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Summary. Creation of new types of machines and mechanisms of transport and technological systems 

and their drives contributes to further economic development and expansion of the range, increase productivity 

through the introduction of scientific and technological progress. 

New design of hydraulic overload clutch with hypersensitivity has been presented, analytical dependence 

for determining the estimated torque depending on power and design parameters have been derived. 
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Problem setting. To protect working parts of screw conveyors safety clutches of 

different design are widely used. Therefore, to reduce the dynamic loads in the process of 

locomotive wheel-slip and to provide more security of screw mechanisms from overload 

hydraulic protective clutch with hypersensitivity has been developed, in which the costs of 

contacting friction surfaces have been significantly reduced. 

Analysis of recent researches. The issues of protection of drive hardware and 

mechanisms from overload the works of Polyakov V.S. [1], Rahovskyi O.A. [2], 

V.K. Tepynkechyev [3], V.A. Malashchenko [4], Pavlysche V.T. [5], Nagornjak S.G. [6], 

Rogatynskyi R.M. [7], B.M. Hevko [8], Flick E.P. [9], Hevko R.B. [10] and many others have 

been dedicated. However, a number of issues connected with the increased sensitivity of safety 

clutches need to be solved. Therefore, the topic is relevant and is of great importance to improve 

their designs. 

Setting targets. Improving the accuracy of hydraulic operation safety clutches by 

reducing the friction forces in the mechanism. 

Statement of the material. For protection of working parts of screw conveyors 

overload clutches with hypersensitivity are used. Figure1. shows the design of the hydraulic 

overload clutch with hypersensitivity, which is designed as a driven half clutch, which consists 

of two parts, which are mounted on the drive shaft 2 via a spherical bearing 3 and rigidly 

connected with a driving star. At the end of the drive shaft 2 is a hinged installed driving half 

clutch, which is designed as a disc 5 and is supported in an inclined axis of rotation to the clutch 

position 6 by fingers, which are in contact with their spherical surfaces. 
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Figure 1. Hydraulic overload clutch with hypersensitivity [11] 

 

The peculiarity of the structures fingers 6 is that, at their tops are rolled balls 7 which 

are in contact with a solid lubricant to grease them. The fingers 6 are installed in the opposite 

longitudinal channels 8, and are made in driven half clutch and are connected with a central 

hole 9, where the piston 10 is established. The space between the fingers 6 and piston 10 is 

filled with viscous fluid 11 for example with hydro-plastic. The piston 10 is spring loaded 

axially with the spring 12 the force of which is regulated with the nut 13. To limit the slope of 

leading half clutch (disc) in the driven half clutch abutment has been provided 14. 

Installing of driven half clutch on the shaft by means of a spherical bearing 3 in 

conjunction with hinged connection of the leading half clutch with the shaft allows to 

compensate the deviation angles of the driven element in a wide range. 

In general, the load with torque on the finger with the rolled ball is equal to 
 

lPT к , (1) 

 

where Рк – is circular force, N; 

              l – distance from the central axis of the clutch to the contact point 

                   of ball of the  finger with the driving disk, m. 
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Figure 2. Calculated scheme to determine the design parameters of the contacting elements 

of the clutch elements and acting on them forces 

 

The force of pressure of the spring can be represented by the formula [2] 
 

 попp СP  , (2) 

 

where C – spring stiffness; 

         о – previous deformation (under pressure) of the spring; 

          п – the current  strain of the spring. 

According to the design scheme the resulting force Fр, that counteracts the force of the 

spring Рпр, can be expressed through normal forces N1 and N2, resulting in the place of contact 

of the ball with the driving disc 
 

 2121 sinsinsin NNNNPnp   . (3) 

 

According to calculating scheme the equilibrium condition of forces at which the 

transmission of torque is as follows 
 

cos

T
pпр

F
FP  . (4) 

 

The value of the friction force FТ can be expressed through normal force N1. 

Accordingly friction force is equal to [1] 
 

fNFT 1 , (5) 

 

where f – is the coefficient of friction. 

In view of (4) and dependence (5) the condition to ensure transmission of torque can be 

written as follows 
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 



cos

sin 1
21

fN
NNPпр  . (6) 

 

As it is evident from the design scheme normal force N2 is oppositely directed to circular 

force Рк, but it is equal to it by value. 
 

