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Annomayus. IlepepaboTka ChITyYHX MaTepuUaoB, UCIOIb3yeMbIX B METAJUTYyPrHY€CKOH MPOMBIIUIEHHOCTH AJIs MOJyYeHHs HEOOXOAMMBIX KJIACCOB

KPYIHOCTH, TpeOyeT 3KCILTyaTaluy APOOMIILHBIX MAlllMH, B TOM YHCJIE U OJHOBAJKOBBIX. [loKa3arensiMu npouecca IpoOieHNs SBISIOTCS CTEIICHb
1 DHEProeMKoCTh Jpodienus. CreneHsb ApoOIeHUs OLEHUBASTCS OTHOIEHHEM Pa3MePOB UCXOAHOTO APOOMMOTO U MOIy4aeMOro KyCKOB U 3aBUCUT
OT BEJIMYMHBI 3a30pa MEXK/y BAIKOM M HEHOJBIKHON MIEKOH. DHEProeMKOCTh JPOOJICHHs ONPEEIIeTCss MacCoil ApoOICHOro MaTepuaa, Imoiy-
4aeMOi PH PACcXOJOBAHUH EIUHMIIbI HJIEKTPOIHEPI UM, U 3aBUCHUT, IIIABHBIM 00pa30oM, OT NMPOYHOCTH ApoduMoro marepuana. C Leablo CHIKEHUS
pacxona sHepruu Ha apotienne B CHOMPCKOM TOCyapCTBEHHOM MHJIyCTPHAIBHOM YHHBEpPCUTETE pa3paboTaHa OJHOBAIKOBAS IPOOMIIKA C TIPHHY-
JIMTENBHOMN Mojiaueii ApoOUMOro Kycka B 30HY pa3pyLICHHs 32 CUET YIOpa, PacIoIOKEHHOro Ha Basike. CHIIbl TEXHOJIIOTMYECKOTO COMPOTHBIICHHS,
BO3HHKAIOIIE B IPOIECCE SKCIUTyaTAlMH MAIINHEI, SBIISIOTCS OCHOBHBIMHU MCXOIHBIMU BEJIMYMHAMU IS pacdyeTa MOIIHOCTH MPUBOJIA MAIINHBI
1 5JIEMEHTOB KOHCTPYKIMU Ha MPOYHOCTD, TOATOMY CHIIOBOI aHaJIM3 paboyero mporecca siBseTcss HeOThEMIEMbIM TAIoM MPOSKTHPOBAHUS JTI0-
0011 MaIIMHBI, B TOM YHCIIE U ApOOMIbHON. B HacTosmelt paboTe BBIABICHBI CHIIbI, ISHCTBYIOIIHE HAa APOOUMBIN KyCOK CO CTOPOHBI BaJIKa M HEIO/I-
BIDKHOH 1IEKH B BEPTUKAILHONW M TOPU30HTAIBLHON MIOCKOCTSIX. Ha OCHOBaHMM MONYYEHHBIX PE3YJIbTATOB ONPEAEICHO, YTO Ha KyCOK JPOOUMOro
Marepuala AeHCTBYIOT KaKk BHYTPEHHHE C)KUMAIOIIVE CUIIBI, BBI3BIBAIOIINE B KyCKe AEHCTBHE HOPMAJIbHBIX CKMMAIOIINX HANPSHKCHUH, TaK U BHYT-
PEHHMI KPyTSIIMIA MOMEHT, BBI3bIBAIOLIMIT ICHCTBHE KacaTeIbHBIX HAIPSUKEHHH, T.€. B IPOOMMOM KyCKE CO3/1aeTCs CIIOKHOE HAMPSHKEHHOE COCTOSI-
HHE C OJJHOBPEMCHHBIM JICHCTBHEM HOPMAJIbHBIX M KAacaTeNIbHBIX HANPsHKCHUIL, MOJ JACHCTBHEM KOTOPBIX IPOMCXOIUT Pa3pyIICHHE IPOOUMOro
KyCKa. DTUM JIOCTHIaeTCs yMEHbIICHHE PacXoa SHEPruy Ha ApoOIeHNE NP NPOYUX PABHBIX YCIOBHUSX, YTO YMEHBIIAET YHEPrOEMKOCTb PaOOThI

OIHOBAJIKOBOM IPOOMIIKY C IPHHYAUTEIbHOI Nofayeil Marepuaa B 30Hy ApoOIeHHUS.
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BBEAEHUE

