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Abstract. The paper investigates the design of roller guides used in vertical shafts of mining enterprises for rigid
reinforcement, consisting of beam and box shots and conductors - rail or box ones. Guiding devices for providing
directional movement along the depth of the vertical shaft in cable guides for various lifting vessels (stands,
counterweights, skips) have been analyzed, their advantages and disadvantages have been determined. On the basis of
the analysis, structures have been developed that provide directional movement using roller guides for double rope-
profile conductors connected by a frame and fixed on cantilever-damping firing points, which allow damping horizontal
dynamic forces in the frontal and lateral planes. Research, development and implementation of roller guide structures for
double rope-profile conductors, providing a reliable connection between the vessel and the guide double rope-profile
conductor, makes it possible to achieve:

a) high smoothness when moving in double rope-profile conductors;

b) reducing the influence of the twisting of the ropes;

c) extending the service life of roller guides, due to the use of more rollers in one device and rubber material;

d) increasing the service life and trouble-free operation of the guides;

e) a significant reduction in the level of vibrations in the frontal and lateral planes;

f) reducing the frequency of contact of the safety guide paw with the enclosing profile of the rope-profile conductor,
therefore, reducing its wear as a result of abrasion;

g) reducing the effect of stitching with coal or ore dust on the durability of the bearing assemblies of roller guides;

i) increasing the service life of the roller guide axles due to the simultaneous contact of the rollers and the rope-
profile conductor and the redistribution of the load;

j) reducing the effect of the curvature of the conductors on the wear of the system elements in case of violation of
the shaft lining;

k) ensuring standard gaps at a safe level between the guide foot and the rope-profile guide.

Keywords: mine vertical shafts, roller guides, twin-profile rope guides, skips, cages, counterweights, vessel safety
guiding legs, cantilever firing.

Guides used in the mining industry are: - open-type sliding guides; - closed-type
sliding guides; rolling guides. Serially manufactured open-type sliding guides (paws)
have a rigid structure and are used to work in pairs a vessel (cage, skip,
counterweight) with box-shaped rail conductors such as UNS 1-250, UNS 6-250,
UNS 7-250, with wooden conductors (fig. 1).

Closed-type sliding guides are used when vessels move in rail conductors (rigid
reinforcement [1]) and in rope conductors (flexible reinforcement [2]), which are of
various types (Fig. 2).
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a - rope guides; b - rail conductors

1 - mounting plate; 2 - clutch; 3 - insert

Figure 2 — Design of a closed sliding guide

The total clearance between the guide sliding shoes and the lifting vessels in
accordance with the regulatory requirements of the Safety Rules in Coal Mines:
NPAOP 10.0-1.01-10 (hereinafter - SR) [7] along the shaft depth is:

a) for rail conductors - 10 = 8 mm;

b) for wooden - 20 £ 10 mm.
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The total clearance between the contact surfaces between the shoes and the
conductors during their installation, at the base mark, is:

a) for rail conductors - 20 mm;

b) for box-type ones - 30 mm;

Shoes must be replaced when the conductor is worn on one side: - for rail tracks
over 8§ mm; - for box-type ones more than half the wall thickness. The depth of the
throat of the shoes for rectangular conductors is 110 mm [7].

In addition, there are roller guides of the NKP-260, NKP-320 types, designed by
the SE “Donetsk Research, Design and Experimental Institute for Complex
Mechanization of Mines”, “Dongiprouglemash™ (Fig. 3) and without shock
absorbers (Fig. 4), which make it possible to ensure the directed movement of the
vessels in the box-shaped conductors and to protect them from abrasion by the
guiding paws. The movement of the vessel with the help of guides of the NKP type
will make it possible to achieve an increase in speed and smoothness of movement as
a result of vibration damping due to the use of rubberized rollers.

Figure 3 — NKP Guide rollers with shock absorbers Figure 4 — NKP Guide rollers

Roller guiding the movement of vessels in the conductors, along with the
advantages and disadvantages, namely:

a) there 1s a frequent failure of rolling bearings when moving in bent conductors;

b) stitching with coal dust and spilled coal, which leads to jamming of the rollers;

c) rupture of the rubber roller at the welded joints of box conductors and
accumulations of rust in the device;

d) curvature of the axis and destruction of bearings when moving in bent
conductors of the barrel reinforcement.

