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PE3IOME

B nmoknaga ca nokasanu npegumcTeata ¥ HeAoCTaTbLMTe Ha PyOHUYHWUTE NOAEMHMU ype,u,6|/| C MHOTOCINOWHO HaBMBaHe Ha MOLEMHOTO BbXe npn usnonseaHe Ha
NPBbCTEHOBUAHM W CNPanoBNOHM KaHann Ha UunuHapuyeH 6apa6aH. Onpe,qeneHM Ca OCHOBHW napameTpy Ha nogemMHaTa MalluHa U ycnosuaTa 3a Bb3HUMKBAHE Ha
[Pe30HaHC Ha NOAEMHOTO BbXe npu MHOrOCOAHOTO My HaBMBaHe Nno cxemata C NPbCTEHOBUAHW KaHanu.

BBLBEAEHME

Mopagu u34epnBaHe Ha TEXHUYECKMS pecypc 3a GesonacHa
N edekTBHa paboTa ronsma YacT OT PyOHWYHUTE NOAEMHM
ypenbv ca eduH OT OCHOBHWTE (hakTOpW, KOUTO npegonpe-
LEnsT HepeHTabunHocTTa Ha nogseMeH JOOMB Ha MOME3Hu
u3konaemw B cTpaHata. ETo 3allo 06ocHoBaBaHETO 1 130OPBLT
Ha eheKTMBHU PELLEHMS 32 MOLEPHN3aLMs U PEKOHCTPYKLMS
Ha PIY B ekcnnoataums ce siBfBa efHa akTyarnHa 3agada. B
(KbpuenuH, 1998) e o6ocHOBaHO peLueHe 3a MOAepHNU3aLms
W pekoHCTpyKumus Ha PITY Ha w.KanutanHa, Mopy6co - Magan
ype3 [oCTaBkaTa Ha HOB UunuHApuyeH OapabaH c
MHOTOCO/iHO HaBWBaHE Ha NOLEMHOTO BbXe.

B Penybnuka Bbnrapus He ce ekcnnoatupat BepTUKanHu
PrY c¢ MHorocnoiiHo HaBMBaHe Ha MOAEMHOTO Bbxe. B
[EeiCTBalLMs MpaBWMHUK MO TexHudecka BesomacHOCT
(MpaBunHuk no 6e3omacHocTTa..., 1969) Ha TO3M BbMPOC €
OTOEneHo TBbpAE OrpaHnyeHo MAcTo. Teau obcTosTencrea
onpegenuxa 3ajavata 3a NpedBapuTeNiHO uM3crnedBaHe Ha
peauua Bbhpocu OT Teopuata Ha PIY ¢ MHOrocnomHo
HaBMBaHE Ha MOAEMHOTO BBXE C LieNn MomnyyeHuTe pesyntatu
fa Ce uM3non3BaT MpW W3FOTBSHETO HA OKOHYATESHWUTE
NPOEKTHW pelleHns. B HacTosawms Joknap 3a npeactaBeHu
4acT OT Te3un pe3ynrTaTy.

1. CbLWHOCT Ha MHOTOCNOWHOTO HaBWBaHe Ha NOAEMHOTO
BbXe.

3a yBenuyaBaHe BMCOYMHATA Ha MOAEM MPU OMpeaenieHu
YCIOBUSI € Bb3MOXHO [a CE M3MOnaBa M peLueHne ¢ MHOro-
CMOWHO HaBWBaHe Ha MOAEMHOTO BbXe. [pu [4BYCRONHOTO
(MHOrOCroMHO HaBMBAaHE), pasnuyaBame [Be PasHOBUAHOCTY:
C pasrnonaraHe Ha MOAEMHOTO BbXe OT MbpBAS CNOW B
CNMpanoBWAEH KaHar 1 ¢ pasnonaraHe Ha NoOAEeMHOTO BbXe OT
MbPBUS CIIOI B NPBLCTEHOBUAEH KaHar.

Queypa 1.

