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MEPCMEKTUBLI PASBUTUSA
SHEPTOCBEPETAIOLKUX CNOCOB0B APOB/NIEHUA
XPYTMKUX MATEPUANOB
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Annomayus. JlpoGuibHble MALIMHEL BXOLAT B COCTAB IIMXTOBBIX OT/IE/EHHH JOMEHHBIX H CTANEIVIABIIBHETX TIEX0B METAIUTYPTHIECKIX IPETIpPUATHIL.
OpumM ¥3 OCHOBHBIX HOKazaTene mpomecca ApoGIeHyA SBIMETCS ero sHeproaddeKTHRHOCTS. OHA ONpENeNIeTcs Maccoil IpoBIeHoro MaTepHana
TIPH PacxONOBAHHH ETHHHIIEL ATEKTPOIHEPIHH. PacCMOTpeHS! PasmHTHbIE CTIOCOGHT NPOBNEHI XPYIIKHX MaTEPHATOB B KOHCTPYKIIMH APOGHIEHEX
MAITHH I HX OCYIIECTBICHHS. AHATH3 paboTsI APOOMIOK MoKasal, 9T0 HanGonee SHepro3dGEKTHBHEMU ABJOTCS APOOHIIKH YAAPHOro HekcT-
BHst. OHAKO M3-32 CYIECTBEHHOIO HEAOCTATKA (BBIXOT TONHOTO MPOYKTa BECEMA Mall) OHW NPAKTHYECKH HE TIPUMEHSIOTCS B META/LTYPridecKoM
IPOMBIIUIEHHOCTH, B KOTOPOH NPEABABIAIOTCA BHICOKHE TpeGoBaHMS K (JPaKIMOHHOMY COCTABy TOTOBOTO NPOAYKTA. B Meramtyprideckoil mpo-
MEBIIUICHHOCTH ITMPOKO HCTIOMB3YIOTCA APOOHIIKY CHKATHA ¢ IIPUMEPHO ONMHAKOBOH YIENBHOM SHEPTOEMKOCTBIO, TO €CTh C OTMHAKOBEIM PACXONOM
JHCPIUM HA PaspyIICHAE EJMHIIHOIO 0fbema MaTepHana papHOH MPOIHOCTH. Paspyluenue ckaTHeM — CaMBlit SHEPrOCMKME U3 H3BECTHBIX CIIOCO-
6oB npoliierus. B 0iHOBAIKOBEIX JPOGHIKAX KYCOK MATEPHANA IOAETCS B 3a30p MEXIY BAIKOM H CIUIONIHON HEMOIBHKHOM [LTHTOMH. B nponecce
PaGoTBl B PaspyIIaeMOM MaTepHale TEHEPUPYETCH CIOXKHOE HANPIKEHHOE cocTosAMe. Ha Kycox IpoSHMOro MarepHana AeiicTBYIOT CHUMATOTIHE
CHJIEI, BEIZBIBAIOIIHE B KyCKe NEHCTBHE HOPMANBHBIX CKMMAIOIIMX HANPSOKSHAN, M BHYTPEHHMI KPYTAIMEt MOMEHT, BHI3LIBAIONIHI NeiCTBHIE Kaca-
TeNBHBIX HANPSHKEHHH. DTHM JOCTUIAeTCS YMeHBIIEHHE PACXO/IA SHEPrUM Ha ApobeHHne IPH MPOYHX PAaBHEX yCIormx Ha 20 — 30 % mo cpaBHe-
HHIO C APOCHIIKAMH, PaboTaroliMH Ha CkaTHe. IIPHBEIEHO OIMCAHNE KOHCTPYKIMH APOGHIIKH, B KOTOpOil pazpyINeHHe MepepabaTbiBAeMOro MaTe-
pHana IPOMCXOIHUT 3a CHET CHIT, ACHCTBYIOIMX HA JPOOHMEIH KyCOK B OIHOH IIOCKOCTH HABCTPEdy APYT APYTY. B 3T0M ciyyae B 06paGaThipaeMoM
KyCKe BO3HHKAIOT TONBKO KacaTelbHble Hanpsokerws. [Iprmenenne npobuIIoK, B KOTOPBIX paspyIlieH#e NepepabaThIBaeMOro MaTepHaa TPOHCXOIHT
38 C4eT FEHEPALHH B KyCKS TONBKO KACATEeNBHbIX HANPDKEHHH, I03B0/AeT YMEHBIIHTE PACXOX SHEPrHH Ha SIHHHIYY FOTOBOH MPOXYKIHM IOYTH B
TBa pasa. KorcTpynpopanne TakHX APOGH/IOK ABNACTCS MEPCTIEKTHRHBIM HANIPABICHHEM B PaspaboTke MAITHH, IPENHA3HAYCHHBIX st APOGTCHHAS.
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friginal avtcia PROSPECTS FOR ENERGY-SAVING METHODS
OF CRUSHING BRITTLE MATERIALS

