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STANISŁAW DĄBROWSKI, ZENON STANKIEWICZ

ln§tytut Mszyn Przey'ywowyń PAN, Gdańsk (Institute of Fluid Machinery, Polish Aedcmy of Scienm, Gdańsk}

A New Concept of a Fluid Coupling for Belt Conveyor Drives

This paper gives a new concept of a starting fluid coupling which enables changing its starting
characteristic, matching it to the motor characteristic and operation with small losre. at .ald loading. 

"

1. Introduction

LatelY, fluid couplings are more often applied in poland for drives in manv
branchęs of the national economy. In power-óngineering, adjustable 

"";pildr;;;used - for example: drives of pumps supplying lo*", ńit boilers, drives ofimer-
gencY starting Pump§, dredging pumps, fan mills in 3ó0 MW units. There are aiso
p_roduced starting fluid couplings for mining and power engineering purposes which
allow cooperation of the electric drive wiih the workingi"ui"..in";ń* th;;i;
a demand for fluid couPlings for car and construction ńachine drives. Especially
the demand for high power couplings used in mining and power engineerinj(drives
for belt conveyors and_ long coal feeding devices ń.l i, irowing.}hese iroductsare at Present imPorted. Therefore the need arose for aeviloping-o*n designs anJ
Yll9logY of high-Power starting couplings. Research was startód by the ństitute
of Fluid-Flow Machinery of the Polish Academy of Sciences in Gdańsk and it was
financed by the Government Sponsored Resear.ń P.ogru* PR-8 - direction 6. The
objective was to enable designing a high-power startńg fluid coupling with an ap-propriate performance characteristic.

2. Assumptions for the New Concept of a Fluid Coupling

2.1. Characteristics of formerly used couplings

Electric squirrel-cage asynchronous motors, commonly used for driving heavy
devices or machines with large moments of inertia, require that in the drive a start_ing fluid couPling with proper perfornlance characterisiics is used. The former start_ing couPlings were of constant, predetermined filling which fornred a tightly clo_;ed structure. TheY were designed to enable startinlg the electric nroroi 

"rio 
iń
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Fig. 1. Characteristic.M : /(s) of a typical
stańing coupling

M, - rat€d moment, Mo - moment at startin8,
, M*i,- meximum moment

machine. The performance characteiistic of such a coupling is shown in.Fig. 1.

There is a quite largelnominal slip s, -3-5oń which deterrnines the ilow efficiency

4 : 1-S, : 0,97-0.95 and has constant, §et once for all, characteristics and limited
power for one coupling because of limited possibilities of receiving and discharging
heat.

Because of their cooperation with arr electric motor the basic requirements which
these couplings must fulfill is matching the coupling characteristic to the motor
characteristic. In praqtice the coupling charaqteristic is assume<l to be correct one
(Fig. 1) il M-u*ś 2,2 M, and M6 ż Mn, where: M^u*-- maximum moment which
can be carried by the coupling, M n - performance moment of the coupling at rated
loading, Mo - starting moment of the coupling (at slip § : 100%).

In order to ensure that these conditions are fulfilled, the designs contain certain
modification: as introducti,on of the various types of additional chambers and so-
-called baffles (gates), nonsymmetric flow systems and obliquely situated blades
(angle P < 90"). Additionat chambers are used in the form of starting chambers,
damming chambers,, etc, and are located at the side of the outlet or inlet impeller and
also below the:iaternal.diarneter of these impellers. The object of using thęm is to
cause "internal draining" of the coupling thanks to decreasing the amo.rnt of liquid
circulating between the lmpellers, in the range of large and medium coupling slips
caused under inlluencę of a defined type of forces by liquid flux from the work chamber
to the additional coupling chamber situated outside the flow systeą, Diagrams of
such couplings arb shówn in Fig. 2.