BwB BTOpMS Cryyan (¢our.1) Ha noBbpxHOCTTa Ha BapabaHa
He ce u3paboTBa CNMPanoBUaEH KaHarl, @ MHOXECTBO NpbCTe-
HOBWOHM KaHanW pasnonoxeHn emuH fo Apyr. CbluiecTsyBa
obauve rnagka usuua ot 6apabaHa, Ha KOATO HaAMa pebopau u
KOSTO Ce M3MecTBa Ha HSKakbB brbil [ CNpsMO oCTa Ha
HapabaHa.

MHOTOCIONHOTO HaBMBAaHE C MbPBU CMUPANOBUAHO Pa3Nomno-
XEH Coii MMa crieaHuUTe NpeauMCTBa:
- NeCHO 1 TEXHONOrMYHO Bb3MOXHO W3paboTBaHe Ha
CMWpanoBuUOHWS KaHam C MeTanopexely MaluHu B
3aBOICK YCMOBMS;



- NeCHO MPUNOXMMO MPW MPEeMUHABAHE OT EeAHOCMONHO
KbM [ABYCOMHO HaBMBaHe B MpOLEC Ha HaBNM3aHe B
AbnBoynHa Ha fafeHa LwaxTa.

Hegoctatbum:

- 3aKnMHBaHe Ha BLXETO MpU NPeMUHaBaHe OT CMoW B
cnon mexay pebopaa Ha 6apabaHa v nocnegHata BUTKa
Ha BBLXETO OT NMPEAXOAHUSA CIION;

- HeyeTHWs CMoiA ce pasnonara no ClMpanoBUaIEH KaHar, a
YETHWS! M3BBLPLUBA ABOMHO CKOKOODBPa3HO npemecTBaHe
Mpu NpeMWHaBaHe OT BUTKa Ha BUTKa 3a BCEkW 0BOPOT Ha
OapabaHa ¥ NpousTMYalLM OT TOBA AMHAMWYHW YCUMKUS
BbB BBHXETO;

- 3a0bIXMTENHO M3paboTBaHE Ha 3ambBall KNMWMH ChbC
CrOXHa KOHGMrypaumsi W pasnonaraHeTo My B npexoaa
OT Cro¥i B cnow (cur. 2).

MHOrOCrONHOTO HaBKBaHe C pasnofiaraHe Ha MbPBUS CIOW B
NPBCTEHOBMAHM KaHaIM UMa CrieJHWTE NpeauMCTBa:
- BbBXETO W3BbPLIBA EAMHMYHO CKOKOOBGpasHO mpemecTBa-
He OT BWTKa Ha BUTKa 3a BCekn 060poT Ha GapabaHa;
- MOYTWM HambfIHO OTCbCTBA 3aKMWHBAHETO HA BBKETO
mexay pebop aa Ha 6apabaHa 1 nocneaHaTa BUTKa.

Hepoctatbuy:
- 3aTpypHeHo u3paboTBaHe Ha MPbCTEHOBUAHM KaHanu C
Hanuuue Ha rmaaka M3MecTBalla ce YacT;
- 1ogxosla CXema 3a HOBM MaluuHM M3paboTeHu npu
3aBOACKM YCMOBUSI.
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Queypa 2.

2. M36op Ha pauuoHanHM napameTpu Ha nogeMHaTa
MaLuMHa NPY MHOTOCIIOWHO HAaBUBaHE Ha MOAEMHOTO BbXKe
Mo cxemata C NPbCTEHOBMAHU KaHasM.

bronbT Ha HaknoHa B (dur.1) Ha rnagkata 4act Ha
BapabaHa kbM ocTa Ha GapabaHa M MPOABIKUTENTHOCTTA Ha
rnagkata vact ¢, rad ce onpegens no uspasute (QumaLiko un
ap. 1969):
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kbOeTo d e guameTbp Ha BbXeETO;

D - anametsbp Ha GapabaHa;

€ - PA3CTOSHNE MEXDY BUTKUTE;

f - KOeMUMEHT Ha TpueHe “Bbxe Mo Bbxe” B 3aBu-
CUMOCT OT CbCTOsIHMETO Ha cmaskaTa (0,1 - 0,14);

lMopaau CNoXHUTE aHanUTUYHK U3pasu ronemuHute Ha F(f)

n F(¢) ce onpegensaT no guarpama Ha cur. 3. (Qumatuko u gp.,
1969). Tosa no3sonsBa aa ce onpegenar Bu ¢ .
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Queypa 3.

