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Teopernueckoe ucciaenopanue. IlnaHeTapHO-IUCKOBBIA HCIIOIHUTEIBHBIIA OpraH
MOKET OBITH BBINIOJHEH C Pa3TUYHBIMH KOHCTPYKTHBHBIMH OCOOCHHOCTSIMH B 3aBH-
CUMOCTH OT MomuduKaIuu ropaoro kombaiiHa. Ha puc. 1 mpuBeaeHa mpuHITMITHATBHAS
cXeMa UCTIOJIHUTENBHOTO OpTaHa, BKIFOYAOIIETO PYKOSTH 2 C PE3IOBBIMU AUCKaMU /.
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Jbkmg@ghdZzkqg_lgZy ko_fZ hij_~_e_gby dhddtnd ZklIgmxapb\k Jhjguf fZkkb\h
Zxijb mkeh@GxtR, b G<2R; [ xijb mkehQxi®R, b Ge2R;; \ xijb mkehTr®, b
G"R,+4; 1 xijb mkeh®GbR, bG>R,+4
Figure 2. Calculation scheme for the count of cutters in contact with the rock mass: Z £if G< R, and
G< 2Ry [ #if G<R,and G*2R;; \ +if G*R,and G"R,+4; | if G> R,and G> R, +4

PykosiTi 2 COBEPIIAIOT MEPEHOCHOE BPALICHUE (® BOKPYT OCH MCHOIHUTENILHOTO OpraHa,
a pe3loBble IUCKU [ — OTHOCHTEIBHOE JBHKCHHE O BOKPYT CBOEH ocH. Pesibl Ha
PE3LOBBIX AUCKAX PACIIONIOKEHBI Yepe3 OMUHAKOBOE PACCTOSHIE, TIO3TOMY YHCIIO KOH-
TaKTUPYIOUINX ¢ 3a00eM pe3IOB MPH BpallleHHe PE3NOBBIX JUCKOB B PacyeTax MOXKHO
MIPUHSATH HEU3MEHHBIM.

[ns ompeneneHus KOJIUMYECTBA PE3LOB, KOHTAKTUPYIOLIUX C TOPHBIM MAacCHBOM,
WCIIONIb3YyEeM MOJSIPHYIO CHCTEMY KOOPAMHAT. YToJl MOBOPOTa HCHOJIHUTEIBHOTO
OpraHa () OIpeesseTcs] YUCIOM paccMaTpUBaeMbIX MOJMIOXKEHUH N (IpUHUMaETCs He
menee 120) ot 0 o 2.
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KomnmuecTBO KOHTaKTHPYIOIINX PE3LIOB 3aBUCHUT OT BBICOTHI MOAPYOKH Tutacta H u
yIiia MOBOPOTA UCIIONHUTENBHOTO Ooprana ¢ (puc. 2). Beyienum geTbipe TpUHINITHAIb-
HBIE pacueTHBIE CXEMBI C Pa3HOW BHICOTON moapyOku H (TOpHBIH MaccuB 0003HauYeH
PO30BBIM IIBETOM).

Omnpenenum o0IIMe TaHHBIC, HEOOXOAUMEIE /ISl BCEX BAPUAHTOB PACYCTOB KOJIHYC-
CTBa PE€310B, KOHTAKTUPYIOINX C TOPHBIM MAaCCUBOM.

JiHa MpoeKIuK MCIOJIHUTENFHOTO OpraHa 4 Ha och Y onpenensercs pajanycoMm
UCTIOTHUTEBHOTO OpraHa U YIJIOM ero oBOpOTa!

A=R, -|sin((p)|,

rae R —paaumyc KOHTYpa, OHNMCBIBAEMOIO IIAHETAPHO-IMCKOBBIM HCHOJHUTEIbHBIM
OpraHoM, MM.

HeoOpabarbiBaeMast pe3LOBBIMU TUCKaMH 4acTh 32005, KaK MPaBHIIO, Pa3pylIacTCs
3a0ypHUKOM. DTO HE BIIUSIET Ha HArpy)KCHHOCTb IPHBOJIA UCIIOJHUTEIBHOIO OpraHa.
Jlna npoexiyy HeoOpadaThiBaeMoli Pe3LOBbIMA AMCKAMHU YaCTH 33605 ;. Ha more-
peunyo ock Y onpenensercs GopMyIoii:

R., =R.-[sin(o)],
e R_— pacCcTOAHME OT OCH BPAIIEHHs BOAMIIA UCTIONHUTENBHOIO OpraHa J1o OmmKan-
IIETO pe3lia pe3oBoro Iucka, MM, R =R — R ’ R ,— baauyc pe3inoBoro JUCcKa, MM.