Fig. 2. Diagrams of starting/overload fiuid couplings: a) with static selfdraining, b) with rlynamic self-

drłning, c) fluid coupling of SH series of types made by the K. Świerczewski Mining Tools and Machinery
works in katowice

.l pump impeller, 2 - turbine runner, 3 .otating envelope, 4 - gąte, KD additional chamber, K§ damming chambęr,

l<R - §tarting chamber, n1 - spełd of input shaft, n2 - sped of outPut shaft
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In the tYPe §H §tarting fluid couplings, worked out in the design oltice of the
mining machinery industry and manrrfactured, by the Gen. K, świerJzewski Mining
Tool and MachinerY Works in Katowice, is used a coupling with a nonsymmetncai
flow sYstem in the form of non§ymmetrical caps witń tne additional Óhamber at
the pump impeller side and with a shield (see Fig. 2c).

It should bę stressed that the m,ost commonly used in turbomachines adjustable
type fluid couplings - which form a §eparate group of fluid couplings - cannot
be used for cooPerating with elęctric rnotors for diiving large mass machines or
machines with large mas§ momęnts'of inertia. Tlre basic difficulty which precludes
ńe use of couPlings of adjustable type in these drives most often is due to the
instabilitY of coupling work which occur§ at partial filling and during work in the
large sliP range. Besictes, another disadvantage precludńg the use of adjustable
fiuid couPlings instead of starting couplings is tńeir filling control systeń which
should be adjtrstable. Ttris is irnpossible in case of typical starting couplings, because
of the required simpticity of the driving sy§tem.

2.2. Rąnirements rthich should be futfilled by the coupling according trr the new concept

In the light of the remarks contained in Section 2.1, when working out the con-
;tPt of a new coupling, the objective was to obtain such a starting łgid coupling
nhich:

1) would be characterized by torques in accordance with the ones shown in Fig 1,
and with the Possibility. of matching tlre torque to a given type of electric -oior;2i coulti transmit rated power in a relatively wide range;

*1} could en§ure work with nominal slip S" : 1-2oń, i,e] at correspondingly high
Ciciency : 0.98-0.99:

,ł.1 would enable increasing the coupling boundary power limited by thermal
:Ea§ons.

3. The Method of Realizing the New Concept of the Starting Coupling

Fig. 3 Presents a diagram of the new concept of a starting fluid coupling, włri'chrould fulfil the requirements presented in section 2.2. The design consists ń
1- Determining during standstill bęford starting, the liquid ievel in the coupling

,fi-Iing of the coilpiing).by setecting an appropriaie extern:al overall height (".e.h|,
ł-- ... etc.}, flange 8 or situation of the scooo 4.

J- Running-in the co-.lpling at determined and fixed in the above way amountc Ęuid which influences the torque curve during starting of the coupling (Fig. 3).
3. Further filling during and after starting of the coupling, until compńte ntfingł : l00oń is attained, as shown in Figs 3 and 4,
,4. §electing proper flow intensity of the liquid supplying the coupling, in order
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Fig. 3. Diagram and principle of operatioo of the new concept coupling
l pumpimpellet 2 --turbine runn€f, J .., rotalirrgenvelolr,4--smp,5 -,ouplingcasing ó -ouplingsupplypipe,7-outlet
tub€ with ove;all, 8 throttling flanga 9 - pipeline lor draining liquid from mupling /0 - tiquid surface dimtly after §tartin8 the

m§tor, 
'' - liquid surface at 9 - |00% (§oms dm€ aft€r starting), 

'2 - 
liquid sttrface bcfore §tarting at position i, of compon€nt ?,

13 -- liquid surfae before §t.ńiilg at *"$,*"::fr::I;j*,1*l,§li,Tl;;,i:l,.il,"j;" and esing, /" /, - conwutive mop

to obtain the required speed at which the torque transmitted by the coupling in-
crease§, so that. it is frrtted to the motor performance characteristic.

5. Selecting an approŃate coupling flow system ensuring stable work and opti-
murn performan@ curve§ of the coupling at various fillings.

