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DRIVE SYSTEMS

MECHANICAL BALL-DISC COUPLING  
ALLOWING EASY START OF MACHINE

 UNDER THE LOAD CONDITIONS

MECHANICZNE SPRZĘGŁO KULOWO-TARCZOWE  
UMOŻLIWIAJĄCE ŁATWY ROZRUCH MASZYNY POD OBCIĄŻENIEM

Introduction

Machine startup is often very difficult. This is particularly 
truMachine startup is often very difficult. This is particularly 
true for machines that must be started under full or partial load 
conditions. Such situations are particularly common in transport 
machinery. This applies to many types of conveyors, particularly 
bulk materials, mineral waste, plant products, construction 
materials, overburden soil in open-pit mines, and others. When 
operational requirements require starting of such machines 
under the load, startup problems become significantly more 
difficult due to the increase in the starting resistance. The main 
cause of this increase is the increased, sometimes significant in 
the coefficient of static friction as compared to this coefficient 
in motion.

	 In the case of machines such as belt conveyors of 
various types, rheological phenomena in the contact of the 
belt with the idlers and tensioning drums also play a significant 
role, increasing resistance to movement, especially at low 
temperatures.

	 In the most common drives for these machines using 
asynchronous electric motors, starting difficulties are generated 
by the unfavorable relationship between the torque of this type 
of motor and a specific rotational speed. The starting torque of 
asynchronous motors is significantly reduced compared to the 
torque at nominal speed, and this is precisely when increased 
starting torque is desirable.

	 For this reason, in drives, for these types of machines 
using the simplest and cheapest asynchronous motor, a high 
excess power factor is used for starting purposes. This is the 
simplest solution, but extensive and very uneconomical, because 
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Summary: Heavy duty machines start up is often very difficult and runs under full or 
partial load conditions. It occurs in the transport machinery such e.g. the conveyors 
of the bulk materials, mineral waste, overburden soil in open-pit mines, and others. 
The drive systems for these machines apply asynchronous electric motors and the 
starting problems are generated by the unfavourable relationship between the torque 
of motor and a specific rotational speed during the start-up. For the machines of this 
type, it is more rational to use couplings with the highest possible torsional flexibility 
in the drive systems.  
he developed design of the ball-disc, elastic coupling is described in this article. This 
coupling enables high durability, reliability and the stability of very high torsional fle-
xibility during the starting phase. The operation without energy losses in the steady 
motion of drive systems is assured, too.
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Streszczenie: W maszynach roboczych rozruch odbywa się często w warunkach 
pełnego lub częściowego obciążenia. Sytuacje takie występują zwłaszcza 
w przypadku maszyn transportowych takich jak, np. przenośniki materiałów 
sypkich, urobku kopalin użytecznych, produktów roślinnych, ziemi nadkładowej 
w kopalniach odkrywkowych i innych. W układach napędowych tych maszyn 
stosowane są silniki elektryczne typu asynchronicznego i problemy rozruchu 
spowodowane są w wyniku niekorzystnej relacji między momentem obrotowym 
silnika i prędkością obrotową w fazie rozruchu. Dla maszyn opisanego rodzaju 
racjonalnym jest zastosowanie w układach napędowych sprzęgieł o dużej 
podatności skrętnej. 

Opracowana konstrukcja podatnego sprzęgła kulowo-tarczowego umożliwia 
uzyskanie jego dużej trwałości, niezawodności eksploatacyjnej oraz stałości 
bardzo dużej podatności skrętnej w fazie rozruchu. Zapewniona jest praca bez 
strat energii w ruchu ustalonym układów napędowych

Słowa kluczowe: układy napędowe, maszyny robocze, mechaniczne sprzęgła 
podatne
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coupling known from patent description PL 190945 [4] has lim-
ited flexibility and creates difficulties in dissipating heat gener-
ated in the screw mechanism.

