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BJIUAHUE FTEOMETPUU KAHAJA POTOPHOI0 U3MENBYUTENA
HA QODEKTUBHOCTb USMENbYEHUSA
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Annomauus: B ctaThbe mpuBeJeHa MaTeMaTndeckasi MOIETb W CPABHUTEIbHBI aHAIN3 KOHCTPYKIUI M3MeNbYalolmmnX yCT-
POMCTB KOTOPBIN MOKAa3aj, YTO Hanbojee MOIXOMSI UMY IS aHAIUTUIECKUX P00 SBISIOTCS U3MEIbUYUTENN POTOPHOTO TUTIA,
KOTOpEIE OTepekaloT B CBOEM KJlacce IO MTPOU3BOAUTEbHOCTU M HAIEXKHOCTH IMTPY MUHUMATbHBIX TA0APUTHBIX pa3Mepax U Mac-
ce. OnQHAKO OHM TPAKTUIECKU HE U3BECTHBI MTOTPEOUTENIO M UX BBIITYCK OTpaHWYeH. BrlTyckaemblie B HacTOsIIIee BPeMsI pOTOP-
Hble U3METbUUTENIN UMEIOT HEeJOCTAaTOUHYI0 3(hGEeKTUBHOCTh, KOTOpAas XapaKTepu3yeTcsl CTeTeHbIo n3MenbueHuss. OCHOBHAS
MPUYMHA CIOXUBIIENWCS CUTYallMW 3aKJII0YaeTcs] B HeJOCTATOYHOUM M3YYeHHOCTH TMPOIECCOB, MPOTEKAIOIINX B JAOMPUHTHOM
pOTOpe BCTPEYHOTO yaapa Mpu U3MeJIbUeHUU MaTepuaia, v, Kak clIieACTBUEe, B HEA0CTATOYHOW HAyYHO 000CHOBAHHOCTHU METO-
NIOB TIpOeKTUpoBaHus. [[eoMeTpruueckre mapaMeTpbl 1 CKOPOCTh BpallleHUsI pabouero opraHa 0 HaCTOSIIIEro BpeMEeHU Ha3Hava-
I0TCSI DMIIUPUYECKU TIO0 TPUHIUMY MOAOOUSI, YTO HEMUHYEMO TMPUBOAUT K OTKJIOHEHWSIM TOHUHBI M MPOU3BOAUTEIHHOCTU
M3MeNbYeHUS OT 3aJaHHBIX 3HaUeHW . CoBepIlIeHCTBOBAHNE KOHCTPYKIIMU, MTO3BOJISIONIEe MOBBICUTDH 3G (PEKTUBHOCTD PAOOTHI
YCTPOUCTB, HEBO3MOXHO 0€3 aHann3a KWHEMATUKK KycKa B KaHaJle U3MeJIbYnTeIs.

YcraHoBIEHO, UTO ¢ TOYKM 3peHus d3(PheKTUBHOCTY pa3pylleHns MaTepraia, (hopma KaHaaa Hy>K/IaeTcsl B U3BMEHEHUSIX ero Teo-
MeTpun. Ha ocHOBaHUM ypaBHEHMsI 6ajaHca S9HEPTUU TIPU CBOOOIHOM yAape Kycka Mo abCOTIOTHO KeCTKOM MOBEPXHOCTU YCTAHOB-
JIEHO, UTO HEKOTOpAst NOJIsi KWHETUYECKOU SHePTUM KyCKa MePexXoAnT B MOTEHIIMATBbHYIO SHEPTUIO YIIPYToil fehopMaliii OCKOJIKOB,
KOTOpasi, B CBOIO OUEPe/lb, MPeoOpa3yeTcsi B KWHETUUECKYIO IHEPTUIO X OTCKOKA OT MOBEPXHOCTHU. DTO TTO3BOJISIET MMOBLICUTD CTETIEHb
M3MeNbYeHMST MaTepuraa, a ¢ IPyroil CTOpoHbI MOBbIIIEHUS 3G (HEKTUBHOCTY CBOOOAHOTO yIapa BOBMOXHO 3a CUET YMEHbIIEHUS yT-
Jla BXOJa YaCTUILIbI B KaHat. JlaHHOe ycloBUe MOTPeOyeT M3MEHEHUsT €0 TeOMETPUIECKUX TTapaMeTPOB 1 CKOPOCTh BpallleHUs pabo-
yero opraHa. Ha 6a3e aHanu3a mpeayioXKeHHOW Teopuii NBUKEHUsT YaCcTUL chOopMyIUpOBaHbBl OCHOBHbIE MYTH AaJbHEHNIIIEro coBep-
LIEHCTBOBAHMSI METOIUKY MTPOSKTUPOBAHUS U CO3AaHUSI POTOPHOTO M3METbUUTENSI HOBOTO TUTIA.