Therefore the new concept coupling has an open circuit for supplying the work
medium like water, oil or some other liquid. Because of that, there caq be a constant
flow of liquid in the coupling also during standstill. Flow of liquid into the coupling
is opened before it is started.

The liquid with flow intensity Q" fills the flow sy§tem and rotating envelope
3 throught the pipeline ó (Fig. 3). §ome of the liquid flows out through the gap b bet-
weęn the rotating envelope and casing 5. The rest, afiter attaining a certain con§tant
lev,el, flows out of the coupling through the scoop 4 and the outlet tube" The overall
height hr, hr,..., throttle opening diameter or length of the scoop determine the
coupling filling, and are fixed at such a value that an optimum coupling starting
characteristic is obtained. After starting the coupling, i.e. after the envelope 3, and
impellers 1 and 2 begin rotating, the automatic outflow of the water through the
circumferential gap b and scoop 4 stops, and the supplied with flow intensity Q,liquid
incręases the coupling filling, topping up to the amount determined by scoop pro-
trusion. Therefore, after several minutes the coupling starts operating at complete
filling (100%), determined by scoop protrusion and the nominal slip S" : 1-2oń is
attained. From this moment, liquid flowing into the coupling flows out exclusively
through scoop 4. The complete coupling lilling time from starting, i.e. the rate of
torque increase (curve r in Fig. 4) depends on Q, and may be changed in order to
match the coupling characteristic to the motor characteristic. The suppiy of liquid
must be closed after strrpping the coupling, because within 1-2 minutes from motor
stopping, the level of liquid stabilizes by itself.
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Fig. 4. Characteristic curves'of the llow
:y..r.T,:f 

the new_conoept fluid coupling
M - I(S,9) for dilhrent coupling nnings]l _ §tarting torque curve or it" i"* *T-
cept coupling for electric motor rated tor-

queM=M"

lt should be mentioned that when the machine is driven §imultaneously by twoof more electńc motor§ (this happens §ometimes in drives or bng coal conveyors),Ę changing scoop.protrusion r, -. tr- Fig.3) th; iliil;;upling filling may berdjusted and thereby the nominal iórqo. transmitted at constant nominal stip Ę.Thb allows a@ufate u$*Jinq or uońń loading orrotor.toperating in the drive,The presented method-oicouplinj ,j:"fog.F * ło';*.d basing on perfor-rrr2'ct characteristiT..9f the couplini lł : i$,el ,ho*iln Fig. 4, where: § -coopling slip; rp - Iilting; M -Lń.lr""ii,iilł;;il coupling. This methodrllows work of the coupling 
"' no.ii"i load anJ very ;;u sfip of |-2%.Charac-crbtics presented in Fig. 4 óan be out"ii"a bł: ;ĘJ#8 

"i óp.qpriate flow §ystem,casuring -- among others - the smali coupiing stip it ""ł"a torgue and stablelork within the whole range of stip variation.

4. Finrl Rernerks and §umming.up Commenb

A starting fluid couPting made in accordance with the new con€pt is characterizedby ttc following features:

*-"ff§ures 
the PossibilitY of matching the starting characteristic to the motor

2 It enables coupling work at nominal load with very small slip of 1-2oń,ic" ęnrlle1 than the ,iip io typięl ,,"*ió couplings of tradiiional design.3, lt ensures that tń".ńro"l ;;pń §upply Jyrt"m tras a larger heat capacityd better Possibitities of heat disń;sń tłlan in-cas.-oi.onrtunt fill couplings.TLfo allows to increase tt. oornin"l'"filiog por".r.4, It allow§ for the Possibility ana raiirt! oi"ł,"ogiog the starting torque whichĘFbcr with simultaneous hró 
"rounioitransfeffi-n."i"uo*, to increase the
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range of transmltted power by a small change of the coupling flow elficiency at

nońinal loading. E.g., 
^decreasing 

efliciency 4 from 0,99 to 0,98 enables to dotrble the

transmitted nominal powęr.