For reinforcement with rope-profile conductors (hereinafter RPC), rollers of the
NKP type are used, however, there are no standard roller guides for double
gearboxes. Therefore, there is a need to develop designs of roller guides, which will
reduce the existing drawbacks and ensure damping and smoothness of the vessel in
double RPCs.

The purpose of the research. The research is based on the task of finding and
developing designs of roller guides to ensure the movement of the vessel in double
RPCs, to ensure kinematic communication in the frontal and lateral directions and to
achieve the following results:
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a) ensure a long trouble-free service life;

b) increase the service life of rolling bearings and axles;

c¢) reduce the likelihood of rupture of the rubber roller at the welded joints of
conductors;

d) to increase the period of trouble-free operation and reliability of the guide
device;

e) reduce the level of frontal and lateral vibrations due to rollers;

f) to increase the reliability of the kinematic connection in the "vessel-conductor"
system,;

g) significantly reduce the frequency of contact between the safety slide and the
conductor;

1) significantly reduce the wear of the conductor by the safety sliding paws.

Research materials and results. The shaft reinforcement RPCs are located on
opposite sides in the middle of the vessel and are interconnected by means of a
connecting frame (Fig. 5), which is attached to cantilever shots 3 [5, 6], fixed with
anchors 7 in the shaft lining 4. Directional movement is provided with using rollers
located on three sides, with the RPCs turned 90 ° and interconnected by a connecting
frame, which does not allow the conductors to approach or move away in the
horizontal plane, which ensures compliance with all the required SR [7] standard
clearances between the shaft support and the vessel.

Figure 6 shows a diagram of the reinforcement for four vessels (coal skips of the
SNT-32 type) moving in double RPCs 2 with the help of frame 6 located on the side
of the vessel from the side of the shaft support 4. The connecting frame is attached
with a movable joint to the cantilever shot 3 [5, 6] with a damper block. Directional
movement of the vessel is carried out by means of rollers of the NKP type, located on
three sides by means of a frame (Fig. 6).

Figure 7 shows View A, the structure of the RPC 2 with rollers 5, consisting of
the bordering profile of the RPC 2.1 with ropes 2.2, rotated by 90°. Parts of the staple
2.5,2.6, 2.7 and ropes 2.2 (type 42-G-1-N-1372 with a steel core in accordance with
GOST 7669-80) are tightened together using hexagon bolt connections 2.8 and fixed
in the enclosing profile 2.1, which is closed with a cover 2.3, with holes for fastening
the truss 6.1 and for bolts 2.8, part 2.5 is rigidly welded into the enclosing box. Frame
6 connects two RPCs together, limiting the approach of the conductors to each other
and not allowing them to diverge from each other (see Fig. 5, 6).

On the frame of rollers 5.3, rollers 5 with a flange 5.1 are fixed on three sides,
which is attached to the lid of the vessel 1 through a shock absorber 5.4. using a
movable joint 5.5.

Figure 8 shows a section 1-1 of the RPC with the rollers attached to the frame 5.3,
with the rollers arranged in two rows vertically, and the frame is made in such a way
that it covers the conductor from three sides and is fixed to vessel 1 through the hinge
5.6. Roller frame 5.3. has the ability to move in the "frontal plane" back and forth,
while a shock absorber 5.4 with a spring is fixed in the frame shoulder, which is
hinged 5. 5 1s fixed to the vessel 1.
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1 - lifting vessel (cage); 2 - RPC; 3 - cantilever execution; 4 - trunk support; 5 - roller;
6— connecting frame; 7 — anchor

Figure 5 — Scheme of a two-stand lift with double gearbox guide rollers

6— connecting frame; 7 — anchor

Figure 6 — Tier of 4 skips with double RPCs and guide rollers
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1.1 - guide paw; 1.2 - inserts; 2 - RPC; 2.1 - the bordering profile of the RPC; 2.2 - rope; 2.3 - back
cover; 2.4 - rear cover attachment unit; 2.5 - the back of the bracket; 2.6 - intermediate part of the
bracket; 2.7 - the extreme part of the bracket; 2.8 - hex bolted connection; 5 - guide roller; 5.1 -
roller flange; 5.2 - mounting the roller; 5.3 - roller frame; 5.4 - shock absorber; 6 - connecting
frame; 6.1 - frame fastening; 8§ - bolted connection