A. G. Nikitin?, A. R. Fastykovskii!, M. E. Shabunov?,
N. M. Kurochkin?, I. A. Bazhenov?

! Siberian State Industrial University (42 Kirova Str., Novokuznetsk, Kemerovo Region-Kuzbass 654007, Russian Federation)
2 Ural Federal University named after the first President of Russia B.N. Yeltsin (19 Mira Str.,, Yekaterinburg 620002, Russian Federation)

Abstract. Crushing machines are part of the charge departments of blast-furnace and steel-making shops of metallurgical enterprises. One of the main indicator
of the crushing process is its energy efficiency. It is determined by the mass of crushed material when consuming a unit of electricity. The article considers
various methods of crushing brittle materials and the design of crushing machines for their implementation. The analysis of the crushers has shown that
impact crushers are the most energy-efficient. However, due to a significant drawback (the yield of a suitable product is very small), they are practically not
used in the metallurgical industry, in which high requirements are imposed on the finished product fractional composition. In the metallurgical industry,
compression crushers are widely used with approximately the same specific energy intensity, that is, with the same energy consumption for the destruction
of a unit volume of material of equal strength. Compression fracture is the most energy intensive crushing method known. In single-roll crushers, a piece
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of material is fed into the gap between a roll and a solid, stationary plate. During the operation a complex stress state is generated in the destructed
material. Compressive forces act on a piece of crushed material, causing normal compressive stresses in it, and an internal torque, causing shear stresses.
This is achieved by the reduction in energy on crushing by 20 — 30 % in comparison with crushers operating in compression (all other things are equal).
The authors describe the design of a crusher, in which the destruction of the processed material occurs due to the forces acting on the crushed piece in
one plane towards each other. In this case, only shear stresses arise in the processed piece. The use of crushers, in which the destruction of the processed
material occurs due to generation of only tangential stresses in a piece, can reduce the energy consumption per unit of finished product by almost a half.
The design of such crushers is a promising direction in the development of machines intended for crushing.

Keywords: metallurgical equitment, crusher, energy efficiency, compression, deformation

For citation: Nikitin A.G., Fastykovskii A.R., Shabunov M.E., Kurochkin N.M., Bazhenov L.A. Prospects for energy-saving methods of crushing
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" BBEOEHME

MupoBas moTpeOHOCTh B Pa3iMYHBIX BHIAX pa3apo-
6rnenHoro Marepuana pacrer Ha 3 — 8 % B rox [1, 2]. po-
OHIBLHBIE MAINMHEL BXOAAT B COCTAB IIHXTOBLIX OTAENeHMH
OOMCEHHEBIX W CTAJIEIIaBWIBHBIX IIEX0B METAJLTyPrIIeCKIX
npennpratuii [3]. Ilpu moAroToBKe PYOHEIX H HEPYOHEIX
MarepuanoB (pyn, GIrocoB, TOIUTHRA, arioMepara) K Bee-
JOEHHIO B METAUTYPIHYECKHUH Iponecc (BBIILTABKH IyTYHA
U CTAJIK) JOJDKCH COOMIONATHECA COOTBETCTBYIOIME (pak-
IIUOHHBIA cOCTaB. B GONBIMUHCTBE CIydYaeB HY)KHAS KPYII-
HOCTE JOCTHracTca U3MEIIBUCHHEM 601136 KPYIIHEBEIX KYCKOB
Ha gpobmikax. [Tpu npoussoncree deppociiasos gpobie-
HHE AB/IIETCS 3aKIYMATEILHON onepaluei [ [I0IyYeHus
TOTOBOT'O TOBAPHOTO MPOIYKTA.