s. rt ensures that if several motclrs work for one power ręceivęr the loading of

cooperating motors may be corrected by adjusting the maximum coupling filling

through changing scoop protrusion.
o.itle ,r"i.Órr".pisiarting couplings have a more complicated flow and instal-

lation system tharr cónstant fiit staiting couplings, which increases its cost and is

" '§*?:1iih. pr...nted concept and the results of model tests which confirmed

the perfoimance and energy advantages, tho startirlg cclupling §HP_630 of goye1

N : 630 kW was designeJ at the Insiitute of Flui<t-Flow Machinery of thę Polish

Academy of Sciences ń CO"łrt. Production has been undertaken by the ZakŁady

Mechan-iczne Górnictwa i Energetyki ,,Wiromet" in Mikołowo, Two prototype

couplings will be ready in the firit quarter of 1986 and mounted in drives of long

*ui.oi*yors in the dry ash disposal system of Bęłchatów power Flant.
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Nowa koncepcia sprzęgła hydrokinetycznego do napędu przenośników taśmowych

streszczenle

Artykuł poświęcony jest opisowi nowej koncepcji sprzęgła hYdrokinetlcznego iozruchowego, prze_

maczonego do wspóĘracy z sińikami elektrycznymi przede wszystkim w napędach przenośników taśmo,

wych. Ide*a nolr"go sprągła polega na ustaleniu odpowiedniego poziomu cieczy w sprzęgle przed §tartern,

,"vńi"oiu,rprĘgł" *1§"rą u.rios..arrio po starcie i ciąglej pracy sprzęgła przy pełnym wypetnienir1

" 
,"ię" poy wysotiiej ŚÓi.*nosci energetycznej. Uzyskano to dzięki zastosowaniu zewnętrznego obiegu

cieczy iouoczej, o,ypo.ażooego w zbńrnik, pompę zasilaj ąą, a takżn przewody rurowe. Optymalny
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Pozlom cieczY roboczej w sprzęg|e przed §tartem z uwagi na wspołpracę sprzęgła z silnikiem elektrycznym
naPędowYm zgodnie z rysunkiem 3 uzyskiwany byłby prznz dobór wysokości przelewu h,lub teżkryzy
dławiącej 8. DobranY Poziom cieczy w sprzęgle przed startem równoznaczny byłby z uzyskiwaniem
Przez sPrzęgło wYmaganej, z uwagi na praę sitnika elettrycznego, charakterystyki iuchowej podanej
oa rysunku l.

TYPowe sPrzęgła hydrokinetyczne rozruchowe, których układy przepływowe podano na rysunku 2,
Pracują PrzY niePełnym wypełnieniu ciecą układu przepływowego. Sprawność .n..g.ty.^u i.go typu
sprzęgieł jest przezta obniżona i wynosi lt :0,95-ł-0,97. Sprzęgło *g propono,"unej koncepcji p.u.Ńuńy
PrzY całkowicie wYPełnionym układzie przepĘwowym, a uz-yskiwana sprawność 

"n"rgótyuną 
potwier-

dzona badaniami modelowymi, wynosiłąby a : Q98-:0,99. Sprzęgło hydrokinetyczne wg nowej koncepcji
charakterYzowałoby się ponadto mozliwością lepszego dopasowania charakterystyki roziuchowej .pńiu
do charakterYstYki silnika, iviększą pojemnością cieplną niż sprzęgła rozruchowe o stałych 

"up.ńi"nio,co Pozwala na zwiększenie mocy nominalnej sprzęgła, a takżp możdiwością tazszerzenia zakrisu prze-
lowonej mocY. Wadą Proponówanego sprzęgła jest jego większy koszt i uieco bardziej skomplikowana
3§Ęlacja w napędże.

