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Armomauu;l. Hepepa60TKa HCIIONb3YEMBIX B MeTanﬂyerqecxoﬁ TIPOMBIIIICHHOCTH CBIITYYUX MAaTCPUAJIOB IS ITOJTyUCHU ST HGOGXOI[I/IMLIX KJIaCcCOB KpyII-

HOCTH TpeOyeT HCIOIB30BaHHsT APOOMIBHBIX MAIINH, B TOM YHCIIC M OXHOBAJIKOBBIX. [0Ka3aTesiMu mporecca ApoOIeHNUs SIBISIOTCS CTEMCHb U 3(¢-
(exruBHOCTD IpobneHus. CTeneHb QpoOJeHHs OLEHUBACTCS OTHOIICHHEM Pa3MEpPOB HCXOAHOTO APOOMMOTO H MOJNYYaeMOro KYCKOB, 3aBHCHT OT
BEJMYMHBI 3a30pa MEKIy BAaJKOM M HEMOABIDKHOW mIekoil. B CHOMPCKOM ToCyIapCTBCHHOM HHIYCTPHUATIBHOM YHHBEPCHTETE CIPOCKTHPOBAHA,
W3TOTOBJICHA M 3allaTCHTOBAHA OIBITHO-IKCIEPUMEHTANIbHAS YCTAHOBKA [UIsl TIPOBECHUS UCCIENOBAHHI Hpoliecca ApoOiIeHus. YCTaHOBKa TIpe/i-
cTaBIseT co00it OTHOBAIKOBYIO IPOOMIIKY C yIOpOM Ha Banke. [IpoBeeHa cepust 3KCIEPUMEHTOB 110 IPOOJICHHIO Pa3In4HbIX 00pa3ios (1o Gopme,
pasmepy ¥ npouHocTH). OnucaHa METOIMKa MPOBEACHHUS IKCIIEPUMEHTA U KOHCTPYKLIUS OHOBAIIKOBOM JPOOMIIKH ¢ yrnopom Ha Bajike. [Ipencras-
JICHBI PE3YJIBTAThl Pa3pyIICHUs 00pa3IoB H30TPOITHOTO MaTepuaa, H3TOTOBICHHBIX M3 IIEMEHTHO-IIECYAHHONW CMECH, TPABUIBHON (ChepHdIecKoil)
(opmbl. OOpa3ibl U3 U30TPOITHOTO Marepuala IMO3BOJISIOT CPABHUBATH AHATUTHYECCKHE BBIBOIBI ONPEICICHHS MOJIOKEHHS TUIOCKOCTH JeHCTBUS
MaKCHMAJIbHBIX KacaTeIbHBIX HANPSKCHUH C SKCIECPHMEHTANBHBIME JaHHBIMH. Takxke paspyrieHbl 00pasibl U3 aHM30TPOIHOro Marepuana (Ha
npuMepe peppociuiaBa). DKCIEPUMEHTAILHO ONPEISICHO, YTO YeM OOJIbIlIe BETHYMHA 3a30pa MEXK/TY BAJIKOM U HEIOABMIKHOH IIEKOM, TeM KpyITHee
pasMep (Gpakiye roOTOBOrO MPOAYKTa M MEHBIIE [IEPEH3MEIBUCHUE, YeM TIPH IPOOICHHHU TAKOTO e KyCKa IIPH MeHbIIeM 3a3ope. IIpu 3ToM cTeneHb
JpOOIIeHHs B OJHOBAIKOBOH JIPOOHIIKE C YIIOPOM Ha BaJIKe HE MOXKET ObITh paBHa 4 u 6osee. JlokazaHo, 4TO pa3pyLIeHUE H30TPOIHBIX MaTePHAIIOB
MPOUCXOIUT IO TUIOCKOCTH ACHCTBHS MaKCHMAIbHBIX KacaTeIbHBIX HATPSUKCHUN. AHH30TPONHBIC MATePHAIBI Pa3pyIIAlOTCs B 3aBUCHMOCTH OT
BEIIMYMHBI 33a30pa MEK/Y BAJIKOM M IIEKOW Kak I10 IUIOCKOCTH JEHCTBUS MaKCUMAJbHBIX KAaCaTEIbHBIX HANPSDKEHUH, TAK U MO MIIOCKOCTSIM Hau-