OpayM H3 OCHOBHEBIX IT0Ka3aTenel mponecca sSBIsmeTcs
sHeproaQQeKTHRHOCTE ApobieHu [3], KOTOpas onpenes-
eTcd MaccoH ApoONeHOro MarepHala IPH PacXOZOBAHHH
eIMHVIEI MIEKTPOSHEPTHE.

COCTOAHUE BOMPOCA

B [OpOMBIIINEHHOCTH MCHONB3YIOTCS OPOOMIKH UL
PaspyLICHUs XPYIKHX MATEPHAIOB CKaTHEM (BalKOBBIE,
IIeKOBLIe, KOHYCHEIE) U yIapoM (3y0garnie, MOIOTKOBELE),
MIO3TOMY CBOMCTBA MPOGHMOCTH Ha YPOBHE KOIHYECTBEH-
HEBIX OLIEHOK M XapaKTepHCTHK M3y4eHEI JULA 3THX ABYX BH-
JTOB pa3pyINalomiero BO3aeicTBHA [4].

HpoOunxy cxaTwHs, IHPOKO MCIIONE3YEMEIE B METall-
TYPTrHYECKOi MPOMBINUIEHHOCTH, JEIATCA Ha CIEIYIOUIHE
BHIBL: IIEKOBEIE, B KOTOPHIX DPa3pyIlEHHUE IPOHUCXOTHUT
3a CUeT BCTPEYHOTO pabouero OBMMKEHHS TLTHT [3, 6]; Bai-
KOBBIE, pa3pyIaronide KyCcOoK IIPH 3aTArHBaHUH €0 B 3a30p
MEXIY BpallalomMKUMHCA APYT HABCTpedy apyry [7, 8]; xo-
HYCHBIE, B KOTOPHIX IPOOIIEHHE OCYIIECTBIAETCS CKATHEM
Marepuana Mexay KOHYCaMH, PACIIONOKEHHBIMHA C 3KCIEH-
TPUCHTETOM OIMH BHYTpH apyroro [9, 10]. Otu npodunkm,
paboTarOIIHE Ha CKATHE Pa3pyIIAEMOTO MATEPHANA, HMEIOT
IPHMEPHO ONHHAKOBYIO YOESILHYIO SHEProeMKOCTb, TO ECTh
OIMHAKOBBIH PAacXOJ JHEPrHH Ha paspylIeHHe eIUHUIHOTO
o0pemMa MaTepraia paBHOH mpodHocTH [11]. Paspymenue
CHKATHEM — CaMbld SHEPrOEMKHH M3 H3BECTHHIX CIIOCOOOB
opobnenuns [12].

VYnapsbie (POTOPHEIE H MOJIOTKOBEIE) IPOOHIIKH TIPEm-
Ha3HA4YeHB! NI YOApHOro IpOoONeHHs pa3MH4HBIX XPYII-

KHX MAaT€pHalloB C MOMOIIbIO OMJI, JKECTKO 3aKpeIlIcH-
HEIX Ha pOTOpe, BpaIlalomeMcs BOKPYT IOPU30HTaIBHOM
ocu [13, 14], npH 3TOM pa3pyIleHHE IPOHCXOIUT 33 CH4eT
PacKaJIbIBAHMS.