Karouesvie cro6a: 3MenbuNTEIb POTOPHOTO TUIIA, TOPHAS MOPOAA, TEOMETPUsI KaHaa, ynap, dajaHca sHepruu, KoapbuimeHt
BOCCTAHOBJICHUSI.

EFFECTS OF CHANNEL GEOMETRY CHOPPER WITH A ROTOR
COUNTERED (IRV) FOR PARTIGLE REDUCTION EFFICIENCY

A.I. Afanasyev, V.V. Zubov, V.Ya. Potapov, V.V. Potapov, S.A. Uporov
Ural State Mining University, Yekaterinburg.

Abstract: The article presents a mathematical model and a comparative analysis of the designs of grinding devices, which showed that
the most suitable for analytical samples are rotary-type grinders, which are ahead in their class in terms of performance and reliability
with minimal overall dimensions and weight. However, they are practically unknown to the consumer and their release is limited.
Currently produced rotary shredders have insufficient efficiency, which is characterized by the degree of grinding. The main reason for
this situation is the insufficient knowledge of the processes occurring in the labyrinth rotor of the counter impact during material grin-
ding, and, as a result, the insufficient scientific validity of design methods. The geometrical parameters and the speed of rotation of the
working body until now are assigned empirically according to the principle of similarity, which inevitably leads to deviations in fineness
and grinding performance from the specified values. Improving the design, which makes it possible to increase the efficiency of the
devices, is impossible without analyzing the kinematics of the piece in the chopper channel.

It has been established that from the point of view of the efficiency of the destruction of the material, the shape of the channel needs
to be changed in its geometry. Based on the energy balance equation for a free impact of a piece on an absolutely rigid surface, it is estab-
lished that a certain fraction of the kinetic energy of the piece is converted into the potential energy of the elastic deformation of the frag-
ments, which, in turn, is converted into the kinetic energy of their rebound from the surface. This makes it possible to increase the degree
of grinding of the material, and on the other hand, it is possible to increase the efficiency of a free impact by reducing the angle of entry
of the particle into the channel. This condition will require a change in its geometric parameters and the speed of rotation of the
working body. Based on the analysis of the proposed theory of particle motion, the main ways of further improvement of the methodol-
ogy for designing and creating a new type of rotary grinder are formulated.

Keywords: : rotary grinder, rock, channel geometry, impact, impact energy balance equation, recovery factor.
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TOPHOI TPOMBILIJICHHOCTH, MPHU pa3paboTKe TEXHOJIO-

TMU TIepepabOTKA MaTepuanoB, TpeOyeTcsl TPOBOIUTH

OIpoOOBaHMWE TPOAYKTOB IUISI OTpEACICHUST COaepKa-
HUS TI0JIE3HOTO MCKOIIaeMOTO B Ipo0e, MpeaBapUTeIbHO M3-
MEJIbYMB TOPHYIO TTOPOY € TIOMOIIIbIO U3MEJIBUNTENICH pa3ind-
HBIX TUTOB. [17151 obecrniedeHUs TpeOyeMoli TOUHOCTU aHaIn3a
PYIbI, HEOOXOAUMO U3METBbYUTh MaTepya 10 IMPOIyKTa 3adaH-
HOWM KpynHocTH [1].