MCHBIICTO CONPOTUBIICHHUS.
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- BBEAEHUE

MHorue MpoMBIIICHHBIE MPOU3BOJICTBA TepepadaThi-
BAaIOT CHIITy4YHE MaTepuajbl PA3IMYHBIX KIACCOB KPYMHOC-
Td. Jlns modydeHHs HEOOXOAMMOTO pasMepa (pakiuu
CBIPbSl TIPUMEHSIFOTCST pa3inyHble arperatsl. [lomamsto-
mee OOJBITMHCTBO IMOJBEPracMbIX H3MEIBICHUI0 Mare-
pHYasoB SABISIOTCS XPYNKHMMH, MTOSTOMY 3a/ada peliaercs
MyTeM JIPOOJICHHUS MCXOIHBIX KYCKOB OOJIBIIOTO pasmepa.
IIpy 3TOM [JOKEH BBIIEPIKUBATHCSA COOTBETCTBYIOLIUIA
(bpaKIMOHHBIA COCTAaB TOTOBOTO MPOIYKTa, K KOTOPOMY
NPEIBABISIOTCS JKECTKUE TPeOOBaHMA, TaK Kak Tepeu3-
MEITFYCHHBIN MPOJYKT B JAIBHEWIIIEM Yallle BCETo HE HC-
MoJIb3yeTCs, a uAeT B oTBai [1 — 8.

KoncTpyknnu cymiecTByronux ApOOMIBEHBIX MAaIluH
U CIIOCOOBI IPOOICHHSI UMEIOT PsiJl CYIIECTBEHHBIX HETOC-
TaTKOB, KOTOpPBIE CBSI3aHBI C BBICOKOW IHEPTOEMKOCTHIO,
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OTHOCHUTEJIbHO HU3KOH MPOHM3BOIUTEIBHOCTBIO IMPOIECcCa
JIPOOJICHHUS M TIEpEU3MENIBICHUEM JIPOOUMOTO MaTepuaia.
[lepCrieKTUBHBIM SIBIISICTCS HAMPABICHUE COBEPIICHCTBO-
BaHUS KOHCTPYKIHI APOOMIIBHBIX MAIlIWH, OCHOBAaHHOE Ha
peanu3anuu Croco00B IPOOIEHHsT BBICOKOH IMPOM3BOIHU-
TEIbHOCTH, TCHEPUPYIOIIUX B Pa3pyIIaeMbIX KYCKax CJIOXK-
HOE HAMPSDKCHHOE COCTOSHHE MOCPEICTBOM OJHOBPEMEHHO
JICUCTBYIOIINX HOPMAJIbHBIX U KACATEIbHBIX HAIPSIKCHUH.
YcoBepIeHCTBOBaHNE KOHCTPYKIUI TPOOMIIBHBIX MaIlluH
CBSI3BIBACTCS C YTOYHEHHEM 3aKOHOMEPHOCTEH mporiecca
paspyLICHUs. PYAHBIX U HEPYIHBIX MaTepHajoB, pa3pador-
KO Hay4YHBIX W METOJOJIOTMYECKUX OCHOB IOBBILICHHS
MPOM3BOMUTEIBHOCTH MAIIMH C MHUHHMAIBHBIMHU YICIb-
HBIMH DHEpro3arparamMu Ha ApoOIeHHe, TaK KaK yIeIbHbIH
pacxojl PHEPrUH HA SAMHUILY MMOIY4aeMON MPOLYKIUH SB-
JSIETCSI OTHUM M3 OCHOBHBIX TEXHHKO-3KOHOMHYECKHUX MO~
Kazareneill paOoThl APOOHUIBHBIX MAIIIKH.
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Jst ipoOneHus HCXOIHOTO MaTepuana B OCHOBHOM HC-
MIOJTB3YIOTCSL IPOOMITBHBIC MAIIMHBI, B TOM YHCIIE W OIHO-
BaJIKOBBIC, KOTOPBIC B MOCJICAHCC BPEMS MMOJYUWIN HIUPO-
Koe pacrpoctpanenue [9 — 17].

