MIiHICTEpPCTBO OCBITU Ta HAYKH Y KpaiHU

3anopi3pKuii HAIIOHAIBHUN YHIBEPCUTET

(HOBHe HaﬁMeHyBaHHﬂ BUIIIOI'O HaBYaJIbHOI'O 38.1(.]'[3.[[}’)

[mxeHepHni HABYAILHO-HAVKOBHU 1HCTUTYT 1M. FO.M. ITotebHi

(Ha3Ba paxymnpTeTy)

Kadenpa metanypriiiHoro ooJiaJHaHHI

(nmoBHa Ha3Ba KadeapH)

BUITYCKHA KBAJII®IKAIIHHA POBOTA BAKAJIABPA

Ha TeMy «MojiepHizallisi KOHyCHOI Ipo0apKm»

Bukonas: crynent rpynu 6.1333-c2
babasu Aptyp JlaBugoBuu

(T11B) (mmimmc)

cremianbaocTi 133 any3eBe ManmnHOOYIVBAHHS
(umndp i noBHA Ha3Ba)

crieriam3anis

(mmdp i moBHA Ha3Ba)
OCBITHBO-TIpOECiiiHa Mporpama
133.00.12 Meranypriiige o0agHaHHA

(urdp 1 moBHa Ha3Ba)

Kepipnuk LlleBuenko [.A.

(mpi3BHILe Ta iHIiIiamN) (mimmmc)

H.xontponrs Bacunpuenko T.O.

(mpi3BHIIe Ta iHiI[iaMN) (mignmc)

3anopixoks — 2026 poky



3anopi3bKuii HAIOHAILHUMN VHIBEPCUTET
(HOBHC HaﬁMeHyBaHHﬂ BHUIIIOI'O HABYAJIBHOT' O 3a1<naz[y)

®dakynpTeT _[HXKEHEpHUN HaBYAIbHO-HaYKOBHM 1HCTUTYT iM.FO.M. [ToTe6Hi

Kadenpa MertanypriitHoro obgaaHaHHS

PiBens BUIIIOT OCBITH OakajiaBp
(mepiuii (6akanaBpChKUil) PiBCHB)
CroemianpsHicTs 133 [Nany3eBe Mamnyo0yIyBaHHS
(umdp 1 moBHA Ha3Ba)

Croermianizanis

(umdp i noBHa Hazpa)

OcBiTHBO-TIpOdeciiiHa nmporpama [ amy3eBe MaIMHOOY/TYBaHHS
(mrmdp i moBHA Ha3Ba)

3ATBEP/IXKYIO
3aBigyBau kadeapu A.O.Bnacos

I 2026 p.

3ABIAHHS
JIO BUITYCKHOT KBAJII®IKALIIHOT POBOTU BAKAJIABPA

babasu Apryp HdaBumoBuu

1.Tema poboTtu: MojiepHi3allis KOHYCHOI JpoGapKu

kepiBHUK poOotu llleBuenko [LA., K.T.H., IOIIEHT ,
(mpi3BuIe, iM’s1, M0 6aTHKOB1, HAYKOBHI CTYIiHb, BUCHE 3BAHHS)
3aTBEP/KEHI HaKa30M BUIIIOI0 HaBYAJIbHOTO 3akiyany Bix 23.12.2025 Nel831-c

2. Tepmin nmonanus crygeHTom podorn:  01.06.2026
3. BuxinHi nani 1o po6otu: OG’€KT po3pOOKM — BY3JIM KOHYCHOI JIpOOapKu. MOIYib

npyxHocti Marepiany £ = 2.3-104 MIlla; rpaHuns MIIIHOCTI MaTeplajy Ha CTHCK o = 45

MH/M3:; 00'emua maca marepiany o = 2.05 1t/M3: xoedilllEHT PO3NVIIEHHS Mareplany u =

0.36: koedimieHT TepTs marepiany 00 moepxHIO npobnenHs f = 0.35: OpoavKTHBHICTH
npobapku [lp = 800 1/rom; cepeaHiil po3Mip MIMATKIB Marepiany 1o noapioHends Dc = 0.75

M CEPEIHIN po3Mip ToToBOTO mpoavkTy dec = 0.16Mm.

4.3micT po3paxyHKOBO-TIOSICHIOBAIBHOT 3alTUCKH (TIepeNiK MUTaHb, sIKi MOTPIOHO PO3POOUTH):
1. 3aranpHa yactuHa; 2. CremianeHa yacTwHa; 3. Excrutyaramiiina dactuHa; 4. OXopoHa

Ipaili Ta TeXHOTreHHa 6e3neka; BucHoBku; CMCOK BUKOPUCTAHUX JDKEPEI.
5. Tlepenik rpadiuHoro wmarepiagy (3 TOYHHUM 3a3HAYCHHSM OOOB’S3KOBHX CKJIQJIOBHX):
Kpecnenns 3aranpHoro Buay. KiHematnuHa cxema jpoOapku. [lpuBig napoGapxu. IIkiB

OpuBoaHMH. I'aiika ycTaHOBOYHA.




6. Koncynprantu po3auiiB kBaniikamiiHoi podoTtu

: C . [Tinmuc, nara
: [Ipi3BHIIE, 1HIIAIM Ta TOCAAA
Po3nin 3aBJaHHS 3aBJaHHS
KOHCYJIbTAaHTa N

BHJIAB MIPUHSB
1 [IleBuenko I.A., momeHT
2 IlleBuenko I.A., nomeHT
3 [IleBuenko I.A., momeHT
4 IlleBuenko I.A., noreHT

KAHEHI[APHI/IPI ITJIAH
Nort/t Ha3pa etaniB kBamidikaiiiHoi Tepwmin BukoHanns | [Ipumitku
B poboTu eTariB poOoTH
1 | 36ip marepiany s poboTu 13.05.2026-20.05.2026

I'pymyBanHS Ta aHaui3 3i0paHoro Marepiaity.
YTouHEHHS 3aB/IaHb KBaJi(iKaliiHOI pOOOTH

21.05.2026-27.05.2026

BukoHaHHS TEOPETHUUHOT YaCTUHH POOOTH

26.05.2026-29.05.2026

BukonanHns rpadgiyHoi yacTuHU poOOTH

30.05.2026-05.06.2026

Hanucanus ta O(I)OpMJ'IeHHH MOSICHIOBAIBHOI 3aIIMCKHU

06.06.2026-10.06.2026

[TepeBipka kBamidikamiiHoi poOOTH KOHCYJIBTaHTOM

11.06.2026-13.06.2026

Odopmnenns kBamidikaiiifHoi podoTu

3a rpadixom

O oo |lO | B~ WwWN

3axuct npoekty y JJEK

3a rpadixom

Crynent

(miarmc) (TIp13BHIIIE Ta IHILIAIH)

KepiBHUK poboTn

[leBuenxko [.A.

( miamuc) (Tpi3BHLIE Ta 1HIIIATH)




AHOTAILTIS

babasu A./l. MoaepHizaiiisi KOHYCHOI JpoOapKHu.
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Y po6oTi MPOBENECHO OIS ICHYIOUMX KOHCTPYKIIH KOHYCHHUX APOOapoK,
iX KOHCTPYKTHBHI OCOOJMBOCTI Ta poOOTa, MPOBEACHO MOJIEPHI3allil0 KOHYCHOI
IHEepIIHHOI Apo0apil NUIIXOM YJAOCKOHAJICHHS PETYJIIOBaHHA MPOCTOPY
npoOnenns. IlpoBeneHO po3paxyHKHM HaBaHTaXEHb Ha BY3JIM JpoOapKH,
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ABSTRACT

Babayan A.D. Modernization of a cone crusher.
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Industrial mechanical engineering, scientific supervisor |.A. Shevchenko.
Engineering Educational and Scientific Institute of Zaporizhia National
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The work reviews existing designs of cone crushers, their design features
and operation, modernization of the cone inertial crusher by improving the
regulation of the crushing space. Calculations of loads on the crusher units are
carried out, attention is paid to issues of technogenic safety and ecology.
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BCTVII

KonycHi npobapku 3acTOCOBYIOTHCS JIsi BCIX BHAIB JAPOOJICHHS IMOPIT
BHCOKOI 1 CepelHbOI MIIHOCTI 1 IIMPOKO BUKOPHCTOBYETHCA B MeETAIyprii,
OYIIBHUIITBI, 3aJI3HMIIIX Ta XIMIUHIM mpomuciaoBocTi. Kamepa apoOieHHs
KOHYCHHUX JP00apOK YTBOPIOETHCS ABOMA YCIYCHHUMH KOHIYHUMU MTOBEPXHSIMH,
OJlHA 3 SIKMX (30BHILIHS) HEPYXOMa, a iHIIA (BHYTPILIHS) — pyXoMma, MPUIOMY
po3TainioBaHa EKCIIEHTPUYHO BIJHOCHO HepyxoMoi. [IpoGienHs Mmarepiany B
KOHYCHUX JpoOapkax BIJOYBA€TbCs MPU HAOIMKEHHI KOHIYHUX MOBEPXOHb, A
BUBAHTXEHHS TOTOBOTO MPOJYKTY — MPU BIAJANEHHI iX OJWH BiJ OJIHOTO,
IpUYOMY M1 MpoOIEecH BiAOYyBalOThCS O€3MEPEPBHO B PIZHUX 30HAX KaMepH
npoOneHHs. PyliHyBaHHsT maTepiany BiIOyBae€TbCsl IMiJ JI€I0 CTHUCKAIOUMX,
CTUPAIOYMX 1 BUTMHAIOTYUX HABAaHTAKEHb; OCTaHHI JYy)K€ BEIUKI 3aBISKU
KPYTOBiii TOBEpXHi kKamepu apoOieHHs [1-3].

[Ipu ekcmayaraiii KOHYCHUX JpoOapoK HEOOXiTHO 3a0e3neuuTd
PIBHOMIpHE HAJIXOJDKEHHS B HeEl BHUXIJIHOIO MaTepially MO BCbOMY KOIIY
3aBaHTaXXyBAJILHOTO OTBOpY. HepiBHOMIpHE 3aBaHTa)KeHHSI poO0OYOT0 MPOCTOPY
Ipobapky MaTepiajioM MPUBOJIUTH JO OJHOOIYHOTO 3HOCY (PyTEpOBKHM, MICIS
4yoro Apo0Oapka MoYMHae BUAABATH HEPIBHOMIPHHI 32 KPYIHICTIO IPOTYKT.

lupura po3BaHTaXyBalbHOI WIUIMHU € OCHOBHUM  PEXHUMHHUM
napamMeTpoM OyJIb-IKOi KOHYCHOI JpoOapku, IO BHU3HAYa€ ii TEXHOJIOTIYHI
MOKa3HUKH.

O0'exT MojIepHI3aIliil - BY3JIM KOHYCHOI JpOoOapKu.

Mera pobotu — MoOAEpHI3alii KOHYCHOI JpOoOapKu  MUISTXOM
YIOCKOHAJIGHHSI ~ KOHCTPYKTMBHO-TEXHOJIOTIYHMX  MapaMmeTpiB  Kamepu
JpOOJIEHHS [UISIXOM PETYJIIOBaHHS MPOCTOPY APOOJIEHHS 3a JOMOMOIOI0 HOBOI
HAcaJKM y BUTSAAI TBHHTOBOTO 3’€IHAHHS Ta JOJATKOBOI CBOOOIU

pETYIIOBaHHS, SIKY 3a0€3euy€e BCTAHOBIICHUN Ha ApoOapili T1apOIUAIIH/AD.



BrnockonaneHHs1 KOHCTPYKITiT CIPUATUME TABUIIICHHIO MTPOTYKTUBHOCTI
IpoOapKu, 3HIKEHHIO HABAaHTAKCHB Ha 00JIaIHAHHS Ta 3MEHIIICHHIO YaCTOTH
TEXHIYHOT'O 0OCITYyrOBYBaHHS.

Kamidikamiitna poOoTa CKIIaga€eThCs 3 BCTYITy, 4 PO3AiTIB, BUCHOBKIB Ta
CIIUCKY BHUKOPHUCTAHOI JIiTepaTypu. 3arajibHuil oocar poootu 80 crtopiHok, 36

PHUCYHKIB, 7 TaOJIMITh Ta CIMCOK BUKOPUCTAHMX JiKepen 3 21 mo3wuiii.



1 3BATAJIbBHA YACTHUHA

1.1 O6macth 3aCTOCYBaHHSI KOHYCHOTO JPOOJICHHS MaTepialliB

[Iporec 3MeHIIEHHS PO3MIPIB MPYKHO-KPUXKOTO TiJIa BiJl MOYATKOBOT
(BUX1HOT) KPYIHOCTI JI0 HEOOXiAHOI NUISXOM BIUIMBY 30BHIMIHIX CHII
HA3MBAETHCSA IPOOJICHHSM YU TIOMEJIOM, a MAIIUHH, SIKI 3aCTOCOBYIOTHCS TSt
KX I1IeH - ApodapkaMu a00 MIIMHAMM.

3ane)XHO BiJ KIHIIEBOI KPYMHOCTI IIMAaTKiB Marepially pO3pi3HSAIOThH
npoOJieHHs (BEIUKe, cepeHe, ApiOHe) B momen (rpyOuid, TOHKUH, HAJTOHKHI).

B pesynbTaTi npo0ieHHS BUXOAUTH TOBAPHUM MPOJYKT, TOOTO, MpoOIec
JpOOJICHHS] Ma€ CaMOCTIHE 3HAYEHHSI.

Cniocobu 1poOeHHs peani3yloTh PI3HOMAHITHI TUIH APOOMIIBHUX MaIlluH
1 amapariB, 10 PO3PIZHAIOTHCS 3a MPUHIIUIOM Jiii 1 KOHCTpYKIlii. [TosicHIoeThCs
e cnenudiko caMoro Marepiainy, a caMme HeOOX1THUMHU 3HAYEHHSIMU 1 BUJIaMU
3yCWJb I MOAPIOHEHHS, a TaKOX PO3MipaMH YaCTUHOK, OTPUMAHUMHU TIICIIS
00poOKH.

Kiacudikartiist 1poOuiibHO-TIOAPIOHIOBAIBLHOTO 00JIaJHAHHS 3aCHOBaHA Ha
pi3HHMII B CIIOCOO1 pyHHYBaHHS MaTepiaiy, KUl BU3HAYAETHCS BUIOM €HEPTIi,
BUKOPUCTOBYBAHOT /Il pyHHYBaHHA. BiIMOBIAHO 10 LIbOTO BC1 MAILIMHU AUIATH
Ha 4 OCHOBHUX THUIIU:

1) MexaH14yH1 ApoOapKH,

2) MEeXaHIYH1 MJIMHH (3 TUIaMH, IO MEJIOTh),

3) BuOYXOBI MHEBMATH4YHI, EJIEKTPOTIAPABIIYHI, EJIEKTPOIMITYJIbCHI 1
€JIEKTPOTEPMIYHI APOOUIIBbHI arapaTy,

4) aepoauHaMI4YH1 1 MTHEBMOMEXAHIYHUN MIIMHU - CTPYMEHEB1 pO3MEIbHI
amapatu 0e3 TiJI, 0 METIOTh.

[Ipu pyiiHyBaHHI TBepAMX MaTepialiB HAWOUIbII TMOLIMPEHUMHU €
MEXaHIYHI METOAM BIUIMBY Ha Marepiaj, Tak SK 3a JOMOMOTrOI0 iX MOXKHA

3a0e3MeuYnTy HEOOXiHY KPYIHICTh FOTOBOIO MPOAYKTY 1 Horo ¢opmy. Tomy
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MEXaHIYHI METOAM TaK BIAPIZHIIOTHCS CBOIM PI3HOMAHITTAM 1 MOETHAHHSIM
cocobiB pyiiHyBaHHS. lle B CBOIO depry mpu3BENO [0 PI3HOMAHITTA
KOHCTPYKIIIH TOApiOHIOBAILHOTO 0O0JIaJIHaHHS, SKI BJIACHE 1 B1JI00pakaroTh
MeXaHi4Hi crocoOu pyiiHyBaHHS 4YacTUHOK Matepiany [1,3-8] puc.1.1.

Cnocobu pyiiHyBaHHs (mOoApiOHEHHsS) BUOUPAIOTh B 3aJIEKHOCTI BIJ

GI3MYHUX BIACTUBOCTEH Marepially, CTYNEHS KPYIHOCTI IIMATKIB 1 CTyIEHS

MOIP1OHEHHS.
Bun mexaniuHOTO pyiiHYBaHHS MaTepiaty
Po3zkomtoBanHs PoznaBaroBanHs

i

Pucynok 1.1 - Cnnocobu apo6iieHHs B 1poOapkax CTaTUYHOI 11

OCHOBHUMHU BHJIaMH JIpoOapoOK €: IIOKOBi, KOHYCHi, BaJKOBi, POTOpHI,
MosioTKOB1 [2]. KokHOMY BHMIy BJIAacCTUBUWA CBI HaOip pylHYyHOUHX 1
nopiOHIorYMX cwil Ta ix Hampsim. II[okoBi, KOHYCHI 1 BaJKOBI IpoOapku €

npoOapkaMu MepeBakKHOI CTATUYHOT Jii.

11



JlpoOsieHHS! CUPOBHMHU B HUX BUPOOJISETHCSA LUIAIXOM PO3JaBIIOBAHHS,
yZapy, pO3KOJIOBaHHS 1 CTUPAHHS, a B IEAKHX BUMAIKaX, 1 Haamomy (puc.l.1).

HalinemeBmmm MeTtoaoM JpoOJIeHHST € PO3AaBIIOBAHHS, a HaMOUIbII
JIOPOTUM - CTUPAHHS, III0 BUMarae BEITUKUX BUTPAT €IEKTPOCHEPTIi.

Bubip koHKpeTHOro THNY JpOOapKH BH3HAYAETHCS TEXHOJIOTTUHUMH
3aBAaHHAMU. SIK MpaBUIIO, HIOKOBI 1 KOHYCHI JIpOOapKd 3aCTOCOBYIOTH IS
JpoOJIeHHS MIITHUX 1 CEPEAHBOT MIITHOCTI a0pa3suBHUX MaTepialiB, BAJIKOBI - [T
MaTtepialliB CEPeAHbOT MIIHOCTI.

VY BiTUM3HSAHIA 1 3apyODKHIA TpPaKTHIl B MeETalyprii, OyIIBHUIITBI,
JIOPOKHbOMY OYJIIBHUIITBI, XiMii 1 CHJIIKATHOT MPOMMCIIOBOCTI MPHU 3/1MCHEHH1
omepaiiii Ipo6GIEeHHsS INMPOKE 3aCTOCYBAHHA MAKOTh KOHYCHI JpOOapku. Ix
BUKOPUCTOBYIOTh ~ Ha  BCIX  CTafifix  JpoOJeHHs  mpu  mepepooii
HaWPI3HOMAHITHIIIUX MaTepiajiB, sIK MO KPYMHOCTI APOOJIEHOTO MaTepialy, TakK
1 3a PI3HOMAaHITHICTIO (I3MKO-MEXaHIYHUX BIACTUBOCTEH. BHUHATKOM MOXHa
BBAXKATH MaTepiajid, N0 MalOTh IUIUTHSAKOBY CTPYKTYpPY a00 MICTSAThH IJIMHHCTI
dpaxuii npu ixX miABUIIIEHOI BOJIOTOCTI. Y MEPIIOMY BUIIAJKY MOXKE Bi0OyBaTUCA
NEepPEeBAHTAXEHHSI MPUBOJHOIO JBUTYHA IpoOapku a0o0 30UIbLIEHHS KPYIHOCTI
JIpo0JIeHOr0 Matepiany; y APYroMy - 4acTe CIpalbOBYBaHHS aMOPTH3AIlIHHOT
CUCTEMHU 1 3a0MBaHHS KaMepH JAPOOIICHHS.

[lepmri 3pa3ku KOHYCHHX ApOOApOK Manu poOOYMiA MPOCTIP Yy BUIIISAIL
JIBOX YCIYEHHX KOHIYHUX MOBEPXOHbB, MI0 1 MOCITYXHUJIO MiJCTaBOIO JJIs HA3BU
Ux JIpo0apoKk KOHyCHUMH. PoOouMii mpoCTip CydacHUX KOHYCHHUX JIpoOapok
YTBOPIOETHCS OLIBbII CKIAJHUMU MOBEPXHIMU, HEPIAKO KPUBOIIHINHOI (hopmu.
Tomy cyuacHi KOHYCHI ApoOapku Ha3WBAIOTh Tak B CHITy Tpaauiiii [5-8].

PyiinyBaHHs Marepialy B KOHYCHUX JpoOapkax 3[1ACHIOETHCS ILISIXOM
CTUCKAHHS 1 CTUpaHHS WOTO MK KOHYCaMH, sIKI pO3TallloBaH1 OJWH BCEPEIHHI
iammoro [1,3,4]. B koHycHuX apobapkax 3 KpUBOJIHIHHOIO (GOPMOIO IPOOIITINX
CJIEMEHTIB MaTepiall PyHHY€EThCS TEPEBAKHO PO3JABIIOBAHHSAM 3 YaCTKOBHUM

CTUPAHHSIM 1 371TaMOM.

12



KonycHi apo6apku KOHCTPYKTHBHO HAWCKIIAIHIMII IpoOapKu, po3poOIeHi

U1t eEKTUBHOTO TPOOJICHHS MIITHUX MaTepiaiB.
CydacHi KOHYCHI JApoOapkd B TOPIBHSHHI 3 I1HIIMMH JPOOUIEHUMU
MaIuHaMH, 3aiiMar0Th MEHIII IUIONII B I[€XaX, MPOCTINIe B €KCIUTyaTarlii, MatoTh
3HMKEH1 BUTPATH €JICKTPOCHEPTIi 1 BUCOKUH KOoe(DIIiEHT BUKOpUCTaHHS. baraTo

B YOMY 3 IIUX IIPUYMH BOHU 3HAWIUIM IIUPOKE MOMIUPEHHS B MPOMHUCIIOBOCTI [6-
8].

1.2 Knacudikariss KOHyCHUX IpoOapok

Konycha npo0apka KOHCTPYKTHUBHO SIBJII€ COOOI0 €EMHICTh - Yally, B sIKii
BCTAHOBJICHUH Basl 3 KOHYcOM. [IpoGiieHHs BiI0OyBa€ThCS B MOMEHT 31TKHEHHS
CTIHOK dYami 1 koHyca (puc.l.2). IlpuHnun nii BCiX KOHYCHHX ApoOapok
OJIHAaKOBH: HAOIM>KEHHS MOAPIOHIOIOYOr0 KOHyca [0 Yallll CyIpOBOKY€EThCA
IpOoOJICHHSM IIMAaTKIB MaTepially, 0 HaIXOJuTh y JpobapKy 3BepXy, a
BUJIAJICHHS -PO3BAHTAXECHHIM IPOOJIEHOTO MPOIYKTY, IO BUXOAWTH YHM3, IiJ

JIpo0apKy.

e

3

Pucynok 1.2 - Cxema KOHYCHOI ApoOapKu

[Tpuniunosa cxema npuBeneHa ua puc.1.3 [3].
30BHIIIHIN KOHYC 2 € HEpYXOMUM, BHYTPIILIHIN KOHYC | BCTaHOBJIEHUI Ha
BaJl 3, HWKHIN KiHEUb SIKOTO BXOAUTH Y BHYTPIIIHE OTBIp CTaKaHy €KCLIEHTPUKA
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4, a BepxHI{ IIapHIPHO MIABIIIEHUH HA TpaBepcl, sIKa CHUPAETHCS HA KOPILYC
npobapku. ['eomerpuuna Bice OB Basa pyxomoro koHyca 1 po3ramioBaHa i
KyToM 10 rojioBHOI oci OA mamuHu, piBHUM 2-3° (SKHM NMPUMHATO HA3WBATH
KyTOM HyTarii - y). ExcueHTpuk oOepTaeThCcsi B LIEHTPAIbHIA BEPTUKAIBHIN
BAJIbHUIIl 5 CTaHMHM APOOApKH 1 MIATPUMYETHCS 3HHM3Y MM STHUKOM. [lpu
BKJIIOYEHHI JABUTYHa 6 OpoOapKu MOMEHT oOepTaHHs MepelaeTbcs Ha cTakaH 4
eKCIIEHTPUKA, HIDKHIA KiHEeIb Baja 3 3[1HCHIOE PYXH IO KPYroBiil TpaekTopii,
panmiyc $KOi JOpPIBHIOE EKCHEHTPUCHUTETY BHYTPIIIHBOTO OTBOPY CTaKaHy
eKCIIEHTPUKA, a TEOMETPUYHA BiCh Bajia Oy/e OMUCYBaTH KOHIYHY MOBEPXHIO 3

BepHIMHOIO B TOuI1 O.

LlenTp kavanus (1.0)

JpobneHsrit mpoaykTt

w2

U, = . N N

Pucynok 1.3 - [IpuHuunoBa cxema KOHyCHOI JpoOapKu

[Ipu Ttakomy pyci Bainy, BCTAaHOBJIEHMH Ha HBOMY KOHyc 1 Oyne
MEePEKOYYBATHUCS 10 BHYTPINIHIN MOBEPXHI HEPYXOMOTO KOHYyca 2, a KOXKHa 3
YTBOPIOIOYHUX MEpUIOro Oyae To HaOIMXKaTUCs, TO BIAJIATSATUCS BlJl BHYTPIIITHBOT
noBepxHi npyroro. [Ipu oMy pyx pyxoMoro koHyca | HaBKOJIO CBO€T oci Oyie

3BOPOTHUM IO BIJHONIICHHIO JO OOEpTaHHS CTaKaHy uyepe3 CUJI TepTs depes
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npobnenuit mpoaykt. [loapiOHIOBaIBHUN MaTepiai 3aBaHTAXYEThCS B pOOOUMit
npocTip apobapku 3Bepxy. lloapiOHeHuit wmatepian pO3BAHTAXKYETHCS IO
BCHOMY KUIBIIEBOMY IPOCTOPY MK OCHOBOIO JPOOJISYOro KOHyca 1 KOHIYHOI
HEPYXOMOI Haliero npsmMo mija Apodapky [5,6].