	 A special group of couplings with high starting tor-
sional flexibility are fluid couplings, which are discussed in [6]. 
Their significant drawbacks include their significant cost and 
the constant energy losses in the coupling that result from the 
inevitable constant slippage of the coupling. This latter feature 
limits the use of fluid couplings in conditions of significant fire 
hazard. This necessitates the use of special systems to protect 
against excessive heating of the coupling’s working medium. 
These systems, based on thermal sensors, electrically control 
the drive shutdown in critical conditions and have limited reli-
ability, especially in difficult operating conditions. Coal mining 
also employs detachable fluid couplings equipped with special 
fusible plugs. When the working medium reaches its limiting 
temperature, these fuses melt and the working medium is ex-
pelled from the coupling. Besides the risk of burns to personnel, 
this is highly undesirable for ecological reasons, as it contami-
nates mine waters, which are then pumped into surface reser-
voirs and rivers.

In the couplings designs there is a lack of solution that, 
while ensuring high torsional flexibility at startup, would enable 
the drive system to operate without any energy losses. This gap 
is filled by the mechanical ball coupling proposed in this article, 
which features particularly high torsional flexibility and viscous 
damping of vibrations occurring during the startup phase. 

Idea of ball-disc mechanical coupling  
of large torsional elasticity

An example of a ball-disc coupling design with high tor-
sional flexibility at start-up, viscous damping of start-up vibra-
tions, and the ability to effectively improve the service life of 
components using surface strain hardening is shown in Fig. 

Fig. 1. Longitudinal half-section of coupling

after starting under steady-state operating conditions, the motor 
is significantly underloaded and thus further worsening the 
reactive power factor.

	 For the machines of this type, it is more rational to use 
couplings with the highest possible torsional flexibility in the drive 
systems. The greater the available torsional flexibility of such 
couplings, then the starting characteristics of the drive of such 
machines are more favorable. At the same time, it is desirable 
that during steady-state operation of these machines, there is no 
energy loss, often associated with fire safety concerns.

	 This article describes the design concept of a coupling 
with high torsional flexibility that largely meets the operating 
conditions mentioned above. The coupling design utilizes a 
series of ball-disc combinations that allow for wide variations in 
torsional flexibility, combined with viscous damping of vibrations, 
particularly during the start-up phase. 

	 The special design of the coupling will enable its high 
durability and operational reliability, as well as the stability of very 
high torsional flexibility during the starting phase, as well as the 
operation without energy losses in the steady motion of drive 
systems.

Short overview of known designs  
of torsionally elastic couplings

Many technical coupling solutions characterized by varying 
degrees of torsional flexibility are known in machine construc-
tion. The coupling designs described in [1-3] most often utilize 
flexible rubber or polymer elements, which allow for only a very 
limited range of torsional flexibility. Powder and shot-blast cou-
plinges, which allow for high flexibility during the starting phase 
and smooth increase of the available torque in the machine 
drive, and to some extent function as overload couplinges, are 
expensive. They cannot be used when start-ups occur frequent-
ly, with short intervals between successive starts. The screw 
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1 (longitudinal half-section through the coupling). Figure 2 is a 
cross-section of the coupling in plane A-A (Fig. 2a). A side view 
of the coupling in the "K" direction is shown in Fig. 2b. Fig. 3a is 
an enlarged detail in cross-section B-B illustrating the method 
of manufacturing ball guides with the sills in the discs. Fig. 3b 
shows detail "a," indicating the method of lubricating the discs 
through chamfers on their circumference. Fig. 1 shows an ex-
ample coupling equipped with seven disc-ball connections, 
which ensures sufficiently high starting torsional flexibility.

The balls 1 made of hard steel or ceramic engage interme-
diate discs 2, the transmitting disc 3, and the receiving disc 4. 
Intermediate discs 2 and the transmitting disc 3 are rotatably 
mounted in a cylindrical housing 5. The transmitting disc 3 is 
connected to the drive hub 6 by a keyed or the splined connec-
tion 7. The drive hub is supported by a system of tapered roller 
bearings 8 secured by a cover 9 with a lip seal 10. The coupling 
is assembled into a single unit by rods - screws 11 with nuts 
12 and spring washers 12a. The drive hub 6 and the receiving 
disc 4 are equipped with identical keyed connections 6a and 4a 
or splined connections for connecting the ends of the coupled 
shafts, e.g., the drive motor and the working machine or the me-
chanical transmission of the drive system. This allows for inter-
changeable mounting of the coupling in machine drive systems.

