipu oOpTHOM KpeTamy pajHOT KOJIA jaBJbajy ce ICHTPU(YTAIHE CHUIIe YHYTap pagHor Guiynaa
KOje MOTUCKY]Y paiaHu Gayus pajaujaaHo, OJHOCHO TeXE Ja ra u3dare U3 paaHor KoJja.

e 30or cnenuduuHor o0KMKa Mel)yIonaTHYHUX KaHalla J0J1a3H 0 CMamhebha pelaTuBHE Op3uHe
pagHoTr durynaa u 10 moBehama meroBor pagHoT IPUTHCKA.

e HaxkoH u3jacka M3 pagHOT KoJjia pagHu (QUIyHI O/yia3u y crupaiHo kyhuiire [3] a 3aTuM u 'y
nudy30pcko rpiao [6] rae ce omeT Ha pauyH KHHETHUYKE eHepruje nosehiaBa meropa NpUTHCHA
enepruja. (1)
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1.1 NOAEJA HEHTPU®YTAJIHUX TYPBOIIYMIIN

[onena uenTpudyraaaux Typoomymnu npema 6pojy pamgHux Koja:
e JegHocTeneHe TypOOmyMIe — Ha BpaTHIy TypOOITyMII€ je CMELITEHO j€AHO PagHO KOJIO.
e Bumecrenene Typéonmymne — Ha BpaTHIIy TypOOIlyMII€ je CMEIITEHO BUIIIE PAAHUX KOJIA.

ITopen Opoja pamgHUX KOJIa, OCHOBHA pasiiKa M3Mel)y moMeHyTa /iBa THTIA je Ta IITO KO BUIIeCTENeHe
TypOomymiie pagau (hayns mpoiasu kpo3 Behu Opoj pagHux Kojia ¥ Ha Taj Ha4uH ce 06e30elyyje 3HaTHO
BUILIM paJHH NPUTHCAK, cieaeha pasimKa je Ta Ja YKOJHMKO >KeIMMO Ja TOCTHTHEMO HCTe M3Ja3He
napaMeTpe ¥ KoJI jeTHOCTEIIeHe U KO/ BUIIECTENeHe TYpOoITyMIle, BUIIecTeneHa he 3ay3uMaT 3HaTHO
Mame pajujaiiHe rabapuTe, a y ciiydajy /1a ce Kopuctu Behu 6poj jemHocTeneHnx TypOOomyMITH 3HATHO
Mame y3aykHe rabapute. [lo3HaTo je na je paa TypOomymnu npaheH myncaiyjama Koje ce CMamyjy
nosehaBameM Opoja pagHUX Koua.

Crneneha mojena je mpema KOHCTPYKIHjH TOBOJA pajHe TEYHOCTH 0 ylia3a y TypOoIyMIry, U JeJie ce
Ha:

e IlenTpudyrajne Typéonymie ca yCHCHUM I'PJOM — Yy OBOM CIIy4ajy TIOCTOjH IEBACT JJOBOAHU
Oe3nonaTHYHH OpPTaH KOjU je OKapaKTepHCcaH aKCHjaIHUM YJIa30M PagHe TeUHOCTH.

o IlenTpudyraiane Typéomymie ca yCHCHOM CIIMPAJIOM — Y OBOM CIIy4ajy IMOCTOjU CIUPATHH
opraH koju 00e30elyje paBHOMeEpHO pacrnopehrBame pagHe TEYHOCTH TI0 OOMMY yJjla3a y pagHo
KOJIO.

ITonena mpema HaUMHY TOKpETamka TypOOIyMIIe:

e HecamoycucHe uentpudyraiate Typoonymie — He OCTOjU KOHCTPYKIHJCKO pEIICHE KOje
omoryhaBa mokperame HeHTpu(yraiHe TypOomyMIie y ciy4ajy Kaja YCHCHU II€BOBOJ HHjC
UCIyIeH pagHoM TeuHomhy. Y oBOM ciydajy TypOomymiia ce yrpaljyje MCIOI yCHCHOT
pe3epBoapa, Taaa ce yclie/ pa3iuke HUB0a TEYHOCTH PaTHO KOJIO UCTTYIbYje PaJHOM TeuHohy.

e CamoycucHe nentpudyraine Typéomymne — oBa BpcTa TypOOITyMITM MOXKE 3allO¥eTH ca
pazoM 1 ako HeH YCHCHH LIEBOBOJ IPETXOJHO HHje UCITYyHheH pagHoM Teunomhy. Ha ciumm 2
j€ IpUKa3aHO KOHCTPYKILHU]CKO PELICHE OBE BPCTE LEHTPUPYTATHIX TYPOOIyMITH.

]
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—

Cnmka 2 — ®ase pana camoycucHe Typoomymre (1)
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[punnun paga camoycucHe neHTpudyranne Typoomnymme: Pasnukyjy ce ykymHo Tpu daze npu
pany oBakBe ULeHTpuUdyraaHe typbomymme. Y mpBoj a3, INpe CTaproBama came
MeHTpudyraigHe TypoomymIe, Kyhumre TypoomyMIIe je HCITyHkeHO paIHOM TEYHOIINY jep ’heHa
KOHCTpYKIMja oMmoryhaBa 5la HakoH mpecTaHkKa pajga TypOOITyMIle €0 TEYHOCTH OCTaHE Y
camoM kyhuirty. ¥ npyroj ¢asu nounme obpTame pagHor kona [1], mpu yemy 1eo pamgHe
TEYHOCTH M3 JIeBEe KOMope [6] mpenaszu y aecHy Komopy [7], Tamza ce 300r cMamema HUBOA
TEYHOCTH Y JIEBOj KOMOpPHU jaBJba TMOTIPUTHCAK @ y NECHO] KOMOPH HaJIpUTHCAK. 300r
NOMEHYTE pa3iiiKe MPUTHCAKa y JIEBO] M Y JECHOj KOMOPH J0ja3u 1o Bpahamwa nena pagHe
TEYHOCTH KPO3 MJIa3HUK [2] Ha yia3 y pagHo KOJI0, TJe pajHa TEYHOCT yCie BUCKO3HOT TpeHmha
IOBJIaYM Ba3IyX M3 YCHCHOT LieBoBoza. CrameM Ba3dyXxa y A€CHY KOMOPY KPO3 pPagHO KOJO
CTBapa ce cBe Behu MOTIpHUTHCAK, KaJja UCTH IOCTUTHE ofpel)eHy BpeTHOCT OH MOBJIAYH PATHY
TEYHOCT U3 YCUCHOT pe3epBoapa M Ha Taj HAYMH Ce HacTaBJba Pajl CaMOyCHUCHE LICHTpU(yranHe
TypOOImyMmIIE.

Ilomena uentpudyramHux TypOOmyMIIM TpeMa BPCTH pagHe TEYHOCTH 3a KOjy je TypOormymma
HaMEHmeHa:

e Boane — kapakTepuUCTHYHE Cy 10 TOME IITO c€ u3palyjy oX MeTajlia KOju Cy OTIHOPHH Ha
KOpO3Hjy.

e VYibHe — 300r BUCOKE BHCKO3HOCTH yJba, H3palyjy ce ca mro BeiinM NpOTOYHHM Hpecenuma
MelyTonmaTHYHuX KaHaua.

e Xemujcke — KapaKTepUCTUYHE Cy MO TOME IITO ce mpal)yjy oa Merana KOju Cy OTHOPHH Ha
XEMHUjCKe YTHIIaje TPAaHCIOPTOBAHOT (uIyHa.

e Konae3aTHe — 300T BETUKOT PU3HKa 32 110jaBOM KaBUTAllMje Ha a3y y myMity, u3palyjy ce ca
YCHCHHM TPJIOM BEJIMKOT MIPEYHUKA, Kako Ou ce moBehao yna3Hu npuTucak u3Haa KPUTHIHOT.

e MymHe — u3paljyjy ce ca BENIMKHM MPOTOYHHM Ipecenuma MelyjaonaTHuyHUX opraHa W ca
BEJIMKUM 3a3opumMa usmely kyhuinra mymie v pagHoOr Koja, Kako Ou ce n30eriio Tako3BaHO
3apubaBame paJHOT KOJIa.

e 3a TpaHCHOPT XMAPOMeENIABHHA — KOHCTPYKIIH]CKO PEIIEHhe CIIMYHO MYJbHHM MyMIIama, aiu
ca jomr BehuM 3a30prMa M MPOTOYHUM MpecelMa, CTUM IITO ce u3pal)yjy ol Marepujana Koju
MMajy BEJIHMKY OTIOPHOCT Ha xabame, 300Tr IojaBe TBPAMX INpUMeEca y TPAHCIIOPTOBAHOM
(hynny Koju uMajy abpa3uBHO JI€jCTBO.

IMoaena neHTpUdyraaTHuX TypOOIyMIIH IpeMa 001acTH PUBPEE v K0joj ce mpumemyje: (1)
e MHuaycrpujcke
e BoaxocnagoeBHe
e Ilosmonpuspenne
e Pynapcke

¢ KotiaoBcke

1.2 NIPUHOUII PAJA BEHTPU®YTAJIHE TYPBOIIYMIIE

CBe TtypOomammHe, ykibyuyjyhu weHTtpudyranne TypOomymiie, paxe Ha TaKO3BaHOM
XUIPOAMHAMUYKOM TPHHIMITY AejcTBa. TypOOoMamnHe pa3sMemyjy eHeprujy ca pagHuM (GIyumoM y3
moMoh pamHOT opraHa KOju ce Ha3uBa PaTHUM KOJIOM.

[TomeHyTO pagHO KOJIO BPIIM OOPTHO KpeTame 0AroBapajyhioM yraoHoM Op3MHOM w, IPH YeMy ce Tazna
JelaBa JUHAMHUKa HHTEpaKLyja u3Mely pagHor (iayuaa u jonatuna pagHor Koa.
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[Ipu momMeHyTOj AMHAMHYKO] UHTEPAKLHUjU y pagHOM (QIIyHIly Ce CTBapajy WHEpLHjajHe CUie KOoje Ccy
nocieina yraone Op3uHe pamHor ¢iyuna M meroBe mace. MHeprujanHe cuiie Koje ce CTBapajy y
pamgHOM (IIyHIy Cy OCHOBA IPEHOCA CHEPTrHje KO XUPOMAIINHA, OJHOCHO BPIICHEM Pajia TOMEHYTHX
cuia pagHoM QIIyuay ce Jojaje Wid ofy3umMa oapel)eHa KomuunuHa eHepruje.

[Ipe objammema npuHOMNA pajga HeHTpudyranHe TypOonymIe NOTpeOHO je 00jaCHUTH KOMIIOHEHTe
ancoyiTHe Op3uHe ¢ayuaHor geauha u BepHy/ujeB nmpuHIMN, KOjU MMajy KpyLUjalHy yJIOTY y
BCHOM pajy.

[MocmaTpajyhu kperame eneMeHTapHOT (QIyWAHOr Aenrha MOXe Ce YOUHTH Ja OH BPIUHU CJIOKEHO
KpeTame, KOje Ce CacToju 0J] KPHBOJIMHHU]CKOT' KpeTama U 0OPTHOT KpeTama yciel 00pTama paJHor
KOJIa yTaOHOM Op3WHOM w. ATicoyTHa Op3rHa eleMeHTapHOT (hIyHIHOT Aefinha ce cacToju O/ YKYITHO
JIBE€ KOMITOHEHTE, NMPEHOCHE Op3WHE M penaTUBHE Op3MHE, OJJHOCHO OHA CE€ MOXKE MPEACTAaBUTH Kao
cnenehu Bekropcku 30up:

- — —_—
C=U+W
[Ipu uemy je :
S
C - arrconyTHa Op3WHA elleMeHTapHOT GurynaHor Aenrha

U - mpeHocHa Op3uHa eJeMeHTapHOT QurynaHor aenuha
W - penatuBHa Op3uHa eneMeHTapHOT (IyHUaHOT Aenuha

YKONIHUKO NPEeTXOAHY jeHAYHHY MPEACTAaBUMO Yy TEOMETPHjCKOM OONHKY A00Hja ce Tpoyrao Op3uHa,
KOjH je MpHKa3aH Ha CIHIH 3.

Cimka 3 — KomnoneHTe arncosyTHe Op3uHe ejeMeHTapHor GuyuaHor aeiuha (2)

PesiaTuBHa Op3uHa ejxeMeHTapHOT (QuyuaHor aenuha MmpeacTaBiba OHY Op3HMHY KOjy OM mocMaTpad
BUJICO Kaja OM ce KpeTao yraoHOM Op3MHOM DPAmHOT Koia . PelaTWBHO KpeTame elIeMEeHTapHOT
¢nyunaor nemmha je y OOMHKY KPHBOIMHM]CKOT KpeTamba, 300T 4uera jé BEKTOp pellaTHBHE Op3uHE
npaBla TaHTCHTE Ha KPUBOJHMHUJCKY TPajeKTOpHjy eleMeHTapHor ¢uryngHor aenwha. [Ipumep
pernaTHBHE Op3UHE Y CBAaKOJHEBHOM XKMBOTY je Op3MHA ITyTHHKA KOjy OCTAJIN Iy THUILIU BUJIE IOK CE BO3
kpehe.
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Qunun J]. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

IIpenocna o6p3una exeMeHTapHor GuyngHor aeianha mpeacraBjba Op3uHY KOjoM ce GpuynaHu aennh
kpehe yciten o0pTama pagHoT KoJia yraOHOM Op3uHOM w. [IpeHOCHO KpeTame ereMeHTapHOT (hIIyHaHOoT
nenwha je y o0nmKy oOpTHOT KpeTama, Ia ce MPEeHOCHa Op3uHa MOYKE MPEICTAaBUTH Ka0 BEKTOPCKH
MPOM3BOJ BEKTOpa IMoJioxkaja (uryrgHoTr Aenrha U BEKTopa yraoHe Op3uHe, OJHOCHO HEeH HHTEC3UTET Ce
MoXe JeHHUCATH Kao MPOM3BOA pacTojama eleMeHTapHOr (uiyuaHor nenuha on oce oOpTama u
yraone Op3uHe.