YcnopeaHoTo HaBMBaHe Ha BbXETO KbM pebopaa 1 B croe-
Be Ce noJlyyasa no cxemarta Ha dur. 4. [oHexe WupuHaTa Ha
HapabaHa B 1 gnameTbpa Ha BbxkeTo d ca 3apadeHu, To 3a aa
Ce U3MbMHW OafeHaTa CxemMa 3a HaBMBaHE Ha MOAEMHOTO
BbXe MOXe [a Ce Bapupa CaMo C € U n - Bpost HaBMBKM Ha
MbPBUS CroiA, koUTo TpsIbBa 4a ca Lenu Yucna, onpeaenequ
no n3pasute
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Queypa 4.

PaLIMOHaﬂHMTe FTONIEMWHN Ha bIMUTE Ha AeBualuA, 0bes-
nevyasally yCcnopeaHoTo HaBMBaHE Ca NPUINOXEHN B Tabn. 1.

Tabnumua 1

bronbT Ha [geBuauus TpsaGBa Aa e B rpaHUUMTE:
P<oc 1,300 (MpaBmnHuK no 6e3onacHocTTa ..., 1969).

TakoBa M3uMCrIeHNe MO3BOMSBA AOCTATbYHO TOYHO [a ce
ONpefensT napamMeTpuTe Ha MHOTOCNOMHOTO HaBMBaHE C
MPbCTEHOBUAHM KaHaNW.

3. YcnoBua 3a Bb3HWKBaHe Ha pPe30HaHC B CTpPyHaTa Ha
BBHXKETO.

lMo-rope Gewe otbenssaHo, Ye mpu cxemata Ha MHOrO-
CMOMHO HaBMBAHe CbC CMMParoBWOHO Pa3MoNOXeH MbpBM
CrOiA, NpW BCEKM YETEH CrOW BHXETO W3BbpLUBA [JBOWHO
CKoko0Bpa3HO ABMKEHWE Ha BCekn 0BopoT Ha Oapabana, T.e.
3a Bceku 0b6opoT Ha OapabaHa ce HabmiopaBaT ABa yLapH
umMnynca.

Mpv [apeHu ycnoBus YecToTata Ha Tesn yaapHU UMMmyncu
MOXe fAa CbBMafHe C yecToTata Ha COOCTBEHUTE HampeyHu
konebaHWs Ha yyacTbka OT BBXKETO, PA3NONOXeH Mexay
BapabaHa v HanpasnsBaLuTe Wanbu.

ToBa siBNeHNe ce Hapya Pe3oHaHC 1 Moxe Aa NpeansBuka
CUMHM HanpeyHW [BUKEHUS Ha CTpyHaTa Ha BbXeTo, B
PEe3yNTaT Ha KOETo BLXETO MOXeE [1a U3CKouM OT peGopauTe Ha
HanpaBnsiBalyaTa Waiiba, koeTo e Beye aBapuiiHa CUTYaLus.

YecroTaTta Ha NpuHyauTenHuTe konebanus, onpegeneHa ot
YAapHUTE UMMYNCY NpU NPEXOa Ha BLXETO OT BUTKA Ha BUTKa
we 6bae (Oumaiko v ap., 1969).
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kbaeTo n - Bpon 06opoTu Ha HapabaHa 3a MUHYTa;
¢ - BrbN Mexay 4BOMHMS YAAPEH UMNYIC, KOWTO ce
onpegens Ha 6asata Ha w3pa3 (dumawko u ap., 1969)
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KbOETO T, € WHTepBarn OT BpeMe MexXgy Mbpeus yaapeH
MMNYNC 1 BTOPUS YAAPEH UMMYIC;

T - WHTEpBan OT BpemMe CbLOTBETCTBAL, Ha eauH
obopoT Ha bapabaHa;

) - BIb Ha Npexofa (KOOpAMHUpaLL brbr), ur. 2.

brenbT Wy ce onpeaens cbrnacHo guarpama Ha dwur. 5
(Oumawwko v gp., 1969) B 3aBUCMMOCT OT bIbfia Ha eBuaLms.