Honan KoEqeIFFrn rnAlxlxnneTf,secnof, uyQrri Afln npnBoAa KoHBeepoB

Pegrcue

Crarrs nocBrlltega onficaBxxr Hosofi roguenquu rrłApoxlłHerrłqecxofi nycronofi uyrPtu, npea-
ranxaceHHofi Alg co.qeficrpH, c 9ł€lopo.qBIłraTeJIrMIł npexIe Bcero B nplrBo.lax xorłrcepoa. łl.qer
a,orofi uYQru 3arJr}otraeTc' B ycTaHoBIeHuu cooTBeTcTBeIIEoro yponnx xIłAKocTtł r rrłySre nepeA
łcfoM, HanonHeHrłl{ ruY'Qrn xrtArocTblo lrerrocpeAcTBerxo flocJre nycxa Ił HenpepblBlrofi pa§ore rry<|rn
:P'fl EonHOM HanOJIHeHn, T.e. nprł Pa6Ore c BblcorlM 3HaqeHĘeM 9HepreTurł@(oro r.n.A. 3ro 5ocrnrrryro
6-1arołaPn nPI{MeHeErrro BHeuHero quxla pa6ołetr xxArocTlł, ocgarqćgnoro p€3epByapoM, nIłTaIoruLlM
§rcocoM rł rPY6onPorogauu. Onruualrrrrrfi ypoBelrr, xEAKocTIl a rvryrPre nepeA nycxoM, c yrćra xa
,:łricrane vYQru c npRBoAHhrM 3nexTpoABrłraTeJIeM, corJlacHo c pilc. 3; 6rur 6u AocTrrHyT nyTćM
:.l6opa BbrcoT6I ĘepeIuBa h unu xe.Ępoccgrbnoro conna 8, Oto6parrxufi ypoBeHL xIłArocTI.l o lły$re
f.P€I nYcKoM 6sur 6u oAHo3HaqeH c pa6orofi rnryrlru flo xaparTęrłcTure rrec6xoArłvofi c yvćra na
:€fury 3rerTpoAB[raTeJrr, [peAcTasJrerraoft Ha plłc, l.

Trmnqrrue nYcxoBble r[Apoxult€Tfi{ec(ne łryQru, xoTopbrx npoToqnhle cucTeMbl Eora3anbr ua pnc.2,
ła6oralor nPx HenoJrHoM uańolnegłu xll.Ęt(ocTLro nporovrofi cugTeMbl. lIl-ga roro sxeprerxvecrnfi
r,r.-l. rdroro rnna uy$r AocTura€T Ht{3ttJłe 3mqerrlłfl ą =0,95+0,97. MyQra no npe.ąraraeuofi rog-
fElluxu AonxHa Pa6orarr nplr nonHoM HaIIoJIHeHu nporornoft crrcTeMBI, a 3Haqefiilfl 3HepreTlłr1ec1oro
t:ll.. noATBepx.qćrłxue MoAefibHbtMH t{ccJleAoBanilrMl, AonxHbl AocT[raTb ry :0,98+0,99. Fułpo-
rl[}łgnłT §cris uYłPra no xosofi xoHrlenuuł AoJIxHa l(poMe Toro xaparTepfi3oBaTbc, Bo3MoxHocTbIo
,Ę§raero uPncnoco6lexnr nYcroaofi xaparTepucTl{Ktł MyQThI r xaparTeplłcTłxe ABfiraTeJIr, 6orrrruefi
:ranro€vxocrsro qev renloĆM*ocTb rrłyQr c nocTorxubtM HaIloJrH€HtłeM, qTo no3BoJIreT yBeauqnTb Ho_
lffi8źL]brrYp MoulEocTL vYQru, a Tarxe Bo3MoxHocTblo pacruup€Hlłr np€AeJIa nęerrocnuoń MoulgocTu.
l{:urroi nPelLnoraraeMofi rrłyrPru tBJtreTc, eć 6onrruae cTouMocTb rł HeMHoro 6oaee rorvrrułqrłpo-
nrnufi MoHTax B cucTeMe npI{BoAa.