B monroroBke aHaIMTUYECKUX TTPOO MCIIOJIB3YIOTCS YCTPOM-
CTBa ISl U3MEJIbUCHUS, OOecIeunBalonue TpeOyeMblid ISl UC-
ClIeOBaHUS T'PAHYJIOMETPUUYECKUII COCTaB M3MEJIbUCHHOTO
marepuaia. Belmyckaemble B HacToslilee BpeMsi pOTOPHBIE W3-
MEJIBYUTENIM UMEIOT HEAOCTaTOUHYIO 3((MEKTUBHOCTb, KOTOpast
XapaKTepu3yeTcsl cTerieHblo uaMenbdeHus. [lon apdexTruBHOC-
THIO M3METBUEHMST TTOIpa3yMeBaeTCsl TOCTUXKEHE OTOBOPEHHOM
B TexHnueckoM 3amanue (T3) mpous3BOIUTETLHOCTU U3METbUM-
Teass ¢ poropoMm BctpeuHoro ymapa (MPBY) omHoBpeMeHHO
¢ obecrieueHMEM 3aJaHHOI TOHMHBI TOMOJIa TTPYU MUHUMAIbHBIX
3Heprosarparax [6].

Ocobennoctb MPBY, kak oTMeueHO BbIllIE, COCTOUT B CPABHU-
TEJIbHO HM3KMX 3aTpaTax SHEPrMM Ha M3MeJIbYeHHE, TTO3TOMY (-
(EeKTUBHOCTb PAOOTHI MOKHO TTOHMMATh YITPOIIIEHHO KaK MOBbIIIE-
HUE MPOM3BOAUTEILHOCTU 0e3 yiliepOa TOHMHE [OMOJIa.

CoBeplIeHCTBOBaHNE KOHCTPYKILIMU U3MEJIbUUTEIsI, TO3BO-
JIsSIo1ee MOBBICUTh 3G (GEKTUBHOCTh PabOThl yCTPOMCTBA, HeE-
BO3MOXHO 0€3 COOTBETCTBYIOIIUX HAyyHO OOOCHOBAaHHBIX
3aBUCUMOCTEH, OMNpEeNesIONIMX COOTHOIIEHWE MEXIy KOH-
CTPYKTUBHBIMM MapamMeTpaMy U TeXHOJOTMYECKUMU TMoKa3aTe-
JsiMu obopynoBaHus. [ToaTomMy TeopeTMUecKUe U SKCIePUMEH-
TaJIbHbIC UCCIIETOBAHUS U3MEIbUMUTENIC ¢ POTOPOM BCTPEUHOTO
yaapa sIBISIIOTCSI aKTyaJlbHBIMU.

Leas uccnenoBanuii: nmosbilieHUE 3(DHEKTUBHOCTU pabOThI
POTOPHOIO U3MEJbYUTEISI PY/IbI 32 CUET COBEPILLIEHCTBOBAHNS €TO
KOHCTPYKIHH.

MeToapl ucceaoBaHus. AHAIMU3 ABMXKEHUS YaCTUIL B KaHa-
JlaXx pOTOpa BBIMOJHEH C MCTOJIb30BAaHUEM IOJOXEHUN Teope-
TUYECKON MEXaHMKHU W TEOpUM yaapa. AdpoauMHaAMKMKa poTopa
paccMOTpeHa ¢ MO3MIUMU Teopuu TypoomaiiuH. Puszudeckoe
MOJIEJIMPOBAaHUE U aHAJIM3 €ro pe3yJbTaTOB BhIMOJHEHBI B CO-
OTBETCTBUM C METOAAMU IJIAHUPOBAHUS IKCIIEPUMEHTA U Ma-
TeMaTUYECKOU CTaTUCTUKU. B Xo/1e mpoBeieHHOTro uccieaoBa-
HUSI KCIOJIb30BaICSd (haKTOPHBIN aHalW3, CUHTE3 JaHHBIX
1 MOJICJIMPOBaHUE.