U=7xa
VYkonuko nmocMarpaMmo npocty bepHynujeBy jeanaunHy 3a OWII0 Koja IBa Mpeceka:
2 2
P1, G P2  C2
—t+=tgz;=—+—+g-z
0 ) 9z 0 > 9z

ITox nmpeTnocTaBKOM J1a ce JaTé MPecely Hajla3e y MCTOj XOPU30HTAIHO] PaBHH, OJHOCHO Jla BaXH Ja
je z; = z, bepHynujesa jennaunHa no6uja cieaehu 00nMK:
2 2
Pl P o

p 2 p 2
OmHOCHO:
p c?

—+ — = const.
p 2

Ha ocHOBy mpeTxojHe jeqHavYrHE MOXKE C€ YOUWTH Jia ce noBehameM MpUTHCKA cMamyje Op3uHa H
o0pHyTO, MoBehamem Op3nHe ce cMamyje MPUTHCAK, IPETXOAHA TBPAMKA ce Ha3uBa bepHy/ujeBUM
NPUHIUIIOM.

[punnun paga uentpudyranne Typbomymne moryhe je mocMaTpaTd M3 IMEPCIEKTHBE pellaTHBHE
Op3uHE U U3 EPCHEKTUBE NIPEHOCHE Op3UHE.

[Mo jemHauMHM KOHTHHYHUTETa, OHA KOJIMYMHA paaHOT (iyuaa Koja yhe y pajHo KoJo Mopa U3 mera u
u3ahu, ITO 3HaYM J1a je MPOTOK KoHcTanTaH. [Tocmarpajyhu popmyity 3a nporok:

Q=V-A
IpH YeMmy je:
V — cpenmwa Op3uHa pagHor Gaynaa
A — IOBpIIMHA IPOTOYHOT Ipeceka
MOXKE C€ 3aKJbYYHTH Ja TPH KOHCTAaHTOM IPOTOKY, ca rmoBehameM IOBPIIMHE IPOTOYHOI Ipeceka
cMamyje ce Op3uHa M OOpHYTO, ca CMAamkEHEM TOBPIITMHE MPOTOYHOT IMpeceka moBehaBa ce Op3mHa
paasor dayuna.
ITocmarpajyhn obmuk MehynmomaTnyHHX KaHalia, MOXKE Ce YOUHTH Jla ce OHW mnoBehaBajy y cMmepy
npoTtumama ¢Guyuna (y cMepy penaTHBHe Op3wHE), ca moBehameM HMPOTOYHOT IMpeceka cMmamyje ce
penaruBHa Op3uHa pagHor Gayuzaa. [lo BeprynujeBom npuHIuny ca cMamemeM Op3uHe noehasa ce

NpUTHCAK pagHoT (UIyna, OIHOCHO 3aKJbydyje ce Ja ce MPHUTUCAK paaHor ¢uynaa noehaBa TOKOM
HETOBOT IPOJIAXKEha KPO3 PaJHO KOJI0, ajld Ha PayyH Hberose Op3uHe.

Jako 6uTHY ynory y pamy neHTpudyrairae Typoomymiie nMajy IeHTpudyrairae cuie, Koje Cy IMocieanIa
eJIEMEHTapHE Mace eJIeMeHTapHOT (UIYUIHOT Aenuha u yraoHe Op3uHe pajHOT KOJIa, OJJHOCHO:
F.=m-r-w?

ITomenyTa neHTpUdyTranHa cuiaa TeKH a JaTh eIeMeHTapHN (QyuIHH nenuh yabu MTo BHIIE 011 0ce
o0pTama, OHOCHO TEXKH Jla JaTH eleMeHTapHu ¢urynaHu nenuh u3banu u3 pajgHor kona. Ha ocHoBy
¢dopmyne 3a HeHTpUyragHy CUIIy MOXE Ce YOUMTH Ja ca noBehameM pacTojamba eleMEeHTapHOT
dhayngaor nenvha ox oce oOpTama A0ma3u 10 yBehama IeHTpuQyraHe CHlle.
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Qunun J]. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

JejcTBOM MOMEHYTHX LEHTPU(YTaTHUX CHiia, KOje Cy pe3yaTaT yraoHe Op3uHe pagHOTr Koja Koja ce
NPEHOCH Ha pamHu (GIyH] AUHAMUYIKOM HHTEPAKIMjOM ca JomaTuilamMa pagHor Koja, pagHu (Giayun
W3JIa3H U3 PAIHOT KOJia M HAaCTaBJha CBOjE KPeTame KPo3 CIUPATTHO KyhHITe Koje je KapaKTepuCTHIHO
10 TOME JIa C€ BEerOB MOMpPEeUHH Mpecek nmopehasa y cMepy kperama (iynna, mro 00e30ehyje cmameme
Op3uHe anu o bepHynujeBom npuHimny u nosehame paxHor npurucka. (1)

1.3 HAIIOP HEHTPU®YTAJIHE TYPBOIIYMIIE

OcHOBHa yJiora IeHTpU(yrajiHe TypOOoImyMIIe jecTe 1a MEXaHUYKH pajl KOjU Ce IOBOU MPEKO BpaTUIIa
TIPETBOPH Y CTPYjHY eHeprujy pamgHor diaynma. Jla 6u ce mata TpaHchopmalija eHeprije ocTBapuiIa
MOpa TOCTOjaTH TMOKPETHH PaJHU OpraH, Y OBOM Clyyajy pamHo koio. [Ipoctop y kome ce BpIiH
MOMEHYTa pa3MeHa eHEepruje Ha3uBa ce pagHUM MPOCTOPOM.

Hanop nymmne npeacraB/ba OHY KOJIMYHHY €Hepruje KOjoM ce jeAMHHYHA Maca paaHor ¢uiymaa
000raTH NPOJIACKOM KPO03 PAIHO K0JI0

Hamop nentpudyranne typbomymne aedunucan je OjjepoBoM jeqHaAauMHOM dHje je u3Boheme
NPUKA3aHO Y HACTaBKY.

[Mox mpeTmocTaBKOM /1a KpO3 AaTO pagHO KOJIo IeHTpHdyramHe TypOoryMIie mpoTHYe IPOTOK 1M, OHJIa
he kpo3 jeaHy NpoQHIHY pelIeTKy NPOTULATH TPOTOK A1, OAHOCHO KPO3 jejaH Mel)yIonmaTHIHU KaHal
nare npoduitHe pemeTke mpoTok d(dm).

Kako mpu nponacky pagHor ¢uiyuna Kpo3 paJHo KOJIO OH MEHa CBOj Ipasall KpeTama, nohu he u go
IMPOMEHE HKBETOBE KOJINMYMHE KpETamka, OJJHOCHO U 0 IMPOMEHE HBETOBOI' MOMECHTA KOJIMYUHE KpETamba.
ITo 3aKOHY O MPOMEHU MOMEHTA KOJHYHHE KPETarmha BaKH JIa je MPOMEHa MOMEHTA KOJMYHHE KPEeTarbha
HEKOT Tejla Y BPEMEHY jeJHaKa Pe3yJITAHTHOM MOMEHTY KOjH Jeyje Ha JaTo TeNo, Ma je 3a CiIy4aj
pazaHor (ayuaa npoToka 1.

_— _—
0 _ 0 _ o0
MO = MY — Mf
P Yemy je:
MO - pe3ynTaHTHH MOMEHT KOjH JeJIyje Ha pagHoO KOJIO

—
MZO - MOMCHT KOJIMYUHEC KpE€Tamka paJHOT (I)J'IYI/II[a Ha U3J1a3y U3 pagHOI KOJIa ITyMIIC

MY - MOMeHT KoJIMuMHE KpeTama pajHor (GIyn/a Ha yjiasy y PajHo KoJIo MyMIie

[Mocmatpajyhu camo jenan meh)ynonarnyau kanan aare npoQuitHe penieTke ca npoTokom d(dm) Baxu
3aKOH O IPOMEHHM MOMEHTA KOJIMYMHE KpeTama y cieaehemM o0mKy:

d(dMO) = d(dMg) — d(dMP)
OJIHOCHO YKOJIMKO CE M3 IIPETXO/IHE jeAHAYNHE H3BYUe eIeMEHTapHH mpoToK d (dm):
d(dMO) = d(dm)- (75 x & — 75 X &)
VYkonmko anconyTHy Op3uHy (iayumHor aenuha mpeactaBuMo Kao 30Mp BEeHUX KOMIIOHEHTH:
c=c¢c+c, +¢,
IpHU YeMy je:
C, - TIpojeKIuja ancoIyTHe Op3KMHE Ha MpaBall pajujyca pajHor Koja
C,, - IPOjeKIMja arcoTyTHe OpP3MHE Ha ITpaBall MPEHOCHE Op3HHE

C, - IPOjeKIHja ancolyTHe OP3UHE Ha IIpaBall 0ce 00pTamba PagHor KoJa
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Qunun J]. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

3aMeHOM Y jeHAYNHY 33 Pe3y/ITAHTHA MOMEHT IIPH EICMEHTApHOM TpOTOKy d (dm):
d (dMO) = d(dm) - (5 X Ty + 75 X T + 75 X T =T X T =7 X gy = 77 X 1)

Kako Baxku J1a je BeKTOPCKH MMPOU3BO]] [BA BEKTOPA MapajielIHuX MpaBalla jelHaK Hyjia BEKTOpY, Taja je
— R —— — — = .
T, X ¢y =711 X ¢q, = 0.Ila ce mperxoaHa jeqHaunHa cBoAM Ha ciieaehu o0nuk:

d (aMO) = d(dm) (75 x T — T X T + T X T — 77 X0,
[Ipu uemy yBohemeM HOBUX BEIUYHHA!
d(dM7) = d(dm) - (7 x Ty’ 7 x &)
a(dMZ) = d(dm) - (75 x &, — 77 x5,
Jonasu ce 1o cienehe jenHaunae:
d(am9) = d (dM?) + d (amg)
P 4eMy je:

—
d (dMg ) — aKTHBaH MOMEHT KOjH TE€KH J1a OKPEHE PaJHO KOJIO, OHOCHO Yy OBOM CIIy4ajy MpelCTaBba

MOMEHT KOjH BPIIIM KOPHUCTaH paj.

d (dMg ) - aKTUBaH MOMEHT KOjU JIS)KH Yy PaBHU PAJHOT KOJa M TESKHU Ja ONTEPETH JiexkajeBe Oe3

BpIIICHa KOPUCHOT Pajia.

Ha ciumm 4 cy npuka3aHu akTHBHA MOMEHTH KOjH JIeTyjy Ha PaIHO KOJIO.

Cimka 4 — AKTHBHU MOMEHTH KOjH JIeiyjy Ha paaHo koo (1)

[Mocmarpamem MomenTa MY :
0 _— m. —
M; = m- (ra¢y —T11C1y)

YKOJIMKO MOMEHYTH MOMEHT KOjJH BPINU KOPHUCTaH paj MOMHOXHUMO CKAaJIApHO Ca YraoHOM Op3WHOM
nmobwuja ce cHara pagHoT KOoJia:

— 0 o
Po=M;  w=m-(rycpy —71C1y) @

Kako je npenocHa 0p3una (iyuaHor nenvha jeiHaka IpoM3BOLy pacTojama OJf 0Ce 00pTama U yraoHe
Op3uHE 101a3M ce 0 penaiyje:

7'1'0) u1

Tz'w uz
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Qunun J]. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

Kopumhemem nperxonHe penanmje, 100uja ce jeJHaYMHA 32 KOPUCHY CHAry pagHoT Kona y cienchem
00JHKY:
Pe=M? " w= 1 (UsCp, —uUsCry)

Kako je kopucHa cHara pagHor Kosia Ae(MHHCaHAa Kao IPOHM3BOJ MaceHOI NPOTOKAa M Haropa
TypOOMaInHe, JEJbeHEeM IOCIEA’he jeJHAYNHE ca MAaceHHWM IPOTOKOM J00Hja ce jelHaYnHa 3a
KOPHCTaH paj TypOOMaIIMHE KOja yjeHO npejcTasba u QjaepoBy jeAHAYNHY 3a HAIOD:

1Y = uzcoy —wicy

ITpu yemy ce y ciydajy mymIie y3uma 3Hak (-) MOIITO Ce O PaJHOT KoJia 0y3uMa oapeljeHa konnanna
eHepruje.

