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FUNCTION OF THE COUPLINGS IN MODERN DRIVES OF MINING MACHINES

Summary. This article presents selection principles of the type
of couplings for drives of mining machineslfor example: conveyors,
ploughs or vibrating screens. It has been stated, that starting
couplings in the drives of the belt and scraper conveyors can be in
many cases replaced by cheaper permanent flexible couplings, that
are producing in Poland, Overload couplings in the scraper conveyors
and coal ploughs should be located on slow speed shaft of the drive
but this condition requiers creating a new construction of high
torque overload couplings,

INTRODUCTION

In the drives of the mining machines for example: conveyors or ploughs
in the coal-mining most often used are cage electric engines and make
start easier in the case of big power drives-starting couplings. In the
drives, due to many appearing dynamics overloads coming from work machine,
jsoupling should have the lead of mechanic "safety device™. The character
of starting belt and scraper conveyors depend largly on drive characteris-
tic, change of the following work parameters in time: electric engine,
coupling and moment of resistance, Unproportionste resistance moment
coming from: work machine (for example:strikes of the lump of coal for
idlers, unequal feeling up the chutes, etc,), electric engine (dynamic
characteristic), should be "filtered™ by the coupling. Complicated dyna-
mics processed in the slectromechanic systems (general in the system:
engine-work machine) require calling special attantion to the lead of
coupling in the drive jL2J. In the case when unproportionate resistance
moment from work machine achieves big values, in mechanic drives of coal
machines, must be situated on suitable stage of the gear-overload coup-
ling. In the drives of belt conveyors we don't wuse overload couplings,
because the lead of '"safety device" is played by friction coupling between
the pulley drive and the belt. As for today” construotiona overload
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coupling» have been used: fluid coupling« or friction clutch. These coup-
ling« was been situated in the drive moat often between electric engine
and high speed shaft of the toothed gear. Location of the overload coup-
ling on the high speed shaft of the jdrive protects from overload only
the electrio engine. The ohoioe of suitable types of couplings and places
of their location in the drives of scraper conveyors (or AFC) and ploughs,
has a decisive importance in correct end realieble work of these machines.

STARTING COUPLINGS FOR BELT AND SCRAPSR CONVEYORS

As the starting couplings in these machines many years we have been
using fluid (hydrocinetic) or more often powder couplings (specially in
power industry) £1.¢]. It is using for drives of power over 1*0 k¥. ¥e
haven't got any technical premises for rigid keep of this usage of the
border for starting couplings. In many technical works has been ascer-
tained £1.2), that choice of coupling type for the drive should be analy-
sed indyvidually, depending of the kind of machine and conditions of its
state and starting work. This is due to the usage of starting coupling
deciding only mass of inertia. The drive should during the starting time
accelerate this mass get over and overbalance the motor moment over the
resistance moment of the work machine. Big power drives in slope conveyors
but rather short may have permanent flexible couplings, because a large
part of engine power is predestinate for lifting the mass on definite
valtltude and only rest of that power is used for overcoming inertia of
the conveyor. The confirmation of necessity of using the drive starting
coupling, can be obtained by numbering simulation of the work conditions
of the machine, that was done on the example of belt conveyors by means
of computer program SYPTA-83. Symulation programs due to the enormous
development of computers, specially microcomputers, become supporter
tools for designers and users of these machines. Experiences based on
application of high flexible couplings such aa ZERKOPOL (fig.1l, tab.l)
in drives of scraper conveyors (AFC) in the "Knurov" Mine, allow to assume
that in the machines of big dynamic, in the starting and constant period,
we can use suecesfuliy permanent flexible couplings instead of (fluid)
(dydraulio) couplings.

But what kind of features should the flexible coupling has, that we
can use in the drive instead of starting coupling? Technical parameters
of this coupling should mark high elasticity of ccranectors (big angle
of torsion) and large factor of dumping. Of course, for the programs of
computer symulation it is necessary to have the knowlege of dynamic
characteristics of the flexible coupling. Utility values of the flexible
coupling are the following:high durability of the councetores and service
simplicity, for exampia:replacement of the vearod commotor without the
unecessity of putting away the engine.
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d)

Fig. 1. Construction of the flexible couplings for shafts

a - with radial disassembly connectors (type TS 130 - ZERKOPOL), b - with
axial disassembly connectors (type TS 2U0 - ZERKOPOL), ¢ - membrane coup-
ling, d - pins (busches) coupling
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It is also important, that the price of the flexible couplings are lower
than the price of starting couplings, used now. Table 1 presents use
areas of particular types and sizes of couplings for drives of machines
used in coal and strip mining. Presented flexible couplings of ZERKOPOL
(fig. 1 a and b) in the table 1, don't show all the types of permanent
flexible couplings (for example: fig.1 ¢ and d), produced in Poland now.
On principle, pemament flexible coupling in big power drive of work
machine should have high elasticity and dumping. High level of elasticity
makes that oritical speed rotation n”. of drive is to be under idle
running of machine. High dumping in the coupling makes it possible to get
small amplitudes of vibration, that have evoked by irregularities of ro-
tation. This feature is in particular important when rotation crossing
through resonance area, but in the over critical area small dumping is
profitable. Requirement of high torsion elasticity assumes that using
soft elastomer for connectors of coupling which always gives weak dumping.
These features of the coupling determined by its characteristic, that we
describe by stiffnes C and dumping K. The characteristic may be static
or dynamic, depending on torque, which is taken into consideration
(fiB. 2):