Konychi apoGapku MoxHa kiacupiKyBaTH 3a PI3HUMH O3HakaMu. Sk
MPaBUJIO, B JIITepaTypHUX JKepesax [5-8] koHycHI Ipodapku KIacu(pIKyHOThCS
32 KOHCTPYKTUBHUMHU 1 TEXHOJIOTITYHUMH O3HAKAMH:

1. 3a TEXHOJNOTTYHUM MPU3HAYCHHSIM:

- KoHycHi npobapku 11t kpynHoro (KKJI), cepeannoro (KCJI) 1 mpibHoro

(KMJI) npoOneHHs;

- KOHYCHI1 Jpo0apKu JJis MepIioi, Apyroi i T.4. CTaali ApOOICHHS.
2. 3a KOHCTPYKTUBHMM BUKOHAHHSIM PyXOMOT'O KOHYCa!

- KOHyCHa Jpobapka 3 pyXOMHUM BHYTPIIIHIM KOHYCOM;

- KOHyCHa Jpobapka 3 pyXOMHUM 30BHIIITHIM KOHYCOM.
3. 3a TUIOM MPUBOAY PYXOMOI'0 KOHYyCA:

- 3 MEXaHIYHUM MPUBOJIOM;

- 3 THEpUIMHUM TIPUBOJOM.

Byxua knmacudikaliis KOHyCHUX ApoOapok mepeadadae q0IaTKOBUN 1 MO
iXx Ha Tpynu B 3alEKHOCTI Bl CMOCOOY peryjaloBaHHS  [IUPUHU
PO3BAHTAXYBAJIbHOI IIUIMHU, THUIY 3alOODKHOTO MPHUCTPOIO, CHOCOOY
KPIMJIEHHSI PYXOMOT'0 KOHYCa, XapaKTepy pOo3TalllyBaHHS TOYKH Tiparii 1 T.1.

['ooBHA BIAMIHHICTE KOHYCHUX ApoOapok st Benukoro (puc.l.4a),
cepeanboro (puc.1.46) 1 apibnoro (puc.l.4B) apoOieHHs mossirae B npoduii
po6ouoi kaMepH ApOOJIEHHS, a caMe€ - Y B3a€EMHOMY PO3TallyBaHHI OCHOBHHX
poOoUYMX OpraHiB 1 KyTa CXOJKEHHS BHYTPIIIHBOIO KOHYCa: Yy KOHYCHIH
apobapii KpymHOro HApoOJIeHHS - KYT CXO/KEHHsS BHYTPIINIHBOTO KOHYycCa
omu3bko 20°, MK MOBEPXHSAMHU KOHYCIB 23° -28°, yamia IOropu; y KOHYCHIN
npoOapiii  IpiIOHOTO 1 CepeaHbOro JpPOOJICHHS - dYallla 3HAXOAUThCS Hal
BHYTPILIHIM KOHYCOM, KyT MpH #oro BepmmHi Onuspkuidi g0 100°, mix

MOBEPXHAMM KOHYCIB - MeHIe 20°. Takok BapTO BIA3HAYUTH IO KYT HAXUITY O
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MDK OpOHSIMH BHYTPIIIHBOTO (PyXOMOTO) KOHYCa ICTOTHO 30UIBIIYETHCS Bif
npobapok KKJ[ mo npobapoxk  KMJI, mo mnpus3BoauTh 10 3MEHIICHHS

MPOAYKTUBHOCTI JipoOapok (Tabdmuns 1.2).

h M
M :

Pucynok 1.4 - Cxemu KOHYCHHX Ap0o0apoK: a - KpyHmHOro IpoOJIeHHS;

0 - cepeIHbOTO JIPOOJICHHS; B - APIOHOTO APOOIICHHS.

Tabmuis 1.1 - XapakTepucTHUKU KOHYCHUX apodapok [3]

Manaeron Bunu npobapok

pameTp KK KCJL KMJT
EII\D/IYHHICTB JKUBJICHHSI, 1200-500 350-100 200-40
KpymnHicts roToBOrO 350-100 100-40 30-5
IPOJYKTY, MM
ITpoayKTHUBHICTS, 600 60 30
T/TOA
Kyt naxuy
BHYTPILIHBOTO 10-15 43-48 48-30
KOHYCY, I'pa/l.
Cepenns CTy.l'IlHB 3-4 4-5 4-6
JIpOOJICHHS, i

1.3 Ornst OCHOBHUX KOHCTPYKTUBHHMX CXE€M KOHYCHHUX JIpOOapoK
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HaiiGinpmmMu 1 OCHOBHMMH BHUPOOHWUKAMH KOHYCHHX JIpo0apox €
kommanii  “Metso”(@innsguaisn), “Telsmith”(CILA), “Sandvik” (IlBeris),

“VYpanmanmaron” (Pocis) [4].

567

a b

Pucynok 1.5 - 3aranpHa 0yz0Ba KOHYCHOI ApoOapKu:

ripamiitHoi (a); riapaBaigHoi (0)

Ha puc.1.5a HaBeneHa 3arajibHa Oy/10Ba ripaliifHOT KOHYCHOT IpoOapKH.

JlpoGapka ckianaeThCs 13 MAaCUBHOI CTaHWHU 1, cepeHboi 2 Ta BEpXHBOI
3 ceKii.

BHyTpimmHi TOBepxHI CeKIiii OOJMIIbOBaHI 3MIHHUMH IUIMTaMH 13
MapTraHIeBUCTOI CTali. 3BepXy 10 (uIaHIlsd ceKiii 3 mpuKpiruieHa TpaBepca 4, Ha
SIKIA pO3MIIICHUI BY30J1 MIJBICY S Baja pyxomMoro konyca 6. Pyxomwuit konyc 7
3ampecoBaHUiA Ha BaJ 6 1 TaKOXK OOJUIILOBAHWN 3MIHHUMH ITUTaMHU. B 1ieHTpi
ctaHMHM 1 po3TamoBaHMi EKCHEHTPUKOBUN BY30J 8, HIO0 CKJIAJa€eThCs 13
eKCLEHTPUKOBOI'O CTaKaHa 3 HalpecOBAaHUM Ha HHOI'O KOHIYHUM KoiyiecoM. Bich

30BHIIIHBOI IWITHAPUYHOI TMOBEPXHI EKCIIEHTPUKOBOIO CTaKaHa CIIIBIAJAE 3
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BiCCIO JpoOapku, a BICh BHYTPIIIHBOI EKCLIEHTPUYHOI PO3TOUKH CTaKaHa
HaxXWICHA JI0 OC1 ApoOapKH 1 MePETUHAETHCS 3 HEIO B TOUIIl Tiparii. ExciienTpuk
OTpUMY€ OOepTaHHS BiJl JIBUTYHA (HE 300pa)xkeHO Ha puc.l.5 a), KIMHOMacoBOl
nepemadi (He 300pakeHo Ha puc.l.5a), mpuBigHOTO Basma 9 1 KOHIYHOI Mepenadi
10. EKcCreHTpuKOBUH BYy30J1 € HaMOUIbII HAaBaHTAXXECHUM BY3JIOM JpOOapKH,
SAKUN crpuiiMae Ge3nocepeHbo 3yCUIUIS ApoOieHHs. B paHHIX KOHCTPYKIIISX
KOHYCHHUX AP0OapOK €KCIIEHTPUKOBHIl CTaKaH CIIUPABCS HA CUCTEMY OpPOH30BUX
1 cTaneBux manod. 3 yacoM Oy0 MPUMHSTO PILICHHS, SIKE J1aJI0 3MOTY 3MEHIIUTU
HAaBAaHTA)XCHHA B JaHOMY BY3Jll 3a paxyHOK BHUKOPHCTAHHS TIAPaBIIYHUX
i’ aTHUKIB [4-8].

[Mpamiitai  1poGapku  XapakTEPU3YIOTHCA BEIUKUM XOJOM PyXOMOTO
KOHyCa B HMJKHIM YacTHHI KaMepu JIpOOJEHHS MOPIBHSIHO 3 XOJIOM Y BEpXHIi
4acTHHI OIS 3aBaHTaXyBaJbHOTO OTBOpPY. Lle cripusie miABUILIEHHIO MPOIYCKHOI
3IaTHOCTI Ta CHUIIKOMY PO3MOJUICHHIO MaTepialy B KamMepl JIpoOJIeHHS.
JpoOapku 3 BEpXHIM pO3TAlllyBaHHSIM KOHYyca € HaaiMHUMU. [IpogyKTHUBHICTH
ripamiiHux KoHycHux apobapok gocsarae 200 1/ron.

OCHOBHMMH HEJOJIIKAMH JPOOApPOK TaKOi KOHCTPYKTHBHOI CXEMH €
TPYJIHICTh PIBHOMIPHOTO PO3MOILITY APOOJIEHOTO Marepiany 3a TEpUMETPOM
4yepe3 BIJICYTHICTh 3aBaHTAXYBAJIbHOI TapliKW; HAsIBHICTh TPaBEpPCH, SKa
YaCTKOBO MEPEKPUBAE 3aBAHTAXKYBATLHUHN TPOCTIP.

HacTynmHuM MIMPOKO PO3MOBCIOJKEHUM THIIOM KOHYCHHMX JpOOapok €
riipaBiiiyHi KOHYCHI poOapku (puc.1.56). L1 npobapku 3pyuHi B eKcCILTyaTailii,
OCOOJIMBO TpPH PETyJIIOBaHHI PO3BAHTAXYBAJIBHOIO OTBOPY 1 MPOIMYCKY HE
noJpiOHIOBANBHUX TiJ. AJie BOHM € HalOuIpml aoporumu. PerymoBaHHS
PO3BAHTAXKYBAJIBHOTO OTBOPY B TIAPaBIIYHUX KOHYCHHMX JpoOapkax THUITY
“Hydrocone” 3miiCHIOETBCS T1APOIUTIHAPOM 2, SKUI PO3TAIIOBAHUN i1 BaJIOM
pyxomoro konyca. Ilig mi€ro mopiiHs BHYTPIIIHINA KOHYC MEPEMINTYEThCS 110
BEpPTUKAJIl, KOMIIEHCYIOUH 3HOC OpOHI KOHYCIB Ta KOPErylouM TEXHOJIOTIYHI
napameTpu. [igpaBimiyHa cxema Takoi JpoOapKd MICTUTh TiPOHACOC

(po3mimyeTbcsi B MUTKY 1) 1 rigpoOanmoH 3, sAKUM nOpailroe MOo10HO
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aMOPTHU3aTOPy TMEPEIIKOKAIOYH JKOPCTKOMY yaapy 1 oOMeXyrouu ITUHAMIdHI
HaBaHTa)XKCHHS HA €KCIEHTPUYHY BTYJIKY [5].

B npobGapkax tumy Hydrocone Halikpaie peani3yeTbcsi MpoLec MK
[IAPOBOTO TPUMYCOBOTO caMoApoOieHHs. B 1ux mammHax TOBIIMHA MIapy
Matepiany y (a3l MakCUMaldbHOTO 30JIMKEHHS KOHYCIB MEPEBHUILYE PO3MIP
KyckiB. [Ipu nepeMiiiieHH1 KyCKiB OJIMH BIJHOCHO OJTHOTO 3a0€3MeuyeThCsl e(heKT
ctupanns [5]. I[lpomykTuBHICTE Takux Apodapok npocsrae 170 T/rox mpu
3aBaHTaXyBaJIbHOMY OTBOpI 460 MM, a cTemiHb JIPOOJEHHS 3HAXOIUTHCA B
MeXKax.

Haii6iabpIm po3moBCIOKEHUMH Ha CHOTOAHI THIIAaMH KOHYCHHX JAPO0apoK
€ npobapku Symon (ctenidb ApooseHHs 4) Ta Telsmith (cteninp npobienus 6).
3a3HadeHi ApoOapKu BiIPI3HIIOTHCS MK COOOFO 3a piBHEM HAIIMHOCTI, BAPTOCTI
Ta eKCIUTyaTalliifHuX BUTpar [4].

OCHOBHOIO BIIMIHHICTIO JIpoOapok Symons € Te, 10 peryItoBaHHS
pO3Mipy MiX IpOOWIBHUMH KOHyCaMHU 3IMCHIOETHCS 3a JOIMOMOTOI0 pi3i 1

(puc.1.6a), sika 3HAXOAUTHCS HA KOPITYCl 30BHIIIHHOTO KOHYCA.

Pucynok 1.6 - KonycHi gpobapku: a - Symons ; 6 - Telsmith
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®ipma Telsmith Bmockonanmia gpodapky Symons, 3aMiHUBIIU CHEPUUHY
OMOpY KOB3aHHS BHYTPINIHBOTO KOHYCa TpallifHUM AWCKOM KOYEHHS, SKHi
YKOPCTKO 3B’SI3aHUM 3 MPUBITHOIO €KCIIEHTPUKOBOIO BTYNKOI0 1 (puc.1.60). Ban
PYXOMOTO KOHYCa OCHAIICHHUI 3yOOM, SIKHH 3HAXOIUTHCS Ha HOTO XBOCTOBHKY.
3y0 BXOIUTH B 3a4€IUICHHS 3 BIAMOBIIHUM 3yOOM Ha JIHI KOPIyCy ApoOapkw,
BHACIIJIOK YOTO YHEMOXUIMBIIOETHCS OOEPTaHHS KOHyCa HAaBKOJIO CBO€i OCi
yepe3 3aTUCHEHHS Bajia
MPUBITHUM EKCIIECHTPUKOM, a TAKOK HEUTPaIi3yeThCs 3CYB PyXOMOT0 KOHyca Ha
OMOPHUX TMIJAIIAIHAKAX KOB3aHHS TpU MiJBUIICHUX o00epTax. 3a3HadeHi
KOHCTPYKTHBHI PIIICHHS JO3BOJISIOTH IMIJBUIIUTH YHUCIO KPYTOBHX KOJIMBAHb
KOHYycCa Ta CTeIiHb JApooieHHs [3-5].

Cepen 0OaraThOX KOHCTPYKIIM KOHYCHHX Jpo0apoK, $KI MOCTIMHO
BJIOCKOHATIOIOTHCS, MOYKHA BUJITUTH JIEKUIbKA 1X TUMIB. JI0 HUX BIJHOCUTHCS
KOHycHa apoOapka Girles, ska Biapi3HsAIach THM, IO B HIM BIJICYTHS KOHIYHA
nepenaya (puc.l.7a). BuroroBnserbcss B JABOX BapiaHTaX: 3 HUXKHIM
pO3TalnlyBaHHsIM KJIMHOIIACOBOI Mepeadi Ta 3 BOYJOBAaHUM €JIEKTPOIABUTYHOM.
PagianbHOIO OMOPOIO €JEKTPOABUTYHA CIYXKUTH (DIaHenb 2, SKUid KPIIUThCS A0
Koprycy apo6apku. Ille omHOIO 0COOIMBICTIO ApPOOApKH € 3aCTOCYBaHHS
KIHEMaTUYHOTO MIApHIPY 1 B EKCIEHTPUKOBOMY BY3Jl, SKHH BHUKJIIOYAE
MEPEKOCH B MIAMUITHUKAX KOB3aHHS €KCIEHTPUKOBOTO BY3JIa.

BuxkiroueHHs: KOHIYHOT mepeaadi Ta 3HaYHUX MAaXOBHX Mac, PO3MIIIIEHUX
Ha EKCIEHTPUKY, JO3BOJIUIO BUKOPUCTOBYBATH eNeKTpoABUTYH Ha 40% meHmoi
MOTYXHOCTI, HK Y 3BUYalHUX KOHYCHHX ApoOapkax KpyImHOTO MOJApiIOHEHHS.

[HIMM 1iKaBUM pIIIEHHSIM € KOHYCHa ApoOapka, 3ampornoHoBana K.A.
PynaksictoMm. B npoOapii nepeMillieHHs pyXOMOIo KOHYyca 31ACHIOETHCS 3a
paxyHOK nBoX maryHiB 1 (puc.1.7.0), siki mepenaroTh pyX Ha 3arajbHy BTYIIKY,
IO OXOIUTIOE KIHELb Baja pyxomoro konyca. lllaTynu nmpuBoAsThCA A0 PyXy
JIBOMa BEPTHKAIBHUMHU €KCIICHTPUKOBUMH BaJlaMH 2, 10 KIHEMATHYHO 3B’s3aHi

13 3arajlbHUM TOPU3OHTAJILHUM TPHUBIAHUM BasioM 4. [HepiiitHi cuin maTyHiB i
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PYXOMOTO KOHYyCa BpIBHOBXYIOThCS jacOamancamMud 3, sKi 3MOHTOBaHI Ha
BEepTHKANbHUX Banax. HemonikoM apobapku € pyxoma onopa IHIiHIPY

B LIEHTPAJIbHOMY CTaKaHi KOPITyCYy JTpOOapKHu.
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Pucynox 1.7 - KonycHi npobapku: a - Girles; 0 - 3 mIaTyHHUM MIPUBOIOM

Tak, mnpu BUHUKHEHHI paailaIbHUX 3yCWIb JPOOJICHHS MOXJIUBE
3aKJIMHIOBaHHsI pyxoMoi onopu [4-8].

InTepec cranoButh npobapka ¢gipmu Babbitless (puc.1.8a), B koHCTpyKITii
SKO1 3aMICTh IMIIIUITHUKIB KOB3aHHS BUKOPHUCTOBYIOTH ITIAIIMITHUKY KOUYCHHS.
BukopuctanHs 1uxX NIAIIUMIHUKIB JO3BOJISIE TPUHHATH BITHOCHO BHCOKY
4acTOTy KOJIMBaHb pPYyXOMOTO KOHyca, 110, B CBOIO UEpry, CHpHsE
BUKOPUCTAHHIO B JIpo0apkax KpyToro npoduiro JIpoOUIbHOI KaMepH.
HenonikoM 11i€ KOHCTPYKLIi € MiABUIIEHA BHCOTA JPOOAPKU BHACIHIIOK
30LTBIIICHHS JOBKWHM BaJla PyXOMOTO KOHYCA, 110 3p00JICHO 3 METOI0 3HIKCHHS
HAaBaHTAKCHb HAa CKCIICHTPUKOBHM By30JI. Take KOHCTPYKTHBHE DPIIICHHS OIIOP
EKCIICHTPUKOBOTO Baja OOMEXYy€ MOMJIMBOCTI CTBOPEHHS IPOOAPOK BEIUKHUX
tuniopo3mipiB [3]. Ha cworomni mpoGapku Babbitless Burorosmnsie kommadis

Terex (CILA) (puc.1.86). Lli aqpobapku 3a0e3neuyroTh NpoayKTUBHICTE 10 350

21



T/TOn  TOpU  po3Mipax  pPO3BAHTAXKYBAJILHOTO  OTBOPY 32 MM Ta
3aBaHTaXyBaJIbHOTO OTBOPY 220 mMMm.

3 aHani3y KOHCTPYKIINA €KCIIECHTPUKOBUX KOHYCHUX JIpOOapOK BHUILIUBAE,
[0 OCHOBHUMH HAMpsSMKaMU iX BJIOCKOHAJCHHS € IiJBHUINECHHS HAIIHHOCTI
JeTajel Ta BY3JIiB, OJICTIICHHS MOHTaXHUX 1 PEMOHTHUX POOIT Ta MiABUIICHHS
TEXHOJIOTTYHUX MOKIIMBOCTEHN 32 PaXyHOK 3MIHU KOHCTPYKIIIT OKPEMHUX BY3IIIB.

[Tonanpiie mMoOKpaleHHs] TEXHOJOTIYHUX MOKA3HUKIB IPOOApOK B 3B S3KY
13 KOPCTKICTIO KIHEMAaTUYHUX 3B’ SI3KIB MK APOOHUILHUMH POOOYMMHU OpraHaMU
€ yTpyaHeHuM. Takox € mpoOiaemMu 13 CeNeKTUBHUM PYWHYBaHHSAM MaTepiaiiB
Ta HEMOXJUBICTIO TiepepoOku ocobauBo MinHuX nopid. I[li  Hemomiku
CKCIICHTPUKOBUX KOHYCHUX Jp0o0apoOK BAAJIOCh BHPIIIUTH B KOHYCHIM

iHepIiiHii qpodapri [4].
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Pucynox 1.8 - Konycha apo6apxka:

a — ¢ipmu Babbitless; 6 - kommnanii Terex cepii TC

OcHOBHa BIIMIHHICTh KOHYCHOI 1HEpIiiiHOI ApoOapku Biag Apodapku
Symons nossirae B TOMy, 10 €KCUEHTPUK 3aMiHEHUI MPUBIAHUM BIOpaTopoM

ne6anaHCHOTO TUITY.
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bynoBa konycHoi iHepuiiiHOi apoOapku HaBeneHa Ha puc.l.9. Bona
CKJIQIA€THCSA 13 30BHILMIHBOTO KOHyca 1 Ta BHYTpIIIHBOTO PYXOMOTO KOHyca 2.
Ha Bany apoOuibHOro KOHyca 3 3MOHTOBAHO 3a JOIOMOIOIO MiAIIMIHUKA 4
nebanmaHcHU BiOpaTtop 6, SKUH NPUBOIUTHCA B OOEpTaHHS dYepe3 THYUKY
TpaHcMmicito 5. Ilpu oOepranni pebamaHcHOro BiOpaTtopa CTBOPIOETHCS
BIJIIIEHTPOBE 3YCHJUIA, SIKE 3MYIIye ApOOMIBHUA KOHYC OOKOYYBAaTHCh TIO
IWTIHIPUYHIA TOBEPXHI 30BHIINIHBOIO KOHyca 0e3 3a30py SKIO0 B Kamepi

JIpoOJICHHS HE Ma€ TIepepoOII0OBAaHOTO MaTepialy ado uepes Iap Marepiaiy.
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Pucynok 1.9 - Konycha inepiiiiina gpobapka

VY BiOpariiiHiii KOHYCHIM ApoOapiii cTeminb apoOneHHs pocsrae 15...20.
[TuTomi BUTpaTH €Heprii Ha OJWHUILIIO YTBOPEHOI MOBEPXHI B LMX Apodapkax
HIKY1 B 1,4...1,6 pa3u B MOPIiBHSHHI 3 EKCIICHTPUKOBUMH [7].

3a paxyHOK BIJCYTHOCTI KOPCTKMX KIHEMAaTHYHUX 3B’SI3KIB MIXK
KOHyCaMHu B IHEpUIA HUX ApoOapkax BIACYTHE MOHATTS PO3BAHTAXKYBAJIHLHOTO

OTBOpY, SIKE€ MPUUAHATE JIJIT EKCEHTPUKOBHUX IpoOapok. [1ig po3BaHTaKyBalbHUM
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OTBOPOM B KOHYCHHX 1HEPUIMHUX ApoOapKax MPUHHATO PO3MIp J1aMeTpaTIbHOTO
KUTBIIEBOTO 3a30py MK KOHyCamH IMpH 3MIIIeHHI iX ocei. [Hma ocoOmuBicTh
KOHYCHHUX 1HEpIIHHMX ApOoOapoK II€ BIAMIHHICTh B XapakTepi ApOoOUIIBHOTO
3ycuiuid. B eKCreHTpuKOBi ApobOapiii ApoOMIbHE 3yCHIIIS 3aleKHUTh Bij
MIIIHOCT1 TTOPOJIM 1 CTETICH1 3alIOBHEHHS HEI0 KaMepH JipoOJieHHs. B 1HepiiHuX
npobapkax IpoOMIbHA CHUJIa € CYMOIO BIIIIEHTPOBOI CHIIH Jie0allaHca 1 pyXOMOro
KoHyca mpu #oro pyci. lle 3ycuimns HE 3aJeKUTh Bil BIACTUBOCTEH
nepepoOiIroBaHOro0 Marepiany. B apobapkax 3 iHEpLIHHUM IPUBOJOM MOKIIMBE
3HaYHE 30UIBIICHHS YacTOTH KOYCHHS BHYTPIIIHHOTO KOHYCa, IO TaKOX
MIO3UTHBHO BILIMBAE Ha €(PEKTUBHICTH pOOOTH JaHOT KOHCTPYKIIIT [8].

Ha ocHOBI aHai3y KOHCTPYKTUBHUX CXEM KOHYCHHX JpO0apOoK BU3HAUECHI
iX OCHOBHI TEXHOJIOT14HI XapaKTepuCTHKH (Tadi.1.2).

Tabmuusg 1.2 - TexHiuHI XapaKTEPUCTUKU KOHYCHUX JPOOAPOK OCHOBHUX

CBITOBUX BUPOOHUKIB

Mopaenb (BUpOOHHK) [MotyxHicts N, kBT Hpoﬂylf/?g;ic“ , Maca m, xr
HP-300 (Metso) 220 440 15,8
TMC-3 (TRIMAN) 160 435 16
CHA440 (Sandvik) 220 395 14,3
MVP280 (Terex) 200 3-5 16,556
KC/-1750 I'p-A(HKM3) 160 512 51
WKS 160- B(CCRB) 160 349 26,5
44 SBX (Telsmith) 220 372 16,556
KN-1200 (MexanoOp) 220 180 30

Ha ocHoB1 aHamizy TEeXHIKO-€KOHOMIYHMX IOKa3HHKIB Oyia BH3HaueHa

rpyna KpurtepiiB JJid OLIHKK €(PEeKTUBHOCTI KOHCTPYKLIA KOHYCHHX JIpOOapoK.

e . 17 . .
I[O TaKUX KPUTCP11B Bl HOCATBHCA: kl =— - KpUTCPIN OLIHKH BIUIMBY MAaCH Ha
m

. I7 . :
MPONYKTUBHICTB; k, = o KPUTEPI BIUIMBY BUTPAT €HEPTr1i HA MPOAYKTUBHICTB;
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m . .
k, = ~ ~ KPUTCpIH BIUIMBY IIOTYXHOCTI Ha MaCy.

Jlnisa oOTpyHTYBaHHS i BUOOPY TI€T YU 1HIIOI CXEMU KOHCTPYKIIi MalllnHU
Oynu moOynoBaHi ricrorpamu (puc.1.10).