[l OBbEKT NCCNEAOBAHMA

3anatenroBaHa paspaboranHas B CuOMpPCKOM Trocy-
JAPCTBEHHOM YHHBEPCHTETEC KOHCTPYKIMS OIXHOBAJIKOBOM
IPOOWIIKY C IPUHYIUTEIBHOM MoAaueii pa3pyiraeMoro Ma-
Tepuana B 30Hy apoOneHus [ 18], B koTopoii 3axBar qpoou-
MOT0O KyCKa INPOUCXOAUT 3a CUET YHOpPA, PAcIOI0KEHHOIO
Ha BaJKe.

Cxema OJHOBAJIKOBOW JPOOMIKM C YHNOPOM Ha Ball-
Ke rmokazaHa Ha puc. 1. JI[poOuika paboraer cieayroumm
00pa3zoM: Kycok ApoOUMOro Marepuaina / NogaeTcs B 3a30p
MEXK]Ly IPUBOTHBIM BPAIIAIOIIMMCS BAJTKOM 2 ¥ HETIO/IBHK-
HOI 1IeKoil 3, 3arsaruBaercs B HEro moj JIeHCTBHEM CHIIBI
TPEHHUSI MEKITy BAJIKOM M JPOOMMBIM MaTE€pHaIOM U JpO-
ourcs [19]. BeprukanbHas cOCTaBISIONIAsT ATOH CHIIBI TPE-
HUSI HaIIpaBJICHa B CTOPOHY 3a30pa MEKAY BAJIKOM 2 U He-
MOJABMXKHOM 1exkoi 3. OnHako MpH YBEIMYEHUH CTENCHH
npoOieHns (To eCTh OTHOIIEHHS pa3Mepa 27 IpoOuMOoro
KyCKa K BEJIMUMHE 3230Pa a MEXK/y BAJIKOM U HETIOJBHXKHOM
IIEKOH) YTOJI 3aXBaTa 0 YBEJIMUMBACTCS U 3TO MOXKET TPH-
BECTH K TOMY, UTO BEPTUKaJIbHAs COCTABIISAIOLIAs CHIIBI Tpe-
HUSI MEXKIy BAaJIKOM W JPOOMMBIM MaTe€pHanoM OydeT Ha-
[PaBJIeHa B CTOPOHY, IPOTUBONOIMKHYIO OT 3a30pa MEXKIY
BaJIKOM 2 ¥ HETOJBMKHOM MIEKOH 3, pu 3TOM OyneT mpo-
HCXOAMTH IPOCKAJIb3bIBAHUE KyCKa / TI0 IOBEPXHOCTH BaJl-
Ka 2 0e3 3axBaThIBAaHMS KyCKa B 30HY ApoOneHus. B sTom
clly4yae NpH BpallleHMHM Bajika ynop 4 palodeil moBepx-
HOCTBIO COIPUKACAETCS] C KyCKOM M HAaYMHAET TABUTHh Ha
KyCOK: IIpH 3TOM BO3HHKAET CUJa, ACHCTBYIOIIAs HA KYCOK

Puc. 1. Cxema 0IHOBaJIKOBOM APOOUIIKH C yIIOPOM Ha BaJIKe:
1 — npobumbIii Kycok; 2 — pabounii BaoK; 3 — HETMOBIKHAS 11EKa;
4 — ynop

Fig. 1. Diagram of a single-roll crusher with a block stop on the roll:
1 — crushed piece; 2 — work roll; 3 — steady jaw; 4 — block stop

Y HarpaBlieHHast B CTOPOHY 3a30pa, KyCOK MaTepHualia mpH-
HYJIUTEIIBHO MOJIaeTCs B 30HY JApoOieHus u apoodutcs [20].