Pe3ynbTaThl HCClieOBAHUS M UX 00CYKIEHHE.

T'eoMeTpusi KaHasa ornpezaensiercss GopMoil U pasMepamu.
COBOKYITHOCTh pa3MepOB POTOpa M BO3MOXKHOCTEW M3rOTOBJIE-
HUsT 00YCIOBJIMBAET BeCbMa MPOCTYIO GopMy: OCh KaHasla OpPUEeH-
THPOBaHa IO Paauycy poTopa, IIMpHUHA KaHasla MoCcTosiHHast. Ta-
Kast KOH(UTYpaIust T03BOJISIET BBITTOJHSITh KaHaJIbI TOPIIOBBIMU
WM ITUCKOBBIMU (bpe3aMu, MOoCcTUTasl MPUEMIIEMBIX TOYHOCTHU
pa3MepoB U KayecTBa MOBEPXHOCTH [2-18].

OpnHako aHaJIM3 KWHEMaTUKY KyCKa 1 YaCTHUIIbI TOKa3bIBaeT,
YTO, C TOYKM 3peHMs 3HEKTUBHOCTH pa3pylIeHWs] MaTepuaa,
dopMa KaHaja Hy>KIaeTcsl B UBMEHEHMSIX.

VYpaBHeHue OajlaHCca PHEPIUU MPU CBOOOJAHOM yaape Kycka
1o abCOJIIOTHO XECTKO# rmoBepxHocTu [4-5, 7-8]:
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T1e m, , W, — Macca 1 OTHOCUTeNbHAsI CKOPOCTD KycKa JI0 yaapa;
m; , W; — Macca U OTHOCUTEJIbHAsI CKOPOCTb i-TO OCKOJIKA TTOCIe
ynapa; A, — paboTa, 3aTpayeHHas Ha PaspyleHUe KYCKa, Ajep —
paboTa, 3aTpauyeHHas Ha IIaCTUIECKyI0 feopmannio; A, — pa-
00Ta CUJT TPEHUSI.

Puc. 1. CBO6OAHbIN yaap Kycka 0 MOBEPXHOCTb.
Fig.1. Free impact of a piece on a surface.

B o0611ieM ciyyae KapTrHA yIapHOTO pa3pyIleHUsT BBITJISINT,
Kak MoKas3aHo Ha puc. 1.

Kycok BXOIMT B KOHTAaKT C MOBEPXHOCTHIO MO yIJIoM & K ocn
y ¥ IpOoOUTCSI Ha OCKOJIKU. HekoTopast 1011 KWHETUYEeCKON Hep-
MU KyCKa TIePEXOIUT B MOTEHIIMATBHYIO SHEPTHIO YIIPYTOit 1edop-
Malll1 OCKOJIKOB, KOTOpPasi, B CBOIO OUYepe/ib, MPeodpasyeTcs: B K1-
HETUYECKYIO SHEPIHIO UX OTCKOKA OT MOBEPXHOCTH.

Touka C — 1IEHTp MacChl TPYIIbI PA3JIETAIOLIMXCST OCKOJIKOB.

JloJist 2HEpPTUU OTCKOKA 3aBUCUT OT YIPYIMX CBOWCTB MaTe-
puainia. YeM BBILIE yIIPYTOCTh, TEM OJIMKE BEJTMUMHA YIJIa OTCKO-
Ka &, K yriy ynapa & . PaBeHCTBO 3THX YIJIOB O3Ha4aeT abCoJIOT-
HO YIIpYruii ynap, mpu KOTopoM A, = Ageqy = App = 0.

Vaap 6e3 paspylieHus peabHOTO KYCKa OTMChIBACTCS CUCTE-
MO ypaBHEHUI 1o [4]:

m (w,cos & +w,cos &) =Sy

m (wsin& —w,sin&,)=S5_, 2)

Iae wy , W, — CKOPOCTU KycKa TIpW ylape M OTCKOKE COOTBET-
CTBEHHO; Sy , S, — COCTABJISIONINE YAAPHOTO MMITYJIbCA.