OnmuuM 13 Haubojee HEPrOEMKHX MPOLIECCOB B Me-
TaJUTyprUUeCKOM, TOPHOM, CTPOUTEIBHOM H JIPYTHX IIPO-
HU3BOACTBAX SBJIACTCA upoGneHMe ChIITy4YUX MAaTcpuajioB
Pa3IMYHBIX KIAcCOB KPyHMHOCTH. Exeromuo u3 Hemp 3em-
T U3BIIEKAIOTCS U TepepadaThiBalOTCs OKOJO 25 MIpA. T
MHUHEPAIBHOTO CHIPBS. 151 MX mepepaboTKH PacXomayroTCs
JIECSATKU TUTraBaTT YacOB HEPrUU B OCHOBHOM Ha Jpo0ie-
HUE, B TOM YHUCJIC ¥ Ha OHOBAJIKOBEIX JPOOMIIKaX, KOTOPHIE
B IIOCJIEAHEE BpeMs MONYUYWIN LIMPOKOE PACIPOCTpaHe-
mue [1 — 11].

Hy>xHasi KpymHOCTh MaTepuana JOCTUTAaeTCs B MPoLec-
ce IpoONieHHs ITyTeM HM3MENBICHUsS 0olee KPYIHBIX KyC-
KoB. D((eKTHBHOCTH Mpolecca OIEHUBACTCS CTENEHBIO
W DHEProeMKOCThIO JpodneHust [12]. CreneHb ApoOICHHUS
OTIpEeNsieTCsl OTHOIMIEHHEM Pa3MEPOB HCXOIHOTO ApoOH-

MOTO W TIOJIy9aeMOTr0 KyCKOB, a DHEPTOEMKOCTh — MaCcCOM
Ipo0JIeHoro Marepuaia, Mojay4aeMoil MpHu pacxoJOBaHUU
SJIMHUIIBI JICKTPOIHEPTUH, U 3aBUCHT, TIIABHBIM 00pa3oMm,
OT IPOYHOCTHU APOOUMOr0 MaTepuania.

OCHOBHBIM HEIOCTaTKOM BAJIKOBBIX JAPOOHIIOK SIBJISET-
Csl MaJsas CTeneHb IPOOJIeHHs, KOTOpas B MEPBYIO OYepeab
3aBHCHT OT yIJla 3axBaTa JIPOOMMOTO KyCKa M JMamerpa
Bajika, MPU ITOM YTOJI 3aXBara OTpaHUYUBAETCS KOdPhu-
IUCHTOM TPEHHUS MEX]y BaJKOM M KyCKOM. 3Ha4eHHUS KO-
3¢ unmenta TpeHus s MUHEPAIHHOTO ChIPhS U3MEHSFOT-
cs B npenenax 0,4 — 0,5 [13]; ¢ yBennueHnuem xe pa3mepa
BaJIKa 3HAYUTEILHO BO3PACTAIOT TadapuThl apoduiku [14].

LLENb UCCNEQOBAHUA

B CubupckoM rocyaapcTBEHHOM HHTY CTPUAIEHOM YHH-
BEPCUTETE CIIPOCKTUPOBAHA M 3AIIaTCHTOBAHA KOHCTPYKIHS
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OJTHOBAJIKOBOW JpoOuiku [15], B KOTOpo# 3a cueT ymopa,
PacCIIONIOKEHHOTO Ha BaJIKe, TPOUCXONUT MPUHYIUTEIbHAS
oj[a4a M3MeNIbYaeMOro Kycka B 30HY JAPOOJICHUS, UTO TPH-
BOJIMT K YBEJIMUCHHUIO CTeNeHu apobnenus [16].

BosHukaromye B mporecce AKCIIyaTalldd —Mariu-
HBl CHJIBI TEXHOJOTHYECKOTO COTPOTHBICHUS SIBISIOTCS
OCHOBHBIMU HCXOIHBIMH BEJITHYHUHAMH JJIsI pacyeTa MOIII-
HOCTH TIPHBOJA MAIIMHBI U DJICMEHTOB KOHCTPYKIIMU Ha
MPOYHOCTh. B CBs3M C 3TUM CUJIOBOH aHanmu3 padouero
mporiecca SIBISeTCs HEOThEeMIIEMBIM ATAIlOM ITPOSKTHPOBa-
HUS JIF000I MAIlIMHBI, B TOM YHCIIE U APOOUIBHOM.

Beuny Toro, uTo opma Kycka H3MEITEIacMOro MaTepH-
aJia He BJIMSCT Ha BEIUYMHY U HATPABICHUE CHJI, CHCTBY-
IOIIMX Ha IpoOMMoe TeJo, a HanboJiee YacTo Ha MPAaKTHKE
noJBepraroTcs apobieHuto chepooOpasHble MaTepUabl,
TO CEYCHUE KyCKa MOJKHO TIPHHATE KPYTJIBIM C PaJRYCOM 7.