Ha#iGinpm  pamioHadTbHUMH 32 KOHCTPYKTHBHUM  BUKOHAHHSM €
eKCIIEHTPUKOBI KOHYCH1 qpobapku kommaniii Telsmith, Sandvik, Metso, HKM3.
KonycHi iHepIiiiHi ApoOapku MarOTh HWKY1 3HAUEHHS MMOKA3HUKIB B TOPIBHSHHI
3 eKCIICHTPUKOBUMHU. Lle MOKHaA MOSICHUTH BIAHOCHOIO HOBU3HOIO KOHCTPYKIIi1
IUX ApoOapoK, SKI € He B IMOBHIN MIpl JOCIIPKEHUMH, Ta THM, 10 HaBEJICHI
MOKa3HUKM HE MOXYTh B IIOBHIM Mipl OMMCATH ME€pEeBAaru KOHCTPYKLII KOHYCHOL
IpoOapku 3 BIOpalIiHUM MPUBOIOM.

3aragbHUM HEJOJIKOM BCIX THIIIB JpoOAapOK € HU3BKUU CTEmiHb
IpOoOJIeHHs, IO TMOSCHIOEThCS JBOMa (¢akropamu. llepmum ¢akTopom €
oOMekeHa aMILTITy1a KOJIMBaHb KOHYCa BITHOCHO ocl o0epTanHs. Uepes 1ie map
MaTtepialy HHU3bKOI MIIIHOCTI HE MOKe OyTu aepopMOBaHUN Ha BEJIHYHUHY,
OlnbIIy 3a BCTaHOBJIEHUN 3azop. [pyrum dakTtopoM € oOMekeHa dYacToTa
KOJIMBaHb PYXOMOTO KOHYyca. 3 TIJBUIIECHHSM YacTOTHOI Jii Ha Marepiai
3HMXKYETBCSL KPYIHICTh MaTepially, MpoTe 30UIbIIYEThCS BIJILIEHTPOBA CHUJA
pPYXOMOro KOHyca 1, BIAMNOBIAHO, CTEMIHb HEBPIBHOBAXKEHOCTI ApOOapKHu.
BcraHoBieHO, 1110 €HEProeMHICTh Mpolecy APOOJIEHHS 3MEHIIYEThCS 3
MIJBUIIICHHSM YaCTOTH KOJWBaHb pyxoMmoro koHyca. Ha puc. 8, a 300paxeHo
rpadik 3MiHU TOTYKHOCTI B 3aJI€)KHOCTI BiJl CTENEHS
JPpOOJICHHS TIPU PI3HUX YaCTOTaX.

B ekcueHTpukoBHX JpoOapkax Mpu 30UIBLIEHHI IIBUAKOCTI KOJIMBaHb
KOHYyCa BUHUKAE 3arpo3a pyHHyBaHHS (PyHIaMEHTY.

Ha xonocromy xoay BiIOyBa€eTbCs 3MILIEHHS pPYyXOMOIO KOHYca,
YaCTKOBUI BHXIJ] Baja 13 THI3/la EKCIIEHTPUK Ta HACTYITHE HOT0 3aTUCKAHHSI.

[Ipotsirom GaratboX pOKIB KOHCTPYKIII KOHYCHHX JPOOApOK ITi/IIaBaIuCs
BJIOCKOHAQJICHHIO Ta MOJIEpHI3allli, ajie BCi Il 171ei He MPUBEIM 0 MPUHIIUIIOBOL

3MIHM KOHCTpyKIii MamuH [4-8]. ¥V HuX, SK 1 paHilie, BUKOPUCTOBYETHCS
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KIHEeMAaTUYHO 3aMKHYTa CXeMa eKCLIEHTPHUKOBOrO MpHUBOLYy. YucieHH1
KOHCTPYKTHBHI BapiaHTH KOHYCHHUX JIpo0apok OOyMOBJIEHI HEOOXITHICTIO
CTBOPEHHS HaWOUIbII €PEKTUBHOTO, B IAHUX BUPOOHUYNX YMOBAX, PIIICHHS.
[TopiBHSAHO HOBUMH eHEProe(HEKTUBHUMH MPUHITUIIAMHA JTPOOJIEHHS TBEPIUX
MaTepialiB, MO peayi3yloTh NPUHIMIK PYHHYBaHHS MaTepialy 3a paxyHOK
3yCHJIb 3CYBY 1 YaCTKOBO CTHCHEHHS, € JIE3IHTErpallis B KOHYCHUX BiOpaIiiHuX
(imepuiiinux) npobapkax tumy KIJ 1 B mpec-BaikoBuX ApoOapkax BHCOKOTO
TUCKY. Y Takux JpoOapKax MOKHA JOMOTTHCS CTYNCHsS CKOPOUYCHHS KPYITHOCTI
Mmatepiany B 5-10 pasziB. Takum 4mHOM, 1HOMI BHAETHCS 3aMIHUTH JBI CTamii
npoOyieHHss abo cTaailo APOOJIEHHS 1 MOAPIOHEHHS HAa OJHY TEXHOJIOTIUHY
orepariifo, abo ICTOTHO 3HHU3UTH CEPEIHI0 KPYMHICTh APIOHO ApoOJIeHUM

MaTepiajioM.

1.4 KonycHi iHepuiiai npodapku (KI/)

He3Baxaroun Ha cTaOUIbHICTh BXKE ICHYIOUMX ApOO0apOK KOHYCHOTO THUIY,
MOCTIMHO BEMYThCS JOCIHIJKEHHS 1 MOjepHi3ailisi npuctpoiB. Cepea oCTaHHIX
HOBOBBEJICHb CJ1J BIJ3HAYUTH KOHYCHI JApOOapKM Ha OCHOBI Je0alaHCHUX
B10OpaTOpiB, AKI pH10aIu Ha3By KOHYCHa 1HepuiitHa apodapka (KII).

[Tpuntun po6otu Kl nmonsrae B Tomy, 1o miji 4ac poOOTH HA PyXOMUM
KOHYC TaKO MepeaaeTbcs BiOpallis 3 BCTAHOBJIEHOTO BIOpAIIHHOTO MPUCTPOIO,
110 JI03BOJISIE MOJIMIIUTH SKICTh IPOOJICHHS MaTepiaiy, a TAaK0X CIPaBISATHCS 3
OUIBIII MIITHUM MaTepiajioM.

Konycna inepmitina gapoGapka (KIJ[) — koHycHa apoOapka HOBOTO
MIOKOJTIHHS, B SIK1i Ip0OJIeHHS B1IOYBAETHCS MiJT JI€I0 CUITU THEPIIil, III0 BUHUKAE
IPU IBUAKOMY 00€pTaHHI HEBPIBHOBAXKEHOT'O BAHTAXKY (J1e0anaHcy).

['onoBHa BiIMIHHICTH BiJl TPAAMIIIMHUX KOHYCHUX IPOOApOK TOJSATAE B
TOMY, 1110 3aMICTh €KCLIEHTPUKOBOIO MPUBOIY U Mepeaadl pyxy Ha pyXOMui
KOHYC BUKOPUCTOBYIOThCSA BIOpO30OyAHHMK OanaHcHOro tumy. Takuil mpuBizg

JO3BOJIMB HiI[BHIHI/ITI/I YacTOTy KPYI'OBUX KOJIMBAHb PYXOMOI'O KOHYC4, IO Ha
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OYMKY aBTOpIB [5], € OJHIEI0 3 MPHUYMH 30UIBIIEHHS CTYINEHS IpOOJeHHS

OPOAYKTY B TAKUX JPOOMIIBHUX MalllnHaX.

EOpPOHKA
KOpITYC
npobmaumit
aEye 30BHIMHA
Opoua
BeOy4Hit
nebanarc obmexyeay

aMILTTY U

BeIeHWIT
nebanaHc

Pucynok 1.11 - Cxema koHycHoi iHepiiitHoi npoOapku (KI/)

BibOpariiini npoOapku B TMOPIBHSHHI 3 TpajMIiiHUMU ApodapkamMu
3a0€3Meuy0Th 3HaYHO OUIBIIUN J1ama3oH cTymneHs apoosieHHs Biax 4 mo 30 B
3aJIEKHOCTI B MIIHOCTI MaTepiaiy, 1o nepepobiserbesa. Lle oOymoBieHo
OUIBIII MPOTPECUBHUM CIIOCOOOM JPOOJICHHS «B IIapi», MPU SIKOMY MaTepial
PYWHYETBbCS «IIMaTOK Mpo MMaTtok». OCHOBHa TMepeBara TaKOTo MPOIECY
OpoOJieHHsT  MoJisirae  y  BIACYTHOCTI  NPSAMOTO  3B’SI3KY  pO3MIpy
PO3BaHTaXYBAIBHOT IIIIMHU APOOAPKH 3 PO3MIPOM TOTOBOTO MPOAYKTY [ 6-8].

Bci  apoGapxku  tumy KIJI, He3BaxkarouM Ha  BIIMIHHOCTI B
KOHCTPYKTUBHOMY BUKOHAaHHI, MICTSTh KOPITYC, 30BHIIIHINA KOHYC, BHYTPILIHIHI

KOHYyC, MpUBIJ 3 BiOpatopom OanaHcHoro tumy (nebananc). Kpim Toro, mis
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3aroOiraHHsl mepenayl 3HAYHUX [AWHAMIYHUX HaBaHTaXEHb Ha (yHIAMEHT,
Ipobapku 00JaTHYIOTHCSI CHCTEMOTIO BIOPOI30JISIIiT .

Konycha iHepmiitHa apoOapka (puc.l.12) ckmamaerbest 31 cTaHuHU 1, y
CepeanHl K01 pO3TallOBaHWN APOOUIBHUI KOHYC 2, IO CHHUPAETHCS Ha

chepuyHUi man’ ITHUK 4.
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1 - cranuHa; 2 - 1pobnsuuit KoHyc; 3 - redanaHcH1 BIOpo30yKyBaui;
4 - chepuyHUil TIAN'SATHUK; S5 - KOPOMUCIO; 6 - chepuyuHuil apHip;
/- Ipy»H1 aMOpTU3aTOPH; 8 - KapJlaHH1 Baliv; 9 - onopHa pama;
10 - enextponBurys; 11 - Bax koHyca.

Pucynox 1.12 - Cxema koHYCHOI 1HepIliiiHOT 1pobapku tury KIJ]

[HepuiiiHuil KpyroBuii pyx KOHYC 2 OTpUMYE BiJ JBOX BIOpO30y/KyBauiB
3, 1m0 pPO3TAlIOBaHI HAa KIHISIX TOPU30HTAIBHOTO KOPOMHCHA S5, BICH SKOTO
3B’s3aHa 3 BajoM 11 koHyca 2 3a nomomoror cgepuyHoro IapHipa 6.
Bi6po30ymkyBadl npairoroTh CHHXpOHHO. O0epTaHHs AebanaHcaM MepeacThes
yepe3 KapAaHHI Bajdu 8 Bil JABOX eNeKTpoABUTyHIB 10, ski BCTaHOBJICHI Ha

onopHi pami 9. CraHuHa chnHUpaeTbcs Ha (QYHIAMEHT 4epe3 MpYKUHHI

yAs)


https://uk.wikipedia.org/wiki/%D0%9F%D1%96%D0%B4%D0%BF%27%D1%8F%D1%82%D0%BD%D0%B8%D0%BA

amoptuzatopu 7. Ilig miero iHEpIIHHOI CHIIA BiCh TPOOUILHOTO KOHYCA OMHUCYE
KOHIYHY ITOBEPXHIO 3 BEPIIMHOK Yy ULEHTpl cdepu, Nmo SKId 00poOseHHIt
chepuunuii mian’ aTHUK 4. [Ipu nepemiiieHH1 ApoOMIBFHOTO KOHYCa MO KOHIYHIN
yamr B1AOyBaeTbca IpOOJEHHS MaTepially, KU 3HAXOAHUTHCSI Yy poOOdYOMy
IPOCTOPI APoOapPKH.

HpobGapku Tuny KIJI MOXyTh 3acTOCOBYBaTHCh JUIsl OTPUMaHHS
JIpOOJICHOTO MPOAYKTY KPYIHICTIO MEHIIe 4 MM MpuU poOOTI Y BIIAKPUTOMY 1

3dMKHCHOMY IUKJIAX.

1.4.1 Knacudikaiiisi KOHyCHUX 1HEPIIHHUX APOOAPOK

VY BiomMux JpKepenax Hemae diTkoro noauty (kinacudikarii) KIJI 3a pizaumu
O3HaKaMu. 3 aHaJi3y CTPYKTYPH 1 KOHCTPYKIIi JpoOapoK, MPOIECIB APOOTCHHS 1
peXuMiB poOOTH, criocoOy CHHXpOHI3aIlli 1 4yacToTi oOepTaHHs JeOanaHCIB B
SKOCTI O3HaK, SKI HAWMOUIBII 1CTOTHO BIZOOpaKarOTh BIAMIHHOCTI APOOapoK,
npuiHATi [3]:

- 32 KUJTBKICTIO TIPUBO/IIB (3 OJTHUM; TBOMA);

- 33 CITIOCOOOM CUHXpOHI3allii MpuBoay (110 camMi CHHXPOHI3YIOThCS; 3
MEXaHIYHOI CUHXPOHI3ALI€10; 3 IEKTPUYHOIO (€JIEKTPOHHOIO)
CUHXPOHI3aIII€10);

- 32 MICLIEM YCTAaHOBKHM IIPUBOY (3 BIOPATOPOM Ha BHYTPIIIHBOMY KOHYCI; C
BiOpaTOpPOM Ha 30BHINTHBOMY KOHYCI; 3 BIOPaTOPOM Ha KOHYCI 1 KOPMYCi);

- 110 BUJy OMTOPU aKTUBHOTO €JIEMEHTY (3 HUKHBOIO OTIOPOIO; 3 BEPXHBOIO
OTOpOI0);

- TI0O BUJY TPAEKTOPii pyXy aKTHUBHOTO €JIEMEHTY (3 TOPHU30HTAIBHUM DPYXOM
aKTUBHOTO €JIEMEHTAa; 3 BEPTHUKAJLHUM PYXOM aKTHBHOTO €JIEMEHTa; 31
CKJIaJIHUM PYXOM aKTHUBHOTO €JIE€MEHTa; 31 CHIJIBHUM PYXOM 30BHILIHBOTO 1
BHYTPILUIHHOI'O KOHYCA);

- 110 4YacTOTI 00epTaHHs JAebanaHCiB (HU3bKOYACTOTHI; CEPEHE YACTOTHI,

BHCOKOYACTOTHI).
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1.5 CyuacHi METOH 1 CIIOCOOU YIIPaBIIHHS MTPOLIECOM IPOOIICHHS

B KOHYCHUX 1HEpUIHHUX Tpodapkax

AKTyaJlbHOIO TPOOJIEMOIO B MOAPIOHIOBAILHOMY MPOIIEC] € MOIIYK HOBUX
3ac001B YIIpaBJIiHHS TEXHOJIOTTYHUMH MTOKa3HUKaMU 11boro mporecy. Cepen HuX
MOXHA BUIJIUTH ICHYIOUl METOAM 1 CIOCOOM yIPaBIiHHS IIPOIIECOM JIPOOJICHHS
B KOHYCHHUX 1HEpPIIHHUX ApodapKax:

1. PerymioBaHHS IIMPUHU PO3BAHTAXYBAJIbHOI INUIMHUA. 3 YyCIX BapiaHTIB
HANOUTBII MPOCTUM CHOCOOOM YTMPaBIIHHS TEXHOJOTIYHHUMH IMOKa3HUKaMH
KI/I, a caMe npoAyKTHUBHICTIO, pO3MIpOM MPOAYKTY APOOIEHHS 1 T.J., € 3MIHA
OCHOBHOT'O PEKMMHOI'0 TapaMeTpa - MIUPUHU PO3BaHTAXKYBaJIbHOI LIIIIMHH.

2. Mertopn ymnpaBiiHHS BIJUEHTPOBOI CHIIOIO IMPUBOJHOTO BiOpaTtopa. 3MiHa
BIJILIGHTPOBOI CHJIM MPUBOJHOTO BiOpaTOpa KOHYCHOI 1HEPIIHHOI IpoOapKu,
MOJKJIMBO IIJISIXOM 3MIHU CTaTUYHOIO MOMEHTY JiebanaHca, abo 4acTOTH HOTro
oOepTaHHs. 3MiHA CTaTUYHOIO MOMEHTY AeOajlaHca 3A1MCHIOETHCS LUIIXOM
3MIHM Horo Macu. Taki crmocoOu JO3BOJISAIOTH IUIABHO  3MIHIOBATH
BIILICHTPOBY CUJIy BiOpaTopa, a, OTXKe, 1 MOAPIOHIOBAIBHY CHITY, IO
PO3BUBAETHCS PYXOMUM KOHYCOM ApoOapku. TUM caMHM MOXHa JOMOTTHCS
Takoro crymneHs nedopmaliii mapy marepiairy, IO MepepoOsseThCs, sKa
3aJI0BOJIbHSIE HEOOX1THOMY MPOLECY pyHHYBaHHS BUXITHOTO MaTepiall.

3. 3MiHa BHCOTH CTOBIIA MaTepialy B 3aBaHTaXKyBaJIbHIM BOpoOHII. ToBIiuHa
niapy Marepiajly B 3aBaHTaKyBaJIbHOI BOPOHIII HallOe3MmocepeIHIINM YHHOM
BIJIMBA€ HA CTYIIHb MOro YUIIJIbHEHHS B Kamepl JpoOjeHHs. Yum Oinblie
NyXKUW 11ap Marepiany B Kamepi, TUM OljbIlle aMILIITyJa PyXOMOT'0 KOHyca i
TAM JIpIOHIMIMA NPOAYKT MOKHA OTpUMATH, XO4a 1 TMpU MEHIIIN
MPOIYKTUBHOCTI. 3MIHIOIOUM DPIBEHb MaTepialy HaJl BXOJIOM B JpOOJSUy
MOPOKHUHY B MEKaxX BUCOTH 3aBaHTAKyBaJIbHOI BOPOHKU, MOKHA 3MIHIOBATH
CTYIIHb JPOOJIEHHS 1 MPOAYKTUBHICTh. Takuil crocid HalOIbII TPUIHHATHUN

3 METOI0 OTPUMAaHHS HAOUIbII APIOHOTO MIPOIYKTY.
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4. OO6MexeHHsI aMIUTITyId KOJIMBaHb PyXoMoro koHyca. OgHUM 13 CIOCOO0IB
yIOpaBiiHHSA TexHoJoriyHuMH mokasHukamu KIJI, 30kpema, B HampsiMKy
3HIDKCHHSI TEpenoipiOHEHHs, € BHUKOPUCTAHHSA MPHUCTPOIO, IO OOMEXye
aMIUTITYly KOJMBaHb pPyXOMOTo KoHyca. OOMexyBaueM MOXe OyTH,
HaIPUKJIaJ, €IEMEHT NMPUBOAY JebanaHnca, 1o 00epTaETHCS Pa3oM 3 OCTaHHIM
1 Ma€e MOXJIMBICTh OyTH 3a()IKCOBAaHMM Ha 3a/IaHii BiJICTaH1 BiJl OCl 00epTaHHS
NPUBOJHOTO Baja. Takwii cmocid J03BOJISIE TIOEMHYBATH  TO3WTHBHI
BJIACTUBOCTI 1HEPIIIHHOI 1 €KCIEHTPUKOBOI JIpoOapKH, IiABUIIUBIINA BILUIMB
PO3BaHTAXYBAIBHOI IITUHU HA TeXHONOTT9HI okazHuku KIJI.

5. 3mi"a ¢popmu kamepu apoOiaeHHs. KOHCTpYKTUBHO O1IbII CKIaJHUM 3aCO00M
VOPaBIIHHSA ~ TEXHOJIOTIYHUMHU  TOKa3HUKaAaMU Ta  SKICTIO  MPOAYKTY
noApiOHeHHs1 € 3MiHa (opMH KaMmepu JpoOJieHHS. 3MiHAa T€OMETPUYHHX
napameTpiB Kamepu IpoOJIECHHS JO03BOJISIE BIUIMBATH HA TPAEKTOPIIO PYXY
YaCTMHOK Matepially B HIA 1 CTYINIHb iX VIIUIBHEHHS B IIPOIECI aKTy
CTUCHECHHSI.

Ha puc.1.13 npencraBieHi cupomieHi CXeMu CydacHUX KaMmep JpoOJeHHs

YTBOPEHHUX HEPYXOMHM 1 pyXOMUM KOHYCaMHU.

N

a 6 8

Pucynox 1.13 - CrporiieHi cxemu kamep apoOseHHs [7]

1.5.1 OcHoOBHI T€OMETPUYHI TApaMETPH KaMep KOHYCHUX IPoOapoK
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JIo OCHOBHHMX TE€OMETPHUYHHUX IMapaMeTpiB poOOUYMX Kamep KOHYCHHX
IpoOapoK CepeHBOTO 1 APiOHOTO JIPOOIICHHS CiIij BigHecTH [8,9]:
D - niameTp pyXxoMoro KoHyca;
a - KyT HaxXujly TBIPHOI PyXOMOTro KOHyca (KpyTh3Ha KaMepu JpOOJIeHHS ),
L - moB>KHMHA 30HU MapayesIbHOCT1 (30HU KaJliOpyBaHHs);
Y - KYT 3aXOIICHHS;
H - BucoTa kamepu qpo0sieHHS .

Kamepa 3 kpyTuM HaxwmjioM BOJIOJI€ OLIBIIIOI MPOITYCKHOK 3aTHICTIO
(puc.1.13a,6). YV monoroi xamepi (puc.l.13B,r) moapiOHIOBaIbHUI MaTepiay
MePEMIIIAETHCS TOBUIBHIIIE, IIIIAI0YUCh OUIBIIN KITBKOCTI aKTIB CTUCHEHHS
poOOYMMHM OpraHamMu 1 YacTillle HAIITOBXYETbCA HA IOBEPXHIO PYXOMOTO
KOHYCa.

[Ipu BapitoBaHHI KyTa HaXxWiIy Kamepu ApoOseHHs (KyTa HaxXuiy TBIpHOI
JI0 OCHOBH PYXOMOTO KOHYCa ¢) 3MIHIOETHCS KIJIbKICTh aKTIB CTHCHEHHS
Martepiany, MO0 MNOAPIOHIOETHCS, POOOYMMH OpraHaMH, IO, B KIHIEBOMY
paxyHKy, BU3HAUYa€ MPOMYCKHY 3/1aTHICTh (MMPOJAYKTUBHICTB) APOOAPKH, CTYIIHb
MOIPIOHEHHS 1 CIIOKUBAHY IPOOAPKOIO €JIEKTPOCHEPTIIO.

KonycHni npobapku cepenuboro (KCJ) 1 apionoro (KM/I) npoGsienHs B
CBITOBIM MPAaKTUIIl CTaHJIAPTU30BaHI IO JlaMEeTPy HUKHBOI OCHOBH PYXOMOTO
apobnsiyoro koHyca D 1 MaroTh 4YOTHMpHM BapiaHTM BUKOHAHHS KaMepu
npoonenns: Touke 1 (Fine), cepenne C (Medium), rpyoe /p (Coarse ), myxe
rpyoe Oep (Extra Coarse). Y Pocii BumyckaroTh ApoOapKu CEpelIHboro i
npioHOTO ApoOaeHHs 3 kamepamu 1 1 I p. Mixknapoana HazBa apodapku KCJI -
«cranmaptHay  (Standart Cone  Crusher), a  apoGapkm KMJ[ -
«xopotkokonycHas» (Short Cone Crusher).

['pannyHuUil po3mip MIMATKa, SKUH MOXKYTh 3aXOMUTH APOOJIsIYl KOHYCH,

DK = Kd)D,
ne Dy - cepenniit po3Mip OpUTiHAIBHOTO IIIMAaTKa, MM;
Kg - Koe(iieHT (popMH IMIMATKA - BIAHOLIEHHS HOT0 CEPEAHbOr0 PO3MIpPY 10

TOBIIUHU;
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D - niameTp yMOBHO{ KyJIi, MM, 3/1aTHO1 OyTH 3aXOIJICHOIO IPOOISTYINMU

KoHycamu apobapku [10].

JIOB)KMHA 30HW TMapalieJbHOCTI BU3HAYa€ OJHOPIMHICTE TPOAYKTY
npobneHds. Tak iCHYIOTH KaMepu APOOJICHHS 3 OJHIE] 30HOI MapayiebHOCTI
(puc.1.13a), abo ix moxxe OyTu kinbKa (puc.1.130).

uprHa pO3BaHTAaXYBATBHOI MIJIMHA € OCHOBHHM  PEXUMHHUM
napaMeTpoM OyIb-sKOT KOHYCHOI JIpoOapkH, IO BH3HAYa€ i TEXHOJOTIYHI
MOKa3HUKH.

Y  BITYM3HSAHIA TPaKTUIl MIMPUHA PO3BAHTAXKYBAJIBHOT  MIUIMHU
EKCIICHTPUKOBOI APOO0ApKU CEPEAHBOTO 1 APIOHOTO MpOOJICHHS BU3HAYAETHCS Ha
3aKpUTI CTOPOHI KamMepu IpOOJICHHS, a B KOHYCHUX I1HEpIIHHUX Apodapkax
BOHA BH3HAYAETHCS SK PO3MIp [1aMETPaIbHOIO KUIBLIEBOIO 3a30py MIX

KOHyCaMu IIPH CYMIIIIEHHI OCEeil pyXOMOTo KOHyca 1 oci apobapku [43].

1.5.2 OCHOBHI TEXHOJIOT14YHI XapaKTEPUCTUKH KOHYCHUX IPOOapOK

JIO OCHOBHUX TEXHOJIOTIUHHUX XapaKTePUCTHK KOHYCHUX ApoOapox
HaJIeKaTh: KYT 3aXOIUIEHHS ¢, YaCTOTa 00epTaHHs €KCLIEHTPUKOBOIO CTakaHa N,
NPOAYKTUBHICTH Q, Xi] KOHYyca e 1 MOTYXHicTh enektpoasuryHna N [10].