[lomeHyTa jenHaunHa MMa KpYLHUjalHy yJIOTY y IPOjeKTOBamYy TypOOMAaIllMHA jep CE Ha OCHOBY He
MOKe Ae(QUHUCATH HajONTHMAIHUjH OOJIMK JIOMATHUIla, TIOMITO je Ha OCHOBY Jare jeqHadnHe mMoryhe
OJIpETUTH HATIOp TypOOMaIlnHe ocMaTpajyhu HCKIbydnBO TpoyriioBe Op3una. (1)

1.4 EHEPTUJCKU TYBUIIU U CTEIIEHHU KOPUCHOCTH

Y npupoay HE TOCTOjH y MOTITYHOCTH HJeaiaH aJnjadaTcKu TePMOAMHAMUYKH cucTeM, Beh he yBek
NIOCTOjaTH ojpeljeHa BpcTa eHepreTcKe MHTEPaKLUje TEPMOJMHAMUYKOT CUCTEMA U BbeTOBE OKOJIMHE. Y
ciy4ajy neHTpudyramHe TypOomyMIie jenaH 1e0 KOPHCHOT paja he ce yBeK MPEeTBOPHUTH y TOIIOTHY
eHeprujy, kKoja he 3aTuMm yclen pa3imke Temmeparypa mpehu ca MoOMeHyTe IMyMIle Y OKOJMHY. Ta
onbadeHa TOIUIOTHA EHEpruja YCTBapH IIPEeACTaB/ba YKyNHE TYyOUTKE Yyciel Tpema jenHe
neHTpudyranae Typbomnymie. Pa3nukyjy ce 4yeTupr OCHOBHE BPCTE €HEPrHjCKUX I'yOnTaKa:

e  XuapaynuyHu TyOuu

e Bomymrepujcku ryouium

e ['yOumu ycien Tpemwa JIucKa
e MexaHNuKu ryOuIn

XuapayJuyHH TyOMIOM C€ JelIaBajy TOKOM IICJIOKYITHOT KpeTama pamHor (uiyujaa Kpo3 aary
XUApAyINIHy MAIIHY | MOCIEANIIA CY TPEHha Koje ce jaBiba y caMoM (iynny (BUCKO3HO TPEHE) Kao
U Tpewma pajHor (iayuaa o 3ujoBe pagHe MamuHe. Kako ce MpOTOYHU OpraHu HeHTpudyraiHe
TypOOITyMII€ CacToje OJl YCMEPHHX OpraHa U pPajHOr KoJjia, TaKO W YKYIHE XUJpAayJU4HE T'yOUTKe
MOXEMO TOJICTUTH Ha XHUJpaylUuHe ryOUTKEe Y YCMEpHHM OpraHuMa M Ha XUApAyJIUIHE TYOUTKE y
PaJHOM KOIIy:

AYH = AYHu + AYHk

ITo ce Thue XuApayIMYHUX I'yOuUTaka y pagHOM KONy, BUX Jajbeé MOXKEMO IOJACIUTH Ha YCIyTHE
(ycnen Tpemwa) U JOKaJHE (M3a3BaHEe yAapHMa):

AYy = AYye + AVyiy

Boaymerpujckn ry0ounu cy mocieniia HeoImxoIHUX 3a30pa KOju Mopajy noctojatu usmely pajgHor
KOJIa ¥ 3UJI0Ba MAIlIMHE, jep YKOJIHUKO OM ce TH 3a30pY CMarbHJIH JI0 HyJIe IONUIO OU IO KOHTAaKTa pajHor
KOJIa ¥ 3UJI0Ba MAIIHE IITO OW pe3yITOBAIO0 HETOKPETHHM PaJIHUM KOJIOM, 11a He OW OWII0 HU pa3MeHe
pana. Kaxo je mosznato na he ¢urynn yBek TexuTtu na npehe u3 001acT BUCOKOT PUTUCKA Y 00JIacT
HIDKET MIPUTUCKA, ¥ KaKO j€ Ha U3J1a3y U3 PaJHOT KOoJia 3HATHO BUIIM ITPUTUCAK HETO HA HberOBOM YJIa3y,
Tako he mocrojaTy Tako3BaHM ,,[TAPA3UTCKH MPOTOK™ Koju he ce Bpahatw ca m3iaza pamHOT KoJia Kpo3
3a30pe Ha yJia3 y paaHo KOJIO  U3HOBa ce 000rahMBaTH €HEPIHjoM.
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Qunun J]. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

['younu ycijien Tpema AMcCKa Cy TIOCJIEANIA TPEHa paJHOT Koja U paxHor ¢gayuaa. [To3Harto je aa oko
pagHOT KoJia TIOCTOje 3a30pH KOoju oMoryhaBajy mEeroBo KpeTame, alu KOju Cy Takohe HempecTaHo
UCIYH-EHU pamHuM GiaynnoM. Yciaen BHCKOZHOCTH GUIyHIa, TPEHE Koje TTOCToju n3Mel)y mera v 3uj0Ba
MariuHe he ce mpeHeTH Ha pagHo KoJjo, mTo hie Outn npaheHo eHeprujckuM ryouruma. Ha coumu 5 je
MIPHUKa3aHO PaTHO KOJO Y CBOM PAaTHOM OKPYXKEHY.

dj Presek A - A

Presek B - B

4, <B

Cauka 5 — PagHo k0510 meHTpr(yraaHe TypOOIyMIIe Y CBOM pagHoM okpyxkemy (1)

['yOutke ycnen Tpemwa IUCKa MOXKEMO HOAETUTH Ha TYOWTKE Ha LMWJIMHAPUYHO] (YEOHO)) MOBPIIMHU
pamHOr Koia M Ha ryOuTke Ha OOYHMM NOBpumMHama pajgHor koma. Illto ce tnue ryburtaka Ha
MWIMHAPUIHO] TIOBPIIMHHU PAJAHOT Koya Ae(UHNCAHH Cy Kao IPOM3BOI MOMEHTA Tpema KOju JIelyje Ha
NOMEHYTY TIOBPLIMHY U YraoHe Op3uHe pagHOT KOoJia!

Pcch'C()

['y6umm Ha 00YHMM CTpaHama pagHOT KoJia ce MOTy AeQHHHCATH Kao MPON3BO MOMEHTA TPEHha KOjH
JieNyje Ha OOYHEe CTpaHe M yraoHe Op3uHEe PaHOT KoJjia:

P D — M p W
Konauno ce YKYIIHHU Fy6I/IHI/I yciaena Tpewa AuCKa Mory ,[[e(i)I/IHI/IcaTI/I Kao Cﬂeﬂehﬂ 36I/Ip:

PR =PC+ 2PD

MexaHu4YKH ryOMIIH Cy MOCIIENIA TPekha n3Mel)y MOKpEeTHHX U HeMTOKPETHHUX JIelIoBa ieHTpudyramHe
TypOomammae. Mexanndke TyOUTKe MOKEMO TIOJICTTUTH Ha TYOUTKE yclie Tpema m3Mel)y BpaTtmia u
JIe)KajeBa U Ha TYOUTKe yClie]] Tpeba n3Mel)y BpaTuia v 3anThBayda, OJJHOCHO:

PM = PL+ PZ

IIpu uemy ce y o0a cinyyaja TyOuI padyHajy Kao IPOU3BOJ MONYIPEYHUKA BPAaTHUIIa HA MECTY TJe Ce
Haja3u OJIroBapajyhu HEMOKPETHH €IIEMEHT, CHJIE TPEHha Koja MIeyje Ha TIOBPIITMHN KOHTAKTa U yTaoHe
Op3uHe BpaTuia:

PL,Z =T'Ftr'(l)

[MocMmatpajyhm cnuky 6 Ha K0joj je MpHKa3aH TOK €HEprHje y jeqHOj HeHTpU(yranHoj TypOomyMIH,
MOYKE CE€ YOUHUTH Jla IOCTOjU pas3iinKa n3Mel)y cHare Kojy je eJIeKTpOMOTOp OZa0 M OHE KOjy je paaHu
hmywnn mpumuo. Ta paznuka n3mely HOMEHyTHX CHara je mocieuia IOMEHYTHX SHEPTH]jCKIX TyOnTaKa
KOjH c€ JIellIaBajy TOKOM pajia yMIIe.
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Quaun JI. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

Cnuka 6 — Tok eHepruje y rienTprdyraiHoj Typoomymiu (1)
rze cy:
P - cHara kojy o/1aje eJIeKTpPOMOTOP
P; - yHyTpallitha cHara nymie
Py, - caara pagHor Ko0Ja
Py, - HETO cHara paJiHOT KoJia
Py - cHara kojom ce oborahyje pagau hiaynmg
P,, - MEXaHUYKH TYOUIM cHAre
Py - ryOuiu cHare ycien Tpema JIMcKa
P,;, - BOIlyMETPHjCKHU r'yOUIN CHare

Py, - XuipaynuvHu ryOuIM cHare

OnHoc cHare kojoM ce oboraliyje pajiHu (IIyHI ¥ CHAare Kojy 0/1aje eJIEKTPOMOTOP Ha3UBaMO CTEMEHOM
KOPHCHOCTH TIyMIle, 32 KOjU C€ YBEK TEKH Ja JOCTHUTHE BPEIHOCT LITO ONMKY jEOUHUILIM, ald Y
PEeaTHOM CITy4ajy je YBEeK MamH O] jeIUHUIIE.
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Quaun JI. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

1.5 KABUTAILIMJA

Jako OWTHa KapaKTEepUCTHKA MPH NPOjeKTOBalY LEHTpU(YragHe TypOOmyMIe Ha KOjy je HOTpeOHO
00paTUTH NaXKBY jeCTe MPUTHCAK pagHor GUIyHaa Ha yiiasy y paaHo kojo. [IpeBuilie HUCKA BPeIHOCT
YJIa3HOT TIPUTHUCKA MOXeE MPOY3POKOBATH IM0jaBy KaBUTANMje, KOja WMa HETaTWBaH YTUIQ] HA Paj
ueHTpudyraine Typoonymie.

VYKONIMKO MpH KOHCTAHTHO] PAIHO] TEMIIEpaTypH, IPUTHCAK PATHOT (IIyHIa MajHe MCHIOM BPEIHOCTH
MIPUTHCKA KJbydama, nohu he 1o JmokamHOT Kiby4ama pajHOT (IIyHaa, OJHOCHO IO JIOKATHE T0jaBe
Mexypuha pagHor ¢uynia, koju BpahameM y 00J1acT BHUILET MPUTHCKA HINYE3aBajy, TOMEHyTa I0jaBa
Ce Ha3MBa KABHTALMjOM.

Paznmukyjemo Tpu kaBuTaImjcke Qase:

e [IloyerHa kaBUTAaNMja — MUHUMAJHA KOJMYMHA MeXypuha pajHe T€YHOCTH, IPOMEHE y paxy
neHTpudyragHe TypOOmyMIie Cy HepUMETHE.

e Jle1MMHYHO pa3BHjeHA KABUTALMja — Mamba KOJIMYMHA MeXypuha pajiHe TeYHOCTH KOjH UMajy
yTHIIa] Ha paj ueHTpudyraiae TypOoOmyMmIie, jaBibajy ce Mambe MyJcanrje y paxy U IIyMOBH.

e IlornyHo pa3BujeHa KaBHTalHja — BeJIHKa KOINYMHA MeXypuha pagHe TeUHOCTH, jaBibajy ce
BENMKEe MyJicallMje y paay W IIyMOBH, Tana je Hemoryhe ympaBspaTH HEHT(HUTYATHOM
TypOomyMIom.

[Topen moMeHyTHX HEMPABHUIIHOCTU y Pajy KOje W3a3MBa KaBUTAIIM]a, TOCTOJH U HECH YTHIIA] HAa PaJHO
KOJIO KOjH je MOKJa W HajBehm pasmor omacHocTH KaBuramuje. llpum mojaBu Mexypwha y pamHOj
TEYHOCTH HA YJIa3zy y paJHO KOJIO HEeHTpU(yraiHe TypOOoIyMIle Mebha Ce lbeHa XOMOT'€HOCT, IIPH YeMy
JI0J1a3u JI0 paszapama pagHor koja (Hajuerrhe joma jionaTuina). Ha ciuiy 7 je AaT yTHIA] KaBUTAILH]je
HA JIOTIATHIIE PAJHOT KOJa:

Cimka 7 — YTH1aj KaBUTaImje Ha pagHo Koo HeHTpudyranHe Typoonymre (3)

Ha ocHOBY HamucaHOT ce MOKe 3aKJbYUUTH Ja je moTpeOHo 00e30enutn onpelheHy KOJIHYHHY CTpYjHE
€Hepruje Ha yia3y y paiHo KoJo HeHTpuyraiHe TypOomyMIie Kako O ce n30eria mnojaBa KaBuTaluje.
Pasnukyjy ce aBe BenmuMunmHE OJ KOjUX 3aBHCH Oa ju he nohw A0 KaBUTHpama pajHe TEYHOCTH:
KABUTAIMjCKA pe3epBa MyMIle 1 KABUTALMjCKa pe3epBa IMyMHOT NMOCTPOjerbha.
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Qunun J]. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

KaBuranujcka pesepBa mymie IpencTaB/ba MUHUMAIHH BHUIIAK CTPYjHE CHEpPrHje, V OJHOCY Ha
KPUTHYHY TPUTUCHY €HEPTHjy MpH KOCHTAHTHO] paJHOj TEMIIEpaTypH, KOjy je MoTpeOHO 06e30enuTn
Ha yJ1a3y y IyMITy Kako He O JOILIo J0 nojaBe kaBuTanyje. KaBuramujcka pezepa mymrie aeuHrcana
je cnenehuM m3pazom:

CZ
NPSEp = <%+ %)— %D

IpH YeMmy je:

NPSEp - kaBUTaIujcKa pe3epBa ImyMIie
% — IpPUTUCHA eHepruja pagHor ¢Jyu/ia Ha yJiasy y nyMIy

2
c
% — KMHeTHWYKa eHepruja paJHor ¢pJynaa Ha yaasy y nymiy

Po _ MPUTHCHA eHepryja K/bydama pagHor GJyu/ia Ha paJHoj TeMIlepaTypu

KaButanujcka pesepBa nyMIHOI NOCTPOjema MPE/ICTaBIba BUILIAK CTPYjHE eHepruje pagHor Guyuia,
y OJHOCY Ha KPUTHYHY NPHUTHCHY CHEPTrHjy, KOjy jé IaTo IyMITHO IOCTpOjelhe Y MOryhHocTH 1a
00e360emu. KaBuranujcka pesepsa myMITHOT TOCTpojemwa AeduHucana je uspasom: (1)

Po —Pp ,
NPSEgp = T_ g'Hugeo_rnu'V2

IpH Yemy je:

Po .
— — MPUTHCHA eHepryja Ha MOBPIIUHU PaJHE TEUHOCTH Y YCUCHOM pe3epBoapy

I%D — NPUTHCHA eHepruja K/by4darma paJHor Gpuynia Ha paiHOj TeMIIepaTypH

Hygeo — yCHCHa reofie3ujcka BUCUHA Typ6omymie
m,, — KoeUIMjeHT YCUCHOT LleBOBO/a
V — NpoTOK pajiHe TEYHOCTH KPO3 IieHTpUdyrasHy Typ6onyMiy

Ha ocHOBY MOMEHYTHX BEJIHMYHMHA CE€ MOXKE YCIOCTABUTH YKYITHO TPH yCJIOBA O] KOJUX 3aBHUCH I10jaBa
KaBHTAIHj€:

NPSEp = NPSE  p - pajiHa TEYHOCT je Ha TPaHUILM KaBUTaALHje
NPSEp > NPSE 4p - pagHa TedHocT he KaBUTHUPATHU

NPSEp < NPSE  p - pagHa TedHOCT Hehe KaBUTHUpATH
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Qunun J]. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

1.6 INNPEAHOCTHU U HEAOCTALIHU HEHTPU®YI'A/THE
TYPBOITYMIIE

[Ipennoctu nenTpudyramse Typoomymre:

JenHOCTaBHA KOHCTPYKIHMja, Majdud OpOj MOKPeTHHX AeJ0Ba — ICHTpU(YyTaTHA ITymIia
KapaKTEepUCTHYHA j€ IO TOME IITO MMa BeoMa Maiu Opoj MOKPETHHX JAEI0Ba, PagHO KOJIO U
BpAaTUIIO, Ca CMaleHUM OpOjeM MOKPETHHUX JIeI0Ba CMamyje ce Opoj AeoBa KOjU Cy HOI0KHH
xabamy, a CaMUM THM C€ U MPOIYKyje panHu BeK HeHTpudyramae typoomymme. lITo ce Tnye
U3APKJBUBOCTH PAJHOT KOJa Kao W3BPIUIHOI PaZHOT OpraHa, pajiHUW BEK PpaJHOr Konla je
peNaTUBHO Jyravak U 3aBUCH O]] I0jaBe KaBUTAIIMje IPU Paly caMe IyMIIe, IITO je KaBUTaIllyja
ydecTalija Tako je ¥ pajHu Bek Kpahmu.

JegHocTaBHa peryjanuja paga ueHTpudyrajine Typéomymime — YKOJIUKO je TOTPEOHO
perymucaté paa IHeHTpudyramHe Ttypbomymme, TO je Moryhe jeTHOCTaBHO OCTBapHUTH
peryJaluoOHUM BEHTUIIOM, LITO je HApaBHO Mamkbe EKOHOMUYHA BapHjaHTa, UM IPOMEHOM Opoja
00pTaja y3 momoh (peKBEHTHOT peryJaTopa, IITo j¢ Hajueic eKOHOMUYHU]ja BapHjaHTa.
JlupekTHa Be3a ca MOTOHCKHM eJIeMEHTOM — ICHTpU(yragHa TypOomyMmIma je TUPEKTHO
CTOjeHa ca TOTOHCKMM eJIeMeHTOM (Hajuemnhie eleKTPOMOTOPOM) 3ajeJHUYKUM BPATHIIOM,
OJTHOCHO HE TIOCTOjH MOCPEIHH eIeMeHT (TPUMep CUCTeMa MOTyTra KOJI KIHUITHE ITyMIIE).
PesiaTuBHO THX U MHUpaH paa — ynopehusajyhu nearpudyranny TypOoonymIiy ca Ha pUMep
KIUITHOM IIYMIIOM, Fb€H paj] je 3HaTHO THIIM W MUPHHjH 300T yUecTaTWjuX ajlh U MamHuX
myJcaiyja Koje cy TEIIKONPUMETHE Kao U 300T KOHTUHYaJIHH]ET pacropeaa Maca.

Moske TPAaHCIIOPTOBATH BeJIMKH Opoj BpcTa pagHux ¢Guynaa — neHrpudyraisa Typoomymma
MO)KE TPaAHCIOPTOBATH BEJIWKE BapHjalldje y BHCKO3HOCTH (Iywaa, OMHOCHO MOTY Ja ce
KOpHUCTE 3a TPAHCIOPT BOJE Kao Mame BHUCKO3HOT (IyWia, aju Takohe W yJjba Kao BHCOKO
BUCKO3HOT (uynza. [Topes moMeHyTor, MOTY TPaHCIIOPTOBATH (PIIyHe 3a YBPCTHM IPHMeEcama
(pymapcke mymre).

Beauke cHare 3a MaJie rabapuTHe Mepe — [ICHTPU(YTaIHe TYpOOIyMIIe Cy YIIIaBHOM MaJuX
rabapuTHUX Mepa, IPU YeMy MOTY OHUTH ITOTO-EHE €JIEKTPOMOTOPUMA BEJIMKHUX CHAra.
MoryhHoCT XOpH30HTa/IHE U BePTUKAIHE MOHTaMXKe — KOJI IICHTPUPYTATHUX TYpOOITyMITH
KapaKTEPUCTHYHO j€ TO Ja Ce MOPEeA XOPH3OHTAIHOI I0JI0XkKaja MOTOHCKOT BpaTHJIA, MOTY
MOHTHpAaTH W y BEPTHKAJIHOM TOJIOXajy, WTO ce Hajhemhe mpuMemyje y HHIYCTPHjCKHM
MOCTpOjelUMa Kajla HeMa JIOBOJbHO IPOCTOPA 32 XOPU30HTAIIHY MOHTAXKY.

ITopen Bemukor Opoja nmpeaHOCTH eHTpUdyTaTHE TypOOoIyMIie, ocToju 1 onpeler Opoj HemocTaTaka

UCTEC:

YraaBHoM ce u3palyjy kao HecamoycucHe — 300T opel)eHnx 3axTeBa MyMITHOT OCTPOjeba,
HHje YBeK Moryhe neHTpudyrainy myMiny M3BECTH Ka0 CaMOYCHCHY, IITO 3HATHO KOMITUKYje
MPOIIETyPY HEHOT CTApTOBAbA, jep jy j€ TOTPEOHO MPETXOMHO UCIIYHUTH PAJTHUM (DITyHIOM.
Yaa3Hu NPUTHCAK je OrpPaHUYeH MOjaBOM KaBHTAalHje — MPH NPOjEKTOBAamY ITyMITHOT
MOCTPOjera MOTPEOHO je OOPaTUTH MKy Ha YIa3HU MPUTHCAK IEHTpHu]yTamHe TypOomymIe
KOju HEe cMe OWTH mpeHn3aK 300r MOryhHOCTH I10jaBe KaBUTAIIH]eE.

JenHoctenene ueHTpudyrajgHe TypOomymMme He MOIY HeKaJ OCTBAPUTH TPpaKeHe
NMPUTHCKE — Y OBOM CJIy4ajy ce npuberaBa pemiewny y oOJIMKY BHIIECTEIICHE IIeHTpHdyraiHe
TypOomymrie, Ha Taj HauWH ce moBehaBa Opoj pamHUX Kosia WTO je mpaheHo BHIIOM LEHOM
yMIIe, TOTPeOOM 3a jaurM MIOTOHCKUM arperatoM, BehuM nuMeH3ujama, uT/l.

3axTeBHO oap:kaBame — 300I KOHTHHYalHEe MoTpede 3a pagoM MyMmIie, MoTpeOHa je uecta
3aMeHa JIeXKajeBa, 3alTHBada U IPYTHX JIeTIOBa KOjU CY TOJIOKHH Xa0amy.

I'youtak nepdomancu npu TPAHCIOPTY BUCKO3HMX (Iynaa — ca noBehameM BHCKO3HOCTH
dbayuaa cMamyjy ce nepomance neHTpudyraiHe Typoomnymrie.
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Qunun J]. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

e Bucoka 0ceTJbHBOCT HA racHe YK/byuke y (UIyHammMa — BpJO 4YeCTO je TMOTPeOHO
TpaHCIOPTOBaTH pagHe (uyuae ca oapel)eHOM KONMYMHOM TracHHX YKJbydaka KOjH HMajy
pasapajyhe mejcTBO Ha paaHO KoJio HieHTpudyramde Typoomymre. (4) (5) (6)
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Qunun JI. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

2. AUMEH3UOHUCAIGE HEHTPUD®YT'AJIHE
TYPBOIIYMIIE

VY nHactaBKy Tekcta he 6Wth mar mpopadyH neHTpudyramHe TypOOmyMIie, Mpu 4eMy je MPETXOIHO
MOTPeOHO YCBOJUTH BPEIHOCTH Hamopa W IPOTOKa KOje OCTBapyje MeHTpudyTaaHa TypOOITyMIIa.
YcBajajy ce ciieaehe ocHOBHE KapaKTEpUCTHKE IICHTpU(YTraliHe TypOomyMIe:

kg

e Pannu ¢pnyun: Uucra Bona, rycture 1000 —
m

3
m

e [Iporok: 0,025 —
S

e Hamop: 100 ki
g

0
e bBpoj oOpraja: 1450 —
min

2.1 OAPEHBUBAILE BPCTE IIYMIIE U lbEHE KOHCTPYKIHUJE

IToTpebHO je ogpenuTy cCeMUUIHY yIeCcTaIoCcT 00pTama:

05
_nVv

N, = —37
sV YO.75

n, =725-2
min

3anpeMHUHCKY CTETICH KOPUCHOCTH ce yCBaja y ciaeacheM nHTepBaty:

77\/ = (Ol 95_01 98) ) 77\, = O, 965

Ha ocHOBY neuHHCaHOT 3alIPEMUHCKOT CTEIIeHa KOPUCHOCTH MOXKE C€ OJPEAUTH CTBAPHU IPOTOK KPO3
paznHo Koo ueHTpudyranHe Typoonymme:

. y . 3
Ve=Y V. =0025007 ™
n, s

DUKTUBHM NPEYHHK HA yJIa3y y PaJHo KoJlo ce oxpelhyje Ha cienehu HaunH:
, 60
Dy, =k Vi —)%%%5%%.1000, npu wemy je Kk, = (1,02-1,15)
n

3a k, =115, D, =117,69642 mm
Yenaja ce na je Dy, =118mm.