[ PE3YNLTATbI U UX OBCYXKAEHME

g onpenenenust GpakLMOHHOTO COCTaBa pa3apoOsIeH-
HOTO pa3jIMYyHOrO MaTepuayia ¢ Pa3HOH CTETNeHbIo apoliie-
HUs Oblla MpOBEJAeHa CepHs SKCIEPUMEHTOB Ha HCClie-
JIOBaTENILCKON ycTaHOBKe. OIMBITHO-IKCIIEpUMEHTAITbHAS
yCTaHOBKa (pHC. 2) NpeacTaBiseT coOOH OIHOBAIKOBYIO
JPOOUIIKY € YITOPOM Ha BaJIKe C BOBMOXXHOCTBIO PEryJIMpO-
BaHUs 3a30pa MEXJly BaJKOM U IIEKOH. YCTaHOBKa COCTO-
WT U3 paMbl; IBUTATENsI MOIIHOCTHIO 3 KBT, coeannennoro
C peAyKTopoM (IepeaaToyHoe OTHOILECHHUE i,= 15,3), mpu-
BOJTHOTO BaJika (jmameTp Banka 180 mm, yrcio o00poToB
B MUHYTY 100); keCTKON BEpTUKAIBHOM IIEKH.

O6pasusl auam. 40 MM ApoOWIIH C YCTAaHOBJICHHBIM Ha
apobuske 3azopom 26, 20, 13 u 10 mm. Ha puc. 3,a -6
MIPUBEJICHBI PE3YJIbTAThI BIMSHUS CTCTIICHU JIPOOJICHHUS Ha
(paKkIMOHHBII COCTaB TOTOBOTO MPOIYKTA IPH pa3pylie-
HUM 00pa3oB cdepuueckoil (GopMbI U3 EMEHTHO-TIEC-
YaHOH cMecH (M30TPOINHBIA MaTepuasl) Ha OJHOBAJIKOBOI
JIPOOHIIKE C YIIOPOM Ha BaJIKe.

IIpu apobnennn oOpa3LoB ¢ yCTaHOBIECHHBIM 3a30POM
MEXIYy BpAIIalOMUMCS BaJKOM W HETIOABMKHOW MICKON
10 MM pa3pylleHHe NPOUCXOJUT CIEAYIOIIMM 00pa3oM:
MIPOUCXOMUT TI00aIbHOE pa3pylieHHe oOpasla B TOYKE
KOHTAaKTa yIopa ¢ KyCKOM Ha JiBa (hparmMeHTa; 1nocie 3Toro
HWKHSS 9acTh 00pa3ia mpoBaJIMBACTCS MO yIIOp, a BepX-
Hsis1, OOJIbLIAst YacTh, IEPEeBATUBACTCA Yepe3 YIop U mora-
JIaeT B CIENYIOIIMH KapMaH, PU 3TOM HUKHSSI 4acTh JIPO-
OWTCS yIIOPOM H TIOTyYSHHBIE (PPArMEHTBI IIPOBAIABAIOTCS
B 3a30p; 3aT€M BEPXHsIs 4acTh 0Opasiia Nmomnaaaet mnoj clie-
JYIOLIUI KyCOK, al/TATUBHOCTD MIpoLiecca HapyIaeTcs, U3-
3a Yero MPOMCXOIUT CUIIbHOE Mepern3MeNbueHre parMeH-
Ta (puc. 3, 2).

Puc. 2. OmnbITHO-9KCIIEpUMEHTAIIbHASL YCTAaHOBKA OJTHOBAJIKOBOM
JIpOOMIIEHOI MAIIIMHBI C YIIOPOM Ha BaJIKe

Fig. 2. Pilot unit of a single-roll crusher with a block stop on the roll
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Puc. 3. Pazpymenue o6pa3IoB U3 IIEMEHTHO-IIECUAHOH CMECH B OZHOBAJIKOBOI APOOUIIKE C YIIOPOM IPH CTEIIEHH APOOICHUS

1.5 (a),2(6). 3 (6), 4 (2)

Fig. 3. Destruction of the samples made of cement-sand mixture in a single-roll crusher with a block stop at crushing degree of

1.5 (), 2 (6), 3 (8), 4 (2)

Takum 00pa3oM YCTaHOBICHO, YTO CTEIEHB APOOICHUS
B OJHOBAJIKOBOH APOOMIIKE C YIOPOM Ha BaIKe HE MOXKET
OBITH paBHa 4 u Ooee.

