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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 losses at rated loading.

1. Introduction

Lately, fluid couplings are more often applied in Poland for drives in many
branches of the national economy. In power engineering, adjustable couplings are
used — for example: drives of pumps supplying power unit boilers, drives of emer-
gency starting pumps, dredging pumps, fan mills in 360 MW units. There are aiso
produced starting fluid couplings for mining and power engineering purposes which
allow cooperation of the electric drive with the working device. Besides, there is
a2 demand for fluid couplings for car and construction machine drives. Especially
the demand for high power couplings used in mining and power engineering (drives
for belt conveyors and long coal feeding devices etc.) is growing. These products
are at present imported. Therefore the need arose for developing own designs and
technology of high-power starting couplings. Research was started by the Institute
of Fluid-Flow Machinery of the Polish Academy of Sciences in Gdafisk and it was
financed by the Government Sponsored Research Program PR-8 — direction 6. The
objective was to enable designing a high-power starting 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 performance characteristics is used. The former start-
ing couplings were of constant, predetermined filling which formed a tightly cio-
sed structure. They were designed to enable starting the electric motor and the
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Fig. 1.- Characteristic M = f(s) of a typical
starting coupling
100 M, — rated moment, M, — moment at starting,
s(%] / M, — maximum moment

machine. The performance characteristic of such a coupling is shown in Fig. 1.
There is a quite large;nominal slip S, ~3-5% which determines the flow efficiency
n=1-—8,=097-0.95 and has constant, set once for all, characteristics and limited
power for one coupling because of limited possibilities of receiving and discharging
heat.

Because of their cooperation with an electric motor the basic requirements which
these couplings must fulfill is matching the coupling characteristic to the motor
characteristic. In pragtice the coupling characteristic is assumed to be correct one
(Fig. 1) if M, < 22 M, and M, > M,, where: M, — maximum moment which
can be carried by the coupling, M, — performance moment of the coupling at rated
- loading, M, — starting moment of the coupling (at slip S = 100%).

In order to ensure that these conditions are fulfilled, the designs contain certain
modification: as introduction of the various types of additional chambers and so-
-called baffles (gates), nonsymmetric flow s _{stems and obliquely situated blades
(angle B < 90°). Additional 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, intermal diameter of these impellers. The object of using them is to
cause “internal draining” of the coupling thanks to decreasing the amount of liquid
circulating between the impellers, in the range of large and medium coupling slips
caused under influence of a defined type of forces by liquid flux from the work chamber
to the additional coupling chamber situated outside the flow system. Diagrams of
such couplings are shown in Fig. 2

ny

Fig. 2. Diagrams of starting/overload fiuid couplings: a) with static selfdraining, b) with dynamic self-
draining, ¢) fluid coupling of SH series of types made by the K. Swierczewski Mining Tools and Machinery
Works in Katowice

1 - pump impeller, 2 — turbine runner, 3 — rotating envelope, 4 — gate, KU — additional chamber, KS — damming chamber,
KR — starting chamber, n, — speed of input shaft, n, — speed of output shaft



A New Concept of a Fiuid Coupling for Belt Conveyor Drives 37

In the type SH starting fluid couplings, worked out in the design office of the
mining machinery industry and manufactured, by the Gen. K. Swierczewski Mining
Tool and Machinery Works in Katowice, is used a coupling with a nonsymmetrical
flow system in the form of nonsymmetrical caps with the additional chamber at
the pump impeller side and with a shield (see Fig. 2¢). ‘

It should be stressed that the most commonly used in turbomachines adjustable
type fluid couplings — which form a separate group of fluid couplings — cannot
be used for cooperating with electric motors for driving large mass machines or
machines with large mass moments ‘of inertia. The basic difficulty which precludes
the use of couplings of adjustable type in these drives most often is due to the
mstability of coupling work which occurs at partial filling and during work in the
large slip range. Besides, another disadvantage precluding the use of adjustable
fluid couplings instead of starting couplings is their filling control system which
should be adjustable. This is impossible in case of typical starting couplings, because
of the required simplicity of the driving system.