On the receiving disc 4, an optional fan impeller 13 is mount-
ed, which sucks in air from outside the coupling and causes air 
movement along the cover 14. The flow of air cooling the cou-
pling is shown by the arrows in Fig. 1 and Fig. 2b. The coupling 
interior is completely filled with a liquid lubricating and cooling 
medium 15, e.g. oil of appropriate viscosity, ensuring viscous 
damping of the coupling during its operation.

During the start-up the coupling operates as described be-
low. The drive hub 6, through the transmitting disc 3, forces the 

balls 1 to roll along the guides 2a (see Fig. 1 and Fig. 2) as it 
rotates until they contact the shoulder 2d, which blocks their 
further rolling motion. The motion is then transferred to the ad-
jacent disc, which then undergoes a similar sequential rolling 
motion. This occurs at as many stages as there are ball 1-disc 
combinations, until the motion is transferred to the receiving 
disc 4. This achieves a very high torsional flexibility of the cou-
pling. In Fig. 1 and Fig. 2a, the balls are shown in intermediate 
positions. After the ball rolling motion in a given combination 
is completed, the balls move to their end positions, resting on 
their shoulder 2d. From this moment, the movement of the 
components inside the coupling ceases and the full torque 
of the drive motor is transferred to the receiving disc 4. Dur-
ing the sequential transfer of motion from disc to disc, through 
engagement with the balls, the discs perform a slight sliding 
movement relative to the cylindrical housing 5. This is facilitat-
ed by chamfers 2b made on the discs' cylindrical surface, which 
promote the formation of a lubricating film between the discs 
and the inner sliding surface of the housing 5; the combination 
of the chamfers and the housing forms a type of multi-surface 
bearing [5]. The chamfers 2b have a depth not exceeding tenths 
of a millimetre. In Fig. 2, Fig. 3a and Fig. 3b, these chamfers 
are deliberately highlighted for better visualization. Chamfers 
2b also perform an additional function when the lubricating and 
cooling medium 15 is pumped by the action of the moving balls 
1, which act as pistons pumping the medium. This creates vis-
cous damping in the coupling, protecting it against impacts and 
vibrations during the starting phase.

The torque from one coupling stage to the next is trans-
ferred very smoothly, increasing as the balls roll from one stage 
to the next. After starting, all moving coupling components 
are at rest. This ensures particularly high-energy efficiency of 

a)							              b)

Fig. 2. Cross-section of coupling (a – in the plane A-A, (Fig. 1) and the view of coupling in the direction “K”(Fig. 1)
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the coupling, as no energy losses occur in the coupling during 
steady motion. Heat generated in the coupling during starting is 
absorbed by the airflow forced by fan 13, which optionally flows 
between cylindrical housing 5 and sheet metal or plastic cover 
14. For longer intervals between starts, fan 13 and cover 14 can 
be omitted entirely. In this case, the rods/screws 11, with their 
flats adjacent to housing 5, effectively absorb heat, additionally 
acting as cooling ribs during the rotation of coupling.

High efficiency and a very convenient manufacturing pro-
cess characterize the design of the disc-ball coupling. The balls 
1 can be recycled from used ball bearings of appropriate sizes. 
Balls from bearings are particularly advantageous because 
they are characterized by high shape and dimensional accu-
racy, high hardness, and surface smoothness. Discs 2 and 3 
can be made of steel by turning, along with the guides 2a and 
lubrication grooves 2c. After the discs are made, the ridges 2d 
can be made by welding short sections of guides 2a with welds 
17 (see Fig. 3a), which are then levelled by turning, and forming 
the ridges' abutment edges, e.g., by grinding with ball-bearing 
grinding wheels. Grooves 2c facilitate lubrication of the balls 
as they roll along the guides 2a. The remaining coupling com-
ponents are typical, simple-to-manufacture general machine 
components that can be manufactured in typical mechanical 
workshops.

The ball-disc coupling allows for adjustment of character-
istics even during its operation. This includes the number of 
stages (associations) of discs 2 with balls 1 and changing the 

coupling's viscous damping by changing the viscosity of the 
cooling fluid to the required viscosity. Plastic grease can also 
be used after melting it before filling the coupling. 