Pa3pymienne Xpynkux IOpoj yaapoM U cxxatueM Tpedy-
€T pa3NW9HBIX 3HEPro3arpat, HeoOXOUMEIX U1 paspylie-
HHs MaTeprana, IPH 3TOM pa3pylleHHe c)kaTheM Tpelyer
MOYTH IOJIYTOPaKPATHEIX 3aTPaT JHEPTHH 10 CPABHEHHIO
¢ pazpymenneM yaapoM [15]. Onuako IpoOHIKH YIAPHOTO
JEeHCTBHSA UMET CyLIeCTBeHHBIH Hemoctarok: 25 —30 %
TOTOBOTO IPOAYKTa MOIYYaloT B 33JaHHOM (PaKIHOHHOM
muanazone [16].

W3pecTHBI KOHCTPYKIIMH  OTHOBAIKOBEIX  JpOOH-
JIOK, Y KOTOPBIX KYCOK IIOJAcTCH B 3a30p MEXKIY BaIKOM
H CIUIOINHOH HeIoNBIKHON 1unToil. B mponecce pabotsl
B pa3pyliaeMOM MaTepHane TeHEPHPYETCs CIOKHOE Haps-
JKEHHOE COCTOSIHHE, TIPH KOTOPOM Ha KYCOK JIpOOMMOro Ma-
TepHasa JeHCTBYIOT KaK C)KMMAIONINE CHITEL, BEI3EIBAIOIIHE
B KyCKC ACHCTBHE HOPMAIBHBIX CKHUMAIOIIMX HAIpSKe-
HHFM, TaK ¥ BHYTPEHHHI KPYTANIMI MOMEHT, BEI3BIBAIOLIHH
JelicTBUe KacarelbHbIX Hanpsprenuit [17]. Ilpu neiicteuu
B MAaTepHaje CIOKHOIO HalpsDKEHHOIO COCTOSHUS MPOdY-
HOCTE OIIGHHMBAeTCs Uepe3 DKBHBAJICHTHOE HAIpsDKEHHE,
Ipefen MPOYHOCTH KOTOPOTO MEHBINE, YeM IIPH JeHCTBHH
TONBKO HOPMALHBIX Hanpsokenui [18]. Dtum gocturaercs
YMEHBHIEHHE PacXo/ia SHEPIHU Ha ApoOieHHe NpH IPOIHX
paBHEIX yenoBusax Ha 20 — 30 % no cpaBHeHHIO ¢ ApoOuI-
KaMm¥, paboTalOMUMH HA CHKATHE.

 OBLEKT MCCNELOBAHMUA

C 1enpi0 IOBHIIECHHA 3JHEProdddexTHBHOCTH IIPO-
Hecca paspyllieHHd XpyIkux marepuanoB B CHOHpckoM
rOCYAapCTBEHHOM HHIYCTPHAJIEHOM YHHBEPCHTETE pa3pa-
foTaHa KOHCTPYKIHS pPOTOPHO-KOHYCHOH apoOmiku [19].
Hpobnenre MPOUCXOINT 3a CUET FeHEPAITHH B KyCKE TOIBKO
KacaTelbHBIX HANpPKEeHUH, 0/ JeHCTRHEM KOTOPHIX BO3-
HuKaeT nedopmarms casura (cpesa). Ilpu Takom Buze ne-
(dopMaLmy npeaen IPOIHOCTH I PACCMATPHBAEMOrO Ma-
TepHala NMPUHUMAEeT MUHMMANbHO BO3MOXKHOE 3HAYECHHE,
pasHOe npumepHo 0,5 OT BENMYMHBI IIpereNa NPOYHOCTH
mpu cxkartuu [20]. Orcroma ciemyer, 9T0 TakoH cmocod
npobnenus snsercs Haubonee sHEpProaddHexTHBHBIM TI0
CPaBHEHHMIO CO BCEMH IPYTMMHU IIPH IIOTYYE€HHUH TOTOBOIO
HPOAYKTa 3aJaHHOHN KPYIIHOCTH.
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Cxema poTopHO-KOHYCHO# ApOGHIKH:
@ — BUJ] IPOOMIKH B paspese; 6 — cedeHne 4 — A