H3MeHeHne ckopocTeil xapakrepusyeTcs: Kod(pdOUIMeHTOM
BOCCTaHOBJIeHU [4, 6]:

PR 3)
w, cos &,

B npyrom npezieibHOM cliydae MaTepual abCoNOTHO HEYIpy-
ruit, u &, = 90°. HopMasibHasi cOCTaBISIIOIIAsT CKOPOCTU W,y Ta-
CUTCSI, HO 32 CUET HAJIWYUS COCTABIISIIONIEN W,y OCKOJKH JIBU-
3KyTCsI TIO TOBEPXHOCTHU (MTPUJIUTIAaHNE MaTepralia K TOBEPXHOCTH
He paccMmaTpuBaeTcst). Takum o0pas3oM, Jaxe Mpu aGCOTIOTHO
HEYNPYTroM yziape He BCsS KMHETUYeCKash SHEPrusi MepexXOmuT
B paboty, eciu & # 0.

W3noxeHHble cOOOpaxkeHUsT MPUBOJIST K BHIBOAY O BO3MOX-
HOCTH TIOBBIIIEHUsT 3G GEKTUBHOCTH CBOOOTHOTO yaapa 3a cuer
YMEHBLICHHUS YIJIa MEXJIy HarpaBlIeHUeM OTHOCUTENBbHON CKO-
POCTU YaCTUIIBI M1 HOPMAJIbIO K paboyueil TOBEPXHOCTU aKTUBHO-
ro asneMeHTa [9-14].

Ha puc. 2, a nokasaH ¢parMeHT BTOPOTo psiia 3JeMEeHTOB.
CpenHee NoJoXeHe KaHala AB MoKa3aHO CTUTOMIHBIMU JTMHUSI-
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mu, TiosioxkeHust A' B u A"B’, COOTBETCTBYIOLIIIE MOMEHTAM OT-
KPBITHUS U 3aKPBITHS KaHaIa COOTBETCTBEHHO — IIPEPBIBUCTHIMU.
Yron MexXIy paauycoM £, U CTEHKOI KaHaja:

5
s o)
21y,

J17151 BXO[1a YaCTHUIIBI B KaHAJI IT0 TIEPBOMY BapuaHTy (puc. 2, 6)
MakCHMaJbHOE 3HaYeHMe yria & :

§1=anty, (®)
a I BXOZIA 110 BTOPOMY BapUAHTY:
&=y (6)

ITycTs mmpuHa KaHaza
zfl =14 MM, 015 — 110 (2.12), r1; = 40 MM, 715 = 15 = 50 MM.

Torma mo epBoMy BapuaHTy &' = 24°43’, a Io BTOpOMY Ba-
puanty &'; = 8°01".

B wacTHOM ciydae mist BTOpOro BapuaHTa BXoja, KOraa -
pUHA KaHaJla paBHA MUHUMAJIBHOU U @ = w; , 32 BpeMsI IBUKe-
HUS YaCTUIIHI B KaHAJIE €TO TpaBast CTEHKA 3afiMeT ToJioxkeHue B,
B koTopoM & = 0. [ToaTOMy 3HAUUTEIBHO OOJIbIIIEE 3HAYCHUE
WMeeT YTojl ymapa Io TepBOMY BapuaHTy, U UMEHHO Ha HEro
JIOJIKHO OBITh 00OpalieHO BHUMaHUE.