KyTom 3axormieHHs KOHYCHUX IpoOapoK Ha3WBAETHCS KYT MK TBIPHUMU
BHYTPIIIHHOI TIOBEPXHI HEPYXOMOi KOHIYHOI dall 1 30BHINIHBOI IMOBEPXHI
JpOOUJIBHOTO KOHYCa B MOMEHT IXHBOTO HaMOLIBIIOTO 30JMKEHHS. YMOBHU
piBHOBarm TpyAKWM Marepiady y Kamepl JpoOJeHHS KOHYCHOI JApoOapku
aHaJIOT1YHI yMOBaM pIBHOBAaru TpPyJIKH MaTepialy B IIOKOBIA Apodapii, 1o
JT03BOJISIE TIOIIMPUTH BUCHOBKH, KI Oynu 3po0ieHl uisi MIOKOBUX JIpo0apok,
TAaKOXX 1 Ha KOHYCHI ApoOapku. TakuM UYMHOM, KYT 3aXOIUICHHS KOHYCHHX
IpobapoK He MOBUHEH MEPEeBUINYBAaTH MOABIHHOTO KyTa TepTs. [IpakTuyHO KyT
3aXOIJIEHHSI KOHYCHUX JIPOOapOK KPYIHOTo ApOoOJIeHHs ckianae Bia 24 no 280 ,

KOHYCHHUX JIpOo0apoOK CepeHbOTo 1 APiOHOTO APOOIIeHHS Y cepenHboMy — 180 .
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OnTuMalibHa 9acToTa OOepTaHHS EKCIICHTPUKOBOTO cTakaHa m (xB—1 ),
Opu SIKIM J0CATAETbCA MaKCUMajbHa MPOAYKTHBHICTH APOOAapKU, MOXke OyTH
BHU3HAYEHA: — JUIsl IPOoOapOK KPYIMHOTO IPOOJIEHHS:

Xia IpoOMIBHOTO KOHYyCa Ha JIiHIT PO3BaHTAXXYBAJIBHOTO OTBOPY: € = 2I,
M, (1.15) me r — ekcueHTpucurer, M. B KOHyCHUX Jpobapkax KpyImHOTO
TpOOJICHHS EKCIEHTPUCUTET Ha PiBHI PO3BAHTAXKYBAILHOI IIIJTUHU 3aJICKHO Bif
po3mipy npobapku ckiangae 13 — 25 mm. [Ipu oMy apoOapku 0qHOTO PO3MIPY
MOKYTh MaTH Pi3H1 eKcleHTpucuTeTH. Xix konyca apodapok tumis KCJ{ 1 KM/]
3HauHo Ounbiie HiK y KKJI[. 30UmbmieHHs po3maxy KOJMMBaHb HEOOXITHO IS
IPUCKOPEHHS MPOXOJDKEHHS Marepiajly dYepe3 30Hy JApoOJeHHS Ta i
MOJIETIIEHHS! PO3BAHTAXKEHHSI 1 BIJANOBIJHO MIJBUIIEHHS MPOAYKTHUBHOCTI
JIpoOapKw.

[IpoAyKTUBHICTH PO3PaxOBYIOTh MO 00’e€My APOOJIEHOTO MPOIYKTY, IO
BUMAJA€E 3a OJAUH 00epT APOOUIILHOTO KOHYCA.

[ToTyXHICTb €NEeKTPOABUIYHA KOHYCHHUX JpOOApOK BH3HAYAETHCSA 3a
emMnipuuHuMH  Qopmynamu:  KoHycHi  JpoOapku  KpymHOTO  JApOOJIEHHS
BUKOPUCTOBYIOTh ISl IPOOJICHHS TIPCHKUX TOPIJl BEIMKOI MIITHOCTI 1 B SI3KHX.
JlpoGapka moBuHHa 3a0e3meunTH HEOOXITHY MPOAYKTHUBHICTh MPH 3a/IaHii
KpyHHOCTI JpoOieHoro npoaykry. lllupuHa npuilMaJbHOIO OTBOPY ApPOOApKH
noBuHHA OyTH Ha 15 % OuIbIIa pO3MIPY MAKCUMAIBLHOTO 3€pPHA Y BHUXITHOMY

Marepiani.

1.6 Bubip 1 oOrpyHTYBaHHS MOJIEpHI30BaHOI KOHCTPYKITIT

[TompibHrorounii  3a30p Moke OyTH peryjbOBaHMM 3a paxyHOK
TiIpaBIIYHOrO MIAMOMHOIO MPUCTPOIO CKJIaJAHOI KOHCTpykKuii. Taka cucrema
peryJiroBaHHs poO0UYOro 3a30py norpedye MT0AaTKOBUX T1IPAaBIIYHUX MPUCTPOIB
Ta BIAMOBITHOTO mepudepiiiHoro obnagHaHHsA. BepTukanbHe TEpeMIlIeHHS
rOJIOBHOTO Bally 1, BIJNOBIAHO, PyXOMOI'O KOHYCa 3alpONOHOBAHO Y MATEHTI

[10]. Pyxomuii KOHYC 3’€HYETBCS 3 TOJIOBHUM BaJIOM Yepe3 TiIpaBIidHy OMIpHY
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cucremy. KoHCTpyKilisi MICTUTh SIK OMIPHUHN, TaK 1 pajiajbHI BY3JIM BaJbHUIb
1 € HAOUThIT OJIM3BKOIO JIO KIIACHYHUX OIMPHUX BY3JiB KOHYCHUX JIpPOOapoK.
Jns  yImibHeHHS TOMIOHMX PYyXOMHX 3’€HaHb HEOOXIJHO 3a0e3MeUUTH
edeKTHBHY CHCTEMY 3aXUCTY BiJ mwty. Hampukian, Taka yiiiipHIOI0YA CHCTEMa
3anporioHoBaHa y [11]. Omxke, 3acTocyBaHHS TMOAIOHMX MPUCTPOIB
pETYIIOBaHHS TOJPIOHIOIYOTO 3a30py 3HAYHO YCKIATHIOE KOHCTPYKINIO
KOHYCHO1 IpoOapKw.

Ha pwuc.1.15 300pakeHo Take pi3p00OBe 3’€AHAHHS, IO JO3BOJISIE
MEPEMIIIyBaTH B OCHOBOMY HAIPSMKY HEPYXOMHH KOHYC 2 3a paxyHOK HOTo

pyXy mo BUTKax pizbOu 3 mpu oOepTaHHl ab0 OcHOBH 1, a00 HEPyXOMOTO

KOHYCY 2.
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Pucynoxk 1.14 - Tlatent US 2021245166 Cone Crusher [12]
35



1 - ocHOBa, 2 - HEpYXOMHI KOHYC, 3 — BUTOK i3l

Pucynox 1.15 — MopepHizoBaHuii By30J1 JpoOapKu

[IporoHoBaHa MOJEpHi3allis T03BOJISIE PETYIIOBATU MPOCTIP APOOIEHHS
3a JOTIOMOTOI0 HOBOI HACaJK{ y BUTJISAI TBUHTOBOTO 3 €HAHHS Ta JTOAATKOBOI
CBOOOJM pEryiroBaHHsS, SKy 3a0e3nedye BCTAaHOBJICHMM Ha Apobapiii

rigportiaap (puc.1.16).
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Pucynok 1.16 - 3aranbHuil BUTIIsIT KOHYCHOT ApoOapKu Miciis MoaepHizarii
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2 CIIELUIAJIBHA YACTHUHA

2.1 [TapaMeTpuyHI PO3paxyHKH JIpoOapKu

Buxigni qaHi Ta mapameTpu noapioHoBaHoro Matepiany [16,19]:

- MOZyJIb IpyXHOCTI Matepiany E = 2,3+ 10" MITa;
- TpaHULS MIITHOCTI MaTepiaiay Ha CTHCK o = 45 MH/M3;
- 06'emHa Maca Matepiany p = 2,05 T/m°;

- KoeilieHT po3nymeHHs marepiany u = 0,36;

- koediieHT TepTsa MaTepiany 00 noBepxHio apoosenns f=0,35;

- NpoAyKTUBHICTb gpodapku /7, = 800 1/rox;

- cepeaHid po3Mip mMaTKIB MaTepiany a0 noapiouenns D, = 0,75 wm;

- CepeHil po3Mip rOTOBOro Mpoaykry d. = 0,16M.
KyT 3axBaty KOHYCHO1 Ap0oOapKu:
He Oinp1e, HiX:

a <arctg0,3; a <34°

BpaxoByroui yMOBY o = oy + o TpuiiMaeMo: KyT MIX TBIPHOIO

HEPYXOMOTO KOHYCa 1 BEpTUKALIO ¢ = 15°, KyT Mix TBIpHOIO pyXOMOTO

KOHyca i BepTukammo a= 10°,
O06’eMHa MPOTYKTUBHICTh:

Jai
=22 -89 a0 Mo
p 25

XiJl pyXOMOro KOHyca:
S= 1,3 dC .
[Mpuiimaemo S =0,21 m.

YacTora oOepTaHHS pyXOMOTO KOHYCA:

n:\/g(tgal+tga2):\/9,81(tg15 +1g10 ):1’609 o6/c

8S 8-0,21

IMpuiimaemo N =1,65 06/c¢=100 06/ xs.
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MiniManbHHI 3a30p MK KOHYCaMU Ha BUXO/I1 3 APOOApKH:
e:dc—§=0,16—0’721=0,055 M (2.5)

[Tpuiimaemo e = 0,05m.

HaiiGinpimmii 3a30p Mi>k KOHycaMH Ha BXOJ1 Y IpOoOapKy:
a=12-D¢=1,2-0,75=0,9 m. (2.6)

Bucora pyxomoro konyca:

_ a-e-S 09-005-0,21

= = ~1441 . 27
tga, +tga,  tg15° +1g10° (2.7)

[Mpuiimaemo h=1,15m.
Bucota HepyxoMoro Konyca:
H=1,1h =1,1-1,15=1,256 M. (2.8)
ITpuitmaemo H =1,15m.
Hwoxuiii niameTp pyxoMoro KoHyca:

 H(ge, +tga,) 390- (tg15° +1g10°)

“~ 3600munSd,  3600-314-0,36-1,65-0,21-016 0768 M 29)
[Tpuiimaemo d, =1,2 m.
Hwoxniii 1iaMeTp HepyXOoMOro KOHyca:
D, =d, +(2e+S)=1,2+2:0,5+0,21)=1,51 m. (2.10)

[Tpuiimaemo D, =1,3m.
BepxHiii niaMeTp pyxoMoro KoHyca:

dg =d; -2h-tgap =1,2-2-1,15-tg10 = 0,795 m. (2.11)
I[Ipuiimaemo dp =0,55m.
BepxHiii niaMeTp HEPYyXOMOro KOHyca:

Dg =Dy, +2-H tgou=1,3+2-1,15-1915° =1,916 m.  (2.12)

[Tpuitmaemo Dg =1,5m.

2.1.1 TloTyXHICTh ABUTYHA:
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3 o’ll, (i —1)

= : 2.13
2,4En,n, 1)
. D, 075 . . . o  _ .
ae i= d—° =016 4,688 - CTYIIHb IOAPIOHEHHS; IpUMaeMo | = 4,7 ;
12 = 0,3 — xoediuient kopucHoi aii (KK/[) konycHoi npodapku;
1, — 3araneanid KK/ mpuBony.
3aransHuii KK/I npuBony:
77n = nnac -773.1(014 . 77Myqb -776‘.)’(083 .773)}6’ (214)

1€ Mnae = 0,95 - KK/ kmuHOpeMiHHO nepeaui;

Ne.xow = 0,99 - KKJI miqImmmHNKIB KOUSHHS;
M. = 0,99 - KKJI 3y6uactoi Mmydry;
Me.xoss = 0,98 - KKJI miAMTUATTHUKIB KOB3aHHS;

M6 = 0,94 - KKJI 3y0uacToi KoHI4HOI nlepeaul.
n = 0,95-0,99-0,99-0,98-0,94 =0,86.

[Mpuitmaemo notyxHuicth qeuryna N =208 kBt

2.2. KineMaTu4Hi po3paxyHKH APOOAPKH

BukoHyemMo KiHEeMaTW4yHl po3paxyHKW MJii BHU3HAUEHHS KPYTHOTO
MOMEHTY, MOTY>KHOCTI Ta YaCTOTH OOEpPTaHHs BCIX 3B’SI3KIB MEXaHI3MY MPUBOTY

Ta TepeIaBaJbHOrO Yucia Mk HUMU. KiHemaTtnuHa cxema JipoOapku HaBeJleHa

Ha puc.2.1[16,17].

2.2.1 Bubip enexTpoaBUTyHa.

PospaxynkoBa motyxHicts asuryHa N = 208 xBr. [Ipuiimaemo nBuryx
4AM35554 notyxHicTio N; = 250 kBT 3 unciiom o6eptiB N; = 1500 06/xB.
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Pucynok 2.1 - KinemaTtu4na cxema MpuBOy ApoOapKu

Yactora 00epTaHHS PYXOMOro KOHYycCa, SIKY HEOOXIJHO JOCSTHYTH Ha
BUXO/II:
n; =1,65 06/c =100 06/ xs.
3aranpHe nepegaTouyHe YUCIIO MALIUHU:

n_100_,g (2.15)
n, 100

KpyTHHi1 MOMEHT Ha Bay JBUTYHA:

M, = 9550 —9550.-2%8 _ 1305 Hy, (2.16)
? 1500

nl
2.2.2 Po3paxyHOK KJIMHOTAcoBOI nepenayi [16].

. -
[TpuiiMaemo ToTniepeIHE 3HAYCHHS TIePEaTOYHOr0 YKcia epeaadi U = 5.
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[TpuitmaeMo mac HOpMaIBHOTO TIepepizy TUTTY «E».

HiameTp Bexydoro mkisa npuiimaemo d,; = 200 mm. Konosa mBHAKiCTb:

. zd N, 314-200-1500
" 60-1000 60-1000

=157 mlc.

JliameTp BEJICHOTO IIIKiBa:

— / _ —
d, =d U (1-2)=200-5(1-0,02)=980 .

ne € = 0,02 — xoedirieHT MPOKOB3yBaHHS Maca.

OxkpyrisieMO OTpUMaHE 3HA4YEHHS [0 HAHOIMKYOTOo

aiametpy 3rifgHo d,; = 1000 MM.

daKTU4uHE nepeaaToq9YHC 4Yuciio:

Y= d, 1000
" d,(-g) 200-(1-0,02)

YacroTa O6CpTaHH5[ BCIACHOI'O IIKIBA:

n, =M 10 504 w6/6 =49 061
u 51

P

[ToTyXHICTh Ha BEICHOMY Bay:
N, =N, =08 -0,95=198 xBr.

KpyTHHi1 MOMEHT Ha BEAEHOMY BaJly:

(2.22)
Mkp2 = 9550& = 9550-@ =6432 Hwm.
294

n,
Ipuitmaemo M, = 6430 Hu;
OpieHTOBaHa MI>KOCHhOBA BIJICTaHb:
a=0,95- de = 0,95-1000 950 mm.

PospaxyHkoBa noBxuHa naca:

d,-d,f
L:2a+%(dpl+dp2)+%=

" (1000 - 200)*
4-950

314

=2-950+ =~ (200 +1000 = 4458 mm

(2.17)

(2.18)

CTaHJIAPTHOTO

(2.19)

(2.20)

2.21)

(2.23)

(2.24)

OxpyrisieMo OTpUMaHE 3HAYEHHSI O HAWOMMKYOro craHmaptHoro L =

4500 mM.
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JliticHa Mi>KOChOBA BiJICTaHb:

. 2L—7Z'(dpl+dpz)+\/[ZI-—”(dpl"'dpz)2 _S(de _dpl)zj

8
_2-4500-3,14(200 +1000)+ \/_2 +4500 — 3,14 (200 +1000)* —8(1000 — 200)° | (2.25)
- 5 = :
—1839 wm
[Mpuitmaemo a=1840 mm.
Kyt 06xBaTy Ha Bey4oMy IIIKIBi:
d. _d ) (2.26)
a, =180° —-57,3° . —P2_—PL —180° —57,3° 10002200 _ 4590
a
Heo0ximgHa KIJIBKICTh IACIB:
N, 208 7,66, (2.27)

*“N,C,C.C.C, 32.093.096-1.095
ne No =32 kBT - HOMiHaJIbHA TOTYXKHICTh, SIKa MEPEIAETHCS OHUM ITACOM
BHOpPAHOTO TIEpepi3y;
C, - Koe(illieHT IMHAMIYHOCTI Ta pexxuMy poboru nepenaqi, C, =0,93 ;
C - xoediuient kyra ooxsary, C_ =0,96 ;
C, =1.

C - KOe(iIIEHT, IO 3aJICKUTh BiJ IOBXKUHM Maca, IpruiiMaeMo
(7 - Koe(iIieHT, 1110 BpaxOBY€E KUIbKICTh MACIB Y KOMIUIEKT1 KJIMHOMIACOBOI
nepenauyi, npuitmaemo Cz = 0,95.

IIpuiimaemo Z =8.

2.2.3 KoHcTpyroBaHHS IIKiBIB
Burkonyemo 3a METOIMYHUMH BKa3iBKaMH, HaBeaeHUMH Yy [16].
Bubip Marepiany ImIKiBa 3aJ€XUTh BiJ] KOJOBOi MBHUAKOCTI V, m/c. OCKIIbKU
KJIMHOBI TIACH MOXYTh TpaIoBaTi npu mBuakoctsx V = 30 m/c, Bubupaemo
cipuii uaByn mapku CH 15 TOCT 1412 — 85.
BuzHauaemo mnapameTpu KaHABOK IIKIBIB 3aJIEXKHO Bl BHUOpaHOIO
nepepizy maca tumy «E»[16]:

W =42 mm - pospaxyHKkoBa MUpHHA KAHABKH IIKiBa;
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b=12,5 MM - rmubrHa KaHABKK HaJ PO3PAXyHKOBOK TOBLIMHOIO;

h=30,5 MM - ruOuHa KaHABKH I1i1 pO3PaXyHKOBOK TOBLIMHOI;

e =58 MM - BiICTaHb MIJK BICSIMH KaHABOK;

f =38 MM - BimcTamp Mik BicCIO KpallHBOi KaHABKM Ta OJNMKYAM TOPLEM

IIKIBa;

a=40° - KYT KaHaBKH IIKIBa;

r=2,5 MM - pajiiyc 3a0KpyIJIeHHs BEpXHbOI KDOMKH KaHABKH IIKiBa.
Po3paxyHKoBI JiaMeTpu BEIy4OTO 1 BEJICHOTO IIKIBiB, BIAMOBITHO:

d,; =200 mm,

d,, = 1000 mm.

Tun mkiBiB NpUitMaEMoO: BEAYYUH - CYIIUIbHUN AUCK, BEJECHUN - LIKIB 31

CIULSIMU €IINTHUYHOTO MEPETUHY.

2.2.3.2 Bu3HauMMO KOHCTPYKTHBHI PO3MipH BeJICHOTO miKiBa [16].

[Iupuna:
B=(z-1)e+2 f =(8-1)-58+2-38 = 482 mum. (2.28)

ToBumHa 00011y:
0=1,2h=1,2-30,5=236,6. (2.29)
3rigHo 3 PpEKOMEHAAIIIMU, IpuiiMaeMo O = 36MMm.
BuyTpimmniit giametp MaTounnu (giamerp Bana) npuitmaemo dg =100mm.
30BHIIIHINA JlaMeTp MaTOYMHU:
d_=2dg =2-100 =200 mm. (2.30)
JlOB)KMHA MaTOYMHU:

| =1,5-d =1,5-200=300 mm. (2-31)

BuyTpimHiit niametp obona:
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d = dl72 -2(0+h)=1000-2-(36+30,5) =867 mm. (2.32)
30BHIMIHIH JiaMeTp MIKIBIB:
d, =d , +2b=1000+2-12,5=1025 mm. (2.33)
KinbkicTs civue npuiimMaemo Z, = 6.
YMoBHa BHCOTa (BelMKa TMIBBICH) NEPETUHY CIHII B YMOBHOMY

JiaMeTpaJibHOMY MEPEeTHHI IIKiBa, MPU JOMYCTUMOMY HAMPYKEHH1 JJI1 YaBYHY

CU 15 [7] = 30MIla:

M .10°3
ool 50480107y (2.34)
0,42, 0,4-6

Benuka 1 Mana niBBiCh EPETUHY CIHUII 0111 MATOUYUHHU, BIJIIOBIIHO:
c1 =0,8¢=0,8-140=112mwm;
a1 =0,4¢1 =0,4-112=44,8vmm.
[Mpuiimaemo €, =112mm; a; =44 mm.
VY wmici 3'eqHaHHS cUI 3 00010M 3MeHIITyeMo 3HaueHHs Ha 20%0:
c, = C1.0,8 =112-0,8 =89,6 mm;
a,=a, ‘0,8=44-0,8=35,2 mm;
ITpuiimaemo C, =90mm; @, = 36 mm.
Bucoty pedep sxopcTrocTi npuiiMaemo S = 20 mm.
I3 BpaxyBaHHsiM jaiamerpa Baa d, = 100 mm BuOupaemo mpu3maTH4Hy

HITIOHKY 13 TUIOMIEIO IepeTHHY 28X25 MM 1 ToBxkUHOIO 200 MM.
2.2.4 Po3zpaxyHok 3 Bukopuctanusm EOM
Bukonaemo nepeBipounuii po3paxyHok nyHKTy "1.2.3 KoncTpyroBaHHs
MIKiBIB" 3a JOIIOMOTOI0 MPOTpaMu, CKJIaJieHOT Ha MOBI IporpamyBanHs Fortran y

cepenoBuil MsDev.

2.2.4.1 BuxigHi naHi 1715 po3paxyHKy.
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[TapameTpu KaHABOK IITKIBIB:
Wp =42 mm - pospaxyHKOBa IIMPHUHA KAHABKY IIIKIBa;
b=12,5 MM - ruOKHa KaHABKK HaJ PO3PAXyHKOBOK TOBLIMHOIO;
h=30,5 mm - ruOuna KaHABKM ITi1 pO3PaXyHKOBOK TOBLIMHOI;
e =58 MM - BiICTaHb MK BICSIMHM KaHABOK;
f =38 MM - Bigcramp Mik BicCI0 KpaiiHbOi KaHaBKU Ta OIMKYUM TOPLEM
IIKIBa;
o =40° - KyT KaHABKH IIKiBa;
r=2,5 MM - pajiiyc 3a0KpyTJICHHS BEPXHBOI KPOMKH KaHaBKH IIKiBa.
Po3paxyHKOBI iaMeTpH BeIy4Oro i BEICHOTO MIKiBiB, BiAMOBIAHO: O, =
200 mm, d,, = 1000 mm.
JlaHi, SKi 32 XOAOM PO3pPaxXyHKY NMPHUMAIOTHCS 32 METOJIUIHHMHU
BKasiBkamu [13]:
dg =100 mm - BHyTpimHii giaMeTp MaTOYMHK (IiaMeTp Baja);
Z, =6 - KigBKicTh Ciub;
s =20 MM - BucoTa pedep HKOPCTKOCTI.

KpyTHuii MOMEHT, 10 NepeaaEThCsl BEAEHUM IIKIBOM MKpZ = 6432 Hwm.

2.2.4.2 Pe3ynbTatu po3paxyHKiB

Bwmict ¢ariny "results.txt”, kyau 3anucyroThest po3paxoBaHi pe3ysIbTaTH:

B = 482.000000

delta = 36.600000

dm = 200.000000

Im = 300.000000

df = 865.800000

de = 1025.000000

c = 138.888600

c1=111.110900
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al = 44.444360
c2 = 88.888720
a2 = 35.555480
OTpumaHni BIIXWICHHS 3Ha4€Hb, pO3paxoBaHuX 3a gomomoror EOM, Bif
PO3paxOBaHMUX TMONEPEIHBO, MOXKHA TMOSCHUTH HEAOCTAaTHHOIO TOYHICTIO

pO3paxyHKiB, BAKOHAaHUX BPYUHY.

2.2.4 Po3paxyHOk KoOHIYHOi 3yOuactoi mnepegadyi BukoHyemo 3a
METOJIMKOIO0, HaBeIeHowo y [16,17].

dakTU4YHa YacToTa 0OEpTaHHS BEJICHOIO IIKiBa KJIMHOMACOBOI Mepeaadi
(yacrora  oOepraHHs  Bemydoi — miecTepHi  3ybudactoi  mepenaui) N, =
294 06 Ixé , a HeoOximHa dacToTa obepTaHHS BEACHOTO KoJjeca Mepenadi
(pyxomoro koHyca apoGapku) N, = 100 06 / xé . HeoOxinue mnepemarodse

YUCJI0 KOHIYHOT 3y0dacToi nepenadi 00UucIroeMo 3a GopMyJIoko:

"

=&=&=2,94 (2.35)
n, 100

MixocboBuii kyT nepeadi 2= 90,
30BHIIIHIN MOYJTh 3y0UacTOro 3a4eryieHHs mpuitmaemMo M = 18 mMm.
Uwucno 3y011iB Beay4oi mecTepHi mpuitmaemo z' = 20.
30BHIIIHIN [laMEeTp KOHIYHOI MIeCTEepH1

d, =m,z' =18-20 =360 MM (2.36)
Uwuco 3y011iB BEEHOTO KoJieca:

z2) =zju" =20-2,94 =58 (2.37)

30BHIIIHINA JiaMeTp BEIy4Oro KoJeca:

d, =m,z, =18-58 =1044 MM (2.38)
ITpuiimaemo dy =1000 mm.

[lepepaxoBana KUIbKICTh 3yOIlB BEIEHOTO KoOJIeca 3TIAHO MPUIHATOMY

30BHIIIHBOMY MOJYJIIO 3y04acTOro 3a4erIeHHs:

47



OcrarouHo npuitmaemo Z, =96,z =20.