AHANNTUTUYECKOE UCCNIEAOBAHME

B npouecce paboThl IpoOUIKK KYCKH IOAAIOTCS B KaMe-
Py ZIpoOieHusl, pacIoIoKEHHYI0 MEX/y BaJKOM M HETOJI-
BIDKHOH LIEKOH, ¥ ITPU IIOBOPOTE BaJIKa HA HEKOTOPBIN yroj
MIPOMCXOANT CONMPUKOCHOBEHHE yIIOpa ¢ KYCKOM JPOOHMO-
ro marepuaia B Touke C, IpHU 3TOM BO3HUKAET CUJIa JaBlie-
Hust N, aBsinas Ha HETO U JIEHCTBYIOIIAs B HANIPABIICHUM
JBW)KEHUS BaJiKa, epHEeHIUKYISIpHO paboueil moBepXHOC-
TH ynopa (puc. 1). JIo conmpukoCHOBEHUS ¢ YIOPOM KYCOK
KOHTaKTUPYET C BpalalOMIMMCS BAaJIKOM M JaBUT Ha HEro
3a CYET CHJIbl TSHKECTH, a IMOCJIe COMPUKOCHOBEHHS YIIO-
pa ¢ KyCKOM B TOYKE KOHTAaKTa KycKa C BaJIKOM BO3HHMKAET
HOpMaJlbHasi cuiia N, HalpaBJeHHas M0 Paauycy OT TOY-
KM KacaHMs K LEHTpY Kycka. B nanbHeiiieMm BajloK, ynop

Puc. 1. Cxema BHEIIHUX CHII, ICHCTBYIOIINX HA KYCOK APOOUMOro
Marepuana

Fig. 1. Scheme of external forces acting on a piece of crushing material
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U KYCOK JIBUXYTCSI COBMECTHO, 103TOMY B Toukax 4 u C He
BO3HHKAET cui TpeHus [17].

B mporecce 3axBata 1poOuMOro Kycka moj AeHCTBHEM
TOPU3OHTAJIBHBIX COCTABIAIOMIMX CUI N, U N| BO3HUKAET
cuna peakuuu N,, KOTOpas NPUIOKEHA B TOYKE B u Ha-
MpaBjieHa MO TOPU3OHTAIM OT HEMOABMXHOUM mieku. Tak
KaK KyCOK IIOJ JE€MCTBUEM BEPTUKAJIBHOM COCTaBIIIOLIEH
cuibl N; JBUKETCSA BHM3, TO BO3HMKAET CHJIA TpeHus F,,
HalpaBJCHHAsl B IPOTUBOINOJIOKHYIO CTOPOHY U JCHCTBY-
IolIasi MO JIMHUM, COBNAJAIOLIEH C IMOBEPXHOCTHIO LIEKH.
Cuna F, NpensTCTBYeT IBUKEHUIO KYCKa B 3230 MEXIY
BaJIKOM W Iekod. Takum o0pa3oM, Ha KYCOK JIEHCTBYIOT
cunbt N, N,, N,, a Takke cuna tpenus F, =f,N,, tie f, —
K03 DUITUEHT TPEHUS MEXKTY KyCKOM U IIEKOM.

J1st nanpHeero ananmsa cuil, I€HCTBYIOMIMX B MIPO-
ecce pa3pymeHns] MaTepraia B OHOBAIKOBOH JpOOMIIKe
C YIOpPOM Ha BAJIKE, HEOOXOAMMO BBIPA3UTh CHibl N, u N,
B (DyHKIMH CHIIBI IV,, 9TO BBINONHEHO B pabote [18], B Ko-
TOPOH yCTaHOBJIEHB! CJIEAYIOIINE 3aBUCUMOCTU:!

cosO— f,sin0
N, =N;| —————— /
sino + f, cosa

sin o sin O + cos a.cos O

N, =N, -
sina+ f, cosa

IJe o — YroJ 3axBaTa; § — yrom MexIy HampaBlieHUEM
JEUCTBUSA CHJIEI N3 U €€ BePTUKAIbHON COCTaBIIAIOLIEH N;
(Tak Ha3BIBAGMBIN YIOJ aTaku).