W3 ananm3a pe3yiasTaToB SKCIEPUMEHTOB MOXKHO CIe-
JIaTh BBIBOZ, YTO, YeM OOJbIIC BEIMYHHA 3a30pa MEKIY
BAJIKOM W HETOABM)XHOM IIIEKOH, TEM KpYIIHEE pa3Mmep
(hpakIuy TOTOBOTO MPOIYKTA U MEHBIIIE TIEPEH3MEITFICHUE,
YeM IpH IPOOISHIH TaKOTO K€ KyCKa IPH NCTIOIb30BAHIH
MEHBIIETOo 3a30pa. CBA3aHO 3TO C TEM, YTO YeM OOJIbIIC Be-
JMYUHA 3a30pa, TEM MEHBIIEC CTEIICHb IPOOICHUSI M MCHb-
e KOJIMYECTBO INIOCKOCTEH JEUCTBUS MaKCUMAalIbHBIX
KacaTeNIbHBIX HAMPSHKEHUH, T0 KOTOPBIM ITPOMCXOINT pas-
pyLIeHue.

Bce ckazaHHOE BBIIIIE OTHOCHIOCH K PA3pyIICHUIO H30-
TPOIIHBIX MaTepPHAlIOB, TO €CTh MaTePHAJOB, (BHIMUCCKHUEC
CBOHMCTBAa KOTOPBHIX OAMHAKOBHI BO BCEX HAIPABICHHSX.
OnHako IpOOIEHHIO MOIICKAT HE TOTBKO H30TPOITHEIE, HO
1 aHU30TPONHBIE MaTepuaibl. HeoOXomumo ydYUTHIBATH,
YTO B OTJIMYUE OT U30TPOITHBIX MaTepHajoB, KOTOpPhIE pa3-
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PYIIAIOTCS B OJHOBAJIKOBOH APOOMIIKE C YIIOPOM Ha BaJIKe
MO0 IIOCKOCTSIM MaKCHMAJIbHBIX KacaTeJbHBIX Halpsike-
HUI, pa3pylIeHUe aHU30TPOITHBIX MaTEPUATIOB IIPOUCXOTUT
M0 TUIOCKOCTSM HauMEHBIIEr0 COMpPOTHBICHUS. B cBsi3u
C 9THM OBLTH pa3pyIIeHBI 00pa3Ibl KyOOBHIHOH (POPMEI CO
cropoHoii 40 MM U3 QeppociutaBa (aHU30TPOITHBIA Mare-
puain) (puc. 4).

DKCIePUMEHTHI IOKa3aJIH, YTO MPHU JPOOJICHUH B OJTHO-
BAJIKOBOH JPOOHIIKE C YIOPOM Ha BaJKe KaK H30TPOITHBIX
MaTepHaioB, TaK U aHU30TPOITHBIX MaTEPHAIIOB (PPAKIIMOH-
HBIH COCTaB FOTOBOTO IIPOAYKTA MPAKTUICCKU OTUHAKOBBIN
(cm. Tabmwmiry).

- BbiBOAbI

DKCIIEPUMEHTAIFHO OIIPENENICHO, YTO 4YeM OOJbIIne
BEeJIMYMHA 3a30pa MEXJYy BaJKOM W HEMOJABMKHOM Iie-
KOU, TeM KpyIiHee pa3Mep (pakiuy TOTOBOTO MPOTYKTa
Y MeHblIlIe Iepen3MelIbieHue, YeM Ipu APOOIeHUH TaKOTO



MNHHOBALIMY B METAJIJIVPTUYECKOM IPOMBIIIJIEHHOM U JABOPATOPHOM OBOPYJIOBAHUM, TEXHOJIOTUSX U MATEPUAJIAX

Puc. 4. Pazpymenne 06pa3nos (eppociuiaBa B OJHOBAIKOBOI JPOOHIIKE C YIIOPOM IIpH CTeNeHu apodnerus 1,5 (a), 2 (6), 3 ()