YTouHrOEMO nepeaaTovIHe Ymnciio:

u =220 _5g (2.39)
Sz, 20

VY TOUHI0€MO 4acTOTy OOEPTaHHS PyXOMOI'0 KOHYCA :

n :ﬁ:105 06/x¢ =175 o6/c (2.40)

2
n 28

3

OTpumaHe 3HAYCHHS 3HAXOUTHCS y MEKaX JOIMMYCTUMOTO BiIXMIICHHS.
[ToTy>kHiCTh Ha B1IOMIii IIECTEPHI (Ha PyXOMOMY KOHYCI):

N, =N, -5 =208:0,86=179 kBr. (2.41)

KpyTHuii MOMEHT, 1110 IepeIaeThCs KOHIYHOO Mepeaayeto:

M= 9550& =9550- 179 _ 16300 Hwm (2.42)
N, 105

30BHIIIIHS KOHYCHA B1ICTaHb:

R, =05m, /z} +22 =0,5-18-420% +56* =535 mm (2.43)
[Iupuny 3y6uactoro BiHi Koseca npuitmaemo b =130mwm.
CepenHst KOHYCHA BiJCTaHb:

R =Re +0,5b =535+0,5-130 = 470 mm. (2.44)

CepenHii MOJTYJIb:

m— szR _18:470 1541 (2.45)
[Tpuitmaemo m=16 .
Kyt ninunbpHOro Konyca:
S =arctg 2 = arclg % =19°65' (2.46)
z

2
ITpuitmaemo 6 = 20°,
Yucno 3y011iB YMOBHOTO IIJIOCKOTO KoJeca:
2, =22 +22 =0,5-18-4/20% +56° =59,46 (2.47)
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[Mpuiimaemo Zc =60,
Cepenniii IITMIBLHUHN Ti1aMeTp KOHIYHOT MECTEPHI:

d? =mz, =16-20 =320 um (2.48)

CepenHiil IUIMIIBHUM JIIaMETP BEIY4YOT0 KoJjeca:

dJ =mz, =16-56 =896 mm (2.49)

2.2.5 Bubip my¢r

MydTy BCTaHOBJIEHO MI’K BaJIOM BEJIEHOT'0O IIKIBa KJIMHOIIACOBOI Mepeaayl
Ta BaJIOM BEAY4YO0i KOHIYHOI IIECTEPHI.

Buxoasuu 3 KpyTHOro MOMEHTY, IO Tepenaerbesa Mmyproro Mip2 = 6430
HwM, BuOnpaeMo npyHYy BTYJKOBO-TTAJBIIEBY MY(TY 3 HOMIHAIBHAM KPYyTHHM

MOMEHTOM Moon= 8000 H-M.

2.2.7 Pe3ynbTaT KIHEMAaTUYHUX PO3PaXyHKIB.

YucenbHi pe3ybTaTH KIHEMATHYHUX PO3PaXyHKiB 3BejieH1 y Tabmmii 2.1.

Kinematnuna cxema 13 3a3HA4YE€HUMM 4YacTOTaMU OOEpTaHHS JIAHOK
MEXaHI3My 1 TEepelaTOYHUMH YHUCIaMd MDK HUMHU HaBeJeHa Ha KPECJICHHI
[16,17].

Tabmuug 2.1 - IloTyxHIiCTh, yacToTa OOEpTaHHSA Ta KPYTHUH MOMEHT

JIAHOK ITPUBOLY

_ Yacrora obepranns Hacrota obepranns| KpyTHuii MOMEHT
TloTyx HiCTE n, 06/xs n, 06/c M,,, H'M
N, kBt
208 1500 25 1325
196 294 49 6430
177 105 1,75 16300

2.3 Po3paxyHKu Ha MIITHICTB AeTaliell Apodapku
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2.3.1. Po3paxyHOK Ha MIIIHICTh BEpTHUKAJIBHOIO Baja.

Jis  po3paxyHKy JeTaje Ha MIIHICTh HEOOXITHO 3HATH 3YyCWIUIA, SIKI

BUHHKAIOTH TIpH 1UTiyBaHHi [18]

Cuna nutidysanns P mie Ha 1/3 BucoTu pyxomoro konyca [16,18].

PozpaxyHKOBa cXcMa MJIs1 BUBHAUYCHHS CHUJIN P HaBCACHA HA pH022

Pucynox 2.2 - Po3paxyHkoBa cxeMa 0 BU3HAYCHHS 3yCHIIIS TIOIPiIOHIOBAHHS

3ycuiiis oApiOHEHHS BU3HAYAeMO 3a (hOpPMYJIOHO:

kM, ;h
(hsina + f(r + R)) (2.50)

ne k=2 - koedirieHT, M0 BpaxoBY€e BIUIMB CHJI 1HEPIlii YACTHH MAIIWHH,
[0 PYXaIOThCS;
h =1,15M - BUCOTa pyXOMOTO KOHYCa;
- KyT HAXWTy PeaKiiii eKCHeHTPHKa 0 IUIOMHA ekcrenTpucurery; o = 20°;
f =0,35 - koedilieHT TEPTH;
r =0,28 M - BepxHiil pajilyc pyXoMOro KOHyca;
R=0,6 M - HIDKHIN pajsiilyc pyXOMOTO KOHYCA;
| - BisicTaHb BiJ BEPIIMHE PYyXOMOTO KOHYCA JI0 MiCIIs TPHKJIATaHHSI
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HOJPIOHIOIOYOro 3yCHLIs, | =h —g =115 % =0,77 mm.

OcTaTto4HO, 3ycHsuIs OAPIOHEHHS:

2-1325-115

P= _ =5644 H
(L15sin 20° +0,35- (0,28 +0,6))- 0,77

[Tpuiimaemo P =5,65kH.
KpyTHuii MOMEHT, 1110 BUHUKAE TIPH MOAPIOHECHHI:
M_ =PX (2.51)

Je X - BIICTaHb MK TOYKOIO MPUKJIaAaHHS CUIIM TTOAPIOHEHHS 1 BEPTUKAIBLHOIO
BicCIO 00€pTaHHs KOHYca:

C4R*+rr+r?) 4-(06°+06-0,28+0,28%)

- = =0,534 .
3z(r+R) 3-314(0,28+0,6)

OcTaTo4HO, KPYTHUI MOMEHT, IO BUHUKAE MPU MOAPIOHEHHI:
MKP =5650-0,534=3017 H-m.
Ipuitvaemo M, = 3xH-m.
Enropa nirounx Ha BEpTUKAIbHUI Bajl KPYTHUX MOMEHTIB 300pakeHa

Ha puc.2.3.

._ \ Mxpé‘ \ kp L
g s T

530 | 2070 -

16300 19300

Mo,
Hm

Pucynok 2.3 - Entopa nirounx KpyTHUX MOMEHTIB

MaxkcuMaibHl HalpyXeHHS BHHHMKAIOTh Yy TOMY Iepepi3l Baja, [e
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HaOLIBII HATIPY>KEHHS 1 Ae ioro aiametp HaimeHmui, Jyi, = 0,2 M. KpyTHuii

MOMEHT y JaHOMy mepepisi craHoButs M/ =19,3 kH-m.

[TonsipHuii MOMEHT OTIOpY B HEOE3MEUHOMY TIEepepisi:

ol 314-0,2°

Wp
16 16

=0,00157 »° (2.52)

Hampy>xeHHst B HeOe3meuHOMY Tiepepisi:

M, 19300
™ W, 0,00157

p

T

=12,3 Mlla (2.53)

['pannms MinHOCTI Ha KpydeHHs mist ctani Cr.45 cranoButh [7]= 45

MIla.

Hanpy»xeHHs, 1110 BAHUKAIOTh Ha BaJy, JIEXKaTh Y JOMYCTUMHUX MEXKaX.
2.3.2. Po3paxyHOK Ha MIIIHICTb BEJICHOTO IIKiBa KJIMHOTIACOBO1 IIepeaayi.

OCHOBHUM CHJIOBUM (PaKTOPOM, IO 1€ HA IIKIB, € KPYTHUA MOMEHT
M,,> = 6430 Hm. MakcumanbHe HaBaHTXKEHHS, SKE BUHUKAE IPU KPyYEHHI,

NpuUIaJae Ha Bas 1iKiBa. [lonsspHuil MOMEHT onopy MaTo4rau [18]:
3
W, = & (1 -a’ )
16
Jie ¢ - BIIHOIIEHHS BHYTPIIIHBOTO 1 30BHIIITHHOTO JIIaMETPIB MaTOYMHH ITKIBA;
d; = 0,11 M — BHYTpIIIHII AilaMeTp CTYIIHIIL;
d, = 0,4 M — 30BHIIIHI} JiaMeTp CTYITHIII.
BigHomeHHs: BHYTPILIHBOTO 1 30BHIIIHBOTO 1aMETPIB MAaTOUMHHM LIKIBA:

6, 0810
d 0,4

3

E =

OcTtaTo4HO, MOJAPHUN MOMEHT OIOpPY:

_314.04° (

W 1-0,275")=12,5-10"° »°

p

HanpysxeHHsl, 110 BUHUKAIOTh TPU KPYUEHHI:

oM, 6430
™ T W, 12,5-10°

p

=514400 ITa (2.55)
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I'panuis minHOocTi Ha KpydenHs vaByHy CY 15 cranosuts [7]=40
MITa.

HanpyxeHHsl, 110 BUHUKAIOTh Ha IIKIBY, JIEXKATh Y JTOMYCTUMHUX MEXKaX.

2.3.3 Po3paxyHOK Ha MIITHICTb 3y04acToi nepeiayi.

BignosigHo no pekomenpaiiiii [16,17] po3paxyHOK KOHIYHMX 3y04acTHX
KOJIIC BHKOHYETBHCS 32 CEPEIHIM TIepepi3oM Ha CepeauHi TOBKHHHU 3y0a. Y
IbOMY BUIMAJKy KOHIYHY Tepenady 3aMiHIOIOTh Ha €KBIBAJICHTHY IMIIHIPHUHY
nepeaady. Moayns HOPYKHOCTI Ta  JlaMeTp [MOYaTKOBOI  OKPYXKHOCTI
JOPIBHIOIOTh MOAYJIO HPYXHOCTI Ta MOYATKOBIM OKPYKHOCTI B LIEHTpI 3y0a
KOHIYHOI IIecTepHi, a mpodiias 3y0a, IO BIAMOBITaE MPOGUI0 PEayKTOpa,

OTpPUMaHUI CKaHYBaHHSM J0JaTKOBUX KOHYCIB Ha IiaHi (puc.2.4).

1 — 30BHIIHIN TOAATKOBHIA KOHYC; 2 — CepeliHii; 3 — BHYTPIIIHIN

Pucynok 2.4 - Po3roptka 101aTKOBUX KOHYCIB Ha MJIOLIUHY

3 mapu 3y04aTtux KoJjic, 10 nepeOyBaloTh y 3a4eIUIeHHI, pO3pPaxOBYyEMO
MeHIIIe Kojeco (mectepHio) [18].
Hanpy>xeHHs 3runy 3yOI11iB:
6,35M,

— 2.56
o m; (1~ 015'//)2 2,y,bk ( )

v
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Jie I/ - CTYIIHb IOBHOTH 3y0a;
y1 = 0,105 - koedirtieHT popmu 3yda, 3a71€KUTh Bl MPUBEAEHOT KIIBKOCTI
3yOI11iB Z,,;
ky = 0,65 - mBHUIKICHUN KOSQIIIEHT, 3aJICKHATD BiJ] KOJOBOI IIIBUAKOCTI V .

Crymninb moBHOTH 3y0a:

b 130
=—=—=0,277. 2.57
v R 470 ( )
[IpuBeneHa KiTbKICTh 3yOI1iB Z,, -
4 _ 20 9199

Z"P = - )
cosd, cos20
npuiiMaemMo Z, = 22,

KomoBa IHBI/II[KiCTBZ

g m(-15p)zn, _314-18(1-15-0277)-20:204 .,
60-1000 6000

3 ypaxyBaHHSIM OTPUMaHMX 3HAYEHB, OCTATOYHE 3HAYCHHS HAIIPYKEHHS
3ruHy 3yOI1iB 3a opmyiioro (2.56):

B 6,35-16300
18?-(1-0,5-0,277)" - 20-0,105-130-0,65

=2,43 Mlla

OF

JlommycTuMe  Hampy»XeHHsT 3TUHY IS 3yOIliB  KOHIYHUX  KOJIC,
BukoHaHux 3 uaByny CU 15, [0 |=4 MIla. YM0Ba MilIHOCTi BAKOHYETHCS
(o < [GF ])

Konrakthe Hanpyxenss [18]:

k Nu®+1 M,

M T m A-150)| u+b K,

(2.60)

ne K - koedilieHT THCKY; 11 YaByHHUX KoJiic K = 470.

=359 Mlla

o 470 2,87 +116300
" 20.18-(1-15-0,277)\ 2,8+130 0,65

JlommycTuMe KOHTAaKTHE HANpy>KeHHS [ 3yOlIB KOHIYHHMX KOJIiC,

BHKOHaHUX 3 9aByHy CU 15, [0, ]=500MIla. YM0Ba MilJHOCTi BUKOHYE€ThCS
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(o4 < [O-H ])

2.4 Po3paxyHKU MOJIEpHI30BaHOI APOOAPKU

Bximgni mani:

MakcumanbHU 3a30p MK KOHycaMu Ha BXO1, MM 900
Cepenniii po3mip IMIMAaTKIB, 10 3aBAHTAXYIOTHCS, MM 750
MiHiManbHHM 3a30p MK KOHYCaMy Ha BUXO/I1, MM 50
[IpoayKTHUBHICTB, MS/FO,[[ 390
[ToTyxHICTb €1eKTpOABUTYHA, KBT 250
["abaputHi po3mipu, MM

JIOBKMHA 4100

IMpUHA 350

BHCOTA 4400
Maca apobapkwu, T 15

Ha puc. 2.5 1 2.6, HaBegeHuit BUTIISA MOJENl ¥ po3pi3, Y CHUCTEMI

«ANSY Sy [24].

0,00 350,00 700,00 (mm)
—
175.00 525.00

Pucynok 2.5 - Mogens nerani
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0,00 350,00 700,00 (mm)
—
175.00 525.00

Pucynox 2.6 - Po3pi3z geramni

0,00 350,00 700,00 (mm)
—
175,00 525,00

Pucynok 2.7 - Citka aerani

C—
175,00 525,00

Pucynok 2.8 - Onopu # npukiaeHi Cuiu 10 JeTajl

56



0,00 350,00 700,00 (mm)
—
175,00 525,00

Pucynok 2.9 - Cxema 3arajibHUX TIepeMillieHb

A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mi
Unit: MPa

Maximum Over
15.06.2023 12:51

0,042368 M4
I 0,015686

0,015383
0,01508
0,014776
0,014473

0,01417
0,013867 @

I: 0,013564 . y
0,013261

0,012958
0,012654

0,00 350,00 700,00 (mm)
—
175,00 525,00

Pucynok 2.10 - Cxema MakcumanbsHOi fedopmarii

3a pe3ynpTaTaMu po3paxyHKiB BU3HAYEHO, 1[0 MAKCUMAaJIbHI HAMPYKEHHS
30CEpPEeKEHI Yy 30HI HWXKHIX BHUTKIB pi3bOM 1 ckiagatote 9,51 Mlla. 3
ypaxyBaHHSM TOTO, IO pi3b0OBa yacTUHA BHKOHaHA 31 CT.45 y gKii momycTumi
HarnpyxeHHs ckianaroTh 400 MIla, 3amac mittHOCTI ckinamae 42.

TakuM 4WHOM, TMpale3JaTHICTh MOJEPHI30BAaHOT JIeTalll  HaJliHO

3a0e3rneyeHa.

57



3 EKCIJTYATAHIMHA YACTHUHA

3.1 MoHTax 1poOUIILHOTO O0JIa HAHHS

Hpobapku, 110 MOCTaBISIOTHCS BEJIMKUMHU BYy3JaMH, IMOBUHHI MaTu
Gbikcyroul eIeMEHTH 1 CKJIaJajdbHI PU3UKU, SKI HAHOCATh Ha BUIHOMY MiCIIi
HAOMBKOIO yIapHUM CIIOCOOOM 1 TT03Ha4aroTh GapOoro, mo He 3MUBAEThCS. [Ipn
MOHTa)1 HEOOX1JTHO JOTPUMYBATHCh MapKyBaHHsS IiANPUEMCTBAa-BUPOOHHKA.
Oco0nuBy yBary 3BepHYTH Ha 30epeKeHHS MPOKIIAIOK, SKi 3aCTOCOBYBAIU ITiJT
yac 30upaHHs ApOOAPKM HA MIANPUEMCTBI-BUPOOHUKY Ta SIKI MarmOThb OyTH
BCTAHOBJICH] IIiJl YaC MOHTaXy. TpyOOmpoBOAM CHCTEM MacTuja MOCTavaloTh
By3JaMu. BHYTpilHI moBepxH1 TpyOONpPOBOAIB MatOTh OyTH OYMILIEHI XIMIYHUM
IIJIIXOM, BUTBHI KIHIN TPYO 3aKpHUTI CrieliaIbHUMU pookamu [21].

MonTaxx Apobapok, M0 HAAXOASATh y 310paHOMYy BUTJISI, MOJSTAE Y
BCTAHOBJICHHI iX Ha ()yHJaMEHTH Ta BUBIpIL B IUIaHI Ta 3a BUCOTOI. MOHTax
Jpo0apoK, M0 MOCTABISIOTHCS Y PO310pAaHOMY BUTJISI YKPYITHEHUMU OJIOKaMHU,
BUKOHYIOTh BIJIMIOBIJIHO JI0 IHCTPYKUINA 3 MOHTAXY MIINIPUEMCTB-BUPOOHUKIB Ta

CXCMHU MOHTaXHO-CKJIaAaJIbHOI'O MAapKYyBaHHA.

3.2 KonycHi 1po0apku BEIMKOTO Ta PEAYKIIITHOTO JpoOIeHb

Hpobapku mnoBuHHI OyTH 3a0e3neueHl CHEeUialbHUMU MPUCTPOSMU Ta
OPUCTPOSIMH 11T MOHTaXy, IO TOCTaBISAIOTHCA pazoM 3 npoOapkamu. Jlms
CKJIaJlyBaHHSI KOHYCIB Ha MOHTa)KHOMY MalJJaHUMKy MTOBUHHI OyTH nepeadadeHi
cHerlajabHl CTEH/IH.

[Tpu MoHTaX1 6a3amu apodapku Ha GpyHaamenTi € [20,21]:

- TOPHU3OHTAJIBHI OCl CTAHUHM B IUIaHI, Y TOMY YKCJI1 BiCh IPUBOJHOTO Bajly Ta
BEJCHOTO IIKIBA;
- BEpPTUKAJIbHA BICh KOPITYCY IPOOAPKH;

- TOPHU30HTaJbHA BICh BEy4Oro IIKiBa;
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- BICh KJIMHOIACOBOI TMepejadi, MEepPIeHAUKYISIpHA OCI MPUBOIHOTO Bay.
JlommycTrMi BIAXWJICHHS MTPU BCTAHOBJCHHI JpoOapku Bka3aHi B Ta6m.3.1.

Tabmums 3.1 - JlomycTrMi BiIXHICHHS IpU BCTaHOBJIEHHI Apodapku [20]

3HaueHHsA
KoHcTpykTHBHMM )
Binxunenus JOITYCTHMOTO
€JIEMEHT .
BIAXUIIEHHS, MM
CTaHWHY BiJ TOPU3OHTAIBHOI IUTOMMHY (Ha 1 M) 0,1
[MpuBonuuii Ban 1|OckoBHIA MTO(T MPUBOIHOTO Bajia 0,5..0,8
IIPUBOJ [Tepexic Basty BiIOMOro IIKiBa U MPUBOAHOTO (Ha 1 M) 0,5
PamianieHe 3MILIEHHS OCEl BAIB 0,25
ToOYHICTh IECHTPOBUKH €JIEKTPOJIBUTYHA 3 BaJOM IIKiBa 0,15
OcpoBuil MOQT Bajia BEAY4Oro IIKiBa 0,4...0,5
HenapasnenbHicTh BaJliB BEAy4Oro MIKiBa i BEIEHOTO IO )
JIOBXKHHI IIKIBa HE O1IbII
ExcrienTpux TouHiCTh B3a€EMHOTO HpUIISITaHHS Kilelnb Ha QapOy (Ha 1 msma
2 em?)

Cranuny npo0Oapku 3aKkpiluiiOIOTh Ha (DyHIaMEHTI YOTUpPMa MIMHJIbKaMU
Ta aHKEPHUMH TIJTUTaAMHU.

BuBipsitoTb CcTaHWHY B TOPH30HTAJIBHIN TUJIONMIMHI PIBHEM IO TOPIO
IIeHTpajabHOro BepcTara (puc.3.1).

[Ipu ycTaHOBIII CTaHUHU 3a30p (MM) MIX MiJONIBOIO CTAHUHU (ILJTUTH) Ta
(GbyHIaMEHTOM MMOBUHEH OyTH:

- s npobapok KKJI-500/75; KKI-900/140; KP1-700/100 - 50...70;
- mis apoodapox KKJI-1200/150; KK/I-1500/180 - 80...100.

[Ticnst BUBIpKM BUPOOJISIOTH MM1IJIUB CTAHUHHU.

[lepen ycTaHOBKOIO EKCIIEHTPHKA B IEHTPAIbHY CKJISHKY CTaHWHU
MEPEBIPSAIOTHh CTaH BHYTPIIIHHOI MOBEPXHI BTYJIKH, KPITUICHHS] BEpXHBOTO KUIBIIS
EKCLIEHTpUKAa [0 3yOyacToro kosieca 1 MPOYMIIAIOTh Ha HboMy mas3u. llpu
BCTAHOBJICHH1 €KCIIEHTPHKA B HUXKHIO YacTUHY Kopmycy (puc.3.1) chigkyBatw,
o6 3yOli Kojieca 0e3 yaapy YBIMILIM A0 3amaJvuHU IIECTEPHI MPUBOJIHOTO

Bally, NpU IbOMY paaiayibHUK 3a30p b 1 3a30p A TOBHMHHI BIJNOBIIATH
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3HAYCHHSM, HaBeIeHUM y Ta0i1.3.2.

2 4
L\ ) ,/
g, I
1 0A
A
4;‘/ >
////// ~ 'J‘/////T

Pucynok 3.1 - Cxema BUBIpSIHHSI CTAHUHU JPOOApKU

Tabnuus 3.2 — Bennuuan pagiansaux 3a3opis [20]

1 - Bucka; 2 - moBipoyHa JiHIlKa; 3 — cTpyHa; 4 — piBEHb

3HaueHHs 3a30PY, MM, JJIg IpoOapKu

3asop | KKJI- KK/I- KK/I- KK/I- KP/I-
500/75 | 900/140 1200/150 | 1500/180 | 700/100

b 4+2 45+ 2 6+2 6+2 6+2

5+1 5+1 6+ 2 8 +2 8+2

IIpu BcTaHOBIICHHI IPOOWMIIBHOI Yalll, IO CKJIAMAETHCA 3 JABOX KiJeEIlb,

KOXHE KUIbLIE OKpeMo (GyTepyloTh 1 B 310paHOMY BHIJISiAI BCTAHOBIIOIOTH

npobapky. Po3kinuHeHHsT OpoHEeW Ta 3ajJuMBaHHSA IIEMCHTHHUM PO3YMHOM

MPOBOJUTH BIAMOBIIHO 10 IHCTPYKIIIi MiANPUEMCTBA-BUPOOHUKA.

[Ipu 30upanHi

MOCAJIKOBUMHU TIOBEPXHSIMU 3aTATYBaHHS (PJIAHIICBUX OOJTIB BUPOOISIOTH

KUICIlb  KOPMIYyCY ApOOUIIBHOI

qar

3 KOHIYHUMH

PIBHOMIPHO O BCbOMY IMEPUMETPY, HE AOIMYCKalUM nepekocy. PIBHOMIPHICTh

Ta TPABWIBHICTh 3aTSATYBaHHS KOHTPOJIIOIOTH 32 3a30pOM MDK (JIaHIIMHU.

Pi3HuIls 3a30piB, 110 Aonmyckaerses:ausa apodapku KKI-500/75, KKJ1-900/140,
KP/1-700/100 - 2 mwm; ms apodapok KK/I-1200/150, KKJ1-1500/180 - 3 mm.
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U

1 — KOHIYHA WECTEPHS; 2 — CTAaHUHA; 3 - PEeryJIIOBaJIbHE MPOKIIAJaHHS;

4 — HWKHE KITIBLIC; 5 — cepeaHE KIIbIIe; 6 - BEpXHE KUIBIIC;
7 —naTpyOOK yUIIIbHEHHS; 8 - 3y04acTe KiIble

Pucynok 3.2 - ExkcrienTpuk Ta 3ybuacra nepenaya

[Ipu cknamaHHi Kinelb JOpOOMIBHOI YAcCTUHHU, IO 3'€IHYIOTHCS 110
MWTIHAPUYHUX TIOCAJIKOBUX TIOBEPXHSIX, MO CTUKY (DIIaHIIB BCTAHOBIIOIOTH
mTudTh. ["aiiky 3aTAryr0Th 3a JI0MOMOTOK0 T1IPOJIOMKPATIB, 1110 MOCTABJISIIOTHCS
3 IpoOapKoro abo 3a TOMOMOTO0¥0 Je01IKM BAaHTAXKOIITHOMHICTIO 3...5 T.