Figure 7 — View A

The rib of the rollers 5.1 covers the RPC 1 from the side of the attachment of the
connecting frame 6 (see Fig. 7, 8) and provides a reliable kinematic connection
between the vessel and the RPC, when the vessel moves and vibrations are damped
by rubber rollers. In the lateral plane, the directional movement without abrasion is
damped by rollers on one side, and roller flanges on the other, and taking into account
that the roller guides of one vessel are interconnected (see Fig. 6) by means of a
traction.

The double number of rollers in the frontal and lateral planes ensures reliable and
durable operation of the rubber cord in contact with the surface of the conductor,
reliable connection of the vessel with the conductor and vibration damping.

This design of roller guides for the movement of vessels in the conductors without
wear of the conductors allows to halve the number of cantilever shots in the longline
and their anchoring to the shaft support, reduce their length, as well as increase the
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rigidity of the longline and provide a reliable flexible kinematic connection in the
“vessel-reinforcement” system.

1 - vessel; 2 - RPC; 5 - guide roller;

5.1 - roller flange; 5.2 - mounting the roller;
5.3 - roller frame; 5.4 - shock absorber;
5.5 - fastening the roller to the vessel,
5.6 - fastening the frame to the vessel,
5.7 - spring; 6 - connecting frame

Figure 8 — Section 1-1

Conclusions. As a result of the research carried out on the structures, existing
guides to ensure the directional movement of the vessel in the conductors, their
disadvantages and advantages were determined, as a result of which the designs of
guiding devices for double RPCs were developed, the introduction of which will
allow:

a) ensure a long trouble-free service life;

b) increase the service life of rolling bearings and axles;

c¢) reduce the likelihood of rupture of the rubber roller at the welded joints of
conductors;

d) to increase the period of trouble-free operation and reliability of the guide
device;

e) reduce the level of frontal and lateral vibrations due to rollers;

f) to increase the reliability of the kinematic connection in the "vessel-conductor"
system,;

g) significantly reduce the frequency of contact between the safety slide and the
conductor;

1) significantly reduce the wear of the conductor by the safety sliding paws.

In general, the development of designs of guiding devices for double rope-profile
conductors allows the use and widespread use of double RPCs in cage, skip hoists,
ensuring their long-term operation due to reduced wear and significantly extending
the service life of the entire shaft reinforcement.
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AHoTauif. Y po6oTi AocnimKeHO 3acTOCOBYBaHi Y BEpTUKaNbHUX CTOBOYpaXx MPHUYMX MIgMNPUEMCTB KOHCTPYKLi
POMMKOBMX CMPSIMOBYIOUMX [Nsl XOPCTKOTO apMyBaHHS, WO CKNagaeTbcs 3 OankoBux i kopobyaTtux posCTpinie i
NPOBIAHWKIB - perkoBux abo kopobuaTux. MpoaHaniaoBaHO cpsMOBYOYI MPUCTPOI ANs 3abe3neyeHHs CnpsMOBAHOMO
PYXy Mo rMnubuHi BepTUKanbHOro CToBbypa y KaHaTHUX MPOBIGHMKAX 415 PI3HWX NiAKOMHUX NOCYOuH (KMiTel, NpoTuBar,
CKMMiB), BW3HAYEHO iX nepeBark Ta Heponikn. Ha ocHOBi aHanisy po3pobneHo KOHCTPYKUii, wo 3abe3neuyoTh
CMPAIMOBAHMA pyX 3a [OMOMOTO PONMKOBMX CMPSIMOBYIOYMX ANS 3[BOEHWUX KaHaTHO-NPOMINbHUX MPOBIAHMKIB,
3'eJHAHNX PaMOI0 i 3aKPINNEHUX Ha KOHCOMNbHO-AEMNAYOHMX PO3CTpiNax, Wo A03BONAKTL AeMNgYBATU FOPU3OHTarbHI
OMHaMivHi 3ycunns y noBosin i BivHin nnowmHax. JocnimkeHHs, pospobka i BNpOBamMKEHHS KOHCTPYKLiA POMMKOBMX
CNPAIMOBYIOUMX A1 30BOEHUX KaHATHO-NPOGINbHUX MPOBIAHMKIB, O 3abe3nevyloTb HadiiHWA 3B'SA30K NOCYAWHM i
HanpaBnAYOro 34BOEHOMO KaHATHO-NPOINLHOMO NPOBIAHMKA, 403BONSE QOCATTY:

a) BUCOKOI NNaBHOCTI X0y Nif Yac pyxy Y 30BOEHWX KaHATHO-NPOINbHUX NPOBIAHMKAX;