Xunpayauiky CTETIIeH KOPUCHOCTH c€ ycBaja y ciueachum rpanuiama:

1, =(0,9-0,95), 7, =0,93
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Qunun J]. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

Ha ocHOBY xuJpayauuKor cTelleHa KOPUCHOCTHU C€ MOXKE OJPEAUTH PEAIHU HAllop paJHoOr Koja:

Y, =Y v, —107,526882-

Mh kg

CreneH KOPUCHOCTH yCIIe/ Tpemha pagHor (iIyuaa o Criojballikbe OBPIIMHE PaaHOT Kojia ce oapehyje
Ha cneaehn HauMH:

1
1+&;

3a &, =0,05, 7, =0,952381

, ipu wemy je & =(0,01-0,1)

ue

MexaHUYKY CTeNeH KOPUCHOCTH ce yCBaja y cienehumM rpaHuiiama;
n,=(0,9-0,95), n, =0,93

YKyIHU cTeneH KOPUCHOCTH ce ojipeljyje Kao MPOU3BO CBUX MOMEHYTHX CTEIICHA KOPUCHOCTH U
Tpebdanmo Ou Aa ce Hajmasu yrpanumnama ox 0,55 mo 0,8.

n=n.-n,n,1 , n=0,794884

Ha ocHoBy nedurHICaHOT YKYITHOT CTENIEHAa KOPUCHOCTH Moryhe je oApenTH cHary Ha ynasy y
OyMIY:

p-V-Y

P= , P =3,145112kW

2.2 OJIPEBUBAILE OCHOBHUX MAPAMETAPA HA YJIA3Y ¥
PAZIHO KOJIO

Ha ocHOBY sieduiHHCaHOT CTBAPHOT MPOTOKA KPO3 PAJHO KOJIO U IehUHUCAHOT (DUKTUBHOT MPEUHUKA
Ha yJla3y y paaHo Kojo, Moryhe je oapeauTn Op3uHy Ha yiIa3y y pagHo KOJIo:

Vi m
Co=4——* c,=2368966—
° D10z " s

MaxkcuMmanHa cHara Ha yniazy y pagHo KOJo:

P =Pk, k, =(11-12)
3a k, =115, P, =3 616879kW

Ha ocHoBy MakcumainHe cHare Moryhe je onpeautu peepeHTHH MOMEHT yBHjama:

P... -1000-60
M, =" ——— M, =23,819756Nm
2:n-zw
YcBajameMm MaTepHjana Bpatuia, Moryhe je aeduHicaTi JO3BOJLEHN HAIIOH Ha YBHjabe:

3a marepujan C0645: 7 =(30—50)MPa, 7 =40MPa
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Qunun J]. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

OUKTUBHY NMPEYHHK BpaThIia IymIe Moryhe je opeTuT Ha OCHOBY pe(epeHTHOT MOMEHTA YBH]jamba
Y JI03BOJCHOT HAIlOHA Ha yBUjabe:

d= (L'\/Ite)"'3333 -1000, d =14,475521mm
m-ty-l

Ha ocHOBY (MKTHBHOT IIpeYHHKA BpaTHiIa TyMIie Moryhe je ofpeIuTH CTBapHH MIPEYHUK BpaTnia
IyMIIe, yCBaja ce MpBa CTaHIapJHa BPEJHOCT IPEYHUKA BpaTHIa:

d,=(11-12)-d, d,=115-d

JloGuja ce na je ctBapua BpeaHocT npeunnka Bpatina 0, =16,646849 mm, nok je npra Beha
cTaHAapJaHa BpeaHocT 20mm.

d, =20mm
[Ipenux riaBunHe pagHOT Koja ce oapelhyje Ha cienehu HaunH:
d, =(L2-14)-d, d, =13-d
d, =26mm

[peuynuk Ha ynazy y pagHo KoJo je neuHucaH Ha cieaehu HauuH:

4.V

D, =(d,*-10° + )°®-1000, D, =120,83046mm

7-C,
yeeaja ce: Dy =121mm
TIpeuHNK HA KOMe [OUMEbE yla3Ha HBUILIA JONATHLE:
D, =(0,8-1)-D,, D,=0,9-D,
D, =108,9mm

Mepuanjancka Op3uHa HEMOCPEAHO Mpe]] yila3Hy UBUILY je jeAHaKa Op3MHU Ha yJasy y pagHy KoJjo,
OJIHOCHO:

m
Cy =G, =2,368966 —
S
IIupuHa pagHOTr KOJa Ha ynasy:

106
b, =10y 31 965106mm
n-D;-C

m'

Mepuamjancka KOMIIOHEHTA arcoyJTHe Op3uHE je nedrHrcana Kao:
Clm :kl'clm' J ki :(111_112)

3a k, =115, ¢, =2,724311 "
S
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OobumMcka KOMIIOHEHTa Op3MHE Ha YJIa3HOj MBHIH JIOTIATHIIE CE MOXKE OJPEAUTH Ha OCHOBY MTPEYHHKA
yITa3He UBHIIE JIOMATHUIIE U YTaoHe Op3uHE, OJHOCHO Opoja oOpraja:

u, = D1-10‘3-7z-%, u, =8,267886"
S

VYa3Hu yrao jonartuie:

Bu=B+By. 3B, =3-9)

B, =arctan (Cl—”‘J 180 , B, =18,237315°
u ) #

3a 0f3, =4,654, B, =22,891315°

PenaruBna Op3uHa CTpyjama Ha yia3y y pajHoO KoJio ce neduHuIle Ha ciaenehn HauuH:

— Gm W, =7,003652"
S

W, = _ p=
Sin e
(B 10)

2.3 OJPEBUBAILE OCHOBHUX TAPAMETAPA HA U3JIA3Y U3
PAJHOT KOJIA

O6umMcka Op3uHa Ha M3j1a3y U3 pagHOT KoJja:

:/Z'Y, ~(1-12
& - & ﬂ( ( 11)

3a ¢ =11, u, =13,982254
S

Ha ocHoBy n3pauynare obumMmcke Op3uHe MOTyhe je OapennTy U3JIa3Hu MMPEYHHUK PaTHOT Koja (MPBO
MIPHUOITIKEHE ).

D, — 42601000 'y _ 154 166467mm

-Nn
Mepuaynjancka Op3nHa (PUKTUBHOT PAJHOT KOJIa HEMOCPEIHO Ha M3J1a3y U3 PAIHOT KoJa:

Com = (0! 7-0, 8) “Cp v 3a Gy = 0,8 Cin
¢, =1, 895173%

MepuaujaHcka Op3uHa Mpe/] U3Ia3HOM MBUIIOM PAJHOT KOJa C€ MOXKE OJPEAUTH MPEKO MEPHIHjaHCKE
Op3uHEe GUKTUBHOT PaJHOT KOJa:

Com =Ky *Cory, K, =(1,05-11)

3a k, =11, ¢, =2,08469"
S
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PenatuBHa Op3nHa Ha M3Na3y U3 PaJHOT KoJia ce padyHa 1o cienehem nspasy, npu yemy ce 3a
BpPEIHOCT ¢ Hajuenthe ycBaja BpeaHocT 1,5.

WZZ\M, a=15
a

W, =4, 669101%

W3na3Hu yrao jonatuie ce Mo)ke 3padyHaTH Ha OCHOBY pelaTuBHE Op3uHE Ha U3Ja3y U3 pagHor
KoJa:

. VA
Wl : kz “Com 'Sm(ﬂll 180] 180

B, =arcsin
W, -k, -C T

B, = 26,518474°

Taxohe ce penatuBHa Op3rHa Ha W3Ma3y U3 PaAHOT KoJia MOKe M3padyHaTH Ha cienehu HaunH:

C
—m W, =4,6691010
S

W, = .
sin N

Bbpoj nomaTuma pagHOT KoOJa:

B+ Bo) o
zoz(G,S-Mj-sin YT 180 | 7, =10,577834
D, - D, 2

3a Opoj momaruia ce y3uma IpBsa 1ejia BpeaHocCT, 1a je:
z,=11

Koedwumujent Buckoznoctu ce oapehyje npema cienehem uzpasy:
vi=k, {1+%}, k, = (0,65-0,85)

3a kW =0,75, y'=1,081481
Cratnyku MOMEHT CPEIEh-¢ CTPYjHE JIMHH]C:

B D2.2 _ D12

S , §=2,75726-10°

Hanop panHor kona ca 6eckoHa4HO MHOTO Jionatuiia ce onpelhyje npema cneaehem uzpasy:

Y
Yth = (1+ p)_

h

[Ipu uemy p npencrassba nonpasHU KoeduuMjeHT o Pnajaepepy u padyHa ce Ha cieaehn HauuH:

D 2
p=w'~( 2 j p =0,30235
4-7,-5
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I1a je Hamop pagHOT Kojla ca 6ECKOHAYHO MHOT'O JIONaTHLIA!

Y,, =140,037608 i
kg
O6uMcKka Op3uHa Ha W3/1a3y U3 PaTHOT Kojia (Ipyro MpHOINKEHhe):
2 0,5
u, = Com 1Y, |+ Cam u, =14,105641"
T T S
2-tan — 2-tan —
(P i)
M3ma3Hu npeyHuK pagHor KoJia (Ipyro IpHOImKeme):
p, = %00-1000 1y _ 185 791650mm
n-z

I'pemika koja ce jaBiba:

S= [ DZ'D_ DZj-loo, O =—0,882455 %

N
IlTupuHa pagHOT KOJa HA U3J1a3y:

V. -10°
b, =—*——, b2 =21 290956mm
7-D,-c,,
3a mupuHY paJHOT KOoJia Ha M3j1a3y y3UMa ce MpBa Iejia BPEHOCT 1 je:

b, =21mm

2.4 TIPOBEPA YCBOJEHUX BPEAHOCTHU KOE®PULIUJEHATA
CYKEbA

o JleGJpbuHa JIONATHUIIA HA YIIA3Yy: 51 =3mm

e JleOspuHa NONaTUIIA HA U3TIA3Y: 52 =3mm

K = !  k, =1,329739
1_ Zo . 51
7 {55
1 _
kzzl_ - 5 ko =L44087
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2.5 IPOPAYYH OBJIMKA JIOITIATHULA: OBJIUKOBAIBE
MEPUAUJAHCKOTI ITPECEKA

[Torpe6HO je mpe cBera neduHUCATH JeAHOAUMEH3UjaIHy NeTJby. JenHOIMMEeH3jallHa IeTJba
: . . D
je neuHUCaHa NOYETHUM YIAHOM KOjHU j€ Y OBOM CIy4ajy ?1 =54,45mMM u mopacToM meTibe

KOjU je nerHUCaH pa3IMKOM JiBa CyCe/IHa 4aHa:

. D D
j= ?1,57,...,72 , 3aKJbydyje Ce JIa je mopacT jeqHak o/ —71 =2,55
] . Vi
r(j))=——, b(j)=
=200 "D =2yt

Tpi wemy je: G, () =t 1(j)+t,

~2-1000-(c,,. —Cyy) t—c
- v 2 T ¥2m
Dz - D1

t D,
- 12000
MemameM BPeIHOCTH | O] IIOYETHE BPEAHOCTH 71 JI0 Kpajie BPEIHOCTH 72 ca mopacTom

on 2,55 nobuja ce HU3 BpeaHocTd r(j)u b(j), mpUKa3aHUX Ha CIULHU §, HA OCHOBY KOJUX C€

[pTa MEPHUIMjaHACKH ITPECEK PATHOT KoJja:

24 _ _
2331 (i) = b{j) =
:"133 0.05445 0.031065
emlid2.125 0.057 0.030946
2056
1 a8 0.05955 0.030024
1919 0.0621 0.029189
185
0.09.05880660.076.083509170.1 0.06465 0.02843
1(j) 0.0672 0.02774
0.06975 0.027111
0.0723 0.026538
0.07485 0.026014
0.032
0.0300 0.0774 0.025536
0.0297 0.07995 0.025009
0.0286
. 0.0825 0.024701
B(j) 0.0275
——0.0264 0.08505 0.024339
0.0233 0.0876 0.024009
D'E,D‘[;f'} 0.09015 0.02371
0.09.0593.0660.075.0838.09170.1 0.0027 0.02344

(j)

Cauxa 8 — cevak u3 npopadyHa ypalheHor y nporpamckom makery “MathCad” ca mokazanum
BpenHoctuMma r(j)u b(j)
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2.6 IIPOPAYYH OBJIUKA JIOITATULA: IPO®PU/IUCAIHE
DIUJIUHAPUYHUX JIOITATULA CA JEAHAKHUM KPYKHUM

JIYKOM

p= R2+r2—2-R-r-cos([5’ lj

1 1 11 180 ’
R rzz_rlz

T T

2-(5-cos(ﬂﬂ-mj—rl-cos(ﬂn-lsojj
IIpu uemy je:

D. D

3a R=85,93354mm, p=41571879mm

2.7 IPOPAYYH CIIUPAJIE KPYKHOT NONMPEYHOT ITPECEKA
[ToTpe6HO je onpeauTy NPeYHUK MOYETHOT Kpyra crupae:
D,=(1,06-1,08)-D,, D, =1072444-D,,
D, =199,251143mm
VcBaja ce ce IpBa 1eJIa BPeIHOCT 3a PEYHUK OYETHOT KpyTa CIIHpaJle, OHOCHO:
D, =199mm
IIupyHa pajHOT KoJa Ha yia3y y PajHH KaHal:
b, =h, +(0,02-0,05)-D,, b, =b, +0,0381-D,,
b, = 28,078662mm
VcBaja ce MpBa 1eMa BPEIHOCT 32 MUPHHY PATHOT KONa Ha YiIasy y PaHH KaHal, OTHOCHO:
b, =28mm

Jumensuje cimpanHor kyhumra ce 7001jajy AeduHrCcameM BeroBoT MoMyIpeYHrnKa Ha
HPOU3BOJEHOM YIIIY:

. 4G)  [2-¢(i)-D,-107° . N
p(l)—{K'+\/ K }1000,¢(I)—1O i,i=12,..,36

[IperxomHoM jeqHaunHOM Ne(h)UHUCAH j€ MOIYIPEYHUK KPyra KOjU ce A00H]ja MpecenameM CITUPaTHOT
kyhuira npu paznuuntum yriosuma. JleduHucano je ykymHo 36 ,,mofeoka’, 0THOCHO YKYIIaH yTao Of
360 creneny je noaebeH Ha 36 Moae0Ka Ha yraoHoM pactojary o 10 crenenn. Bpennocr K' koja ce
jaBipa y u3pasy 3a NOIYNPEHUK MPeACTaBIba OP3NHCKH MOMEHT aeduHucaH cienehum u3pasom:

. 720760 Y.