	 The coupling is best assembled by positioning it verti-
cally after assembling the bearing assembly 8 and inserting the 
balls 1 alternately with the discs 2, as shown in Fig. 1. Finally, fill 
the coupling interior with a lubricating and cooling medium and 
tighten the nuts 12 on the screw rods 11. It is not necessary to 
use a filler cap or equivalent when the clutch is completely filled 
with medium.

	 After the initial coupling assembly, there is an optional 
simple procedure that can significantly improve the wear resis-
tance of the coupling components, particularly the ball guides 
in the discs. This can be achieved by strengthening the guides 
with the surface strain hardening. For achieving this, select 
the thickness of the adjusting washers 16 (Fig. 1) so that, af-
ter firmly tightening the nuts 12, there is higher resistance to 
coupling movement. This will result in particularly high contact 
pressures between the balls 1 and guides 2a of all discs 2 and 
3. These pressures will cause an effect of plastic strain on the 
surface layer of the guides themselves due to the high hardness 
of the ball material. For example, by manually rotating the cou-
pling fully through its full torsional flexibility, beneficial changes 
will occur in the properties of the surface layer of guides 2a. 
This will create a very favourable, permanent state of compres-
sive internal stresses, and in the surface layer of the guide ma-
terial, the hardness of the strain-hardened layer will increase, 

Fig. 3. Enlarged cross section B-B (Fig.2a) showing the method of manufacturing the ball guides with the sills in the discs (a), detail „a” illustrating the method of 
lubricating the discs through cuts on their circumference (b)

a)							              b)
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while the unfavourable circumferential change in the direction-
ality of the guide material roughness resulting from the turn-
ing process will be eliminated. This will result in significantly 
increased wear resistance of the discs. After fully rotating the 
clutch back and forth several times, the thickness of the control 
shim pack 16 should be increased to achieve a small clearance 
in the clutch that ensures low friction during operation.

A torsionally flexible coupling is particularly suited to revers-
ing drives, i.e., those whose subsequent start-up is in the op-
posite direction to the previous start-up. In this case, the balls 
1 automatically get the desired positions at the starting thresh-
olds. In other situations, before the next start-up, it is neces-
sary to briefly engage the opposite rotation to return the balls 
to their starting positions. Another method is also possible, for 
example, by manually turning the coupling in the opposite direc-
tion. The total torsional flexibility of the coupling is the sum of 
the torsional flexibility of the individual stages (ball-disc con-
nections). For example, with 7 connections, as in Fig. 1, the total 
flexibility of the ball-disc coupling is approximately 6 full cou-
pling revolutions during the start-up involving it. This number 
of revolutions is performed by the rolling bearing system 8 dur-
ing each start-up, hence the particularly long durability of the 
bearing 8 fixed on the hollow journal 6. The degree of coupling 
flexibility is very high, difficult, or even impossible to achieve 
with conventional torsionally flexible coupling designs. The 
coupling enables smooth starting without unfavourable vibra-
tions or sudden torque changes. This allows for the reduction 
of the commonly used high power surpluses in drive motors 
due to starting. A highly desirable feature of the ball-disc cou-
pling is the lack of additional load on the shafts of the coupled 
mechanical systems, as the coupling only transfers torque to 
the drives it utilizes. The coupling also boasts a low weight and 
low operating costs due to its high operational durability, and 
allows for easy adjustment and regeneration. The coupling's 
versatility stems from its ability to operate in both directions of 

rotation and the convenient interchange ability of the drive side.

Conclusions

The mechanical ball coupling described in this article 
is characterized by a number of advantageous operational 
properties. These include very high torsional flexibility during 
start-up, easy adjustment of the required flexibility even under 
operating conditions, effective viscous damping of vibrations 
occurring during start-up, and no energy loss during steady-
state operation.

The coupling is characterized by a simple design, and the 
basic drive elements – the balls – can be sourced from ball 
bearings, even those decommissioned. The coupling described 
is particularly suitable for use in reversible drives of machines 
and devices subject to heavy starting.

These advantageous, operational properties of considered 
coupling, enable significant technical, economic, and ecological 
benefits with moderate manufacturing costs in typical 
mechanical workshops.
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