Konyc, mo npobutb, MOXHa BCTAaHOBIIIOBATH B JApPOOApKYy pa3oMm 3
TpaBepcoo abo okpemo. JlpoOnsuuii KOHyC 13 TpaBepcow 30uparoTh Ha
cnemiaabHoMy cteHal (puc.3.3). Ilpu omyckanHi KoHyca B ApobOapky, o0
YHUKHYTH 3aBHCAHHS KOHYyca 1 IIOIIKO/DKEHHS BY3JIiB, HE JOIYCKAETHCS

cnupaHHs cdepuyHoi MWANWOM YIIUIBHEHHS Ha BEpPXHIM Topelb mnaTpyOKa
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VIIUTbHEHHS CTaHWHU. ONOpHUN MiAINIMITHUK TPaBEPCH PICHO 3MAaCTHUTH,
NEepPEBIPUBIIN HAJIXOKEHHSI MACTHJIA B1JT CTAHLII 1O KOHYCHOI BTYJIKH.
[NapaBaiyHUN TUIIHAP MOXKHA MOHTYBAaTH pPa3oM 13 CTaHUHOIO abo
OKpeMo. MOHTaX TiZpONWIIHAPA BHPOOJISIOTH 3a JOTMOMOTOK PEHKOBOI KOTii,
10 MOCTaBIIAE€TbCS KOMILIEKTHO 3 apobapkoto. [lepen MoHTaxeM cTaH pobouux
30BHIITHIX TOBEPXOHh T'YMOBOTKAaHUHHUX YIIIBHEHb MMEPEBIPSAIOTH Bi3yalIbHO.
[Napoarperatr Ta MacTWIBHY YCTaHOBKY ITOCTaBJISIOTH CITOKHBAYEBl Y
310panomy Burisal. [Ipu MOHTaX1 KOPUCTYIOTHCS BIMOBIAHUMU 1HCTPYKIISIMH
Ta MOCIOHMKaMU Ha TIe 00JIaIHaHHS, 10 BXOAATH 10 KOMIUJIEKTY MOHTa)KHOI Ta

eKCIUTyaTalliitHO1 JOKYMEHTAIII].
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1 - npoGnstumii KoHyC; 2 — TpaBepca; 3 - raiika miaBicy; 4 - pum-0601aT; 5 —
nigKiIaaka; 6 — nepeB'ssHuit Opyc; 7 - Miclie BCTAHOBJICHHS T1IKIIAI0K

Pucynox 3.3 - JIpoOnsiauii KOHYC 13 TpaBepCOIO Ha CTEH/I1
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3.3 KonycHi apobdapxu KCJI-KM/I-3000

CranuHy Jnpo0Oapku BCTAaHOBJIIOIOTh Ha (YHIAMEHT, BUBIPSIOTH 32
JIOTIOMOTOI0 HACTAHOBHHX CTaJIEBUX KIIMHIB. BUBIpSHHS CTaHWHU MPOBOJIATH 32
JIOTIOMOT'O0 PIBHA Y JIBOX B3a€MHO MEPHEHANKYJISIPHUX HAMpsMKaxX, 0a3yl0uncCh
Ha ONOpPHY NOBEpXHIO Mg omopHy uyamy (puc.3.4). Ilicis BuBipsHHS Ta
KPITUIEHHS BUPOOJISIOTH MiIJTUB CTAHUHHU.

Ilepen BcTaHOBIEHHSM OIOPHOTO OJOKY 3 YHOPHOI pi3l CIijJ 3HITH
KOHCEPBYIOUE TMOKPUTTSA, PETEIbHO OMNISAHYTH pI3bOJICHHS Ta YCYHYTH
NOIIKOJKEHHA. [[ns1 piBHOMIPHOro 3aTsAryBaHHS OOJTH CHiJ Harpitd 3a
JIOTIOMOT' 00 ellekTpoHarpiaua  [13,21].

[Ipy MOHTaXi HPUBOJHOTO BaJly BCTAHOBUTHM MK cepeAHiM (iaHueM
KOpIlyCy TMPUBOAHOIO Bally 1 MarpyOKOM CTaHUHM MPOKJIAAKH, IO
NOCTaBISAOTbCA 3 ApoOapkoro. KOHTponab 3a MOJOXKEHHSAM — LIECTEpHI
MPUBOJIHOTO Bajia 3/IIMCHIOBATH 3a JonoMoror 1mabnony (puc.3.5). lllaGmon

BUTOTOBIIIOTH BIJMOBIIHO /10 0a30BUX PO3MIpPiB, HaBeEHUX Yy Ta01.3.3.
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1 — Opons pebpa; 2-mmoHka; 3 — niHiiika; 4 — piBeHb; 5 — CTAHUHA,
6 — OpoHst mpuBOAy; 7 - BTYyJIKA
Pucynox 3.4 - BuBipka cTaHUHU
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1 - BU3HAYCHHS 3a30py 3a JOIIOMOTOI0 IIA0JIOHY

Pucynox 3.5 - KoHTpoh 32 OJIOKEHHSM IIECTEPHI TPUBOTHOTO BTy

Tabmunsg 3.3 — bazosi madaonu [20]

Po3mipu, MM
A H A b
1020A3 25 1509 489

BcTaHoBIMIOIOTE €1eKTPOABUTYH. BUBIpSIHHSA MPOBOIATH MO O0OPOOIEHHUX
MOBEPXHAX OMOPHUX IUIATUKIB 13 3a0€3ME€YEHHIM iX TOPU30HTAIBHOCTI.

[Tepen MoHTa)keM €KCIIEHTPUKA BCTAHOBIIIOIOTh HIKHIO KPUIIIKY CTAHWHU
3 JUCKaMH TJM'ATHUKA Ta TMPOKJIAJAKAMHU, HAMICIaHUMH IiIIPUEMCTBOM-
BUPOOHUKOM. EKCIIEHTpUK MOHTYIOTH 3a JOTIOMOTOIO CIeliajJbHUX MPHUCTPOIB,
[0 TOCTaBISIOTHCS 3 JPOoOAPKO0, 3TiAHO 3 TOCIOHMKOM 3 eKCILTyaTailii
nianprueMCcTBa-BUpOOHUKa. [Ipy onyckaHHI €KCLIEHTpUKA B JpOOapKy CTEXKaTh,
106 3y0 Koseca 6e3 yaapy MOTpanuB y 3amajuHy Mik 3y0amu mectepHi. Jlis

IIPaBHUJIBHOTO HaJJaldTYBaHHA SY6‘-IaCTOFO 3a4CIIJICHHA CKCIOCHTPHKA
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MPOCTEKUTH, OO YCI peryTtoBaIbHI MPOKJIAAKH, IOCTABIIEH] MPU 3aBOACHKOMY
CKJaJaHHi, Oyl TMOBHICTIO BCTAHOBJIEHI TiJ] Yac MOHTaXy BIAMOBIAHO 0
3aBOJICHKOTO MapKyBaHHSI.

VY pa3i mIIbHOI MOCAAKKA OTMOPHOI YaCTWUHU B CTAHWHY JOITYCKAOTHCS
HEHACKPI3H1 KJIMHOBI 3a30pH 3 pO3KpUTTAM A0 0,2 MM 1 rmubunoro 10 120 MM 1
HACKPI3HI 3 pO3KpUTTAM A0 0,2 MM 3arajibHOIO JIOBKUHOKO He Oiibliie 1/4 xona.
[i7bHICTh CTUKY OMOPHOI Yarlli 31 CTAHUHOO TIEPEBIPSIIOTH ITYTIOM.

Ilepen MoHTakeM KOHyca, IO JpOOUTH, MEPEBIPAIOTh HAIIWHICTH
KpITUIGHH OpoHi, y pasi ocliablieHHs KPIIUIGHHS BUPOOJSIOTH JIOAATKOBY
HIATSOKKY CIIEMIAIbBHUM MPUCTPOEM, IO MOCTaBISEThCA 3 nApoOapkoro. Ilpu
OMyCKaHH1 JpoOy KOHyca, Mo00 He MOMIKOJUTH KOMIp TipaBIidyHOIO 3aTBODPA,
BIITATHYTH KOHYC, III0 JPOOUTH, Y O1K MPOTHBArk Ha 3y04acToMy KOJecl.

MoHTaX MPOTUIHIOBOTO MPUCTPOIO, T1IPABIIYHOIO 3aTBOPA Ta CUCTEMH
MacTuja TMPOBOMASITh, KEPYIOUMCh BKa3iBKAMHM IHCTPYKII MiJMPUEMCTBA-
BUPOOHHUKA.

JlomycTuM1 BIAXWIJIGHHS TIPU MOHTa)X1 JpoOapKu IOBHUHHI BIJMOBIIATH
3HAYeHHSM, 3a3Ha4eHUM y Ta0:1.3.4.

Tabmuus 3.4 - JlonmycTuMi BIIXWICHHS PU MOHTaXI1 IpoOapKu

. 3Ha4YEHHS
KoncTpykTuBHMI :
Binxunenns JOITyCTUMOTIO
€JIEMEHT :
BIJIXWJICHHS, MM
EnextponBuryH i3 |['OpM30HTaIbHICTh CTAHUHU Y B3a€EMHO 0,1
HamBMY(PTOIO  |[NEPHEHAUKYJIIPHUX HanpsIMKax (Ha 1 m)

[Tepekic BasiB Ha AOBXUHI | M, HE OlIbIIIE 0,5

PanianpHe 3MillleHHS OCel, HE MEHIIIE 0,25

Excuentpuk  |PagiansHuil 3a30p MDK 3y0amMu  Ouist 6...8
30BHIIIIHIX TOPLUIB

3.4 KonycHi npobapku cepeHbOro Ta IpiOHOTO TPOOICHHS

[TocnimoBHICTE ~ MOHTaXy  MHOAPIOHIOBAYIB, IO  IOCTABJISIIOTHCS

M1ITPUEMCTBAMU-BUPOOHUKAMU OKPEMUMU KOMIUJICKTHUMHU OJIOKaMu:
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- BCTAHOBIIIOIOTH Ta MIUIMBAIOTH CTAHWHY (32 HASBHOCTI (PYHIAMEHTHUX TUIAT
iX BCTAHOBJIIOIOTD Ta MIAJTUBAIOTH MIEPE]l BCTAHOBICHHSM CTaHUHU);

- BCTAHOBJIIOIOTH BY30J TPUBOJHOIO Bally, JHUCKU WIAN'SITHUKA 1 Bajl-
eKCIIEHTPUK, TepeBIpAIOTh 3y04yacTe 3aderieHHS, MOTIM BCTaHOBIIOIOTH
OMOpHY 4ally, KOHYC, L0 JpOoOWUTb, MPUCTPIM peryatoBaHHS IIUJIUHU,
peryJIIoBalibHE KIJIbIIE 3 KOXKYXOM, 3aBaHTAXKYBAJIBHUHN TIPUCTPIH 1 IPUBI,

- TapajeNbHO MOHTYIOTh CHCTEMH MAaCTHJIa Ta OXOJIOMKEHHS, CHCTEMY
MIJBECHHS BOAM B MPOTUIUIIOBE TiApOYIHIUIbHEHHS. CXeMH CTpOIyBaHHS
CTaHWMHU Ta BY3JIIB MMOKa3aHi Ha puc.3.6 Ta 3.7.

CranuHy npo0Oapku BCTAHOBIIOIOTh Ha (yHAAMEHT abo (yHIaMEHTH1

TUTUTH B 300p1 3 OMTOPHUM KUTBIIEM 1 IPYKUHAMHU, 1110 aMOPTU3YIOTh.

[Ipu BuBIpiI JapoOapku 3a HACTAHOBHY 0a3y NpUNHMaIOTh 0OpOOIEHY

MIOBEPXHIO IIi/1 OTIOPHY Yallly Ta OChOBI MITKH Ha cTaHuHi (puc.3.8).

[Ipu BcTanoBneHH1 IpoOapku Ha GYHIAAMEHTHI IUIUTH OCTaHHI BUBIPSIOTH

Ha KJIMHOBUX ITIKJIaIKaX OKPEMO BiJl CTAHHHH. Y KOMITIEKT BXO/ISTH /1Bl TUTUTH.

O6po0OreHi moBepxHi 000X IJIMT MOBUHHI OyTH B OAHIN ruionuHi. Jomyctume

BIIXWIEHHS He Ouiblie 0,3 MM Ha JOBXKHHI OOpOOJEHOI BEpXHbOI YACTHUHHU

IUIMTH Ta MDK TumataMmu. [licnsi BUBIpSHHS IUTMT HAa HHUX BCTaHOBJIIOIOTH

ctaHuHy. Hackpi3Hi 3a30pu MK MIJONIBOI0 CTaHWHU Ta MPUBAJIOYHUMU

MOBEPXHAMM IUIMT HE JomycKaroTbes. [Jomyctumi micuesi 3azopu 10 0,3 M

(puc.3.9).

[Ipu ycTaHOBII MPUBOAHOTO BaJly MEPEBIPSAIOTH BIMOBIIHICTH OCHOBOIO

XOAy Bally OChOBOMY XOJy, 3a3Ha4yeHOMY B pPoOOYOMY KpECJeHHI, 1

BIJIMOBITHICTh TOBIIMHUW HA0Opy pETYNIOBAIbLHUX TPOKIATOK 3aBOJICHKOI

MapKyBaHHs, BUOMTOI Ha ()JIaHIll CTAHUHM.

[Tono>keHHs MPUBOJHOTO BaTy IIOJI0 CTAHUHU (IKCYIOTh IITU(TOM, SIKUH
3a0e3neduye MpaBIWIbHE PO3TANTyBaHHS MACTHJIHHUX KaHABOK OPOH30BHUX

Hi,Z[H_II/IHHI/IKOBI/IX BTYJIOK.
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a - CTaHWHHU y 300pi; 0 - KOHYca, 0 JPOOUTH.

Pucynok 3.6 - Cxemu cTpoIyBaHHS

N/

a — BaJjla-eKCIICHTPHKA; O — OTMIOPHO1 YaIlli; B - IPUBOJHOTO BTy

Pucynox 3.7 - Cxemu cTpoITyBaHHS BY3JIiB IpOOapKu
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1 — dbynnaMeHTHa TUIMTa; 2 — MPYXUHA; 3 — pyKaB YIIUIBHEHHS, 4 - ONOPHE
KUIbIlE; 5 — JiHIMKa; 6 — piBeHb; 7 — IIUIIHAPUYHA BTYJIKA; § - CTAHWHA

Pucynok 3.9 - BctaHoBI€HHS Ta BUBIPSIHHA CTaHUHU

KonycHuii amck, mo 3abesneuye MIiIbHY IMOCAAKy TPHUBOIHOTO Baly
MEPEeHbOI OMOPH, TMICHS TMEPEBIPKU TPABMWIHHOCTI 3yOUacTOTO 3a4erlICHHS
HEOOX1JTHO 3aTATHYTH.

[Ilo6 yHuKHYTH 3a0pyIHEHHSI OMOPHHUX MOBEPXOHBL 1 MIAM'SITHUKA BaJia-
CKCIICHTPUKA JO0 MOHTaXy HOTO MAHCKIB, OCTaTOYHO IPOMHBAIOTh BaHHY
CTaHUHHU.

ITpu MOHTaXX1 AUCKIB MAMN'ITHUKA HEOOX1HO BIJIIMOBIIHO JIO IMAcopTa Ha
Ipo0apKy BCTAHOBUTH IMPOKIAJKU PETYIIOBaHHS 3yOdacToro 3aderuieHHs. [Ipu
IbOMY MITU(TH, 3aMPECOBaHl y KPHUIIIl, TOBUHHI 00OB'S3KOBO MOTPAINUTU O
OTBOPIB HIXKHBOTO JINCKA. BCTaHOBIIIOBATH JUCKH I ITHUKIB €KCIICHTPHKA, a
TaKOX eKCIICHTPHK CJiJl 3a JIONIOMOTOI0 TPUCTPOIB, SKI IOCTA4ar0Th
1 IMPHEMCTBO-BUPOOHHK.

OnopHy yaily 10 MOHTaXy PETEIbHO MPOMHUBAIOTH, KAHAIU JJIs1 3JIUBY
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OJIli, TMiJBEICHHS Ta BIABEIEHHS PIAUHU 3 YIIIJIbHEHHS MpounimarTh. [1[00
3a0e3MeYNTH MPABWIBHUN 3aXiJl yYalll B OTBIp Ha CTaHWHI, BUCTABUTHU 4YaIlly
TOPU30HTAIBHO 3a JIOTIOMOTOKO PIBHS 1 JIHINKK 3 023010 Ha BEPXHIO KPOMKY
cepuyHOTro MiM'ATHUKA a00 MO PIBHOMIPHOMY 3a30py MK TOPLSIMH OMOPHOT

yaiii 1 CTAaHUHH.
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1 - moBipoyHa JiHIMKa; 2 — piBeHb; 3 — pyHIaMEHTHA TUTHTA; 4 - BUCKA; 5 —
cTpyHa; 6 - penep; [-1V - monoxxeHnus piBHS

Pucynok 3.10 - Cxema BuBIpsiHHS (DyHAAMEHTHUX TUTAT
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[Ilo6 monermmTH 3ampecyBaHHs, 3a00pOHSETHCS JOJIATKOBA OOpOOKa
MOCAIKOBUX TOBEpXOHB. [Ipw mocanmi damri crexaTh, Mo0 MIMOHKA CTAHWHH
301irjacs 3 JIMCOIO Ha KOPITYCl Yari.

[TepeBipsit0Th pOOOTY TiIPABIIYHOTO MAJIOBOTO YITITLHEHHS.

Hpobisiunii KOHyC nepes; MOHTaXeM HEOOX1JHO MPOMUTH Ta OTJIAHYTH
KOHYCHY MOBEPXHIO Bally, C(hepuyHy MOBEPXHIO KOPITYCY KOHYCa Ta KaHaIU JIsl
iBEICHHS MaCcTHJIa, BAKOHAHI y BaJIy Ta KOPITYCl KOHYca.

Ilepen MoHTakeM KOHyca HEOOXIJIHO TIEPEKOHATUCS B HaJIMHOCTI
nocagku OpoOHi, MpPU HEOOXITHOCTI BHUPOOJAIOTH MIATHKKY 3a JOIMOMOTOIO
HasIBHOT'O HAa KOHYCI KPITJICHHS.

[Ipu omyckanHi apoOy KoHyca B JApoOapKy KepyBaTUCS TaKUMU
BKa31BKaMU:

- TNPU OIMyCKaHHI HEOOXIAHO ApOOJISIUMi KOHYC 3JIerKa BIATATHYTH B OIK
MPOTHUBArd Ha 3y04acTOMY KOJIEC,;

- MIpH OIyCKaHHI 1 Ni1iIOM1 KOHYCa, 1110 APOOUTH, IOBUHEH OyTH 3a30D;

- BaJl KOHYca, 110 APpOOUThH, TOBUHEH KOB3aTH BHU3, CTUKAIOYUCH 3 KOHYCHOIO
BTYJIKOIO €KCIICHTPHKA.

[lepen MoOHTaXeM MeEXaHI3My TIOBOPOTY KUIbIS, IO  PETYIIIOE,
BUPOOJISIIOTH 30BHIIIHIO PO3KOHCEPBALIID 1 PEBI3I0 JeTalei, MICas 4YOoro
MEXaHi3M BCTAaHOBIIOIOTH Ha APOOAPKY.

[lepen MoOHTakeM KUIbIS, IO PETYJIO€, TMEPEBIPSIOTh IIITBHICTD
3aTsaryBaHHg OpoHeil. OAHOYacHO NEPEeBIPSAIOTh LUIICHICTh YIIUIbHIOBAIBHOTO
pyKaBa ONOPHOTO KUIbLS 1 3aKJIaJalTh I'yCT€ MAacTHJIO B HMOro pi3bOJICHHS.
Kinb1iie, mo perystoe, MOHTYIOTh y 300pi 3 KokyxoM. [Ipu po3ropranHi KiibIis,
[0 PETyJII€, KOHTPOJIIOIOTh MPABWIBHICTh IOJOXKEHHS YIIIJIbHIOBAJIILHOTO
pyKaBa B KaHaBIll OMIOPHOTO KIJIBIIS.

[lepen yCTaHOBKOIO  €IAaCTHYHHX €JIEMEHTIB MYy(PTH MPOBOMASTH
IIEHTPYBaHHS €JIEKTPOJIBUTYHA 3 IPOOAPKOIO.

MoHTaX CHCTEMHU MAaCTHJIa TPOBOASATH OJHOYACHO 31 CKIIAJaHHSIM

MEXaHIYHOI YACTUHU 3T1HO 3 IHCTPYKIIEI0 TIANPUEMCTBA-BUPOOHHUKA.
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4 OXOPOHA ITPALI TA TEXHOI'EHHA E3IIEKA

4.1 3arajipHi ITOJIOKEHHS

Konycna npobGapka po3TaiioBaHa y BHPOOHHUOMY IEXY, J€ HaHO1IBII
HeOe3NMeYHUMHU JIJIs TIEPCOHAITY, 10 i1 00CIyroBYIOTh, € 00€pPTOBI YaCTUHH, SIKi
HeoOx1mHO oropoKyBaTH. [lluprHa MpoxomiB MK OropoKaMH JjIsl BEJIMKOTO
Ta MOTPeOyrYOoro MNWIBHOIO JOTJISAAY OONaJHaHHS, TaKoro sIK JpoOapku,
noBMHHa OyTM He MmeHme 1,2-1,5 M, a1 HEpYXOMHUX YacTUH MAlllMHHU - HE
menme 0,8 M. [llupuHa roJOBHUX MPOXOJIIB B L[€XaX IMOBUHHA OyTH HE MEHIIE
1,5 m [22,23].

Micusi 3aBaHT@KEHHS BHXIJIHOTO 1 PO3BAHTAKEHHS MOAPIOHEHOTO
NPOAYKTIB OTOPOKYIOTh CYLIILHUMH METAeBUMM OTOPOKAMHU. IX JOIIIBHO
OJIOKyBaTH MYCKOBHUM MEXaHI3MOM, I100 BHUKIIOYUTH MOXIIMBICTh 3aIlyCKy
JIpoOapKu 10 TOBHOTO BCTAHOBJICHHS OTOPOXKI.

Po6oua mnardopma Bomis 3 ApoOapKol Ta MYyCKOBUMH MEXaHi3MaMu
moJlaBaya BJAIITOBaHA TaK, IO MOXHA CIOCTEpIraTH 3a MOJa4Yer0 KOpMy B
MJIMH, 1 0OTOYEHA MIIHOI0 METAJIEBOIO TUIACTUHOIO JIJISl 3aXUCTY BiJl BUMAIKOBOTO
BUKHUY YacCTUH JIpoOapku. maTepiany 3 pobouoi kamepu apodapku. Ilig gac
poOOTH BOJIIT MIAAAIOTHCA BIUIMBY PI3HUX LIKIIJIUMBUX 1 HEOE3MEeUHUX (PaKkTopiB,
cepel SIKuX:

- IOBITPs B poO0Yiil 30Hi;

- BUPOOHUYMI 1IyM;

- CTa0 30UIbIIYE MPOTYKTUBHICTH;
- OCBITJICHHS pOOOYOTO MICIIS;

- CTaH MOXKEXKHOI OE3IEKH.

4.2 TloBiTpst p0OOUOi 30HU
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CyKkynHICTh TapaMeTpiB MOBITPS Y BUPOOHUYOMY MPHUMIILIEHHI, K1 AIFOTh
Ha JIIOJUHY Y TMPOIeCi Npalli, BH3HAYAETHCS TEMIIEPaTypoOr0, BOJIOTICTIO |
IIBUJIKICTIO PYyXY TMOBITpPS, BIUIMBAE HA TEPMOPETYJIAIII0 OpraHi3aMy poOITHHKA,
a OT)Ke, 1 Ha MPOTYKTUBHICTH Tpalli.

JUist XONOJHMX 1eXiB, JO0 SKHUX BIJHOCITHCS IE€XH JpOOJEHHS W
noApiOHeHHs1 30aradyBaibHUX  (paOpuK, caHITapHI HOPMH BHMAararoTh
temriepatypy He Hrkue 14 ° C, Bomoricth Omm3bko 80% 1 MBUAKICTH PYXY
noBiTps He Oinwiie 0,2 M/c B X0JIOAHI mepioaud poky 1 He Ouiemie 0,3 M/c B
terummid yac [19]. HeoOxiaHI yMOBH MIKpOKIIMATy BUTPUMYIOTHCS TPUCTPOSMU
BEHTWJISIIT | pO3MIIIICHHSIM ONATIOBAIBHUX MPUJIAIIB Y IPUMINICHHAX LEXIiB 3a
CaHITapHUMHU HOpMaMH MiKpokJiMaty Bupoonuuux npuminiers JICH 3.3.6.042-
99.

VY nexax ApoOJiIeHHs MUJT YTBOPIOETHCSA B MICIISIX 3aBAHTAXEHHS IIIMATKIB
MaTtepiany 1 po3BaHTaXKEHHS MOJPIOHEHOro MPOAYKTYy 3 Jpobapok. [lms Toro
1100 BUTPUMATH HOPMU 3aIUJICHOCTI BCI L1 MICIS T€PMETU3YIOTHCS 1 3 YKPUTTIB
BIJICMOKTYEThCSl 3aIlUJICHE TMOBITPS, SIK€ MOTIM, MICJS OYMINECHHS BiJl MUY, IO
TpyOOTIpOBOZaX BHKUAAETHCS B arMochepy. B YKpHUTTIX CTBOPIOETHCS
po3pimkenns (20-30 Ila), mo BuKIIOYa€e MOTPAIUISHHS 3alUJICHOTO MOBITPS
yepe3 MIIMHU. [HOMI B Mekax AOMyCTUMOTO TEXHOJIOTIYHOTO TPOIECy
3aCTOCOBYIOTh ~ MaTepiajibHuii  mojauB. HakonmwdyeHud TUa  MEPIOUYHO
BUJIAJISIETHCSL TIPOMHUCIIOBUMHU MHIJIOCOCAaMH 200 MOKp1 MiJJIOTH 1 KOHCTPYKIIIi

Caa0BUMMH HIJIaHTaMH.

4.3 BupoOHuuuii mrym

[Iym - 11e XaoTUYHE TTOETHAHHS 3BYKIB P13HOT YaCTOTH Ta IHTEHCHUBHOCTI.
3 aKyCTUYHOro MOTJSAY LIyM — II€ HecTaOUIbHI a00 BHUMAAKOBI 3BYKOBI
KOJIMBAHHS, IO XapaKTepU3YIOThCS BHITAJKOBUMH 3MIiHAMH aMIUTITyId Ta

qaCTOTH.
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Jl>xepesnoM 1IIymMy B OCHOBHOMY € cama KOHYCHa Apo0Oapka, OCKUIbKH
poboTa nmoApiOHIOBAHOTO MaTepially MOB'A3aHa 3 yJapoM LIMAaTKiB MaTepiairy o0
MeTajeBy MOBEPXHIO KaMepH JPOOICHHS.