кPN 2
. (7) 

 

Accordingly the force of half clutches contact can be determined from the condition (6) 
 




 sin
cos

sin 1
1

2 N
fN

PN пр  ;  

 





sin

sincos1 11

2

NfNP
N

пр 
 , (8) 

 

according to equation (7) circular force is equal to 
 





sin

sincos1 11 NfNР
P

пр

к


 . (9) 

 

Considering the dependence (2), formula (9) will take the following form 
 

 




sin

sincos1 11 NfNС
P по

к


 . (10) 

 

When calculating the torque that accepts the overload clutch, taking into account the 

dependence (10), the estimated value of the torque can be determined by the formula 
 

 




sin

sincos1 11 NfNlС
T по 
 . (11) 

 

To establish the functional dependence of torque, that is transmitted by the clutch, from 

its design parameters the analytical dependence (11) has been calculated by substituting 

variable values: 

- distance from the central axis of the clutch to the point of contact of ball of the finger 

with the driving disc, namely of the number l = 0,1; 0,15; 0,2; 0,25 m; 

- spring stiffness С = 3000, 4000, 5000, 6000, 7000 N/m; 

- current deformation of the spring п = 0,01; 0,015; 0,02; 0,025 m; 

- coefficient of friction f = 0,1; 0,15; 0,2; 

- inclination angle of the driving disc  = 3, 5, 7, 9, 11, 13, 15. 
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Figure 3. Dependence of change of torque on the size of the distance from the central axis of the clutch to the 

point of contact of ball of the finger with the driving disc with the changing values of current deformation of the 

spring: 1 – п = 0,010 m; 2 – п = 0,015 m; 3 – п = 0,020 m; 4 – п = 0,025 m 

 

By analyzing numerical data obtained by calculating the dependence (11), and also 

graphic dependencies Т. = (l) (Fig. 3) it has been proved that this dependence is linear. It is 

obvious that the increase of shoulder applying of circular force causes the increase of torque. 

Increasing of the current deformation of the spring is directly connected with the increase of 

load capacity of the clutch. Thus, according to the same values of diameter of the driving disc 

(which is directly related to the value of l), there is a corresponding increase of the load capacity 

of the device depending on the magnitude of the distance from the central axis of the clutch to 

the  point of contact of ball of the finger with the driving  disk. In accordance with the values 

п = 0,010 m, at the step of current deformation of the spring 0,005 m – in 5,7 times; at п = 

0,015 m – in 2,7 times; at п = 0,020 m – in 2,3 times and at п = 0,025 m – in 2,1 times. 
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Figure 4. Dependence of the change of torque from the stiffness of spring at different values of the magnitude of 

the distance from the central axis of the clutch to the  point of contact of ball of the finger with the driving disk: 

1 – l = 0,10 m; 2 – l = 0,15 m; 3 – l = 0,20 m 
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Figure 5. Dependence of the change of torque from the inclination of angle of the driving disc at different values 

of the magnitude of the distance from the central axis of the clutch to the point of contact of ball of the finger 

with the driving disk: 1 – l = 0,15 m; 2 – l = 0,20 m; 3 – l = 0,25 m 

 

 
 

Figure 6. Dependence of the change of torque from the inclination angle of the driving disc at different 

values by changing the values of the coefficient of friction: 1 – f = 0,2; 2 – f = 0,15; 3 – f = 0,1 

 

Analyzing the obtained results, we can say that the load capacity of the device is higher 

at lower values of the inclination angle of the driving disc. This is because the increase of the 

torque occurs to a vertical position of the driving disc, i.e. at  = 0 – clutch goes into a safety 

mode. In addition, the load capacity of the device is influenced by the coefficient of friction 

between the contacting surfaces. For example, at f = 0,2 the value of torque in 1.28 times is 

lower than at f = 0,1 – this is due to friction losses. Accordingly, the actual function is to supply 

oil to the contact zone of rolled balls with the driving disk. This technological solution will 

grad 

H m 
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significantly reduce losses on the friction of contacting surfaces. 

Obtained theoretical dependences allow to evaluate comprehensively the intensity of 

the impact of a parameter (at given others), on the value of torque perceived by the developed 

overload clutch and may be the basis for the development of engineering design techniques of 

the similar devices. 

Conclusions. 

1. The design of the hydraulic overload clutch with hypersensitivity has been developed, 

which is protected by patent for utility model. 

2. Theoretical conditions for design of the overload clutch have been developed, 

analytical dependencies for determining the value of torque have been obtained, and 

dependencies of the change of the value of the torque on the design and force parameters have 

been established. 
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Резюме. Створення нових типів машин і механізмів транспортно-технологічних систем і їх 

приводів сприяє подальшому розвитку народного господарства та розширенню їх номенклатури, 

підвищенню продуктивності праці за рахунок упровадження досягнень науково-технічного прогресу. 

Наведено нову конструкцію гідравлічної запобіжної муфти підвищеної чутливості, виведено 

аналітичні залежності для визначення розрахункового крутного моменту залежно від силових і 

конструктивних параметрів. 

Ключові слова: гідравлічна запобіжна муфта, крутний момент. 
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