Scheme of a rotary cone crusher:
a— sectional view of the crusher; 6 — cross-section 4 — A

B nponecce paGots paccMarprBsaeMoit mpoGHIKH paspy-
TIeHHE HepepabaTeiBaeMOro MaTepHaia MPOMCXOMHT 33 CIeT
CHJI, IEHCTBYIONIMX Ha APOOHMBINA KYCOK B OJHOM ILIOCKO-
CTH HAaBCTpEedy IPYT ADPYTY, TO ECTH OOECHEeYMBAETCA YCIO-
BHC TCHEPAIMH B KYCKE TOJBKO KaCaTEeNbHEIX HANPKEHHIA.

Hpobuiika cocTonT U3 Kopryca /, BEITOTHEHHOTO 320/
HO C HETNOJBI)KHEIM KOHYCOM, H PacIloOKEHHOTO COOCHO
C HAM BpAIAONIETOCs BHYTPEHHEro0 KOHyca 2 ¢ HPHBO-
noM 3 (CM. pHCYHOK). Bpamaromuiics BHYTpeHHRHI KOHYyC
YCTaHOBIICH B PaJMaIbHBIX MOMIUMIIHEKAX 5 M ONMpaeTcs
Ha YIOPHBIH nonumMneuK 4. Ha pabounx moBepXHOCTX KO-
HYCOB 110 HX 00pasyrolumM pacionoxessl pebpa 6. B pepx-
HEH 4acTH KopIyca ! mMeeTcs Tedka 7 JUis MOJA4d MaTe-
pHana, a B HHXKHEH — pasrpy304Hele okHa &,

Hpobnerue mporcxomut crexyromum obpazom. Kycok
Apobumoro Marepuana 9 depes Teuky 7 MOJAETCH B 30HY
Apobienus, 06pa3soBaHHYI0 PAGOYUMH IOBEPXHOCTSIMH KO-
HycoB / u 2. IIpu BpanleHHH BHYTPEHHETO KOHyca 2 pe6-
pa 6, pacnonoXeHHEe Ha PabOYHX MOBEPXHOCTSX KOHY-
COB, IIEPHOJMYECKH PAaCIIONArarTCs APYT HAIPOTHB APyTa
¥ 06pasyIoT KaHANbI, B KOTOPHIE O] IeHCTBHEM CHII TPABH-
TalK KyCOK 9 IPOBATMBAETCS Ha [NIyOHHY, Ha KOTOPOit ero
HONEPeYHblii pasMep paBeH BENHUYUHE 3230pa MEXKTY T0-
BEPXHOCTAMHU HEIIOABMXHOTO BHENIHETO M BPALIAIOMIETOCH
BHYTpeHHero Kouycos / u 2. Ilpu nansreiimem spamenun
BHYTPEHHETO KOHYCa 2 KyCOK 9 3a)KMMaeTCst MEXIy GoKo-
BBIMH ITOBEPXHOCTAMH pedep 6 H 3a C4eT BOSHUKHOBEHHS
B HEM KacaTeIbHBIX HANpsOKEHMH pa3BuBaeTcs aedopma-
LS CIOBHTA, KyCOK paspyliaercs.
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Pasmepe! pe6pa XapakTepusyrOTCs ClleIyIOMHME Hapa-
METpaMH: BEICOTOH pebpa / H yrioM o HakToHa GOKOBOH
IIOBEPXHOCTH pedpa K ocHOBaHHMIO. X 3HageHMs ompene-
TAIOTCA cOexyomuM obpasom. Bricora pebpa 4 He momkHa
OBITh Gonpiue, gem 0,5 or BenudMHEI 3a30pa MEeXIy To-
BEPXHOCTAMH HETIOIBIKHOTO M BPAIIAOIIErocs BHYTPEH-
HETO KOHYCOB, YTOOBI 00ECIeYHTs BO3MOXHOCTH Bpalle-
HHMA BHYTPEHHETO KOHYyca, M He MeHbme geM 0,1, Tak xax
B 3TOM CIydJae MOXET IIPOM30HTH IepeBalMBaHHE KyCKa
uepes pebpo Oe3 paspylneHHs H3-3a €r0 YHpYToi nedop-
MamuH (5 -7 % ang xpynkux marepuanos). ITpu o = 90°
paspymieHue ApoOHMOro KyckKa IPOUCXONHT ION JeHcT-
BHEM TOJIBKO KaCaTeIbHBIX HANpPsDKCHUH, CleZ0BaTeNbHO,
dHEpronorpebuenre yMeHsIMTCs Ha S0 % 1O CpaBHEHHIO
C IPOOIIIKAMH CKaTHsL. I10/ydeH b TOTOBBIH IPOLYKT CO-
OTBETCTBYET TpebyeMoMy GpaKIHOHHOMY COCTABY.