CobcTBEHATa YecToTa Ha HanpeyHuTe konebaHus e ce
Onpeaenu cbrnacHo upasa (Anekcees, 1975):
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KbOeTo L e pa3cTosiHMe Mexay BEpTUKanHUTE OCK Ha opraHa
3a HaBWBaHe ¥ HanpaBnsBaLunTe Wanbw;

Q - kpaeH TOBap C OTYMTaHE TErNoTO Ha BBLXKETO;

€0 - NOPAAbK HA pe3oHaHca - 1,2,3...;

q - IMHENHO TEerno Ha BLXETO;

O - bl Ha AesBhauus.
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Queypa 5.

0,08 a,rad

3a pa ce wusberHe pesoHaHca TpsbBa fa e Hanuue
YCIOBUETO:



Pn £ Pc (1)

3a fa ce M3MbMHM TOBA YCIOBME MOXE Aa Ce Bapupa C
napametpute Q, L, a, q, D/d Ha nogemHata malumHa.
3AKMHOYEHNE

HOHyHEHMTe pesynTaTti ca n3non3saHn npu U3roTBAHETO Ha

MPOEKTHUTE PELLEHNs 33 MOAEPHW3ALMS 1 PEKOHCTPYKLMS Ha
PIY Ha w.KanutanHa — Mopybco, MapaH.
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INVESTIGATION OF MINE HOIST WITH MULTI-LAYERED COILING OF HOISTING ROPE

llia lochev

University of Mining and Geology
“St. Ivan Rilski”
1700 Sofia, Bulgaria

ABSTRACT

Pros and cons are shown for the mine hoist systems with multilayer coiling of a rope using annular and spiral grooves of a cylinder roll. Main parameters are set for
hoist machine and conditions of resonance of hoisting rope by its multilayer coiling according to a scheme with annular grooves.

INTRODUCTION

Exhausting of technical resource for safe and effective work
of a great part of the mining hoist systems is one of the main
factors for non-profitability of underground mining of minerals
in Bulgaria. That is why reasoning and selection of effective
decisions for updating and reconstruction of MHS in mining
seems to be a task of the day. The decision for updating and
reconstruction of MHS at “Capitalna” shaft, Gorubso — Madan
by supplying of a new cylinder roll with a multilayer coiling of
the hoist rope was proved (Karcelin, 1998).

In the Republic of Bulgaria vertical MHS with a multi-layer
coiling of the rope have not been. In the valid rules for
occupational safety (Guidelines for Safety..., 1969) too limited
position is allotted to this matter. These circumstances set the
task for preliminary research of a series of questions from the
theory of MHS with a multi-layered coiling of a hoisting rope
aiming an application of results to design of final development
decisions. Some of these results are shown in the present
article.

1. Main point of the multi-layered coiling of a hoist rope.

Decisions with a multi-layered coiling of a hoist rope may
also be applied for increasing the height of uplift under definite
conditions. There are two different kinds of two-way multi-
layered coiling: with stating of the hoist rope from the first layer
in a spiral groove and with stating of the hoist rope in a annular
groove.

In the second case (fig.1) many annular grooves, situated
one by the other are formed on the roll surface, instead of a
spiral grooves. However, there is a smooth stripe on the roll,
without rims on it, and displaced at an angle 3 from roll axis.

The multi-layered coiling with a first spiral situated layer has
the folloving advantages:

- simple and technologically accessible working out of the
spiral groove by metal-sawing machines in manufacturing
conditions;

- easily appliable for transition from one-layer to two-layer
coiling in the process of penetrating in depth of the shaft.

Figure 1.

Disadvantages:

- wedging of rope by the passing from layer to layer
between roll rim and the last coil of previous layer;

- the odd layer is located on a spiral groove and the even
layer performs a double shifting by transition from coil to
coil on every revolution of the roll and consequent
dynamic efforts in the rope;

- the compulsory working out of a filing wedge with a
complex configuration and its situating in the transition
from layer to layer (fig. 2).

The multilayer coiling with positioning of first layer in annular
grooves has the folloving advantages:
- the rope performs a single shifting from coil to coil for
every revolution of the roll ;
- the wedging of rope between roll rim and the last coil is
almost totally missing.