3anaua yMeHbleHus 3HaueHust & (1o (5) 6e3 cyIiecTBeHHO-
TO YCJIOXKHEHWSI TEXHOJIOTUU WM3TOTOBIIEHUSI POTOpA PEIraeTcs
IyTeM BBITIOTHEHUST HE PaIlabHO OPUEHTUPOBAHHBIX KAaHAIOB
(puc. 3), ocM KOTOPBIX HAKJIIOHEHBI MO YIJIOM y; K paguycam
B HampaBJieHUH BpallleHUs1. PaBeHCTBO (5) BUIOU3MEHSIETCS:

Si=anty -1, (7)

Bompoc o BenmuumHe Y ciieayeT pemaTh C yUeTOM KelaTeb-
HOTro coxpaHeHus yHuBepcaibHocTu UPBY 1 npencrasieHuii 06
asponmHamuke potopa. LllnpruHy KaHana ciemyet Ha3HAYaTh, CO-
00pa3ysch C MUHUMAJIBHBIMU 3HAYCHUSIMU TUaMeTpa Kycka. J1ist
KyCKa AMaMeTPOM YaCTHUIIbI 2 MM

lgmin =6,67 MM 1 élmin = 13,9 MM COOTBETCTBEHHO.

O0a pazMepa BIIOJIHE pealn3yeMBbl.
3akiouenmue.

Ha 6ase ananmsa rpemIoXeHHO! TEOPUi ABMXKEHMS YACTHULL
cOpPMYIMPOBAHBl OCHOBHBIE IYTH NAJbHEHIIET0 COBEPIIEH-
CTBOBaHUsI METOOUKMU IIPOEKTUPOBAHMS U pa3pabOTKX HOBOM
KOHCTPYKIIUU U3MEJIbUUTEIS.

B Hacrosiiee BpeMsi KOHKPETHBIX PEKOMEHIALIMIA IT0 BEIOOPY
LIMPUHBI KaHAIa HET, YTO OOYC/IaBIMBAeT HEOOXOAUMOCTD CIIe-
LMAIbHBIX TEOPETUUECKUX U SKCIIEPUMEHTAIbHBIX.

BricoTa akTHBHBIX 3JIEMEHTOB BTOPOI'O Psifia (TOJIIIMHA KOJIb-
LIEBOTO BBICTYIA Ary), 3aBUCUT OT LIMPUHBI KaHAJIA a:

Ary=rp—n = atgay, (®)

TIe 1y — BHEUTHUN paguyc psiaa 2.
BoiBoapl.
1. Yncno KaHaIOB BTOPOTO psifia Zp , PABHOE YNCITY aKTUBHBIX
3JIEMEHTOB OTpeeIsieT TPOU3BOAUTEIIBHOCTD U3METBUNTE]IS.
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Puc. 2. Onpefienexue yrna yaapa 4acTuubl 0 CTEHKY KaHana.
a - OPUEHTALNS CTEHKM KaHana OTHOCUTENIbHO CKOPOCTH: 6 - Yyron yaapa vyacTuubl
0 CTEHKY.
Fig. 2. Determination of the angle of impact on a particle on the pipe wall:
a - orientation of the pipe wall; 6 - the angle of impact on a particle on the wall.

Puc. 3. HepagnanbHO OPUEHTUPOBAHHBIV KaHan (CBOGOAHbIN yaap).
Fig. 3. Not radially oriented pipe (free impact).

2. YBenuueHne KaHAJIOB BTOPOTO PSIa 7, TIOBHIIIIAET BEPOSIT-
HOCTb CBOOOIHOTO BXOJa YACTUIII B KaHAJ.

3. YBenuueHue 7, CHUXKAET KeCTKOCTb M TIPOYHOCTh aKTHB-
HOTO 3JIEeMEHTa, TaK KaK OH IPENCTaBIsIeT cO00N KOHCOTbHYIO
0anky [5-8], BeTMurHa HaMpsDKeHUs B 3a1€JIKe KOTOPOIt 3aBUCST
B TPEThEl CTETIEHNU OT €€ Pa3MepoB.

4. TMomatnuBocTh Oanku TPU yaape KpaiiHe HexesaTeiabHa
[15-17]. B Hacrosiiee BpeMst MOXKHO PEKOMEHI0BATh IPUHUMATh
Takoe 7, , Ipu KotopoM b = 5...10 MM, ipudem OoJble 3HaUe-
HUST b TOJKHBI COOTBETCTBOBATH TepepabaThiBAEMbIM MaTepua-
JIaM ¢ BBICOKO# ymapornpoyHocThio [18]. l
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