Pezupl, ycraHOBIEHHBIE B pe3UEAEPIKATENAX, PABHOMEPHO PacHpenesieHbl MO LH-
JIMHJIPUYECKON MTOBEPXHOCTHU PE3LOBOr0 AKcCKa. PaccTosHue MexXAy IByMs COCEIHUMU
pesuamu ucka L

rjie Z — KOIMYeCTBO PE3LOB, YCTAHOBICHHBIX HA PE3LOBOM JIMCKE, IIT.

PaccMoTpum BapuaHT, MPU KOTOPOM BBICOTA 320051 MEHBIIE PaNyCca UCTIOIHUTEb-
Horo oprana H <R (puc. 2, a, 6). B 5ToM cily4ae MCIIONHUTEIbHbIA OpraH B3auMOJIeH-
CTBYET C TOPHBIM MacCCHUBOM TOJIBKO OJTHUM PE3LIOBBIM JTHUCKOM.

JnuHy mpoekuuu pe3loBOro AUCKa B Ha MONEPEYHYH IUIOCKOCTh ONpPENEIUM
CHUCTEMOU ypaBHEHUH IIPU CIACAYIOIIUX YCIOBUIX:

— €CIM BbICOTa 320051 OOJIbIIE IMAMETPA PE3LOBOro ucka H > 2R , 10

A-R +H, R, <R —-H,
B=:0, A-R +H <O,

A-R. ., otherwise,

— €CIIM BBICOTA 320051 MEHBILIE IUAMETPA PE3LOBOTO Jucka H < 2R , T0

H-R +4, R <H+A4,

0, otherwise.
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Torna mvna pe3noBoro aucka /,, B3aMMOJEHCTBYOLIETO C TOPHBIM MACCUBOM, OIH-
MIETCS BBIPAKECHUEM:

_ 1 0’
1, ={Jsin(9)| sin(o)]>

B, otherwise.

JlmiHa OKpy»KHOCTH PE3LOBOTO AUCKA L , B3AMMOJEHCTBYOIIAs € 3a00eM:
l,—R
R,| m—arccos| +—< ||, [, >R,,
Rd

R, -arccos(R"—_ld), 1, <R,.

d

Yucno pesnos, KOHTAKTUPYIOIIKMX € 3a00€M Z |, OIPEIETUTCS yPABHEHHEM:

Loy 1,50,
Z, =1L, (1)

cl rez

0, otherwise.

Paccmotpum BapuaHT, Ipy KOTOPOM BbICOTa MOAPYOKH miiacta OoJble paguyca uc-
TOJIHUTENBHOTO oprana H > R (puc. 2, 6, 2). B 3ToM cily4ae nCHOIHUTENbHBIA Opran
B3aMMOAEUCTBYET C MACCHBOM ABYMs PE3LOBBIMH AUCKaMH, IIPH 3TOM OIUH AUCK OyaeT
BCErJja HaXOUTHCS B KOHTAKTE C TOPHBIM MaCCHBOM.

JIMHa NPOEKIMHU PE3I0BOI0 IUCKA B, HA NONEPEUHYIO OCh Y:

R +R._, <H,
H-R -R_,, H<R +4, 2

B, = '

> ||4-R ,, H>R +4,

z.pr?

0, otherwise.

Jlmina pe3noBoro aucka /

KOHTAaKTHPYIOIIECTO C 3a00eMm:
4 2

B |cos(\|1)| )

d2

JnuHa OKpYKHOCTH PE3LOBOro AUcKa L . B3auMoieiicTByomIas ¢ 3a00eM:

a2’

a

R, n—arccos[l‘”R;Rdj , 1,>R,,
d
Ly, = R —i
Rd-arccos(%} l,,<R,.
d
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Hucio pe3nos Z ,, KOHTaKTUPYIOLIUX C 3a00€eM:

LL—4+1+%, L,>0,
Z} — rez

r

Z .
—L, otherwise.

e Z — obmiee KOJIMYECTBO PE3LOB Ha PE3LI0BOM JIMCKE, IIT.