K , K'=6,407119-10"
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[Ipomenom Opojava i =1,2,...,36 106ujajy ce BpeIHOCTH MpUKa3aHe Ha CIUIHN 9:

i= (i) = pld = r(f) =
1 10 2.729155 110.958309
2 20 8.193676 115.887351
3 30 10.121084 119.742168
4 40 11.770462 123.040924
3 30 13.242164 125.984328
& 60 14.587656 128.675313
7 70 15.837514 131.175028
8 a0 17.011657 133.523314
9 a0 18.123922 135.747845
10 100 19.184385 137.86877
11 110 20.20065 139.9013
12 120 21.178626 141.857252
13 130 22.123013 143.746025
14 140 23.037619 145.575238
15 150 23.925585 147.35117
16 160 24.789535 149.079071
17 170 25.631689 150.763378
18 180 26.453944 152.407887
19 190 27.257936 154.015873
20 200 28.045091 155.590183
21 210 28.816657 157.133314
22 220 29.573735 158.647469
23 230 30.317301 160.134603
24 240 31.048229 161.596459
25 250 31.767301 163.034602
26 260 32.475221 164.450442
27 270 33.172627 165.845253
28 280 33.860097 167.220194
29 290 34.53816 168.57632
30 300 35.207298 169.914597
31 310 35.867955 171.235909
32 320 36.520536 172.541072
33 330 37.165418 173.830836
34 340 37.802949 175.105897
35 350 38.433449 176.366899
36 360 39.05722 177.614439
st mm mm

Cauxa 9 — Hceuak u3 npopauyHa ypaheHor y nporpamckom nakery “MathCad” ca mokazanum
BPEIHOCTHMA MOTPEOHUM 33 MOJICITHparhe CrupanHor kyhurira

Bpeanocr [ (1) mpencrapsba momympedHuK KOjiM je AeMHUCAH MOJI0XKA] CIOJbAIIELE TAUKe

NOTPEYHOT Tpeceka crupaie. JledhuHncad je cienehnM U3pazom:

) =—>+2: ()
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3. INIOCTYINAK U3PAJE MOJEJIA
HEHTPU®YT'AJIHE TYPBOIIYMIIE

[IperxomHOM TaukoM je MedUHICAH TOK AUMEH3UOHKCAka IeHTpUdyTaiHe TypOoIryMIe, OTPeOHO je
00jaCHUTH KaKO C€ Ha OCHOBY MOOHjeHHX BPEeIHOCTH u3pal)yjy MOJAEIH PaaHOT KoJjia U CIHPATHOT
kyhurra y nmporpamckom makety ,,CATIA®.

3.1 U3PAJIA MOJEJIA PAJTHOT KOJIA

ocmarpajyhu cmuxy 8, Bpeasoct I'( ) mpexncrasimsa pacrojame kpyra npeunnka D( ]) ox oce Bpatina
10 BEPTHUKATHOM TIpaBILy.
Kon n3pane mozena panHor Koja ce IHOYME-E Off M3pajae CKUlle Koja he ce KacHHje MCKOPUCTUTH 3a

KoMaHny ,,Shaft“. Xopusonranna oca ckuile he ce mocmarparti Kao oca BpaThia Ha KOje Ce MOHTHpA
pagHO KOJIO, Tajla ce U3HAJ Te Oce LpTajy JBe Tauke, IpBa Tauka Ce Hala3u Ha PacTojamy jeIHAKOM

spemnoctu I'(]) 3a xpyr HajMamer mpeunnka (IPOTOYHH IpeceK PajHOr KONa ce cMamyje ca
nosehameM pacTojama 01 0ce BpaTHia), 10K ce Jpyra Tauka Hajaa3| Ha pacTojamy jeIHAKOM BPEIHOCTU
r(j) sa xpyr majseher mpeunnka. XOpH3OHTATHO pacTojame n3Mel)y IOMEHyTe IBe Tauke je

MPOU3BOJHHO, AJTH CE MOpa HAJA3UTH y pealHuM rpanunama. [1ooxaj moYeTHUX Tayaka Ha CKHUIIM 33
KomaHy ,,Shaft” je gar ma cnumm 10.

Canka 10 — [onoxxaj moyeTHUX Tayaka Ha CKULH

Haxon npTama MoYeTHUX Tadaka Kpo3 TauKy Koja ce Hajla3u Ha BeheM pacTojamy O oce BpaTuiia ce
[pTa BEpTUKaJIa, OTHOCHO MOMONHA JIMHHUja Koja je HOpMaJIHa Ha XOPH30HTaIHY ocy. Kpo3 npyry Tauky
ce npra noMohHa IMHHja KOja ce Halla3zu Moj yrioMm o 45° y ofHOCy Ha ocy BpaTHia (yrao Moxe
BapHpaTtu y rpanuiiama on 45° no 60°). Hakon nprama nomenyte qBe momohHe nuHUje (Ha cimiy 11
Cy Mpe/CTaBJbeHE UCIIPEKUIAHOM JIMHI]OM) LIPTa ce KpUBa JInHHja y3 momoh komanze ,,Spline* kojy je
nOTpeOHO OTPaHWYUTH Ha cienehn HaumH (mpuka3an Ha ciuy 11):

e Kpajme Tauke IOMEHYTE JIMHKUjE Ce MOPajy MOKJIANAaTH ca MPETXOIHO HAIPTaHUM TaduKaMa
npeacTaBbeHUM Ha ciuiu 10.
e JlomeHyTa KpuBa JTMHKja MOpa Aa Oylie TaHTeHTa Ha JeHuHUCaHe ITOMONHE JIMHHjE.
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=

Cauka 11 — [pukas nomohHHX JMHUja U A0OWjEHE JIUHUje ca MOTPEOHUM OrpaHUYCHIMa

Hobujena nunuja (mpencraBibeHa OenoMm OojoM Ha ciauuu 11) mpeacraB/ba T€OMETPHUJCKO MECTO
LEHTPANHMX Tauyaka Kpyropa umje cy aumMmensuje nare speasoctuma D(]). Jledpunucanum

TEOMETPUjCKMM MECTOM Tadaka je JeduHHCcaHa XOPWU30HTaTHa KOOPAWHATA CBaKe IICHTPAIHE TauKe
MMOMEHYTHX KpyroBa, Ha OCHOBY yera ce 3akjbydyje lla ceé Yy NpEeceKy XOPH30HTaJHE JHMHHUje Ha

oaroeapajyhem pacrojamy I'(]) ox oce Bpatiia u 106ujeHe IMHMje HANA3K LEHTap Kpyra AeduHACAH

oarosapajyhum npeuarnkom D( ]) . Lipramem cBux kpyrosa umje cy AuMeH3Mje neUHACAHE CIUKOM 8,

nmobuja ce CKHITa puKa3aHa Ha ciaumy 12.

Cauka 12 — Ckuua ca HaIpTaHUM CBUM KPYTOBUMa 4Hje Cy IMMEH3H]je AeUHUCAHE TPOPATyHOM
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Crnenchu xopak jecte ma ce y3 momoh xomanse ,,Spline” manprajy xpruBe Koje TaHTHPajy CBakH O
HaIPTaHUX KPYroBa, IIOMEHyTE JBE JIMHHjE INPEICTaBJbajy TPaHUIE KaHala Kpo3 Koje Teue pagHd
¢nyun. Ilomenyre nuHHMje je majbe MOTPEOHO HANOTPAAMTH Ha TakaB HA4YMH Ja ce JOOWjy KOHType
TIONIPEYHOT TpeceKa PagHoT KoJia, Bojehn pauyHa o MPEYHUKY BpaTUia U MPEYHUKY TiiaBunHe. Takohe
MIPETXOIHO HAaIpTaHe KPYToBe je MOTpeOHO AeHHUCATH Ka0 KOHCTpyKInoHe exemente. Ha cimumm 13
je aaTa CKuMIfa MOMPEeYHOT MpeceKa PaaHor Koja Koja je HaMemeHa 3a KoMaHy ,,Shaft®.

Cauka 13 — Ckuria Koja je HaMem-eHa 3a KoMauay ,,Shaft*

ITpumenom xkomanse ,,Shaft” ca cnemehnm mapameTpuma: oca 0Ko Koje ce poTHpa TPEIMETHA CKHIIA j&
oca H (HDirection) u yrao poranmje je 360°. IToMmeHyTH mapaMeTpu Cy TpHKa3aHW Ha ciaumu 14 y

npo3opy KoMauze ,,Shaft™.

Daxynmem unacerepckux Hayka, Kpazyjesay

Shaft Definition ? >
— Limits
First angle: |3fﬂd89 E
Second angle: IQdEQ E

— Profile/Surface

Selection: | Sketch,1 &,
[ Thick Profile

Hewerse Side I
— Axis

Seecton:

Reverse Direction I

More> = I

@ 0K I - Cancell Preview I
-

Cauka 14 — TTapametpu Komanze ,,Shaft
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Haxon xomarze ,,Shaft” nobuja ce o6nmk nprkasad Ha ciauny 15:

Cauka 15 — O6uk Koju ce 1001ja HaKOH KoMaHze ,,Shaft*

OHoO MmTO je najbe MOTPEOHO YPaJUTH jecTe Jia Ce J10J1ajy JOMATHIIE Ha JOOUjeHY ,,IIKOJbKY paHOT
kona. [IpopauyHoM cy neduHICaHN yIa3HHU U U3JIa3HU yTao JIONIATHUIIE, IOK Ce CKHUIA IIPTa Ha HEKO] O]
paBHH u3Mel)y TpHKa3aHe ABE MOBPILM PaTHOT Koja nobujeHe komanmoM ,,Shaft”. IIpopauyHom je
JneHUHUCAHO J1a je IPeYHHK Ha KOMe MOouMibe ynazHa uBuna jomatuue 108,9 mm, mro 3Hauum ga je
HOTpeOHO NPBEHCTBEHO HAIPTATH KPYT TOT MPEYHHKA, JOK CE JIONATHUIIA 3aBPIIaBa Ha IPEYHUKY PaTHOT
KOJa, OJHOCHO 3a mpeuHuky on 185,79 mm. Cnenmehm kopak jecte ga ce HaupTa KpuBa JHHHUja
KOMaHJIOM ,,Spline*, unju ce kpajeBu MOKJIanajy ca MpeTxoJHO HalpTaHuM KpyroBuma. OOJIMK KpuBe
je neduHmCcaH yna3zHuM yrioMm ox 22,891° u uzna3zHum yriom of 26,518°. Ynasuu yrao je nepunucan
Kao yrao n3Mel)y TaHIeHTE Ha HAlPTaHy KPHUBY JIMHU]jy M TAHTEHTE HA KPYT HA KOME MOYMIbE yla3zHa
MBUIIA JIOTIATHIIC, IOK j& M3JIa3HH Yrao NeQHUHUCAH Kao yrao u3Mel)y TaHreHTE Ha HApTaHy KPUBY U
TaHTEeHTE Ha KPYT MpeYHHKa paJHOT KoJia. TaHreHTe Ha KpHUBY (KpWBa je O3HA4YeHa IIaBOM 00joM) Ccy
neduHucane XyToM 00joM, AOK Cy TaHTeHTE Ha Kpyrose nepunucane oenxom 6ojom. Ha cnumm 16 je
NprKa3aHa [MOYEeTHA CKHIA Koja AeuHHIIE OOJIHK JIOTaTHIIC.

\

Cauka 16 — Ckuna kpuBe Koja euHUIIE O0IUK JIOTAaTHIIE
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Haibe je moTpeOHO neduHuCcaTH OOIUK JIOMATHIIE, OJHOCHO JAe(DUHHUCATH CKUIYy OTPEOHY 32 KOMaHIy
,»Pad“ kojom he ce u3BpiuT Moaenupame ucre. Komanmaom ,, Translate” je morpe6Ho na ce HamnpraHa
KpHBa Komupa M momepu 3a oxapeheHy BpenHoctT. Mcemamem ocTaTka Kpyrosa, W naeduHHCameM
KOHCTPYKI[HOHWX JIHHMja, M00Hja ce CKMIA KOja TPEACTaB/hba W Kpajiby CKHUIy 3a KOMaHmy ,,Pad®,

NpUKa3aHy Ha cinuuy 17.

Cimka 17 — Kpajma ckuia jonaTtuie 3a komauny ,,Pad*

Kopumihemem komanze ,,Pad” npu ueMy mocroje 1Be rpaHuIle, TOpba U JI0ha YHYTPaIllbha MOBPIIHHA
paaHor kona. OrpanudemeM ,,Up to surface™ je moryhe na ce orpanuuu ,,Pad® 3a Ha 10y MOBPIIMHY
paziHoOr KoJja, 10K Y CyIPOTHOM CMEpY TO HHje MOryhe, jep JaTa IOBpIIMHA HE MOXKE y MOTIIYHOCTH J1a
orpann4u gaty ckuiry. Ha ciumm 18 je mar oOMHMK JONaTHIle HAaKOH H3BpIIEHE KOoMaHuie ,,Pad“ u

KOpUILhieH! mapaMeTpH.

Daxynmem unacerepckux Hayka, Kpazyjesay

Pad Definition

Second Limit

< ||Type: Dimension

First Limit
Tpe: Upto surface
Limit: Shaft1\Face.3 Length:  [42mm

Offset:  [0mm

B ||uimit: Mo setection ]

[ Thick

ReversESiHe

’;eemon Sketch.3 4|5 norma to profile

Direction

Reference] No selection

~Thin Pad

O Mirrared extent

Reverse Direction |

<stess|

[Thickness1 [ Tmm ==
[Thickness2; | Omm H

0 Meutral Fiber [ Werge Ends

Q ok | @ cancel ey

Cuauka 18 — O6nuK onartuile HaKOH KoMaHe ,,Pad u mbeHn napamMeTpu

34



Quaun JI. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

Jame je mo3Haro na je Opoj snonTama 11, mTo J0BOAM 10 3aK/bydKa Jia je MOTPEOHO Ja ce U3BPIIH
KpY’KHO KOomHUpame Mo0ujeHe JomaTuile Tako Aa ce nobuje TpaxkeHu Opoj momaruma. [lomenyTo ce
octBapyje komanaom ,,Circular pattern®, ca cnenehum mapamerpuma: 6poj komwmja je 11, a yraoHo
pactojame je 32,7272°. Pe3ynrat konupama 1 HapaMeTpy KOMaH/Ie Cy IaTd Ha ciunu 19.