2.2. Requirements which should be fuifilled by the coupling according to the new concept

In the light of the remarks contained in Section 2.1, when working out the con-
cept of a new coupling, the objective was to obtain such a starting flgid coupling
which: :

1) would be characterized by torques in accordance with the ones shown in Fig. 1,
and with the possibility, of matching the torque to a given type of electric motor;

2) could transmit rated power in a relatively wide range; -

3) could ensure work with nominal slip S, = 1-2%, i.e. at correspondingly high
efficiency = 0.98-0.99; ' '

4) would enable increasing the coupling boundary power limited by thermal
reasons.

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

Fig. 3 presents a diagram of the new concept of a starting fluid coupling, which
would fulfil the requirements presented in Section 2.2. The design consists in:

L. Determining during standstill before starting, the liquid ievel in the coupling
Slling of the coupling) by selecting an appropriate external overall height (e.g. h,,
#.. . etc.), flange 8 or situation of the scoop 4. : \ ‘

2. Running-in the coupling at determined and fixed in the above way amount
of iquid which influences the torque curve during starting of the coupling (Fig. 3).

3. Further filling during and after starting of the coupling, until complete filling
o = 100% is attained, as shown in Figs 3 and 4.

4. Selecting proper flow intensity of the liquid supplying the coupling, in order
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Fig. 3. Diagram and principle of operation of the new concept coupling
1 — pump impeller, 2 — turbine runner, 3 — rotating envelope, 4 — scoop, 5 — coupling casing, 6 — coupling supply pipe, 7 — outlet
tube with overall, 8 — throttling flange, 9 — pipeline for draining liquid from coupling, 10 — liquid surface directly after starting the
motor, 11 — liquid surface at ¢ = 100% (some time after starting), 12 — liquid surface before starting at position b, of component 7,
. 13 — liquid surface before starting at position h, of part 7, b — gap between rotating envelope and casing, I, /, — consecutive scoop
positions, adjusting maximum filling of the coupling

to obtain the required speed at which the torque transmitted by the coupling' in-
creases, so that it is fitted to the motor performance characteristic.

5. Selecting an approp#iate coupling flow system ensuring stable work and opti-
mum performance curves 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 can 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 system and rotating envelope
3 throught the pipeline 6 (Fig. 3). Some of the liquid flows out through the gap b bet-
ween the rotating envelope and casing 5. The rest, after attaining a certain constant
level, flows out of the coupling through the scoop 4 and the outlet tube. The overall
height h,, h,, ..., 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
increases 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, = 1-2% is
attained. From this moment, liquid flowing into the coupling flows out exclusively
through scoop 4. The complete coupling filling time from starting, ie. the rate of
torque increase (curve I in Fig. 4) depends on Q, and may be changed in order to
match the coupling characteristic to the motor characteristic. The supply of liquid
must be closed after stopping the coupling, because within 1-2- minutes from motor
stopping, the level of liquid stabilizes by itself.
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It should be mentioned that when the machine is driven simultaneously by two
or more electric motors (this happens sometimes in drives of long coal conveyors),
by changing scoop protrusion J 1 - I (Fig. 3) the maximum coupling filling may be
adjusted and thereby the nominal torque transmitted at constant nominal slip §

mance characteristics of the coupling M = f(S, ¢) shown in Fig. 4, where: § —
coupling slip: ¢ — filling; M — torque transmitted by the coupling. This method
allows work of the coupling at nominal load and very small slip of 1-2%. Charac-
tenistics presented in F ig. 4 can be obtained by selecting an appropriate flow system,
smsuring — among others — the small coupling slip at nominal torque and stable
work within the whole range of slip variation.

4. Final Remarks and Summing-Up Comments

A starting fluid coupling made in accordance with the new concept is characterized
¥ the following features:

1. It ensures the possibility of matching the starting characteristic to the motor
characteristic.

2. It enables coupling work at nominal load with very smail slip of 1-2%,
t=. smaller than the slip in typical starting couplings of traditional design.