B BeprukansHoii miockocty (puc. 2, a) Ha KyCOK JeicT-
BYIOT TPH NapauleJbHbIE CHIIBL: JIBE U3 HUX (CHJIa TPEHHS
F, v BepTHKANbHAs COCTABIIAIONIAs HOPMANIEHOH CHItbl Ny')
HaIpaBJIEHbI B OJJHY CTOPOHY, & BEPTUKAJIbHASI COCTABJISIO-
1Iasi CUJIBI IaBJICHUsI N; HarpaBlieHa B MPOTHBOIIOIOKHYO
cTopoHy. Tak Kak paccMaTpuBaeTCsl CHCTEMA, HaXOIS1IasICsl
B PaBHOBECHH, TO paBHOACHCTByIomas cui F, u Ny paBHa
110 MOJYJIIO BEJIMYUHE N; ,  JIMHUS €€ JICUCTBUS HaXOIUTCS
Ha PACCTOSHUHM OT JIMHUM JeHcTBUsI cuitbl N, paBHOM [19]

F, F,
X, :—i(r+rcosoc) =—23r(l+cosoc).
3 3

CiiejoBarenbHO, Ha JPOOUMBINA KyCOK B BEPTHKAIBHON
TUIOCKOCTH JICHCTBYIOT JIBE CHIIBI, paBHBIC MY cO00i M0
BEJIMYMHE U HATIPABJICHHBIC B IPOTUBOIOJIOKHBIC CTOPOHBI
M0 TIApaJUICIbHBIM JIMHUSAM, T.€. OHH CO3/IAI0T KPYTSLIHHA
MOMEHT, TIOf] ACUCTBHEM KOTOPOTO B KYCKE BO3ZHHKAIOT Ka-
caTenbHbIe HAMIPSDKSHHMS, TIPH 3TOM TIIEY0 MOMEHTAa MOKHO
paccuurarh 1o popmyiie

. F.
x=r|(sinf—cosa) +—=(1+cosa) |.
3

B ropuzoHTanbHO# MmockocTu (pHc. 2, ) Takxke Aei-
CTBYIOT TPU HapajliesIbHble CHUJIbL: JIB€ U3 HUX (FOPHU30H-
TaJbHbIC COCTABIAIOLINEG HOPMAJIBLHOW CHIBI N, M CHIIBI
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Puc. 2. Cxema cni, IefiCTBYIOIINX HA KyCOK JIpOOMMOro Mareprajia B BEpTUKAIBHOM (a) M TOPU3OHTAIBHOM (6) TNIOCKOCTIX

Fig. 2. Scheme of forces acting on a piece of crushing material in vertical («) and horizontal (6) planes

naBneHust Ny) HampapjieHbl B ONHY CTOPOHY, a cunma N,
HalpaBJieHa B MPOTHBOTIONOKHYIO CTOpOHY. PaBHOMeHCT-
Byomas cui N; u N; paBHa 1o Momyito N,, a JIMHHS ee
NEHCTBHS HAXOMUTCS HAa PACCTOSHHUHU OT JIMHUM JCHCTBUS
cuibl Ny, paBHOM

N3 r(cosO+sina)
y =
a N2
sin0cos O +sinOsina

=r - — (sina+ f, cosa).
cosOcosa +sinOsino

[TomyyenHoe BbIpakeHHWE HE HMMEET AHAIUTHYECKOTO
pelIeHMs], OTHAKO YHCIEHHOE PEIlIEHUE C YIETOM TOT0, YTO
paccTosiHUE MKy JIMHHUEH AeHCTBUS CHITBI N| M TOPH30H-
TaJIbHOIN OCBIO, MPOXOASIIEH Yepe3 LEHTP TSHKECTH KycKa,
paBHO 7'Sino, MOKA3bIBACT MPAKTHUCCKOE COBIAJICHUC JIH-
HUH JeHCTBHS paBHOAEHCTByomEeH cuin Ny u Nj ¢ ropu-
30HTaIbHOW Ochl0. ClemoBareabHO, B TOPU3OHTATHHOU
IUIOCKOCTH Ha JPOOMMBIA KYyCOK JCHCTBYET CHKMMAIOIIAst
CHJIa, paBHas 110 MOMYIIIO cuiie N, .