O6benunumM ypasHenus (1) u (2) B 3aBucumocTu oT ycnosud H<R n H>R .
Yucno pesnoB Z , KOHTAKTHPYHOIMX C 3a00€M, B 3aBUCMMOCTH OT yIJIa TOBOPOTa
UCTIOJTHUTEIBHOTO OpraHa () ¥ BBICOTHI 320051 H MPUMET BUJ] CUCTEMbI YPaBHCHMIA:

Z,, H<R,
“r\Z,, H>R,.

c2°

Harpy»eHHOCTb TPHUBOJHOW CHCTEMBI IUIAHETAPHOTO MCIIOJHUTENBHOIO OpraHa
MPSIMO MPONOPLIHOHANIEHA KOJIWYECTBY PE3LI0B, B3aUMOJEHCTBYIOINX C TOPHBIM Mac-
cuBoM. Toraa BBISIBICHHBIE 3aBUCHMOCTH MOTYT OBITH HCIIOJIB30BaHBl B ONpEAeICHAN
Harpy3oK U JUHAMHUYECKON COCTaBIIAIOIIEH YIIOMSHYTBIX HArpy30K Ha MPUBOJHYIO CH-
CTEMY HUCTIOJIHUTEIBHOTO OpTaHa Mpu paboTe B pexkUMe MOAPYOKH 1O BBICOTE.

B kayecTBe mpuMepa paccMOTPUM BBHIEMOYHBIH KOMOAH C IIaHETapHO-IHCKOBBIM
opraom «Ypan-20P».

IIpumep pacuera. OnpenennM KOJIUYECTBO PE3IOB, B3aMMOIEHCTBYIOIINX C TOp-
HBIM MAacCHBOM, Ha TIpUMEpE MPOXOIIECKO-OUHCTHOTO KombaiiHa «Ypan-20P» mpous-
BozcTBa OAO «Korelckuii ManHOCTPOUTETHHBIA 3aBOIY.

Hcxoanble 1aHHBbIE MPOXOIYECKO-0UHCTHOTO KomMbaiina «Ypaia-20P»
Initial data of the Ural-20R borer miner

IMAPKA KOMOAIHA. ... ceventeeiteniieeteiesttenteeteestesteestesbeett e teestenbeebeesbesbeesee bt ssbenbeeseenbesbeenbenbeentenbeeneenseas Ypan-20P
Pannyc NCTIOMHUTEIBHOTO OPTAHA, MM .....cutiuteuterttententeeutentenstenseestesesieessesseessestesseensesseensesseensesseenensenns 3100
PafiyC PE3LOBOTO JIHCKA, MM .....cutiuiitieitenienseententeestenteeueentesueenteestestesteessenseeutentesseensesseensesseentenseennensenne 1280
YacToTa MEPEHOCHOTO BPAIICHUS, O0/MEH ......verveereerieerensessseseeseesesseessesseessessesssessesssessesseesessesssessesssenses 4.2
KoaruecTBO Pe30B Ha PE3LOBOM JIHCKE, IIIT. ....eeurteurrerireenteenureeneeenseeasseenseesnseenseessseenseesnseeseessnesnseenseeennes 15

I'pahuk 3aBUCHMOCTH KOJIMYECTBA PE3LOB Z  , KOHTAKTUPYIOIUX C TOPHBIM MACCH-
BOM, B 3aBUCHMOCTH OT yIJIa IOBOPOTA MCIIOIHUTEIFHOTO OPTaHa (@ M BEICOTHI TOAPYO-
Ku H B TIOTICPYCHHOM CEUCHHHU TPENCTaBIeH Ha pHuc. 3. BricoTa moapyOku mpuHUMA-
nace B auanazone or 100 go 3100 mM ¢ marom B 300 MM.

AHann3 MOCTPOSHHON 3aBHCHMOCTH TOKa3all, YTO yBEIMYECHHE BBICOTHI 32005 10
BEJIMYMHBI pajiiyca KOHTYpa, OMHCHIBAEMOTO TUIAHETAPHO-IMCKOBBIM HCIIONHUTEIb-
HBIM OPTaHOM R , IPHBOIMT K POCTY KOJHYECTBA PE3LOB, KOHTAKTHPYIOIIHUX C 3a00€M.
IIpu 3TOM mepuon, Korjaa UCIIOTHUTENBHBIN OPraH He B3aUMOICHCTBYET C TOPHBIM Mac-
CHBOM, COKpaIiaercsi.