3. It ensures that the external coupling supply system has a larger heat capacity
2ad better possibilities of heat dispersion than in case of constant fill couplings.
Thss allows to increase the nominal coupling power,

4. It allows for the possibility and facility of changing the starting torque which
“ogether with simultaneous large amount of transferred heat allows to increase the
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range of transmitted power by a small change of the coupling flow efficiency at
nominal loading. E.g., decreasing efficiency # from 0.99 to 0.98 enables to double the
transmitted nominal power. ‘

5 It ensures that if several motors work for one power receiver the loading of
cooperating motors may be corrected by adjusting the maximum coupling filling
through changing scoop protrusion. '

6. The new concept starting couplings have a more complicated flow and instal-

lation system than constant fill starting couplings, which increases its cost and is

a disadvantage. ,

Basing on the presented concept and the results of model tests which confirmed
the performance and energy advantages, the starting coupling SHP-630 of power
N = 630 kW was designed at the Institute of Fluid-Flow Machinery of the Polish
Academy of Sciences in Gdansk. Production has been undertaken by the Zaklady
Mechaniczne Gornictwa i Energetyki ,Wiromet” in Mikolowo. Two prototype
couplings will be ready in the first quarter of 1986 and mounted in drives of long
coal conveyors in the dry ash disposal system of Belchatow Power Plant.
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Nowa koncepcja sprzegla hydrokinetycznego do napedu przenosnikéw tasmowych
Streszczenie

Artykul poswiecony jest opisowi nowej koncepcji sprzegla hydrokinetycznego rozruchowego, prze-
znaczonego do wspélpracy z silnikami elektrycznymi przede wszystkim w napgdach przenosnikow tasmo- |
wych. Idea nowego sprzegla polega na ustaleniu odpowiedniego poziomu cieczy W sprzegle przed startem, ‘
wypelnieniu ‘sprzegla ciecza bezposrednio po starcie i ciaglej pracy sprzegla przy pelnym wypelnieniu,

a wiec przy wysokiej sprawnosci energetyczne;. Uzyskano to dzigki zastosowaniu zewnetrznego obiegu
cieczy roboczej, wyposazonego w zbiornik, pompg zasilajaca, a takze przewody rurowe. Optymalny
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poziom cieczy roboczej w sprzegle przed startem z uwagi na wspotprace sprzegla z silnikiem elektrycznym
napedowym zgodnie z rysunkiem 3 uzyskiwany bylby przez dobér wysokosci przelewu h, lub tez kryzy
diawigcej 8. Dobrany poziom cieczy w sprzegle przed startem réwnoznaczny bylby z uzyskiwaniem
przez sprzeglo wymaganej, z uwagi na prace silnika elektrycznego, charakterystyki ruchowej podanej
na rysunku 1.

Typowe sprzegla hydrokinetyczne rozruchowe, ktérych uklady przeptywowe podano na rysunku 2,
pracuja przy niepelnym wypelnieniu cieczg ukladu przeplywowego. Sprawnosc¢ energetyczna tego typu
sprzegiet jest przez to obnizona i wynosi = 095097 Sprz¢glo wg proponowanej koncepcji pracowatoby
przy calkowicie wypelnionym ukladzie przeptywowym, a uzyskiwana sprawno$¢ energetyczna, potwier-
dzona badaniami modelowymi, wynosilaby 7 = 0,98 -0,99. Sprzeglo hydrokinetyczne wg nowej koncepcji
charakteryzowaloby sie ponadto mozliwoscia lepszego dopasowania charakterystyki rozruchowej sprzegta
do charakterystyki silnika, wigksza pojemnoscia cieplng niz sprzggla rozruchowe o statych napelnieniu,
co pozwala na zwigkszenie mocy nominalnej sprzegla, a takze mozliwoscia rozszerzenia zakresu prze-
noszonej mocy. Wada proponowanego sprzegta jest jego wigkszy koszt i nieco bardziej skomplikowana
instalacja w napedzie. =