6)3HWKEHHS BNMBY Bif KPYTiHHA KaHaTiB;

B) NPOJOBXKEHHS TEPMiHY CIy6U PONMKOBKX CMIPSAMOBYIOYMX 38 PaXYHOK 3aCTOCYBaHHS BinbLUOi KiNbKOCTI PONnKIB
y 0QHOMY NPUCTPOI | MaTepiany rymu;

r) NABULLEHHSI TEPMiHY cny0u | Be3aBapiiiHoi poboTh CNpSMOBYHOUMX;

) 3HAYHOTO 3HVKEHHS PIBHIO KONMBaHb y No6OBIN i BivHIN NNoWmHaX;


mailto:AORubel@gmail.com
mailto:AORubel@gmail.com

ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eotexniuna mexanika. 2021. Ne 159 57

€) 3HWXKEHHS 4acTOTM KOHTaKTy 3anobikHOi HanpaBns4oi nanu 3 OropomKyBarbHWM nNpodinem kaHaTHO-
NPOGINbHOrO NPOBIAHMKA, OTXKE, 3BMEHLLNTI MOr0 3HOLLEHHS BHACRIAOK CTUPaHHS;

) 3MEHLLEHHS BNAMBY 3aLITMOOBKM BYTiNbHUM ab0 PyAHUM MWUIIOM Ha SOBrOBIYHICTL pOOOTY MIALUMMHUKOBMX BY3NiB
POMUKOBUX CMPSMOBYHOUMX;

1) 30iNbLUEHHST TEPMiHY CnyxOu OCeil PONMKOBMX CMPSAMOBYHOUMX 3@ PaxyHOK OQHOYACHOTO KOHTAKTY POJSMKIB i
KaHaTHO-NPOINLHOTO NPOBIAHMKA | Nepepo3noziny HaBaHTaXEHHS;

i) 3MEHLUEHHS BMAWBY BUKPWBIMEHHS NPOBIAHWKIB HA 3HOLUIEHHS EMNEMEHTIB CUCTEMW 3@ YMOBM MOPYLUEHHS
KpinneHHs cToBbypa;

K) 3abe3neyeHHs HopMaTUBHUX 3a30piB Ha Be3neyHoMy piBHI MiX HaNPaBMsOYO0 Nanok i KaHaTHO-NPOMINLHUM
MNPOBIgHNKOM;

KntouoBi cnoBa: LwaxTHi BepTUkanbHi cTOBOYpPYW, PONWKOBI CNPSMOBYHOYI, 3ABOEHI KaHATHO-NPOWINbHI NPOBIAHWKY,
CKinw, KniTi, NpoT1Baru, 3anobixHi HaNPsIMHI nanu CyanH, KOHCOMbHI PO3CTpINK.