Disadvantages:
- difficult manufacture of annular grooves with presence of
a smooth shifting part;
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- appropriate scheme for new machines for manufacture. f— coefficient of friction “Rope to rope” depending on
lubrication (0,1 - 0,14);

However, complex analytic expressions for values of F(f3)
and F(¢) involve determination by the diagram in fig. 3.
(Dimashko etc., 1969). That enables 3 and ¢ to be set.

ﬂ FO)J Fo)
of 41 1 s 0,8—3,2\
X s - F(¢) f=014
g 0.6 3,0
o ] 2 04l 28 \/%"‘zw
| e | AW Npiva F(B)%\
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Figure 2. ’ f=0,10
2. Selection of rational parameters of the hoist machine b —
the multilayer coiling gf hoisting rope according to thz 0 24 0 004 008 012 0,16 ¢ld
scheme with annular grooves.
The angle of slope B (fig.1) of the roll smooth part towards Figure 3.
the roll axis and the length of smooth part ¢, rad is specified by
the expressions (Dimashko etc. 1969): The parallel coiling of rope to the rim and in the layers

happens according to the scheme in fig.4. As roll width B and

rope diameter d are preset, the only values that may be

D changed are € and n — number of the coils in the first layer that

tgp = 2H1 + EH d F(B) (1) must be integers, specified by the following expressions for the
0 dg satisfying the given scheme for coiling of hoist rope
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The rational values of deviation angles providing the parallel

coiling are attached in table.1.

] 4d2-(d+e)2+2f(d+s)] 5)

d -is the rope diameter;
D - roll diameter;
€ - distance between the coils;

FOANLIHVK Ha MurHo-2eonoxkus yHusepcumem “Ce. MeaH Puncku’, mom 44-45 (2002), csumbk [l MEXAHUSALIA, ENTEKTPUOUKALINS M ABTOMATUSALIMA HA MUHWTE

7



Woyes U. MSCIEABAHE HA PYOHWUYHA MOLEMHA YPELBA C MHOOC/TOMHO ...

The angle of deviation must be within: 19 < ¢ < 130°
(Guidelines for Safety..., 1969)

That calculation enables the parameters of the multi-layered
coiling with annular grooves to be specified accurately enough.

3. Conditions for arising of resonance in rope string.

It was mentioned above that in the scheme of multilayer
coiling with a spirally positioned first layer the rope performs a
double shift on every revolution of the roll at every even layer.
This means that every revolution of the roll brings to two
impact pulses.

For certain conditions, frequency of those impact pulses may
coincide with frequency of own transverse vibration of a part of
the rope, situated between the roll and the guiding wheels.

This effect is called resonance and may cause strong
transverse motions of rope string, resulting in rope springing
out from rims of guiding wheel, which is already an accident.

Frequency of the forced oscillation caused by impact-pulses
in the transition of rope from coil to coil is as follows (Dimashko
etc., 1969).

2n )
P.=——n, cycles/min.

¢

n - number of revolutions of the roll per minute;
¢ - the angle between the double impact pulse, set
on the basis of the expression (Dimashko etc., 1969) (fig.2);

d

. U
m(\/g.&nwo - COSWq %,S (9)

g
T =11~
g

T2 is a time interval between first impact pulse and
second impact pulse;

T -time interval corresponding to one revolution of
the roll;

wy— angle of passage (coordinating angle), fig. 2.

The angle wy is specified according to the diagram in fig.5
(Dimashko etc., 1969) depending on angle of deviation.

The natural frequency of the transverse vibrations is set
according to the expression (Alexeev, 1975):

_ £ Qg _ €0 |Q .
P, = =9 [== =94-0 /—
c L q L \q , cycles/min (10)

L is the distance between vertical axes of body for
coiling and guiding wheels;

Q - final load including the weight of rope;
€ — dimension of the resonance - 1,2,3...;
q - linear weight of rope;

a - angle of deviation.

v 4
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Figure 5.

0,08 a,rad

To avoid the resonance the following condition must be
satisfied:

Pn # Pc (11)
The parameters Q, L, a, g, D/d of the hoist machine may cbe
changed to fulfil this condition:

CONCLUSION

The above results are applied to development of design
decisions for updating and reconstruction of MHS at Capitalna
shaft Capitalna, Gorubso, Madan.
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