Hosas xonmenmms ruIpoxuneTHIECKol My@Thi /ISl NPHBOJa KOHBEEPOB
Pe3rome

Craths nOCBsIEHA ONMCAHMIO HOBOW KOHUETIMH TMAPOKHHETHYECKOH MyCKOBOH MYQTH, npen-
S23HAYCHHOW IUIA COACHCTBUS C SNMEKTPONBHraTe/sIMA MpEX/e BCErO B NMPUBOJAX KOHBeepoB. Mies
2080# My(]THI 3aK/I0YAETCA B YCTAHOBJIEHWH COOTBETCTBEHHOrC YPOBHS KHIKOCTH B MydTe mepen
TYCKOM, HATIOHEHHM MY(QThI KHIAKOCTBEO HEMOCPEICTBEHHO MOCIE HYCKA U HEMPEPLIBHOM pabGoTe MydTHI
D TOJIHOM HANOJIHEHH, T.€. DK PabOTe C BLICOKHM 3HAYCHHEM JHEPrETHIECKOTO K.ILI. DTO NOCTHTHYTO
S3arosapsi NPUMEHEHHIO BHELUHETO UK/ paGoyedi KHAKOCTH, OCHANIEHHOTO pe3epByapoM, NMUTAKIIMM
=2C0COM M TpyGonposofamu. ONTHMABHEIA YPOBEHb XHIKOCTH B MydTe mepen MyCKOM, C y4éTa Ha
SOACHCTBHE MY(THI C IPHBOAHBIM 3JIEKTPOJBUTATENEM, COTJIACHO C PHC. 3, GBUT GBI OCTHIHYT OyTEM
9750pa BBICOTHI NEPEJHBA /i WITH Ke KPOCCENBHONO coma 8. OToGpaHHbI YPOBEHB XUAKOCTH B MydTe
meped nyckoM Gbini Obl 0HO3HAYEH ¢ paGoTON My(TH 1O XapakTepHUCTHKE HECGXOAMMOI C yuéTa Ha
72B0Ty 3NeKTPOABUTaTENA, TIPEACTABIIEHHOM Ha puc. 1.

TunuyHble NYCKOBBIE TUAPOKHHETHIECKHE MyDThI, KOTOPHIX MPOTOYHBIE CUCTEMBI TIOKA3AHb! Ha pHc. 2,
2200TaIOT NPH HETONHOM HATIOJHEHHH KHIKOCTEIO NPOTOUHON cucTembl. W3-3a Toro SHEPreTHYECKHiA
£.0.1. TAKOTO TMNA MYMT JOCTHracT HU3IIHAE 3HAYCHUS n =0,95+0,97. MydTa no npeanaraemoit KoH-
SETIME I0JDKHA paGOTATh NPH NOJTHOM HANOJHEHM NPOTOYHOR CHCTEMBI, 4 3HAYCHUS JHEPreTHYECKOrO
§.5.1., IOATBEPXK/AEHHbIE MOJCILHBIMH MCCICAOBAHUAMHE NOJDKHBI JOCTHraTh 7 = 0,98 +0,99. T'unpo-
smEeTHYECKAs My(Ta 0 HOBOH KOHIENIHMH JOJKHA KPOME TOTO XapakTEePH30BAThCS BO3MOXHOCTBIO
F¥SIIETO NPUCNIOCOGIEHHs NYCKOBOH XAapaKTEPUETHKM My(ThI K XapaKTEpUCTHKE JBUraTtensd, Gombmeii
TERIOEMKOCTBIO YEM TEMIOEMKOCTD MY(T € IOCTOSHHBIM HAMOJHEHHEM, YTO TIO3BOJISET YBEITHYUTD HO-
WHEHEATBHYIO MOIUHOCTE My(IThI, 4 TaKKe BO3MOXHOCTBIO PACHIMDEHHS NPE/ENA MEPCHOCHMON MOLIHOCTH.
HM3ssHOH npennonaracMoli My(Thi SBNsETCS ed GONMbINAS CTOMMOCTS H HEMHOro Gojee KOMILIHIHPO-
SAHHLIA MOHTAX B CHCTEME NPUBOAA.