PE3YNbTATbI AHAIMTUMECKOIO UCCNIEAOBAHUA

Kak cnemyer w3 BBINIEIPUBEIACHHBIX PACCYXKICHUM,
B OJIHOBAJIKOBOH JPOOHMIIKE C YIIOPOM Ha BaJIKe Ha KYCOK
JIpoOMMOTO MaTepuasa JIeUCTBYIOT KaK CKUMAIOIIUE CHIIBI,
BBI3BIBAIOIINE B KyCKE JEHCTBHE HOPMAJBLHBIX CIKUMAFO-
[UX HAMPSHKEHUH, TaK U KPY TSI MOMEHT, BBI3BIBAIOIIINN
JIEHCTBHE KacaTeNbHBIX HANPSHKCHHH, T.e. B JPOOUMOM
KYCKE CO3/Ia€TCSl CJIOKHOE HAIPSHKEHHOE COCTOSHUE C OJI-
HOBPEMEHHBIM JICHCTBHEM HOPMAIILHBIX M KacaTeIbHBIX
HanpspkeHuid (puc. 3), moj AEMCTBHEM KOTOPBIX MPOUCXO-
IUT paspylieHue JpoOUMOro Kycka. DTHM JOCTUTAETCs
YMEHBIIICHHE PACX0/la YHEPTUU Ha APOOICHUE TIPU MTPOUNX
paBHBIX ycioBusX [20], 4TO yMEHBIIAET SHEPTOEMKOCTb

paboThl OJJHOBAJIKOBOW JPOOMIIKH C MPUHYIUTEIHHON TO-
Jlauell Mmatepuaia B 30HY JAPOOICHHSI.

BbiBOAbI

BEISIBIICHBI CHITBI, JEHCTBYIOIUE HA APOOMMBINA KyCOK
CO CTOPOHBI BaJIKa M HEMOJABMKHOMN IIEKH B BEPTUKAIBHON
U TOPU3OHTAJBHOMN TIOCKoCTsX. OmpeneneHo, 4To B Ipo-
OUMOM KyCKe CO3/IaeTCsI CII0KHOE HAIIPSHKEHHOE COCTOSIHIE
C OMHOBPEMCHHBIM JCHCTBHEM HOPMAJBHBIX M KacaTelb-
HBIX HAMPSDKCHHM, MO JCUCTBUEM KOTOPBIX MPOUCXOAUT
ero paspyiieHue. B pesynbrare yMmeHbIIaeTcs pacxojn
SHEPIUH Ha APOOJICHUE U CHUXKAETCS SHEPrOEMKOCTh pado-

Puc. 3. Cxema BHyTPEHHUX CHJIOBBIX (DAaKTOPOB, ISHCTBYIONIMX Ha
KyCOK JIpoOMMOro Marepuaa

Fig. 3. Scheme of internal force factors acting on a piece of crushed
material
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ThI

OJTHOBAJIKOBOM JPOOWIIKH C MPUHYAUTEIBHON mojaueit

Marepuana B 30Hy JpOOJIeHUsI.
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POWER ANALYSIS OF THE PROCESS OF BRITTLE MATERIALS DESTRUCTION
IN UNIVERSAL CRUSHING MACHINE WITH ROLL LOCKER

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

ISiberian State Industrial University, Novokuznetsk, Kemerovo
Region, Russia

2Federal Research Center of Coal and Coal Chemistry of SB RAS,
Russia, Kemerovo

Abstract. The processing of friable materials used in metallurgical in-
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dustry for production of definite size classes requires operation of
crushing machines, including single-roll machines. Parameters of
crushing process are degree and efficiency of crushing. The crushing
degree is estimated by the ratio of dimensions of the initial crush-
ing and resulting pieces and depends on the size of gap between the
roll and the fixed jaw. Crushing eefficiency is determined by mass
of material crushed by consumed electric energy unit, and depends
mainly on strength of crushed material. In order to reduce energy
consumption needed for crushing, a single-roll crusher was devel-
oped at Siberian State Industrial University with forced feeding of
crushing piece into the fracture zone due to the locker located on the
roll. Forces of technological resistance appearing during machine op-
eration are the main initial values for machine drive power and struc-
tural elements strength testing, thus, the operation power analysis is

an integral stage in the design of any machine, including a crushing
one. In the present work, forces acting on a crushing piece from roll
side and fixed jaw in vertical and horizontal planes are identified.
Based on the results obtained, it was determined that internal com-
pressive forces acting on piece of crushing material cause action of
normal compressive stresses in a piece, as well as an internal torque
effect, which causes shearing stresses action, i.e. a complex stress
state is generated in a fractioned piece with simultaneous action of
normal and shearing stresses, under which action a fractioning piece
is destroyed. Thus reduction in energy consumption for crushing is
achieved, with all other conditions being equal. It reduces energy
consumption of a single-roll crusher with forced feeding of material
into the crushing zone.

Keywords: single-roll crusher, degree of crushing, locker, force, tension,

energy intensity.
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