AHHoTauus. B pabote uccnenosaHsl NpUMEHsSEMbIE B BEPTUKANbHbIX CTBOMAX FOPHbIX NPEANPUATUIA KOHCTPYKLMM
POMMKOBBIX HaNPaBMsOWMX ANS KECTKOW apMUPOBKM, COCTOSWEH M3 6anouyHbiX W kopoByaTbiX paccTpenoB U
NPOBOOHWMKOB - PENbCOBLIX MM kopobuaTtbix. [poaHanu3upoBaHbl HanmpaBnsoWMe YCTpOWCTBa Ans obecneveHums
HanpaBneHHOro ABMXEHNS Mo rnybuHe BEPTUKANbHOMO CTBOSIA B KAHATHbIX MPOBOAHWKAX AN Pa3nuYHbIX NOABEMHbIX
COCydoB (KneTel, MPOTUBOBECOB, CKWMOB) onpedeneHbl WX [OCTOMHCTBA W HepocTaTku. Ha ocHoBe aHanwsa
paspaboTaHbl KOHCTPYKLMKM, obecneynBaroLime HanpaBneHHOe ABKEHWE C MOMOLLbIO POSIMKOBLIX HANPaBASOLWMX ANs
COBOEHHbIX  KaHaTHO-MPOMPUIbHBIX  MPOBOAHWKOB, COEAWHEHHbIX PaMOM W 3aKPEMNEHHbIX Ha  KOHCOMbHO-
JeMndupyowmx pacctpenax, nossonsiowmx AemnupoBaTb ropU3oHTanbHble AMHAMUYeckue ycunus B 11o6oBon U
Bokoson nnockoctu. Kccnegosanne, paspaboTka W BHEAPEHUE KOHCTPYKLUWMA POMMKOBBLIX HANpaBMsloWmMx Ans
CABOEHHbIX KaHaTHO-NPOMUIbHBIX NPOBOAHWMKOB, 0OECneuMBalOLLMX HaAEXHYI0 CBS3b COCYAa W HampaBnsHoLLEro
COBOEHHOTO KaHaTHO-NPOUBLHOTO NPOBOAHMKA, NO3BONSET JOCTUTHYTH:

a) BbICOKOW NNABHOCTM X0fa NPy ABWXEHNN B CABOEHHbBIX KAHATHO-NPOMMIbHbLIX MPOBOAHMKAX;

0) CHVWXEHMS BNMAHUS OT KPYYEHUS KaHaTOB;

B) NpoAneHus cpoka cnyxBbl PONMKOBBLIX HANPaBNSAOLLMX, 32 CHET NPUMEHEHNS GOMbLUErO KONMYEeCTBa PONUKOB B
OLHOM YCTPOWCTBE 1 MaTepuana pesuHbi;

r) NoBbILLEHUS CpoKa cnyxBbl 1 6e3aBapuitHoN paboTbl HaNPaBMAOLLWMX;

[) 3HA4YNTENBHOTO CHIBKEHMS YPOBHS konebaHuit B o6oBOM M BOKOBOW NMOCKOCTAX;

€) CHKEHWS YacTOTbl KOHTaKTa NPegoXpaHUTENbHON HanpaBnsioLel nanbl ¢ orpaxaaroLwm npodunem kaHaTHo-
NpohUnbHOrO NPOBOAHMKA, CEA0BATENBHO, YMEHBLUEHNS €ro U3HOCA B pedynbTaTe UCTUPaHNS;

X) YMEHbLUEHNS BIUSHUS 3aLUTbIOOBKM YrOMbHON U PYLHON MbINblo HA AONTOBEYHOCTb PABOThl NOALMMHUKOBbIX
Y3108 POSIMKOBBIX HAMPABNSOLLWX;

1) yBEnuYeHus cpoka cnyxbbl 0Ceil PONMKOBbIX HaNPaBNSOWMX 3@ CYET OLHOBPEMEHHOTO KOHTaKTa POMMKOB U
KaHaTHO-NPOUIBHOTO NPOBOAHWKA W Nepepacnpesenerus Harpy3ku;

K) YMEHbLIEHNS BMWUSAHUS MCKPUBMEHUS MPOBOAHWUKOB HA W3HOC SMEMEHTOB CUCTEMbl NPU HApyLUEHUM Kpemwu
CTBONA;

n) obecneyeHns: HOPMaTWBHBLIX 3a30p0OB Ha 6e30MacHOM YpPOBHE MeXZy HanpaBnstoen nanoil U KaHaTHO-
NPOUNbHBLIM MPOBOLAHUKOM.

KnioueBble cnoBa: LWaxTHble BepTUKanbHble CTBOMbI, POMWKOBbIE HANPaBMAKLIME, COBOEHHbIE KaHaTHO-
NPOUNbHbIE NPOBOAHUKM, CKWMbI, KNETW, MPOTUBOBECHI, NPeOOXPaHUTENbHbIE HanpaBnAoLMe nanbl COCydoB,
KOHCOIbHbIE PacCTpenbl.

The manuscript was submitted 16.08.2021
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