With regard for their characteristic, couplings may be of constant
stiffnes (fig. 2), with dumping or not and non-linear characteristic.
Depending of the kind of work machine
M1 and drive engine (electric motor or
combustion engine), the influence of
coupling on non-constant carry on
torque is great.
For coupling with dumping by preli-
minary stress, the dynamio factor
multiply amplitude of vibration is:

Fig. 2. Characteristic of the

¢ - where: nn - nominal rotation of drive,
flexible coupling

n” - rotation of resonance sys-
tem.
Dumping faotor of flexible ooupling is [l..1j (fig. 1):
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wherei A”™- th® area of workdumping' during 1 cycle of work,
Ag - the areaofelastic deformation for 1 cycle of work.

For flexible couplings, suoh ZERKOPQL, the dumping factor has obtai-
ned Y 3 1,05, couplings with rubber connectors Y = 0,80. The maximum
increase of torque in the drive will
be during resonance period, when
njt = n”~ (fig. 3). In this oase:

~ AT TTs f
max fy \Y%
and is 6 for ZEKKOPOL couplings and
Fig, 3, Multi factor of vibra- 7,85 for rubber connectors couplings
tion amplitude (type SPP). From figure 3 we see, that
high elasticity coupling has profitable
influanee on dynamic peculiarities of drive system only than V < 1,1, it
is whom n~/n™ 7> V?2.
The high elasticity coupling should still work on over critical rota-
tion (n ;>350 rpm), crossing resonance on the beginning of the period of
starting, when dynamic moment isn't too high.

OVERLGD COUPLINGS FOR SCRAPER CONVEYORS AND COAL PLOUGHS

In the machines with hydraulic drives the problem of overload coupling
doesn't appear. This function has been dene by overflow valve located
in front of work mechanism in the pressure network. In the mechanic dri-
ves, the problem of overloads coming from work machine (for example!
exceptional cutting resistance, start of full loading scraper conveyor
and so on) should be solved by location of overload coupling on the sui-
table shaft of the drive. As for today constructions of drives:scraper
conveyors, coal ploughs, reclaimers and wheel excavators we use the
following couplingsipermanent flexible, fluid or multipledlso cultch.
These couplings are “safety device” of the drive and they are located
between electric engine and high speed shaft of the toothed gear. The
problem of the best choice of place for overload coupling can be solved
only by means of overloads size anaiyssis, that occur on the separates
stages of these mechanism. Vhen we accept, that a drive of the machine
is a system of double masses, then the maximum load moment in this system
will be equal (fig, k):
J *
MRax “ “op * Mt sin i cut——’— e V=M
J1 + J2

where: —static resistance moment of work machine during starting.
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Engine Work
machine

Fig. *. Drive model of conveyor or coal plough

In such e drive we define nominal factor of overload Y1, that charac-
terize possibilities of overloading work machine and loading interval,
where overload coupling should work [I,.2].

*  lta*
*1 Op
Overload factor of drive has the shape:

- in the starting period on a first shaft of drive:

M
12 C— + X,

op . ?ait. -II
Iy + 1 *7 Mop

in the brake period on a first shaft of drive:

*ih * - %zr 'j(afﬁ IZJ-r Fggh

where:
M - moment of alectrie engine,
My - brake moment,
Xzx,=11+12 - reduced moment ofinertia (fig. U),
Moph ” r®i*tanc® moment of machineduring braking.
During starting most overloads in the drive will occur on the engine

shaft, when it gets maximum moment. In the brake period, in the mechanism
will take place the active resistance moment Mpij» it comes from large
moment of inertia of work machine. Stream of power flows in this case,
from the work machine to the brake. Overload faotor of drive on *i* stage
of drive, during breking period will be equal:
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Fig. 5. Overload coupling of the Vestfalia Liinen Company (Vest Germany)
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Stykato  thacsnika - Slyf* 0o Wyiqczntha
SUrkKa rozewrzeé _ Silmka rozewrze¢
gnat przecigzana \ iygnat przecjazenia
d% innej przektadni / \_ (ngne f%z)
przjgstac Arzesytowy— .
Sprzegto Sprzegto
zasprze$(té zasprzegtic
Styk wytacznika Styk wytgcznika
Silnika zewrze¢ silnika zewrzec¢
| |
impulsy Naped N'aped Impuicy
usunac gtéwny pomocniczy usunac
Strugtem Simetem
pracowac pracowac