Circular Pattern Definition

Axial Reference | Crown Definition

Parameters: | |nstance(s) & angular spacing

Instance(s): |11

(Angular spacing : [ 32.727deg

Totalangle:  [327.273deg HifE

Reference Direction
Reference element;| Shaft.1\Face.2
Reverse I

Object to Pattern
(owm &

[] Keep specifications

More>>

S Ok I ﬂCan:eII Preview I

Cauka 19 — Pesynrar KpyKHOT KOITHUparka 1 mapaMeTpu komamse ,,Circular pattern

Bumak matepujana je moTpeOHO YKJIOHUTH KOMaHIIOM ,,GroOve®, rie ce Kao CKHLa y3uMa OOJIUK KOj!
,,BUPH" U3 PaJHOT KoJ1a, a yrao potauuje je 360°. Ha cmuru 20 ¢y natu napametpu Komaszie ,,Groove*
W M3TJIe]T PaJTHOT KOJIa Ca MICEYEHUM BHIIIKOM.

Cauka 20 — [Tapamerpu komanae Groove u u3ries pagHor Kojla HAKOH M3BpIIEHEe KOMaHe

[Totpe6Ho je jour u3BpKMTH Nap prHeca Ha JOOUjeHOM pagHOM Koity. [1oTpeOHO je U3BPIINUTH IPOMEHY
obnuKa yiasa paaHor Guiynaa y pajHo KOJO U 3a00JbeHe 110jeJMHUX OIITPHX UBULIA.
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LprameM ckulle NprKa3aHe Ha Ciuiy 21, ¥ IPUMEHOM KoMaH/e ,,Groove nobuja ce 00JuK MprKa3aH
Ha TIOMEHYTO]j CITUIIH.

Cauka 21 — Ckuua notpeOHa 3a kKoMaHzy ,,Groove* u noOujeHr o0JIMK pagHOT Kojia

IMocnenma n3MeHa Kako O ce T00H0 Kpajibu 00JIMK pagHOT KOJa jecTe KoMaHa ,, I ritangent Fillet*.
[ToMeHyTOM KOMaHIOM je OTPeOHO 3a00JMTH YSOHE CTPaHHUIIC JIONAaTHIIe, TAKO Ja ce Ha Kpajy aobuje
00JIMIK TIPUKa3aH CIIMKOM 22.

Cauxa 22 — Kpajmu 001K pagHOT Koia

36



Quaun JI. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

3.2 UIBPAJA MOJEJIA CIITUPAJIHOT KYQRHUIITA

[MTapameTpu momohy kojux ce npTa cnupanHo Kyhumre neHTpudyraine TypOOIyMIIe Cy IaTH Ha CIULN
9.V cay4ajy npeTxoHo nehUHUCAHOT popadyHa Opoj NehUHIUCAHNX YTaOHUX MOAC0KA je 36 MpHu ueMy
Ce CBAaKM Hajla3u Ha yraoHOM pacTojarky o1 10°. OJHOCHO Ha CBAKOM OJ1 TOMEHYTHX YTaOHUX MOJe0Ka
ce mpra Kkpyr oarosapajyher momynpeunuka o(i), KOju ycTBapu INpEACTaBJba IONPEYHH HPECEK

IOMEHYTOT criupanHor kyhumra Ha oarosapajyhem yriy ¢(i) .

Komanza koja he ce KOpHCTHTH 3a MOJIeMpabe cnupaiHor kyhuiira je ,,Multi-sections Solid“, koja y
ceOu mocenyje BENMKM Opoj omuuja, anum y clydajy CIUpanHOr Kyhuinra ce KOPUCTH HU3paja
TPOJMMEH3HjaITHOT Tella y3 moMoh ,,kuume** (JIMHUje BOuIbe) U oarosapajyher 6poja npeceka Koju ce
HaJa3e Ha IOMEHYTO]j JINHUjH.

U3 uzpa3za:
) =—2+2: ()

Moske ce 3aKJby4YHTH J1a OAroBapajyha BenmndumHa rs(i) nedUHHIIE pacTojarbe HajylaJbeHUje TauKe

Kpyra oaroBapajyher momynpeyHuka o meHTpaiHe Tauke cnmpanHor kyhwumra. Takohe ce moxe

D
3aKJbYYUTH J]a CBAKU OJ] IOMEHYTUX KPYroBa TaHTUpPa KPyTr MOIYIPEYHUKA 73 . Ha ocHoBy Hanmcane

. . D
TBPAIE CE 3aKJbydyje /1a je MOTpeOHO HAlpTaTH OCHOBHU KPYT IMOJyIPEYHHKA 73 , 3aTHM TIPOCTOP

noJenuTu y3 nomoh nomohHux nuHMja Ha 36 MoIEOKa ca yraoHuM pactojameM ox 10°, u Hanpratu 36
KpyroBa nonaynpeynuka o(i) kxoje je moTpeOHO OrpaHU4YMUTH Ha cienehy HaunH:

e llenrap oaroBapajyher kpyra Mopa Jie:xaTH Ha JIMHHjU Koja NeduHHIIe oaroBapajyhu yrao.

e (Cpaku 011 HaI[pTaHUX KPYroBa Mopa n1a Oyae TaHreHTaH Ha OCHOBHH KPYT NPEYHHUKA D3 .

Lpramem cBux 36 Kpyrosa uvje Cy JUMEH3HUj€ U MOJI0kKaj Ae(PUHUCAHH TPOPAYyHOM A00Hja ce CKula
KOja je mpuKa3aHa Ha Ciuiy 23.

s iz

Cauxka 23 — Ckuia 100MjeHa 1pTameM CBUX 36 Kpyrosa Ha oAroBapajyhem monoxajy
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Crienehu Kopak jecte Jla ce Kpo3 CBaKy HEHTPAIHY TauKy HAI[PTAHUX KPyroBa HAIl[pTa KPUBa JIMHHjA Y3
nomoh komauzne ,,Spline®. Hakon mnprama KpuBe JuHHje n0Ouja ce cieneha ckuila Koja yjemaHo
npencrasba 1 ,,Knumy* 3a komanmy ,,Multi-sections Solid“. JJo6ujena kprBa JiHH]ja je MpUKa3aHa Ha
ciuny 24.

Camka 24 — KpuBa nuHHja Koja je 1o0ujeHa komanaom ,,Spline*

Crnenehu kopak jecte na ce oapenu AeOJbMHA 3MJa CIUPATHOr Kyhuiira. YKOJIHMKO ce YCBOjU Ja je
neOsbrHa 311a S MM onja he cBaku o OMyNIPEYHUKA OJIr0Bapajydrx Mpeceka NoTpeOHUX 3a KOMaHTy
,»Multi-sections Solid* 6utu p(i) +5mm. 3aTum he ce ox 1006HjeHOT TPOAUMEH3HjAIHOT TeIa 0ly3eTH

TPOAMMEH3HjaJHO TEJIO NPH YEMY je MOMYIPEeYHHUK oAroBapajyher npeceka qpyror TpoIUMMEH3HjaTHOT
tena po(i) . Ha taj HaunH ce 1o0uja criMpaliHy KaHaI TAUHKUX JUMEH3HUja Kpo3 Koju he mpoTHLaTé pagHu

bayun.

3a oy3uMare Mace OJ1 MPBOT CIUPAIHOT Tejla KOPUCTH ce KoMaHa ,,Removed Multi-sections Solid*
KOja paJii Ha HCTOM NpUHLMITY Kao ,,Multi-sections Solid* camo mro oxy3uma nepunucanu 0OIHK.
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ITotpedHO je nehuHMCaTH YKYITHO 5 HOBUX paBHM oMohy koMaHze ,,Plane, 4 ox Tux 5 paBHU Koje ce
Hanase noj yroBuma o 0°, 90°, 180° u 270° u 4uju ce IeHTap HAJIa3W Ha HAIPTAHO] KPUBH, JOK Ce
meTa paBaH Hajlas moj yriom ox 10° y ogHocy Ha BepTHKanHy paBaH. JledhuHHCameM MOMEHYTHX
paBHH 100Uja ce CKHIa IpUKa3aHa Ha CIIHIH 25.

Cuiuka 25 — [Iprka3 mOMEHYTHX PaBHHU MOTPEOHUX 3a IPTambE MpeceKa CrupaiHor Kyhuira
Crenehm kopak jecte ga ce Ha CBakoj o4 AchUHUCAHUX PABHU HANPTAjy oAroBapajyhm kpyroBm
nonynperuka p(i)+5mm u p(i) . Kpyr nonynpeunuka po(i)+5mm he ce kopucTutH 3a KOMaHzIy
,»Multi-sections Solid*“ nok he ce kpyr nonynpeunnka p(i) xopucrutu 3a komanny ,,Removed Multi-

sections Solid“. Ilpramem kpyrosa oaroeapajyhux mnpeunnka Ha oxrosapajyhum paBHuHMa ce 100Hja
CKHMIIa TPUKa3aHa Ha cauuy 26.

Canka 26 — Ckuna ca neuHHCAaHUM TONPEYHUM MpecelMa CIIUPaTHOT Kyhuira
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ITpu xopunthemy Komane ,,Multi-sections Solid“ je motpe6HO 0OpaTHTH AKLY HA TIAp MapaMeTapa u
npaBHiIa:

e [lotpebHo je na ,,Spine (Kuuma) nponasu kpo3 cBe Ae(hUHUCAHE ITPECEKe.

e JlorpeOHO je nma ce cBU mpeceny OUpajy peaoM, cMepa of ModYeTKa 10 Kpaja KHuume (Win
00pHYTO).

e TloTpebHO je oOpaTHTH Maxmy 1a ce cBe Tauke 3arBapama (,Closing points®) mamase na
UICHTHYHOM MECTY Ha CBHM IpECEIrMa.

e TlorpebHO je ma cBU cMepoBH 3aTBapaba (,,Closing directions®) Gyay ycMepeHu ka HCTOj TauKu
WK OOPHYTO, 1a CBU Oy/y YyCMEPEHY y CYNPOTHOM CMEpY.

IMapameTpu komanzme ,,Multi-sections Solid“ u pacmopen u monoxaj Tadyaka 3aTBapama U CMEpOBa
3aTBapama JaTH Cy Ha CIUIM 27.

Multi-Sections Solid Definition ? X

No. Section Supports  Continui
1 Sketch.10
2 Sketchl
3 Sketchi2
4 Sketch13

< >
Guides | Spine | Coupling [Relil <[ »
[ Computed spine

Spine:[Sketchl |

Replace | Remove | Add
Continuity: T gent
Smooth parameters

[ Anguler correction: [0.5deg E
[ Deviation: 0.001mm E

@ 0K 9 Can:ell Preview I

Cauka 27 — Ilapamerpu komanze ,,Multi-sections Solid*

ITpumenom komanze ,,Multi-sections Solid*“ mo6uja ce 06wk nmpukazan Ha ciuiy 28.

Camka 28 — O6iuk mobujen komanmom ,,Multi-sections Solid*
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OHoO mITO je ocTao jecTe aa ce oay3Me aeo mobujeHor tema y3 momoh komanze ,,Removed Multi-
sections Solid” mpu 4emy ce Boau padyHa O MCTUM MPaBWIMMAa W MapaMeTprMa Kao U 3a KOMaHIy
,,Multi-sections Solid“.

O6muk koju ce mob6uja momohy komanme ,,Removed Multi-sections Solid* je npukasan Ha cwmm 29.