Koncrpynposanme npoGiiiok, B KOTOPEIX paspyIIeHHe
nepepabaTIBaeMOro MarepHaa MPOUCXONHT 34 CUET TeHe-
palnK B KyCKe TONBKO KACATENbHBIX HAIPSDKEHHH (YTO 1103-
BOIIET yMEHBIIUTE PACXOM JHEPIHU Ha eJUHHILY FOTOBOIH
TPOYKIMH IIOYTH B [1BA pasa), ABIAETCH [EPCIEKTHBHBIM
HanpaB/IeHHEM B pa3pabOoTKe MallMH, IpeIHAa3HAYEeHHBIX
UL OpoOIeH s,

~ BoiBogbl
Anamus paboThl ApOOHIOK IOKaszam, uTo Haubomee

SHEProdQQEKTHBHEIMI ABJLIOTCA APOOHIKH yJapHOTO
mercTBYs. M3-3a CyIIECTBEHHOTO HEMOCTATKA (BBIXOL FOL-
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HOTO TPOJAYKTa BEChMa Mall) OHHM NPAaKTHYECKH HE IPH-
MEHSIOTCA B METALIyprHYeCKOH TPOMBIIUIEHHOCTH,
B KOTOPOH MpPEeIbABIAIOTCA BBHICOKHE TpeOOBaHHA K rpa-
HyJIOMETPHYECKOMY COCTaBy IOTOBOIO MPOXAYKTa. Paspy-
LIEHHE CXATHEM — CaMBIH SHEPTOEMKU#l W3 HM3BECTHBIX
crnoco®oB ApobIeHHs XPYIKOro MarepHaia.

[IpuBenieHo onKMcanne KOHCTPYKIHH JPOOHIKH, B KO-
TOPOH paspylmieHue IepepadaTeiBaeMoro Marepuana
HNPOMCXOIMT 32 CHYET CHJI, AeHCTBYIOIMX Ha APOOHMBIi
KYCOK B O[HOM IIOCKOCTH HaBCTpEdy APYT APYTY, IpH

3TOM B 00pabaTHIBAEMOM KYCKE BO3HHKAIOT TONBKO Ka-
careNbHBle HanpskeHuA. KoHCTpyupoBanme IpobHIIOK,
B KOTODBIX paspylleHHE IepepabaThiBaeMOro MarepHa-
72 IPOMCXOOUT 33 CHET TEHEepaIMy B KyCKe TOIBKO Ka-
CaTeNnbHBIX HANPAKECHUH (II0O3BOIIET YMEHBUINTH PACXO]
9HEPrMH Ha €JMHHUIY TOTOBOH MPOJYKLKHM IOYTH B JBA
pasa) ABIAETCS, OYEBH/HO, IEPCHEKTHBHEIM HAlpas-
JeHHeM B pa3paboTKe MaUIMH, NpeJHA3HAYEHHBIX I
IpOOIeHHA.
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