Fig. 6. Prinoipla algorithm of the overload coupling indrive of coal
plough«
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In — x
ioph = 12m x o1

This formula shows tha necessity of looating the overload ooupling on
slow speed shaft (the closest to work mechanism), specially In machines
of big moment of Inertia and small efficiency of these mechanisms. Small
efficiencies of mechanisms are result multistage toothed gears using In
drives (for example differential gears). It is due to the of neoessity
assuring minimal rotation speed of the work mechanism. Using overload
coupling on a alow speed shaft of the drive require building new genera-
tion of overload couplings with Immense torque (Mm = 25 - 200 kNm).
Some companies specialising In overload couplings already have first new
oonstruotion of these couplings. For example, Westfalia Lunen Company
(Vest Germany) In the new construction of coal plough use overload coup-
ling (fig. 5) located on last shaft In the gear of drive. It"s multi-
pledisc coupling with control torque. Functioning algorithm of this
coupling In the drive of plough can be see on fig. 6.

«gtgcrrxK cUntetuowy

Fig. 7. Shams of hydraulio control by moment of the overload coupling
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Sprzegto i Sprz t
wytacza sne wytaczasie
*ji>° Si>0

| \
Hamulec i Silniki Ham ulec2
wtgcza sie wytgczajg sie w}a,cza5|e
'ni* o

Mmwltt i Hamulec 2
wytacza sie Strug gotowy wytacza Sie
Sprzegto i tfopracy Sprzegta!
witacza sie witgcza sie

Fig. 8. Principle working of the overload coupling in drive of the coal
ploughs
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Studies on now construetion of high moment overload couplings are car-
ried in some designing centers in Poland. Ve can also find overload cou-
plings, where connectors have the shape of small globules, the quantity
of pressure to the discs of couplin and quantity of tourque in the cou-
pling maybe controlled, for ©rampie hydraulically (fig. 7). Working
principle of such coupling in the drive of coal plough can be see on
fig. 8.

CONCLUSIONS

- Using starting oouplings in drives of conveyor« and coal ploughs should
follow starting analyssis of maximum loaded machines. Ve should oreat
mathematical models of these machines and with the help of computer
starting symulation oaloulate starting time. It permits that designer
of the machine to deoide about the necessity of starting coupling
application.

- In the oaee of short starting time of conveyor drive or plough we shoud
use much cheaper permanent flexible couplings.

- Taking into consideration a large ununiform loading in scraper con-
veyors, coal ploughs and vibrating screen, we recommend using flexible
oouplings with high elasticity (torsion angle ¥ - 38°) and large dum-
ping factor or ZERKOPOL type. In drives of belt conveyors because of
belt elasticity we can use simple and cheaper flexible couplings with
connectors or joint flexible type SPP.

- Ve should creat Polish construction of overload coupling for scraper
conveyors and coal ploughs that would have a big torque, which could
be located on slow speed shaft of the drive.
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DOBOR SPRZEGIEL. DO WSPOECZESNYCH HAPEDOY MASZYK GORNICZYCH

Streszczenie

¥ artykule przedstawiono zasady doboru typu sprzegta do napedéw maszyn
gérniczych takich jakj przenos$niki, strugi lub przesiewacze. Stwierdzono,
ze sprzegta rozruchowe w napedach przenos$nikéw tasmowych i zgrzebtowych
mozna w wielu przypadkach zastgpi¢ duzo tanszymi sprzegtami nieroztgczo-
nymi podatnymi produkowanymi w Polsce. Sprzegta przecigzeniowe w napedach
przenos$nikéw zgrzebtowych oraz w strugach powinny by¢ usytuowane na stop-
niu wolnoobrotowym napedu, co wymaga jednak stworzenia nowej konstrukcji
sprzegiet przecigzeniowych wysokomomentowyeh.

nOFIBOP My$T jyiH GOBPmEHHHX nPHBCFFiOB rOEHoiX MMHH

Pe 3 jiie

B ciaibe npe~ciaBjieHH npmmHnu no”fiopa inna ay$TH ~jih npHBOfla ropnux ua-
mKH iaKHx KaK: KOHBeiiepn, cipyroBHe. yciaHOBKH, rpoxom h apyrna. AOKaau-
BaeTca, kio pa3rCHBbie Ny$iH b npKBo”™az Jiemohhkx KOHBeitepoB bo MHornx cxy-
Haax mokho 3aMesHTb 6o/ree ~emeBHMH, HepastetMKMH, noAaiAUBHini My$raaH.
npe,uoxpaHHiexoHHe MyepiH b npuBoaax OKpebkobhx KOHBeiiepoa, a lasse b cipyro-
bhx yoiaHOBKax aqjikHbi Swib pacnoJiOBBEK aa cTeneHH MeaaeHHO Bpagai£»nerocH
npHBOfla, hio OAHaKo ipeCyei co3flaHHH Kosoii kohotpyimHH npeAoxpaHHTexbHHXx
BHCOKOIOVEHTHHX  IWWAT .