JItonceke ByXO YyTJIMBE 10 THUCKY 3BYKOBUX XBWJIb. [[7151 BUMiproBaHHS
3BYKOBOT'O THCKY BUKOPUCTOBYETHCS OJMHHMIIS, sKa Ha3MBaeThcs «Oem». Ha
MPaKTULl BUKOPUCTOBYETHCS OJMHMII B JECATh pa3iB MEHIIA - «JIeuudemn.
Jliana3oH COpUNHATTS JIOACHKOTO CIyXy CTaHOBUTH Oim3bko 130 ab, i monuHa
He Moxe BuTpuMatu mymy B 140 nb. Illym monan 85 nb mpusBoauTh 110
THMYaCOBOTO TIOPYIICHHS MPaIe31aTHOCTI Ta BTPATH CIyXY.

CepenHe 3HaYeHHs PIBHS IIIyMy KOHYCHOI JipoOapku cTaHoBUTH 75-80 nb.
Tomy B mporieci Horo ekcruryaTaliii HeoOXiIHO BXXKMBATH BIAMOBITHUX 3aXO/IIB,
axi nepegodadeni B JICH 3.3.6.037-99 «CanitapHi HOpMH 11010 TTPOMUCIIOBOTO,
yJIBTPA3BYKOBOTO Ta iH(Pa3BYKOBOTO BUIIPOMIHIOBAHHSI.

Bopotbba 3 nrymoBUM 3a0py/THEHHSIM BEJIETHCS 3a JOTIOMOTO0 3arajibHUX
Ta IHAUBIYyIBHUX 3aX0/I1B 3aXUCTY. 3arajibHi1 3aX01 BKJIIOYAIOTh:
3aMIHUTH IIyMHI amapatd ab0 OKpeMi KHOIMKH Ha THXI, 3BYKOI30JIALIS Bij
JOKepes IIyMy; aBTOMaTHKa 1 MeXaHi3allisi, a TaKoXX JUCTaHI[IMHE KepyBaHHS
JTO3BOJISIIOTH TIPAIliBHUKAM KOHTPOJIOBAaTH POOOTY MAIIMHU 11032 UTyMOBHUMH
3oHaMu. JlieBUM 3ax0/10M y OOPOTHO1 3 IIITyMOM € 3aMiHa:

HIECTEPHI, BIAKPUTI peayKTOpamu; MpsiMo3y0i 3 KOHIYHUMH a00 SIMHKOBHUMH
3yOIIIMH, METaJIeBI 3 TEKCTOJITOBUMH 3yOamu [22].
3axonM  IHAMBIAYaTbHOTO  3aXWCTy  BKIIOYAOTh  BUKOPUCTAHHS

npaiiBHUKaMu O0epyill ado HaBYIIHUKIB.

4.4 Bibparii

[Tpu po6oTI KOHYCHOI IpoOapKu TaKOX BHUHHKAIOTH BiOpallii, TOJIOBHOIO
NPUYUHOIO KUX € O0EpTaHHS PyXOMOTro KoHyca. BiOpali mkoaMBo AlIOTh Ha

OpraHi3M MPaIoYNX, TPUBAIHA BIUIMB MOKE BUKJIMKATH TTpodeciitHe
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3aXBOPIOBAHHs, WIO0 CYNPOBOKYETHCS pO3TaJ0OM HEPBOBOI Ta CEPLEBO-
CYOUHHOI CHCTEMHM, MIJABHUILEHHSM KpPOB'SHOTO THUCKY, pO3J1aJ0M OMOPHO-
pyxoBoro amapary [22,23].

Jlns BupoOHMYMX BiOpaiiili Ha PoOOYUX MICISX CaHITAPHUMU HOPMaMu
"JlepkaBH1 caHITapHI HOPMH BHUPOOHMYOI 3arajbHOi Ta JIOKaJbHOI BiOparri”
JACH 3.3.6.039-99 BCTaHOBIIOIOTHCS TPAHUYHO JOMYCTHUMI aMILTITY/IH,
MIBUAKOCTI 1 IPUCKOPEHHS KOJUBAIBHUX PYXIB.

BunukHneHnHst BiOpaliii mornepeakaeTbcs YCTAaHOBKOIO MalllMH, M0 iX
BUKJIMKAIOTh, HA CIeliajibHl (yHIaMEHTH 3 BiOpOi30JAIi€lo 1 Ha (DyHIAMEHTH,
HE TOB’sA3aH1 3 OY/I1BJICIO.

Jliist BiIOpO130JIsILIii 3aCTOCOBYIOTh MPOKIIAJIKK 3 TYMH, BOIJIOKA, TPOOKH,

JIEPEBA, & TAKOXK MPYKUHU.

4.5 OCBITJIEHICTD

3a mpu3HAYCHHSIM IITYYHE OCBITJICHHS MOJISETHCS Ha poboye, aBapiiiHe,
eBaKkyariifne Ta oxopoHHe [22,23]. IlITydyHe OCBITICHHS Ha POOOYOMY MicCIi
npobapauka pernamentyetbesi JIbBH B.2.5-28-2018 «Ilpupogne Ta mrydHe
OCBITJICHHS» Ta Ma€ OyTu He HiK4e 50 mroke (mmM/M2).

Hopmu OCBITJIEHHSI TIATPUMYIOTHCS BCTAHOBJIEHHSM 1 PO3MILIEHHSAM
MPaBUJIBLHOI KIJTBKOCTI CBITWJIBHUKIB Y BUpOOHUYOMY TipuMitieHHI. OCHOBHUMHU
JOKEpeNlaMy CBITJIa IS MIPOMUCIIOBOTO OCBITJICHHS € JIAMIIM PO3)KapIOBaHHS i

ra3opo3psiIHi JaMIId BC1X BUJIIB.

4.6 TToxexHa Oe3reka

[Ipu excrutyaTariii BenuKorabapuTHUX MAIWH MM JII€I0 BiOparii, pi3kux
KOJIMBaHb 1 MOIUTOBXIB LIIJIBHICTh €JIEKTPUYHUX KOHTAKTIB MOPYIIYETHCS, Y

MICHSX 3'€qHAHb MPOBOAKH BHHHUKAIOTH BEIMKI IEPEXigHI OIOpH, IO

74



BUKJIMKAIOTh MICIIEBUU HArpiB, IO MOXKE MPU3BECTH 1O 3arOPSHHS 130l 1
nokexax [22].

[IpyunHOIO TMOXKEXK TaKoXK MOKe OyTH TMeperpiB  IMiAMIUITHUKIB
CJICKTPUYHHUX MAIlIMH Yepe3 HEeOCTATHIO iX 3Ma3Ky, HECIIBBICHICTh BaJiB 1 T.1.
UYacTime 3a Bce 1€ CHOCTEPIraeTbcsl MPU BUKOPUCTaHHI B  MAalllMHAX
MIIIUITHUKIB KOYEHHS.

[lepenarpiB BaJdbHUIL MOXE HACTUIPKA 30UIBIIMTHA CUJIy OIOPY, IO
POTOp EJNIEKTPUYHOI MAlIMHU 3yNUHUTHCA. [Ipu 1pboMy enekTpuyHa eHepris B
00OMOTKaX, IO MOCTYIIA€, TIOBHICTIO TIEPETBOPUTHCS B TEIUIOTY, 11O MOXKE CTATH
JUKEPEIIOM 3aropsiHHSA 130JIALI11 Ta IHIIKUX TOPIOYMX MaTepiaiB.

3a IIYE kiac 30uu ycTaHOoBKH KOoHYCHOT 1pobapku o ICTY b B.1.1-36:
2016 3a mokekHOW OE3IMEeUYHICTIO BiHECEHO 10 KaTteropii B. BoruecrtiikicTh
npuminieHHs 3a JIbH B.2.2-9: 2018 Bianosigae cryneHto BoruectikocTi 1.

J1ist 3ano0iranHs MokeskaMm MaIllMHICT IpoOapKU MOBUHEH 3HATH:
MpaBUJIa MOXKEKHOT OE3MEKHU, KI BCTAHOBJICHI JJI 11€XY 1 KOHKPETHO JJI KOTo
pobouoro MicHs; po3TallyBaHHA T0OJM3y poOouYoro Micus  3aco0iB
MOXKEKOTaCiHHS Ta MIPH OCOOMCTOrO  3aXUCTy; MICHE 3HAXOMKECHHS
HaWOIMKYOTO OIOBICHMKA 1 HOMEp TelleDOHY IMOKEKHOI OXOPOHH; MOBHHEH
BUKOPHCTOBYBATH MEPBUHHI 3aCO0M MOKEKOTAaCiHHS (IICOK, BOTHETPUBKA Maca,
BOTHETaCHUK, MOKPWBAJIa) MPU BUHUKHEHHI MOXEX1. BIH MOBUHEH BUKIIUKATH
MOXKEKHY OXOPOHY, a N0 il mpuOyTTS, MPU MOMIMBOCTI, BUKOPHUCTOBYBATH
3acoOu s JTIKBIJAIlT MTOYKEXK1 CBOIMU CHUJIaMHU.

[ToxxexxHi TiIpaHTH Yy MPUMILIEHHI, J€ pO3TallOBYeTbCS Jpolapka,
MOBUHHI PO3MIIIyBaTUCh Ha BijicTaHi 30 METpiB OJMH BijJ OJHOTO 3 PyKaBaMH
TOoBXKUHOW 10 10 meTpiB. BijcTanb 10 MOXKEKHOTO BUXOJy NMOBUHHA OyTH HE
o1 40 MeTpiB, a X KUTBKICTh — HE MeHIN aBOX. [llupuHa BUXigHUX IBEpe 2
metpu. Biamosinno no CHull 2.09.02—-85 nBepi Buxoay MOBHUHHI BiIKPUBATHCS
HA30BHI.

[Timxomu Ta iX KOHCTPYKIIisl OBUHHI 3a0€3MedyBaTh JIETKUM JOCTYII 10

CXOBHILIA, TPOXOAM MOBUHHI OYTH 3aBXKIU BUIbHUMHU. MaCTUIIbHI IHCTPYMEHTH 1
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MaTepiaay MOBUHHI 30epiratucs y creriaibHO BIIBEIEHUX AJIS LIbOTO MICLSX, a
y BUPOOHUYUX MPUMIIIEHHSIX - TUIBKH B METAJIEBHX €MKOCTSIX 3 KpPHUIIKaMH, B

KUTBKOCTI, III0 HE TIEPEBUIITY€E HaraJIbHUX MOTPEO.
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BHUCHOBKU

B xon1 BukoHnaHHs kBamidikaiifHoi poooTu:
1. 3po6neHo ornsa  ICHYIOYMX KOHCTPYKLIA KOHYCHHX Jpo0apok, ix
KOHCTPYKTHUBHI O0COOJIMBOCTI Ta poboTa. Bu3HaueHOo iX TeXHIYHI MepeBaru Ta
HETOIKH.
. 3ampoMOHOBAaHO MOJICPHI3AII0 MEXaHI3My peryitoBaHHS poO0Yoro 3azopy,
3a paxyHOK 3MIHM KpIIUIGHHS MK CTaHMHOIO Ta HE PYXOMHM KOHYCOM
BUKOHAHWM PI3bOOBUM 3’€THAHHSM 3 BEIUKHM KpOKOM. UYepe3 110
3a0€3MeUyEThCA MOMXKIUBICTh OUIbIII TOYHOTO PETYIIOBaHHS POOOUYOTO 3a30py
W peryiapboBaHOrO TOJAPIOHEHHS MaTepially Ha BCIX TPhOX IOBEPXHIX
JIpOOJIEHHS 32 paxyHOK yJiapy mMaTepiajly OJIMH Ha 1HIIHUH, TePTAM Mk co000
1 mepeapoOieHuid Marepianl 0’c¢ HemepeapoOJICHHH, 3a PaxyHOK I[bOTO
30UTBIIYEThCS EKCIUTyaTallisi PyXOMOTO KOHYycCa, 3MEHIIYEThCS dYac Ha
BUKOHAHHSI PEMOHTHUX POOIT.
. BukoHano TexHi4HI PO3paxyHKH KOHYCHOi JnpoOapku. IIpoBeneni
pPO3paxyHKH Ha MIIHICTb HAWOIIBII HAaBAaHTAXXEHUX JI€TAled 1 BY3IIB
KOHYCHOI ApoOapKu BKa3ylOTh Ha MpaIe3/aTHICTh 1 HAAIHHICTh MEXaHI3MYy.
[TpoBeneHo po3paxyHok HaBaHTaxeHb B cucTeMi ANSY'S, siki TOKa3yIOTh, 110
MaKCUMaJlbH1 HANPY>KEHHsS] BUHUKAIOTh HA TPEOHSAX p13b0U JeTalll Ta y 30HaX
dikcarii pi3p00BOi JeTali HA OCHOBI. 3HAYCHHS HAMPYKEHb 3aJIeKaTh BIJ
poOOYMX HABAHTAKEHb TA Baru 3’ €JHAHUX JI€Taleil KOHYCHOI ApoOapKu.
HaBeneHi BUMOTHU 1100 MOHTaXy KOHYCHHMX JIpOOapoK Ui 3a0e3reyeHHs
HEOOX1THUX MOKA3HUKIB ii pOOOTH.

Jnst  cTBOpeHHs Oe3MeYyHMX YMOB Ipall NEepcoHaly W  OXOPOHH
HABKOJIMILIHBOTO CEpEIOBHUIIAa HABEIEHI OCHOBHI 3aX0JH, 110 3a0e3MeuyroTh

OXOpOHY Tpalli Ha BUPOOHMIITBI TIPU €KCIUTyaTallii BAJIKOBOI IpOOaApKH.
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CIIMCOK BUKOHAHUX KPECJIEHb

No . Kinbk.
HaiimenyBanHs . dopmar

n/m JIUCTIB

1 | KpecnenHns 3arajipHOr0O BUY 1 Al

2 | Ban BepTUKaabHUM 1 Al

3 | I'alika ycTaHOBOYHA 1 Al

4 | lllecrepHs KOHIUHA 1 Al

5 | IlpuBin apobapku 1 Al

6 | lxiB npuBOAHUI 1 Al
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Homatox A
CONE CRUSHER

A cone crusher is provided including a frame having a top shell assembly and a
bottom shell assembly, and a crusher main shaft slidably supported by the frame.
The top shell assembly comprises a spider assembly having a central hub for
receiving a top end of the main shat. The bottom shell assembly comprises a
hydraulically operated piston assembly configured to raise and/or lower the
main shaft with respect to the frame. The top shell assembly further comprises a
first crush surface. The crusher further comprises a crusher head assembly
supported by the main shaft, the crusher head assembly comprising a second
crush surface, wherein the first and second crush surfaces define therebetween a
crushing chamber and an opening through which material leaves the crushing
chamber when the crusher is in use. The crusher further comprises an adjustment
arrangement configured to adjust the position of the first crush surface.

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to United Kingdom patent application No.
1915353.5 filed Oct. 23, 2019, the disclosure of which is incorporated in its
entirety by reference herein.

TECHNICAL FIELD

The present disclosure relates to a cone crusher, more particularly, but not
exclusively, to a cone crusher for crushing rock material.

BACKGROUND

Quarried material is often processed, by means of a crushing plant, for the
production of aggregate, for example. There are various known forms of
crushing plant for the comminution of rock material and the like, one of which is
referred to as a cone crusher.

One known type of cone crusher 2 is shown in FIG. 1. The cone crusher 2 is of
the type commonly referred to as a “spider crusher” and includes a top
shell6and a bottom shell 8, which are bolted together along a split
line 10 located approximately halfway up the crusher 2.

A crusher head 12 is supported by a shaft 14, which is supported at its upper end
by a spider assembly 16 and at its lower end by a hydraulically actuated piston
assembly 18. The shaft 14 is slideably supported such that actuation of the
piston assembly 18 raises and/or lowers the shaft 14 with respect to the top
shell 6. In this way the spacing between crush surfaces 20, 22 can be adjusted. In
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addition, the position of the crusher head 12 can be adjusted to compensate for
wear of the crush surfaces 20, 22.

There are a number of disadvantages with such known spider crushers. For
example, the design is very tall which makes it difficult to install in some
applications, particularly on mobile equipment.

Additionally, in order to change the wear parts, the top shell and bottom shell
must be detached from each other. This can be difficult and time consuming due
to the number of large bolts holding the two halves together and the difficulty in
separating the two sections. Further, the wear parts can suffer from uneven wear
if the feed is distributed unevenly around the chamber. This can cause
significant problems.

The present disclosure seeks to overcome or at least mitigate/alleviate one or
more problems associated with the prior art.

SUMMARY

In a first embodiment, a cone crusher is provided comprising a frame having a
top shell assembly and a bottom shell assembly, and a crusher main shaft
slidably supported by the frame; the top shell assembly comprising a spider
assembly having a central hub for receiving a top end of the main shaft of the
crusher; the bottom shell assembly comprising a hydraulically operated piston
assembly configured to raise and/or lower the main shaft with respect to the
frame; the top shell assembly further comprising a first crush surface; the
crusher further comprising a crusher head assembly supported by the main shaft,
the crusher head assembly comprising a second crush surface, wherein the first
and second crush surfaces define therebetween a crushing chamber and an
opening through which material leaves the crushing chamber when the crusher is
in use; wherein the crusher further comprises an adjustment arrangement
configured to adjust the position of the first crush surface.

In this way, the position of the first crush surface (e.g., a concave ring) with
respect to the second crush surface (e.g., a mantle) can be adjusted via the
adjustment arrangement. The relative position of the first and second crush
surfaces can also be adjusted via operation of the piston assembly. Accordingly,
two means of adjusting the relative position of the first and second crush
surfaces are provided.

In this way, greater control over the relative spacing between the first and
second crush surfaces is provided. In exemplary embodiments, this may be
advantageous in maintaining even wear of the crush surfaces and/or adjusting
the spacing between the surfaces to set the closed side setting (CSS),
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corresponding to the size of material which can leave the crush chamber via the
spacing between the crush surfaces.

Optionally, the crusher head assembly is configured to gyrate about an axis, and
the adjustment arrangement is configured to adjust the angular position of the
first crush surface with respect to the axis.

In this way, the first crush surface can be rotated with respect to the second
crush surface. This enables more even wear of the first crush surface to be
achieved. Uneven wear of the first crush surface can effectively create variation
in the closed side setting (CSS) around the crushing chamber. This can lead to
bearing failures, can limit the minimum achievable CSS, and/or create more
variation in the size of the crushed product produced by the crusher. Generating
more even wear of the first crush surface mitigates or eliminates some or all of
these problems, in addition to increasing the lifespan of the first crush surface.
Accordingly, where the first crush surface comprises a replaceable concave ring,
the concave ring will need to be replaced less often, reducing cost and
downtime.

Optionally, the crusher head assembly is configured to gyrate about the or an
axis, and the adjustment arrangement is configured to adjust the axial position of
the first crush surface with respect to the axis.

In other words, the first and second crush surfaces can be brought towards or
away from each other via the adjustment arrangement. An advantage of this is
that the spacing between the crush surfaces can be set to a desired spacing, at
least in part, via the adjustment arrangement. Accordingly, a desired closed side
setting (CSS) can be specified, at least in part, via the adjustment arrangement.

The piston assembly is configured to raise and lower the main shaft, on which
the crusher head assembly is carried. In this way, the crusher head assembly, and
hence the second crush surface can be moved towards and away from the first
crush surface, thereby adjusting the spacing between the surfaces, and hence the
closed side setting (CSS).

It will therefore be apparent that two means for adjusting the spacing between
the crush surfaces are provided: the adjustment arrangement and the piston
assembly. These may be used independently or in combination.

By providing two means for adjusting the spacing between the crush surfaces, a
piston assembly configured to move the main shaft through a reduced length can
be provided, as compared to crusher assemblies wherein a piston assembly is the
only means of spacing adjustment. Accordingly, cone crushers disclosed herein
may be shorter in height as compared to crusher assemblies in which a piston
assembly is the only means of spacing adjustment.
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Furthermore, since cone crushers disclosed herein are spider crushers having a
central hub for receiving a top end of the main shaft of the crusher, the clearance
required between the main shaft and the central hub and/or the clearance
required between the crusher head assembly and the central hub can be reduced.
Thereby providing twice the reduction in height for a given reduction in travel
distance of the main shaft.

Further, since the piston assembly is required to move the main shaft through a
reduced distance, a more compact piston assembly can be provided, thereby
reducing the overall height of the crusher.

Consequently, a more compact spider cone crusher is provided as compared to
those known from the prior art.

Optionally, the adjustment arrangement is configured to adjust the axial position
of the first crush surface with respect to the axis by up to 500 mm, for example
by up to 200 mm, for example by up to 150 mm, e.g., by up to 125 mm.

For example, where the second crush surface is a mantle, for a cone crusher
having a mantle diameter of 1200 mm (i.e., the largest diameter), the adjustment
arrangement may be configured to adjust the axial position of the first crush
surface with respect to the axis by up to 125 mm. It will be appreciated that, in
some embodiments, an adjustment arrangement configured to permit a larger or
smaller amount of adjustment may be provided.

It will also be appreciated that the adjustment arrangement provided may be
configured to adjust the axial position of the first crush surface with respect to
the axis by an amount appropriate for the size and/or proportions of the cone
crusher.

Optionally, the adjustment arrangement comprises a screw thread coupling
between the top shell assembly and the bottom shell assembly.

In this way, a simple means for adjusting both the axial and angular position of
the first crush surface with respect to the axis is provided.

Optionally, the screw thread coupling comprises an inner thread arranged on an
outer surface of the top shell assembly and an outer thread arranged on an inner
surface of the bottom shell assembly.

In some embodiments, the screw thread coupling comprises an inner thread
arranged on an outer surface of the bottom shell assembly and an outer thread
arrangement arrange on an inner surface of the top shell assembly.
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Optionally, the hydraulically operated piston assembly comprises a relief device
for releasing the hydraulic pressure in the piston assembly in the event that the
pressure exceeds a predetermined threshold.

If an uncrushable object enters the crushing chamber, substantial forces may be
generated in the hydraulically operated piston assembly as the crusher head
assembly acts to complete its gyratory motion against the uncrushable object.
The generation of these forces can cause damage to the crusher. In some cases,
this damage can render the crusher inoperative until it is repaired, therefore
affecting productivity.

When the forces generated by the uncrushable object in the crushing chamber
exceed a predetermined amount, the relief device is actuated. Such actuation
releases the hydraulic pressure in the piston assembly, which prevents or limits
damage to the crusher.

In this way, the relief device acts to protect the crusher against damage resulting
from an uncrushable object entering the crushing chamber.

In exemplary embodiments, the relief device is configured to actuate when a
predetermined fore of between 50 and 500 bar is reached, for example between
50 and 300 bar, for example between 60 and 150 bar, for example between 70
and 100 bar.

Optionally, the hydraulically operated piston assembly is arranged to support a
lower end of the main shaft and the relief device is configured to release the
hydraulic support of from the piston assembly in the event that the pressure
exceeds a predetermined threshold.

Optionally, the piston assembly comprises a piston moveable in a cylinder,
wherein the piston is configured to raise and/or lower the main shaft with respect
to the frame. Optionally, the cylinder has a length of less than 1000 mm, for
example less than 500 mm, for example in the range of 200 mm to 450 mm, e.g.,
375 mm.

In cone crushers disclosed herein, since the amount of axial movement of the
main shaft is reduced, a cylinder of reduced length as compared to an equivalent
known spider crusher can be used. It will be appreciated that the cylinder
dimensions may be appropriate for the size and/or proportions of the cone
crusher.

Optionally, the maximum vertical distance through which the main shaft can be
raised and/or lowered is less than 500 mm, for example less than 200 mm.

In other words, the piston assembly is configured such that the piston can be
moved through less than 500 mm, for example less than 200 mm. In cone
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crushers disclosed herein, since two means of adjusting the relative position of
the first and second crush surfaces are provided, the vertical distance through
which the main shaft can be raised and/or lowered can be less than that of an
equivalent known spider crusher.

Optionally, the maximum vertical distance is in the range of 50 mm to 175 mm,
for example, 50 mm to 100 mm, e.g., 75 mm.

Optionally, when the main shaft is in a fully retracted position (i.e., away from
the spider assembly), a clearance is defined between a top end of the main shaft
and an underside of the central hub directly above the top end of the main shaft
when the crusher is in use. Optionally, the clearance is less than 500 mm, for
example 200 mm, for example in the range of 50 mm to 175 mm, for example,
50 mm to 100 mm, e.g., 75 mm.

It will be appreciated that the clearance required will be the same as the distance
through which the main shaft can be raised or lowered. Consequently, since
cone crushers disclosed herein can be configured such that the distance through
which the main shaft can be raised or lower is reduced, as compared to
equivalent known spider crushers, the clearance required is correspondingly
reduced.

Accordingly, the reduction in overall height of the cone crushers disclosed
herein can be twice the reduction in the distance through which the main shaft
can travel. This provides a more compact cone crusher than equivalent known
spider crushers.

Optionally, when the main shaft is in a fully retracted position (i.e., away from
the spider assembly), a clearance is defined between an uppermost surface of the
crusher head and a lower surface of the central hub directly above the uppermost
surface of the crusher head. Optionally, the clearance is less than 200 mm, for
example in the range of 50 mm to 175 mm, for example, 50 mm to 100 mm,
e.g., 75 mm.

Optionally, the second crush surface comprises a mantle having a diameter at its
widest point in the range of 750 mm to 3000 mm, e.g., 1200 mm.

In exemplary embodiments, the mantle diameter may be in the range of 1000
mm to 2000 mm, for example 1000 mm to 1500 mm.

Optionally, the second crush surface comprises a mantle and the ratio of the
mantle diameter:overall height of the crusher is 1 to less than 3.5, for example,
in the range of 1:2 to 1:3, for example 1:2.5.

As used herein, the term “overall height of the crusher” is understood to mean

the distance from the top of the spider assembly (corresponding to a clearance
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under a feeder when in use) to the lowest part of the piston assembly
(corresponding to a clearance above a discharge conveyor when in use).

Optionally, the overall height of the crusher is in the range 2500 mm to 5000
mm, for example 2500 mm to 4000 mm, for example 3000 mm to 3100 mm,
e.g., 3025 mm.

As previously described, cone crushers disclosed herein may have a reduced
height as compared to equivalent known spider crushers.