Cauka 29 — JTobujern o6IMK HaKOH M3BpIIeHnx Komauau ,,Multi-sections Solid“ u ,,Removed Multi-
sections Solid“

3.3 KPATAK IIPETJIEJ4 KOMAHZU KOPUII'REHUX Y U3PAAHU
MOJAEJIA PAAHOT KOJIA U CIIMPAJIHOT KY'RUIITA

Komanze koje cy xopunrheHe y u3paii Mojieia paJHOT KOJia U CIIUpaTHOT Kyhuiira cy:

e Pad @ - Kopucru ce 3a usBnademe npoduia Ha oApeheHy TyKUuHY.
e Shaft 'n - Kopwuctu ce 3a poraiinoHo usBinadere npoduna Ha oapeljeHy yraoHy JayKuHy.
e Groove - KopucTu ce 3a poTaninoHo yKiamame nmpoduia Ha oapeljeHy yraoHy JyKHHY.

e Multi-sections Solid A W3pajia TpoAMMEH3HjaIHOT TeJia Mpu Yyemy ce nedunuiine sehu
Opoj BEroBUX MpeceKa.

e Removed Multi-sections Solid i VYkiamame TPOAUMEH3HjaTHOT Teja IPH YeMy ce
neduauie Behu Opoj BHETOBUX MpeceKa.

e Tritangent Fillet Y- 3ao0sbeme o/roBapajyhe moBpiinHe AepUHUCAHEM TAHTCHTHHX
MTOBPIITMHA Ha 3200JbEHbE.

e Circular pattern @ Kopuctu ce 3a kpykHO Konupame oapeheHnx eaemaHara Mojiena.
e Spline ). LpTamke KPUBE JIUHUjE

e Translation ™ - TpancmiatopHo Konmupame opel)eHOr eneMeHTa CKUIIE.
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4. TEXHUYKA JOKYMEHTALIUJA

TexHuuKa TOKyMEHTAIMja IPEeACTaBba CKYIl JOKyMeHaTa MOTpeOHUX 3a peau3alnjy 1 u3pamy
onpeheHor nmpousBoja. TexHHUKa TOKyMEHTaIMja IpeAMETHE HeHTpUuyraiHe TypOoImyMIIe CaapiKu:

e TexHUUYKM LPTEXK CKIIONA LHEHTpUyraaHe TypOomymIie, ca 03HaueHUM U HIMEHOBaHUM
MO3MIIMjaMa CBUX JICJIOBA

e TexHuuky HpTEXK cnupaiHor Kyhumra neHrpudyranie Typoonymie

e TexHWUYKH LIPTEXK PATHOT Kojia LeHTpuyraisae Typoomymie

e TexHWUYKH LPTEXK BpaTHia LHeHTpUPyTraiHe TypOomyMme

e TexHNUKH HpPTEX MOKJIOMNIA Kyhumita neaTpudyranse Typoomyme

e TexHWYKHM IPTEK KyhHIITa 32 JIeKajeBe

e  TexHUUYKH LPTEXK 3aAHET OCIOHLA LIEHTpUyraiHe Typoomymie

e TexHUUYKM LPTEX MOKIOINLA JIeXKajeBa

e  TeXHUYKH LPTEXK 3AITUTHOT TUCKA

Ha cimmm 30 je gat akcOHOMETPH)CKH pHKa3 eHTpudyramHe TypOoITyMIie Yrju je Moaen uspahen Ha
OCHOBY BPEIHOCTH JOOUjEeHUX MPOPAYYHOM y TAUKH 2.

Canka 30 — AKCOHOMETPHjCKH MTPUKa3 Mojielia IeHTpUQyTraiaHe TypOomyMmIie u3pal)eHor Ha OCHOBY
JUMEH31ja T00MjeHUX IpopadyHOM
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Poz. Kol. Jed. Naziv Proizvodjac, model Primedba
/standard

1 1 Kom. |Spiralno kuciste

2 1 Kom. |Radno kolo

3 1 Kom. |Vratilo

4 1 Kom. |Poklopac spiralnog kucista

5 1 Kom. |Kuciste lezajeva

6 1 Kom. |Zadnji oslonac centrifugalne turbopumpe

7 2 Kom. |Poklopac lezajeva

8 1 Kom. |Zastitni gumeni disk (Flinger)

9 1 Kom. |Ceona zaptivka

10 1 Kom. |Valjkasti lezaj SKF, NU 2306 ECP

11 2 Kom. |Kuglicni lezaj sa kosim dodirom SKF, 7306 BEGAP

12 1 Kom. |[Klin

13 1 Kom. |Zaptivni prsten Slydrin, GR6901250

14 1 Kom. |Zaptivni prsten Slydrin, GR7301000

15 1 Kom. |Zaptivni "0" prsten Busak+Shamban,

OR2509500

16 1 Kom. |Semering SKF, 21X40X7 HMSA10 RG

17 1 Kom. |Semering SKF, 21X40X7 HMSA10 RG

18 8 Kom. |Zavrtanj poklopca lezajeva DIN 933

19 8 Kom. |Podloska zavrtnja poklopca lezajeva IS0 7089

20 1 Kom. |Sigurnosna navrtka lezajeva SKF KM 5

21 1 Kom. |Sigurnosna podloska lezajeva SKF MB 5

22 2 Kom. |Zavrtanj komore za ulje

23 8 Kom. |Zavrtanj spiralnog kucista ISO 4014

24 8 Kom. |Podloska zavrtnja spiralnog kucista ISO 7090

25 1 Kom. |Zavrtanj odliva spiralnog kucista

26 1 Kom. |Zavrtanj radnog kola ISO 4032

27 1 Kom. |Podloska zavrtnja radnog kola ISO 7089
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5. 3AK/bYYAK

Lentpudyranna typOonymna craia y Tpyly XHIpayJIddHHX MAIlMHA KOje MEXaHWYKH Paj AOBEICH
NpeKo BpaTHiia IpeTBapajy y CTpyjHy eHeprujy pagHor ¢uynna. LlenTpudyranna Typoomnymia ce 4ecto
Ha3WBa W PaJrjaTHOM ITyMIIOM 300T TOTa IITO je KOJ He KapaKTePUCTUIHO Aa pagHd (BpIywua usnasu y
pandjamHOM TpaBlly Yy OXHOCY Ha paaHo kono. [locroju Bemumku Opoj mojena HEHTPUGYTaTHHX
TypOomymMn, fa 1M je TO mpema Opojy pamHux Kona (jeIHOCTENeHe W BUIIECTETeHE), MpemMa
KOHCTPYKIIMjH JIOBOJA PaJHE TEYHOCTH (Ca YCUCHUM T'PJIOM H Ca YCHCHOM CIIMPAJIOM), IIpeMa HaYHHY
NOKpeTama (CaMOyCHCHE M HECaMOYCHCHE), NpeMa BPCTH pajJHe TEUYHOCTH 3a KOjy je TypOomymna
HaMemkeHa U TIpeMa 00JIacTH IPUBPENIE Y KOjOj Ce TIPUMEYje.

Cee TypOomammHe, YKJBYydyjyhn W HeHTpubyTaaHy TypOOImyMITy, paae Ha XHUIPOIUHAMUIKOM
OPUHIMITY KOJU C€ OCTBapyje IMHAMHYKOM HWHTEPAKIHjoM pamHor (iyHma W pagHor opraHa
IeHTpudyragHe myMIie KOju ce Ha3uBa pagHo KOoJo. YKpPATKo MeHTpudyraiHa Typbomymna J1ejcTByje
TaKo IITO je PaHO KOJIO U3BEJICHO TAKO Jia Ce MPOTOYHU mpecek moehapa, MITO TOBOAU 0 TOTa Ja ce
cMamyje Op3uHa pamHor Guiynaa Kako ce OH yaa/baBa OJ oce BpaTwia (jeJHaYMHA KOHTUHYUTETA),
ycien cMamema Op3uHe pacte mputncak (bepHynujeB mpuHIMI), a Takohe ycien AejcTBa yraoHe
Op3uHe Ha pagHu QYU Aenyje HeHTpUu(yTraiHa Cuiia Koja TeXH Aa ,,u30anu’ pagau Gy u3 pagHor
kona. HakoH m3iacka W3 PajHOT Koja pajHd (Iyua Mpoiasd Kpo3 CHOHpPATHO KyNWINTe Yuju ce
MPOTOYHM Mpecek Takohe mopehaBa, ITO MOHOBO MOBOAM [0 Iaja Op3WHE M pacTa IMPHUTHUCKA
(bepuynuje npunImn). Hamop nenrpudyramae typodonymrie je onpeher OjnepoBoM jeTHAINHOM, KOja
JNehUHHIIE HAMoOp Kao pa3jiuKy MPOW3BOJa MPEHOCHE Op3WHE M IPOjeKIMje arcoiayTHe Op3uHEe Ha
npasall IpeHocHe Op3uHe paaHor (Iyuaa Ha W3Ja3y W Ha yllady y pajJHO KOJO, TOMEHYTa jeJHadYnHa
UMa jako OWTHY YJIOTY Yy MPOIIeCY IPOjeKTOBama MEHTPUyTaTHE TYPOOITyMIIE.

Y npupoau He MOCTOjU HUIIITA HJICAJTHO, T1a TAKO U HE TIOCTOjH UIeaIaH aJnjadaTCKU TePMOJIMHAMUYKH
cucteM, Beh he ce yBek jaBuTH HeKH TOIUTOTHH TyOuItu. Tako u nieHTpudyramaa Typoorymma koja ce
MOXe [IocMaTpaTy Kao TePMOANHAMHUYKY CUCTEM T'yOu oapeleH neo eHepruje Kpo3 TOIIOTHE IyOUTKE.
Pasnukyjy ce yeTHpy OCHOBHE BpPCTE CHEPTHjCKHX T'yOWTaKa: XuApayJIHuyHH T'YOHIH, BOIyMETPH)jCKU
ryounu, ryounmm yciuen Tpema ANCKa W MEXaHWJKH TyOour. CBH TOMEHYTH TYOHWIIM OCHM
BOJIYMETPHjCKUX TYOHWTaKa ce JemaBajy 300r J1ejCTBa Tpema, IOK c€ BOIYMETPHjCKH TYOHIIH jaBJbajy
ycIiell HECaBpIIEHOCTH M3paJie caMe XUIpayJIMyHe MallHe. JoIl jeHa jaKko ITeTHA M0jaBa 3a KOjy YBEK
nmoctoju MoryhHocT ma ce jaBu jecte KaBuTamuja. KaBuTamuja mpencTaBba IOjaBy JAa ce MpH
KOHCTaHTHOj paiHOj TEMIIEpaTypH IpH Naly IPUTUCKA 10 BPEAHOCTH IPUTHCKA KIby4arha jaBH JIOKAJTHO
KJby4are, OJTHOCHO JIOKAIHU HacTaHak Mexypuha. [lomenytn Mexypulin Mory umatu ¢araiaH yTunaj
Ha M3JIOKEHE JieNoBe IeHTpudyramHe TypOomymiie. 3aTo ce yBEK IPU NPOjeKTOBAKY ITyMITHOT
MOCTPOjeha BOIY pauyHa Ja YJIa3H! IPUTHCAK y TyMITy Oy/ie W3Hal J03BOJbEHE TPAHHMLIE KOjy Ha3UBaAMO
KaBUTAIIHjCKOM PE3EPBOM ITyMIIE.

Kao pedepentre Bpennocty neHTprdyraigae TypOomymIe Koja kao pagHu Giayn KOpUCTH YUCTY BOAY,
IpM JIMMEH3MOHMCAy y3eTH cy mpotok on 0,025 m®s mamop ox 100 J/Kkg. Kao pesyarar
JIUMCH3UOHHUCamha JTOOUjeHU Cy MmapaMeTpu MoMohy Kojux cy u3pahjeHM MOJAEIM PaJHOr Koja H
crimpasiHOT Kyhmmmra. PamHo komo je MomenmupaHo Ha cienehu HauwH, m0oOHMjeHE Cy KOOpIWHATE
LHEHTPAJHMUX Tayaka Kpyrona oJpeheHHX MPEeYHHKa, HPTAEM THX KPYyroBa U KPUBUX KOje TaHTHUPaAjy
CBE MIOMEHYTE KPYroBe JI00MjeHE Cy YHYTpalllhe OBPIIMHE KaHajla Kpo3 KOje MPOTHYE pajHu QIIyus,
HAJOTPaNboM JOOWjeHUX KPUBUX je JAePUHHCAH IMONPEYHH MPECceK PaaHOT Koja KOju je KacHHje
uckopuiheH 3a KoMauy ,,Shaft”, nok je o0iuk nonaruna qeGuHUCaH yla3HUM U U3JIa3HUM YTIIOM, Kao
Y TPEYHUKOM Kpyra Ha KOMe TIOUHI-E€ yJla3Ha MBHUIA JIOTATHIIE, JOK je MOJeN crnupaiHor Kyhuira
u3pal)eH Ha OCHOBY JOOHMjeHHX IUMEH3H]a TOMPEYHUX NpeceKa Npy pa3inanuM yriioBuma. KacHuje cy
J00ujeHe CKUIle MONPEeYHUX IMpeceKka MpOBY4YEeHEe Kpo3 KomaHmay ,,Multi-sections Solid* kako Ou ce
n00vo 06uK criupantor kyhumira. [ToMeHyTH MOzenu cy u3paljeHu y mporpamMckom makerty ,,Catia“.

53



Qunun J]. Hacmuh Daxynmem undxcervepckux nayka, Kpazyjesay

6. JIUTEPATYPA

1. ba6buh, CrojkoBuh. Typbomawune. : Hayuna kmura, beorpaa, 1990.

2. Wikimedia. [Ha mpexu] [Llutupano: 13 2 2020.]
https://upload.wikimedia.org/wikipedia/commons/9/9d/Centrifugal_pump_volute Richards_1894.png

3. Espace.curtin.edu. [Ha mpexu] [Lutupano: 15 2 2020.]
https://espace.curtin.edu.au/bitstream/handle/20.500.11937/1532/226835_Kamiel%202015.pdf?seque
nce=2&isAllowed=y.

4. Gunt.de. [Ha mpesxu] [Lutupano: 20 2 2020.] https://www.gunt.de/images/download/centrifugal-
pumps_english.pdf.

5. Coursehero.com. [Ha mpexxu] [Llutupano: 20 2 2020.]
https://www.coursehero.com/file/p5vocta/Advantages-and-disadvantages-centrifugal-pump-
advantages-1-steady-delivery/.

6. Pumpsolutions.com. [Ha mpexwu] [L{utupano: 20 2 2020.] https://pumpsolutions.com.au/how-
centrifugal-pumps-work-advantages-and-disadvantages-of-centrifugal-pumps/.

54