YBenuueHue BhICOTHI 33605[ OT BCJIMYHMHLBI pajnyCa KOHTYpa, OIMMCBIBACMOI0 UCIIO0JI-
HUTCIIBHBIM OpPraHoOM RV, A0 BCJIMYHMHBI TUaME€Tpa KOHTYypa HUCIOJHUTCIIBHOIO OpraHa
D, conpoBoXaaeTcss POCTOM KOJIMYECTBA KOHTAKTUPYIOIIMX PE3LIOB, IIPU 9TOM XapaK-
TEPHBIC BBIIUIECKH KOJMYECTBA B3aUMOJICHCTBYOIINX PE3L[OB HAOIIONAIOTCS B IEPHOJIC
H € [R; 2200].
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Hepnomﬂ PE3KOIo YBCINMYCHUA WJINW YMCHBUICHUA KOJIMYCCTBA PE3I0B, B3aHMOJIei/‘I-
CTBYHOINUX C I'OPHBIX MaCCHMBOM, MOT'YT IIPUBOJUTH K aMINIMTYIHbBIM IWHAMUYCCKHUM
Harpyskam Ha IIPpUBOJHBIC CUCTEMBI UCIIOJIHUTCIIBHOT'O OpraHa.
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VYroa noBopoTa HCTIOIHUTENBFHOTO OpraHa ¢, Tpaj

Pucynok 3. 3aBHCHMOCTb KOJMYECTBA PE3LOB, B3aUMOJCHCTBYIONIMX C TOPHBIM MAacCHBOM OT YrIja
MOBOPOTA UCHIOJIHUTEIILHOTO OpPraHa M BBICOTHI ITOAPYOKH
Figure 3. Dependence of the number of cutters in contact with the rock mass on the executive body
rotation angle and the undercutting height

BoiBoabl. MaremMarnyeckasi MOJIEb B3aUMOJICHCTBHS TUIAHETAPHO-THCKOBOTO HC-
MOJHUTELHOTO OpraHa ¢ TOPHBIM MAacCHBOM B PEKHME TMOAPYOKHU TJIacTa MO BBICOTE
YUUTHIBACT MOCTOSHHO M3MEHSIOIICECS KOJIMYSCTBO PE3IIOB, B3aWMOACHCTBYIONIUX C
TOPHBIM MacCHBOM. KOJTHUECTBO Pe3IOB OMPEAEsIeTCs YIIOM IIOBOPOTA TUIAHETAPHOTO
WCIIOJHUTEIBLHOTO OpPraHa M BEICOTON MOAPYOKH.

BI)IHBHCHHI)IC 3aBUCUMOCTHU MOFyT 6I)ITI) HUCIIOJIB30BAHELI B OHpe)ICHCHI/H/I Hany30K,
JEHCTBYIOIIMX HA IPHUBOAHYIO CUCTEMY HCIIOJHUTEIBHOIO OpraHa MpPOXOAYECKO-
OYKMCTHOI0 KOMOaiiHa.
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Interaction of the mining machine planetary-disc body with the rock mass
in the undercutting mode

Gennadii D. Trifanov', Vladislav D. Kuoza!
! Perm National Research Polytechnic University, Perm, Russia.

Abstract
Introduction. Borer miner with a planetary-disc executive body works in the mode of full cutting
cross-section and undercutting the seam height. Undercutting mode takes 30 % of the total working
time and is accompanied by high dynamic loads on the driving system of the cutting unit, which
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affects the premature wear of the main working units of the combine. The peculiarities of this
mode are permanent changes in the number of cutters that are in contact with the rock mass. That
is why for today the task of mathematical modeling of the process of a rock mass destruction by a
planetary-disc executive body is relevant. The first step is to determine the number of contacting
cutters depending on the cutting disc rotation angle and the undercut height.

Research objective is to build mathematical dependences for determining the count of contacting
cutters as a function of the executive body rotation angle and the undercut height.

Methods of research. The design diagrams are based on principle design of planetary-disk
undercutting body of borer miner. Dependencies are derived from theoretical studies of the of
planetary-disk geometry.

Results. The results of the research are as follows: design diagrams and mathematical dependencies
for determining the count of contacting cutters depending on the rotation angle of the shearer and
the height of undercutting. Dependence of the count of contacting cutters on the operating unit
rotation angle and undercutting height for the Ural-20R borer miner is obtained.

Conclusions. Application of mathematical model on the example of the Ural-20P borer miner
has shown that there are periods when the count of contacting cutters jumps which may result in
amplitude dynamic loads. The results of the work allow mathematical modelling of loading of the
borer miner executive body drive system.

Keywords: borer miner; undercutting mode; undercutting the seam height;, mathematical model;
cutter.
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