Optionally, the cone crusher further comprises a locking mechanism which is
configured to prevent or inhibit movement of the concave ring.

In this way, once the position of the first crush surface has been adjusted to a
desired position, the first crush surface can be locked in this position via the
locking mechanism.

Optionally, the adjustment arrangement comprises a screw thread coupling
between the top shell assembly and the bottom shell assembly, and the locking
mechanism comprises a threaded ring configured to be threaded onto the screw
thread coupling such that the threaded ring can be tightened to exert a force
against the top shell assembly or bottom shell assembly.

In this way, relative rotation and the top and bottom shell assemblies and/or
tilting of the top shell assembly when crushing can be inhibited.

Optionally, the bottom shell assembly comprises a central hub for supporting the
or a lower end of the main shaft of the crusher, and an eccentric is mounted on
the lower end of the main shaft and configured such that, in use, the eccentric
rotates eccentrically about the or an axis causing gyration of the crusher head.
Optionally, bearings are provided between the eccentric and the central hub.

In exemplary embodiments, the bearings comprise an uppermost bearing and a
lowermost bearing. In cone crushers disclosed herein, since two means of
adjusting the relative position of the first and second crush surfaces are
provided, the vertical distance through which the main shaft can be raised and/or
lowered can be reduced as compared to an equivalent known spider crusher.
Consequently, the spacing between the uppermost and lowermost bearings may
be reduced as compared to equivalent known spider crushers. Consequently, a
more compact and/or simplified bearing assembly can be provided.

Optionally, the crusher head assembly is configured to gyrate about the or an
axis, and the adjustment arrangement is configured to adjust the angular position
of the first crush surface with respect to the axis by adjusting the angular
position of the top shell assembly.
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Optionally, the crusher comprises an alignment arrangement configured to
restrict an angular position of the top shell assembly to one of one or more
predetermined angular positions, when the crusher is in use.

In this way, the angular position of the spider assembly can be controlled.

Optionally, the alignment arrangement comprises a sensor for sensing the
angular position of the top shell assembly.

Optionally, the one or more predetermined angular positions are determined
based on the relative positions of the spider assembly and a feed source.

In this way, the position of the top shell can be adjusted such that the feed source
is aligned with an opening in the spider assembly (i.e., between spider arms of
the spider assembly). Accordingly, introduction of material into the crusher is
optimized.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the disclosure will now be described with reference to the
accompanying drawings, in which:

FIG. 1is a cross section view of a known type of cone crusher commonly
referred to as a “spider crusher”;

FIG. 2 is a cross section view of a cone crusher according to an embodiment of
the disclosure;

FIG. 3 is a cross section view of a bearing assembly of the embodiment of FIG.
2; and

FIG. 4 is a top down cross section view of the embodiment of FIG. 2, illustrating
a locking ring.

DETAILED DESCRIPTION

An embodiment of a cone crusher 102 disclosed herein is illustrated in FIG. 2.
The crusher 102 includes frame 104 having a top shell assembly 106 and a
bottom shell assembly 108. The crusher 102 comprises a main shaft 114 which
is slideably supported by the frame 104.

The top shell assembly 106 comprises a top shell frame 152 having an outer
surface 106aand an inner surface 106b. Similarly, the bottom shell
assembly 108 comprises a bottom shell frame 156 having an outer
surface 108a and an inner surface 108b.
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The top shell assembly 106 includes a spider assembly 116 having a central
hub 130 for receiving a top end of the main shaft 114. The bottom shell
assembly 108 is configured to support a lower end of the main shaft 114 and
includes a hydraulically actuated piston assembly 118 configured to raise and/or
lower the main shaft 114 with respect to the frame 104.

In the illustrated embodiment shown in FIG. 2, the top shell frame 152 and the
spider assembly 116 are integrally formed. In some embodiments, the top shell
frame and the spider assembly are separate components.

The crusher 102 includes a first crush surface 120 which is provided by the top
shell assembly 106. In the illustrated embodiment, the first crush surface 120 is
carried by the inner surface 106b of the top shell frame 152. In use, material fed
into the crusher 102 is crushed against the first crush surface 120. In the
illustrated embodiment, the first crush surface 120 comprises a concave ring.
The concave ring 120 is a wearable component and can be removed and
replaced when it is worn out.

The crusher 102 also includes a crusher head assembly 112 carried by the main
shaft 114. The crusher head assembly 112 comprises a crusher head 154 and a
second crush surface 122 against which material fed into the crusher 102 is
crushed. In the illustrated embodiment, the second crush surface 122 comprises
a mantle carried by the crusher head 154, wherein the mantle 122 is a wearable
component that can be removed and replaced when worn.

A crushing chamber 124 is defined between the crush surfaces, i.e., between the
concave ring 120 and the mantle 122. The crush surfaces 120, 122 further define
an opening 126 through which material leaves the crushing chamber 124 when
the crusher 102 is in use.

The crusher 102 includes an adjustment arrangement 128 configured to adjust
the position of the first crush surface 120 of the top shell assembly 106 (i.e., the
concave ring 120) with respect to the crusher head assembly 116, and hence
with respect to the second crush surface 122.

As will be described in further detail below, the crusher head 112 is arranged to
gyrate about an axis X, e.g., a longitudinal axis of the crusher 102. The
adjustment arrangement 128 is configured to adjust the angular position of the
concave ring 120 with respect to the axis X. The adjustment arrangement 128 is
also configured to adjust the axial position of the concave ring 120 with respect
to the axis X.

In the illustrated embodiment, the adjustment arrangement 128 comprises a
screw thread coupling between the top shell assembly 106 and the bottom shell
assembly 108. An inner thread 128a is arranged on the outer surface 106a of the
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top shell frame 152 and an outer thread 128bis arranged on the inner
surface 108b of the bottom shell frame 156. In this way, unscrewing the top
shell assembly 106 from the bottom shell assembly 108 enables the axial and
angular position of the concave ring 120 to be adjusted.

As previously described, the bottom shell assembly 108 includes a hydraulically
actuated piston assembly 118 configured to raise and/or lower the main
shaft 114 with respect to the frame 104. The piston assembly 118 includes a
piston 132 which is moveable in a cylinder 133. The lower end of the main
shaft 114 is positioned above the piston 132, such that actuation of the
piston 132 results in raising/lowering of the main shaft 114.

The hydraulically actuated piston assembly 118 also includes a relief device (not
shown) for releasing the hydraulic pressure in the piston assembly 118 in the
event that the pressure exceeds a predetermined threshold. In this way, the
piston assembly 118 is configured to release the hydraulic support provided to
the main shaft 114 when the pressure exceeds the predetermined threshold.

In exemplary embodiments, the relief device is configured to actuate when a
predetermined force of between 50 and 500 bar is reached, for example between
50 and 300 bar, for example between 60 and 150 bar, for example between 70
and 100 bar.

In the illustrated embodiment, the crusher includes a locking
mechanism 134 configured to prevent or inhibit movement of the concave
ring 120 with respect to the bottom shell assembly 108, e.g., by preventing or
inhibiting movement of the top shell frame 152 with respect to the bottom shell
assembly 108. In this way, once the desired position of the concave ring 120 has
been set, further movement of the concave ring 120 with respect to the bottom
shell assembly 108 can be prevented or inhibited.

In the illustrated embodiment, the locking mechanism comprises a locking
ring 134 having a threaded inner surface 134a, configured to engage with the
outer thread 128a of the top shell frame 152. When the top and bottom shell
assemblies 106, 108 are in the desired relative position, the locking ring 134 can
be rotated down the outer thread 128a of the top shell frame 152 towards and
into contact with the bottom shell frame 156. Further rotation of the locking
ring 134 causes the locking ring 134 to exert a force against the bottom shell
frame 156, thereby inhibiting rotation between the top and bottom shell
assemblies 106, 108. The locking ring 134 can be thought of as a locking nut. In
some embodiments, the locking ring 134 may exert a force on the bottom shell
frame (to inhibit relative rotation of the shell assemblies) via an intermediate
component, such that the locking ring and the bottom shell frame are not in
direct contact.
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FIG. 4 illustrates a top-down view of the locking ring 134. As illustrated in FIG.
4, a series of hydraulic cylinders 158 are provided for rotating the locking
ring 134 and tightening the locking ring 134 to exert force against the bottom
shell frame 156. The hydraulic cylinders 158 are not shown on FIG. 2 for clarity.
In alternative embodiments, the locking ring 134 can be rotated via a gear drive
or any other suitable means.

The locking ring 134 also acts to inhibit tilting of the top shell
assembly 106 when the crusher 102 is in use. Since the main shaft 114 is
supported by the spider assembly 116 of the top shell assembly 106, rotation of
the crusher head assembly 112 can cause forces to be applied to the top shell
assembly 106 when the crusher 102 is in use, which can result in tilting of the
top shell assembly 106. The locking ring 134 acts to inhibit such tilting.

In alternative embodiments, the locking mechanism may comprise hydraulic
jacks exerting a force which acts to push the upper and lower shell
assemblies 106, 108 apart (or towards each other) such that the
threads 128a,b are forced against each other, inhibiting relative movement of the
shells 106, 108. In alternative embodiments, any other suitable locking means
can be used.

With reference to FIGS. 2 and 3, the bottom shell assembly 108 includes a
central hub 136 for supporting a lower end of the main shaft 14. An
eccentric 138 is mounted on the lower end of the main shaft 114 and configured
such that, in use, the eccentric 138 rotates eccentrically about the axis X, thereby
causing gyration of the crusher head assembly 112 about the axis X. In some
embodiments, the axis X is coaxial with a longitudinal axis of the crusher 102.

Bearings 136a, bare provided between the eccentric 138 and the central
hub 136. These bearings comprise an upper bearing 136aand a lower
bearing 136b provided between the eccentric 138 and the central hub 136 to
support the main shaft 12. In the illustrated embodiment, bearings 136a, b are
roller bearings. In some embodiments, plain bearing (i.e., bushings) are used. In
some embodiments, a single bearing is provided.

Additional bearing 140 is provided between the main shaft 114 and the
eccentric 128.

It will be appreciated by those skilled in the art that the spider
assembly 116 comprises a series of spider arms 144 extending from the central
hub 130 to an outer diameter of the spider assembly 116. Gaps (not shown) are
provided between the spider arms 144 and material to be crushed can be fed into
the crush chamber 124 via one or more of these gaps.
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In some embodiments, the crusher 102 includes an alignment arrangement 160a,
b configured to restrict the angular position of the top shell assembly 106, and
hence the spider assembly 116, to one of one or more predetermined angular
positions, when the crusher 102 is in use.

In some embodiments, the alignment arrangement comprises a sensor 160a for
sensing the angular position of the top shell assembly 106. The sensor 160a may
be mounted at any suitable location on the bottom shell assembly 108. The
sensor 160a may be configured to detect a feature of the top shell
assembly 108 itself, and from this determine the angular position of the top shell
assembly 106. Alternatively, as is shown inFIG. 2, the top shell
assembly 106 may comprise a target 160b configured to be detectable by the
sensor 160a. Any suitable sensor and target 160a, b may be used.

The one or more predetermined angular positions may be determined based on
the relative positions of the spider assembly 116 and a feed source (not shown).
For example, the top shell assembly 106 may be positioned such that the or each
feed source is aligned with one or more of the gaps between the spider
arms 144 of the spider assembly 116.

In use, material to be crushed is introduced into the crushing chamber 124. As
the crusher head assembly 112 gyrates about the longitudinal axis X, the
mantle 122 is caused to gyrate relative to the concave ring 120. In this way,
material in the crushing chamber 124 is crushed against the mantle 122 and the
concave ring 120 to create smaller pieces of material. When the pieces of
material are small enough, they fall through the opening 126 between the crush
surfaces 120, 122, leaving the crushing chamber 124,

The spacing between the mantle 122 and concave ring 120 sets the size of
material that is produced by the crusher 102. The size of this spacing (i.e.,
opening 126) is often referred to as the “Closed Side Setting (CSS)”.

With reference to FIG. 2, the spacing between the mantle 122 and the concave
ring 120 can be adjusted by movement of the piston 132 in the cylinder 133. As
the piston 132 is moved upwards, the main shaft 114, and the crusher head
assembly 112 carried by the main shaft 114, are consequently also moved
upwards due to the action of the piston 132. In this way, the mantle 122 and
concave ring 120 are brought towards each other, thereby reducing the spacing
therebetween.

Advantageously, adjustment of the spacing between the mantle 122 and the
concave ring 120 by movement of the piston 132 can be carried out during
crushing.
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As can be seen in FIG. 2, the spacing between the mantle 122 and the concave
ring 120 can also be adjusted via the adjustment mechanism 128. By rotating the
top shell assembly 106 with respect to the bottom shell assembly 108, the top
shell assembly 106 can be screwed towards or away from the bottom shell
assembly 108. In this way, both the axial and angular position of the top shell
assembly 106 with respect to the crusher head assembly 112 can be adjusted.

By making this adjustment, the spacing between the concave ring 120, which is
carried by the top shell frame 152, and the mantle 122, which is carried by the
crusher head 154, can be adjusted. This adjustment can be used to determine the
size of material that is produced by the crusher 102 by setting the closed side
setting. In some cases, adjustment of the position of the top shell
assembly 106 with respect to the bottom shell assembly 108 can be made to
maintain a predetermined closed side setting to compensate for wear of the
mantle 122 and/or the concave ring 120.

In exemplary embodiments, the concave ring 120 is carried by the top shell
frame 152 such that the concave ring 120 is fixed for movement with the top
frame assembly 106.

In the illustrated embodiment, the adjustment arrangement 128 is configured to
adjust the axial position of the concave ring 120 with respect to the longitudinal
axis X by distance “A”, which can be up to 125 mm. In alternative embodiments
the adjustment arrangement may be configured to adjust the axial position of the
concave ring by up to 500 mm, for example by up to 200 mm, for example by up
to 150 mm. It will be appreciated that an adjustment arrangement configured to
adjust the axial position of the concave ring by any desired amount can be
provided.

Since the spacing between the crush surfaces 120, 122 can be set or maintained,
at least in part, by positioning the concave ring 120 via the adjustment
mechanism 128, the extent to which the crusher head assembly 112 needs to
travel axially can be reduced, whilst still achieving the same degree of control of
the spacing between the crush surfaces 120, 122. In other words, since the
adjustment arrangement 128 is configured to move the concave ring 120 towards
and away from the mantle 122, the extent to which the mantle 122 needs to be
moveable towards and away from the concave ring 120 can be reduced, whilst
still achieving the same degree of control of the closed side setting as for a
corresponding crusher of the type shown in FIG. 1.

Consequently, the distance through which the piston 132 needs to be moveable
can be less in crushers disclosed herein as compared to a corresponding crusher
of the type shown in FIG. 1.
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In the illustrated embodiment, the distance through which the piston 132 is
configured to move is up to 75 mm. By comparison, for an equivalent crusher of
the type shown in FIG. 1, the piston must be able to move by up to 200 mm in
order to achieve the same degree of control of the closed side setting.

Accordingly, the cylinder 133 can be of a shorter length as compared to an
equivalent crusher of the type shown in FIG. 1. In the illustrated embodiment
in FIG. 2, the cylinder 133 has an axial length of 375 mm. By comparison, a
corresponding crusher of the type shown in FIG. 1 has a cylinder having an axial
length of 500 mm.

These differences in the piston assembly 118 of the embodiment illustrated
in FIG. 2 as compared to the piston assembly 18 of a corresponding crusher of
the type shown in FIG. 1 leads to a reduction in the overall height of the crusher
of 250 mm. In the illustrated embodiment, this reduction in overall height is
achievable for a cone crusher having a mantle diameter of 1200 mm. It will be
appreciated that different height savings will be achievable for different crusher
configurations and sizes. However, for any size of crusher, cone crushers
disclosed herein will have a reduced height as compared to an equivalent cone
crusher of the type illustrated in FIG. 1.

Additionally, since the maximum travel distance of the main shaft 114 is
reduced, a reduced clearance between an underside 146 of the central hub 130 of
the spider assembly 116 and a top end of the main shaft 114 is required. This is
illustrated by clearance “B” in FIG. 2. The clearance required will correspond to
the maximum movement of the piston and so for the embodiment of FIG. 2 will
be 75 mm. The corresponding clearance for an equivalent crusher 2 of the type
shown in FIG. 1 is 200 mm (i.e., the maximum travel distance of the shaft 14).

Similarly, since the maximum travel distance of the main shaft 114 is reduced, a
clearance between an uppermost surface of the crusher head 148 and a
lowermost surface 150 of the central hub 130 and/or spider assembly 116 can
also be reduced. In the illustrated embodiment in FIG. 2, this is shown as
clearance “C” and will also be 75 mm. The corresponding clearance for an
equivalent crusher of the type shown in FIG. 1is 200 mm (i.e., the maximum
travel distance of the shaft 14).

It will therefore be appreciated that a further reduction in the height of the
crusher 102 is achieved. Accordingly, the total reduction in height of the
crusher 102 as compared to an equivalent crusher of the type shown in FIG. 1 is
375 mm.

From the above it will be appreciated that, for a given reduction in the maximum
distance through which the piston 132/main shaft 114 can travel, a reduction in
overall height of the crusher 102 equating to twice the reduction in the amount
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of piston travel is achievable. Further, an additional reduction in height is
achievable where there is a reduction in axial length of the cylinder 133.

The overall height of the crusher illustrated in FIG. 2 is 3025 mm, whereas a
corresponding crusher of the type shown in FIG. 1 is 3400 mm. Accordingly, an
11% reduction in the total height of the crusher is achievable. In some
embodiments, the reduction in the total height of the crusher is in the range 5%
to 25%, for example 7% to 15%. It will be appreciated that the illustrations
in FIGS. 1 and 2 are not to scale.

In the illustrated embodiment in FIG. 2, the ratio of the mantle diameter (at its
largest diameter) to overall height of the crusher is 1:2.5. By way of comparison,
an equivalent crusher of the type shown in FIG. 1 has a mantle diameter to
overall machine height ratio of 1:3.5. In some embodiments of crushers
disclosed herein, this ratio is 1 to less than 3.5, for example, in the range of 1:2
to 1:3, for example 1:2.5. In the illustrated embodiments the mantle diameter is
1200 mm.

Again, it will be appreciated that the height savings achievable by crushers
disclosed herein depend on the configuration and size of the crusher. However,
for any size of crusher, cone crushers disclosed herein can have a reduced height
as compared to an equivalent cone crusher of the type illustrated in FIG. 1.

Further, adjustment of the position of the concave ring 120 via the adjustment
arrangement 128 has the benefit of enabling adjustment of the angular position
of the concave ring 120 with respect to the axis X to be achieved. This enables
control of the wear of the concave ring 120 to avoid uneven wear, and so
increases the life span of the concave ring 120.

With reference to FIG. 3, since the main shaft 144 of the illustrated embodiment
IS moveable through a reduced distance, the upper and lower
bearings 136a, 136b, can be spaced closer together as compared to the
corresponding arrangement of FIG. 1. This allows for a reduction in component
height, which may translate to a reduction in machine height. In embodiments
comprising a single bearing between the eccentric 138 and the central hub 136, a
reduction in the height of the bearing may also be achieved.

Although the invention has been described in relation to one or more
embodiments, it will be appreciated that various changes or modifications can be
made without departing from the scope of the disclosure as described in the
appended claims. For example, it will be appreciated that cone crushers
disclosed herein may have any suitable size or dimensions.

Claims
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1. A cone crusher comprising a frame having a top shell assembly and a bottom
shell assembly, and a crusher main shaft slidably supported by the frame; the top
shell assembly comprising a spider assembly having a central hub for receiving
a top end of the main shaft of the crusher; the bottom shell assembly comprising
a hydraulically operated piston assembly configured to raise and/or lower the
main shaft with respect to the frame; the top shell assembly further comprising a
first crush surface; the crusher further comprising a crusher head assembly
supported by the main shaft, the crusher head assembly comprising a second
crush surface, wherein the first and second crush surfaces define therebetween a
crushing chamber and an opening through which material leaves the crushing
chamber when the crusher is in use; wherein the crusher further comprises an
adjustment arrangement configured to adjust position of the first crush surface.

2. The cone crusher according to claim 1, wherein the crusher head assembly is
configured to gyrate about an axis, and the adjustment arrangement is
configured to adjust angular position of the first crush surface with respect to the
axis.

3. The cone crusher according to claim 1, wherein the crusher head assembly is
configured to gyrate about an axis, and the adjustment arrangement is
configured to adjust axial position of the first crush surface with respect to the
axis.

4. The cone crusher according to claim 3, wherein the adjustment arrangement is
configured to adjust the axial position of the first crush surface with respect to
the axis by up to 500 mm.

5. The cone crusher according to claim 1, wherein the adjustment arrangement
comprises a screw thread coupling between the top shell assembly and the
bottom shell assembly.

6. The cone crusher according to claim 5, wherein the screw thread coupling
comprises an inner thread arranged on an outer surface of the top shell assembly
and an outer thread arranged on an inner surface of the bottom shell assembly.

7. The cone crusher according to claim 1, wherein the hydraulically operated
piston assembly comprises a relief device for releasing hydraulic pressure in the
piston assembly in the event that the pressure exceeds a predetermined
threshold.

8. The cone crusher according to claim 1, wherein the piston assembly
comprises a piston moveable in a cylinder, wherein the piston is configured to
raise and/or lower the main shaft with respect to the frame, and wherein the
cylinder has a length of less than 1000 mm.
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9. The cone crusher according to claim 1, wherein maximum vertical distance
through which the main shaft can be raised and/or lowered is less than 500 mm.

10. The cone crusher according to claim 1, wherein, when the main shaft is in a
fully retracted position (i.e., away from the spider assembly), a clearance is
defined between a top end of the main shaft and an underside of the central hub
directly above the top end of the main shaft when the crusher is in use, the
clearance being less than 500 mm.

11. The cone crusher according to claim 1, wherein, when the main shaft is in a
fully retracted position (i.e., away from the spider assembly), a clearance is
defined between an uppermost surface of the crusher head and a lower surface of
the central hub directly above the uppermost surface of the crusher head, the
clearance being less than 200 mm.

12. The cone crusher according to claim 1, wherein the second crush surface
comprises a mantle having a diameter at its widest point in the range of 750 mm
to 3000 mm.

13. The cone crusher according to claim 1, wherein the second crush surface
comprises a mantle and the ratio of the mantle diameter to overall height of the
crusher is 1 to less than 3.5.

14. The cone crusher according to claim 1, wherein overall height of the crusher
is in the range 2500 mm to 5000 mm.

15. The cone crusher according to claim 1, further comprising a locking
mechanism which is configured to prevent or inhibit movement of the first crush
surface.

16. The cone crusher according to claim 15, wherein the adjustment arrangement
comprises a screw thread coupling between the top shell assembly and the
bottom shell assembly, and wherein the locking mechanism comprises a
threaded ring configured to be threaded onto the screw thread coupling such that
the threaded ring can be tightened to exert a force against the top shell assembly
or bottom shell assembly.

17. The cone crusher according to claim 1, wherein the bottom shell assembly
comprises a central hub for supporting a lower end of the main shaft of the
crusher, wherein an eccentric is mounted on the lower end of the main shaft and
configured such that, in use, the eccentric rotates eccentrically about an axis
causing gyration of the crusher head, and wherein bearings are provided
between the eccentric and the central hub.

18. The cone crusher according to claim 1, wherein the crusher head assembly is
configured to gyrate about an axis, and the adjustment arrangement is
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configured to adjust angular position of the first crush surface with respect to the
axis by adjusting angular position of the top shell assembly.

19. The cone crusher according to claim 18, wherein the crusher comprises an
alignment arrangement configured to restrict an angular position of the top shell
assembly to one of one or more predetermined angular positions, when the
crusher is in use.

20. The cone crusher according to claim 19, wherein the one or more
predetermined angular positions are determined based on relative positions of
the spider assembly and a feed source.

Patent History

Publication number: 20210245166
Type: Application

Filed: Oct 23, 2020
Publication Date: Aug 12, 2021
Applicant: TEREX GB LIMITED (Leicestershire)
Inventor: lan BOAST (Leicestershire)

Application Number: 17/078,526
Classifications
International Classification: B02C 2/04 (20060101);

99


https://patents.justia.com/assignee/terex-gb-limited
https://patents.justia.com/inventor/ian-boast

22

Flgure 1

100

3400mm



102

132

133

Figure 2

101



114

140

118

Figure 3

/ ///.-
/ ./'. :
[/
f
\
[/ 51
[ [ |
'\ |
\ \ ’ f
\ \ :
\‘

102



103



Jonatok B

é._ E L__E_ e LR HalnenyBants .:_ "SL:'“"
L oKL BHTA LT
A3 AL a2 oo0-7083 Kpocaoksra 30zaMeH0z0 Budy 7
Hemas
7 Tpafiepra HUXHT H
2 FPyxeMuld KoRuye !
3 Tpabepca BepxHa H
:; ,-"‘.".E".f .:J_'f-"z'H pezysoborss 1
ROCoISHEE Y020 Jaropy
5 ExcueHmpUR H
& Pumepofka DUXOMIZE KORLYEL H
iy [ToGpSHEESUT K ORYE H
& Baa excyeHmpuk H
3 Fogxa ,aezyﬁu&nﬁﬁﬁlr. 7
posbarmaxybaseRal wiauHY
7 Pumepofxa DUXOMOZE KOHLUEY !
i Kotinaw !
12 Korrsng wecmepHs H
7 Jydvacme xoAeco 1
FA Npubodrug Baa 7
5 LmaasHug Kepnge H
.3 Supiaproud K ORGE H
17 Mpywunra Bmyaodo-nassyeda 7
Mygma
18 lpubodrig weil H
e Onopu Z
20 Bmyaxa H
21 Lvrwebud cnaal !
22 ij.rrﬂ.'.-'.' M20 x 115 FOCT 7758- 20
70
23 Fodxa 20
24 Mifwunntn &of83aqHa 24

104




Dogm
Jowa

(Tpurime

Mozroverns -
HoumMeHyboxne a

~ | Kia

Lumxobud cnaal

Boam M20 x 115 FOCT 7798- -
20

0
Madwa 20
lidwunHus KoBIaHHA 24

105




106