Fig. 4. Destruction of the samples made of ferroalloy in a single-roll crusher with a block stop at crushing degree of 1.5 (), 2 (6), 3 (6)

Copep:kaHue KYyCKOB FOTOBOI0 MPOIYKTa

Composition of the finished product

CozeprkxaHue KyCKOB FOTOBOTO NPOIYKTa, % (110 Macce),
a, HPH CPeJHEM pazMepe Kycka, MM
MM | venee 3 3-10 10-16 | Gonee 16
00pa3Lbl U3 EMEHTHO-MIECYaHOH CMeCcH
13 12 25 28 35
20 10 15 30 50
26 - - - 100
o0pas1s! n3 deppocmasa
13 18 20 32 30
20 15 18 25 42
26 5 10 35 50

e KycKa IpH MeHbIeM 3a3zope. [Ipu aToM cTenenb qpoo-
JICHUSI B OJTHOBAIIKOBOM JPOOWIIKE C yIIOPOM Ha Balike He
MOXeT ObITh paBHa 4 u Oosee. JlokazaHo, 4TO paspyiie-
HUE U30TPOIMHBIX MAaTEPUAIOB MPOUCXOAUT IO TUIOCKOCTH
JICHCTBUS MaKCUMAJIbHBIX KacaTelIbHBIX HAIPSHKCHUU.
AHUW30TPOIHBIE MaTepHUallbl Pa3pyIIAIOTCS B 3aBHUCUMO-
CTH OT BEJIMYMHBI 3230Pa MEK/Y BAJIKOM U MICKOH KaK MO
MJIOCKOCTH JICWCTBHSI MaKCHMaJlbHBIX KacaTelbHBIX Ha-
MIPSDKEHUN, TaK U IO TUIOCKOCTSM HAaWMEHBIIIETO COIMpPO-
THBJICHUSI.
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EXPERIMENTAL STUDY OF FRACTIONAL COMPOSITION OF PIECES
OF BRITTLE MATERIAL DURING CRUSHING IN A SINGLE-ROLL CRUSHER
WITH BLOCK STOP ON THE ROLL

A.G. Nikitin', Yu.A. Epifantsev', K.S. Medvedeva',
PB. Gerike?, A.R. Fastykovskii'

ISiberian State Industrial University, Novokuznetsk, Kemerovo
Region — Kuzbass, Russia

2Federal Research Center for Coal and Coal Chemistry of SB RAS,
Russia, Kemerovo Region — Kuzbass, Kemerovo

Abstract. Processing of bulk materials used in metallurgical industry to ob-

tain necessary grades of size requires application of crushing machines,
including a single-roll type. Indicators of crushing process are degree
and efficiency of crushing. Degree of crushing is estimated by the ratio
of size of initial crushed and resulting pieces, which depends on size
of the gap between a roll and a fixed jaw. The Siberian State Industrial
University has patented, designed and manufactured a pilot unit, which
is a single-roll crusher with block stop on the roll to study crushing
process. A series of experiments on different samples (in shape, size
and strength) crushing was carried out on the developed unit. Tech-
nique of the experiment and the design of a single-roll crusher with
block stop on the roll were described. Results of destruction of the
samples of isotropic material made of sand-cement mixture of regular
(spherical) shape are presented. Samples from isotropic material allow
comparison of analytical conclusions of determining position of the
plane of action of maximum tangential stresses with experimental data.
Samples of anisotropic material (for example, ferroalloy) were also de-
stroyed. It was experimentally determined that the larger is clearance
between the roll and the fixed jaw, the larger is the size of fraction of
finished product and over-grinding is less than after crushing the same
piece with a smaller clearance. The degree of crushing in a single-roll
crusher with block stop on the roll cannot be equal to 4 or more. It was
proved that destruction of isotropic materials occurs along the plane
of action of maximum tangential stresses. Anisotropic materials are
destroyed, depending on size of clearance between a roll and a jaw,
both on the plane of action of the maximum tangential stresses and on
the planes of least resistance.

Keywords: single-roll crusher, piece, roll, stop, jaw, crushing degree, clea-

rance, fraction.
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