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Abstract. The article presents the design of a finger-type safety clutch for a screw conveyor, for which
experimental studies were used to determine the optimal parameters and operating modes of the conveyor when
its working mechanism is overloaded. Based on the results of the experimental studies of the finger-type safety
clutch, the extent to which a particular parameter affects the torque at different stages of the device operation has
been established. The results of the studies are presented in the form of graphs showing the torque as a function of
the screw conveyor rotational speed. Analysis of the graphs shows that the torque 7 at which the finger-type safety
clutch engages increases with an increase in the rotational speed of the screw conveyor. The graphs also show that
as design parameters such as the angle o of the working body inclination to the horizontal, the spring stiffness c,
and the clearance A increase, the torque T increases. In the range of the working body rotational speeds from 50
rpm to 200 rpm, the torque increases by 24-28%. As the particle size distribution of the transported material
changes, the torque T increases: for sand — by 35%; for wheat — by 26%; for maize — by 24%; and for expanded
clay — by 18%. Thus, the results of the experimental tests of the developed safety clutch for a screw conveyor have
sufficiently confirmed the theoretical studies, which, in a simplified form, can be applied to justify and select
rational parameters for protective mechanisms and their engineering design.
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Introduction

In various industrial processes, screw conveyors have become widely used for handling bulk and
lumpy materials. However, during material transport, jamming of the screw working element may occur
due to the gap between the screw rotating surface and the inner surface of the casing. To restore the
conveyor’s operational capability, the jammed screw flight must be moved axially away from contact
with the material; subsequently, once the overload has been relieved, the drive components must return
the working element to its initial position to transport the material to the discharge zone.

Other devices are also known for reversing a jammed working element. A jammed screw conveyor
can be moved axially using planetary safety couplings. These can facilitate the reverse rotation of the
screw conveyor from a slight angle of rotation to several revolutions, subsequently restoring the working
element to its original position [1-3]. Ball safety couplings, which feature profiled bores both at
disengagement and engagement, can also be used to achieve axial disengagement of a jammed screw
working element [4-6].

An analysis of the available literature and research has established that the main drawbacks of
existing safety clutches, which are used to reverse overloaded working components, are their high
material consumption, structural and manufacturing complexity, and insufficient reliability [8-12].
Furthermore, existing safety mechanisms are of considerable size; during their operation, significant
dynamic loads arise due to the inertial forces of the driven drive components and the working
component, with automatic restoration of its initial position [14-16]. The design features of couplings
and drives aimed at improving their functional characteristics were studied by [17-20].

It is therefore essential to improve the performance and operational efficiency of screw conveyors
under extreme operating conditions by developing and justifying optimal parameters for the safety
clutch of the screw conveyor working element.

Materials and methods

A safety clutch has been developed to improve the performance of a screw conveyor when its
working element is overloaded. The design diagram and general view of this safety clutch are shown in
Fig. 1. The torque between the half-couplings in the finger-type safety clutch is transmitted via the
fingers, which are rounded on the working side and are positioned in through-holes in the anti-friction
bushings of the driving half-coupling 1. The fingers are arranged in a circle on the driving half-coupling
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1 and engage with the holes 3 of the driven half-coupling 2, ensuring the rotation of the finger-type
safety coupling and the screw-type working element of the conveyor. Circular working grooves 4 and
return grooves 5 are machined on both sides of the diameter of the holes 3 on the end face of the driven
half-coupling 2, with the angle of inclination of the working groove being significantly smaller than that
of the return groove [11].

When the screw-type working element becomes jammed, the driven half-coupling 2 stops, whilst
the driving half-coupling 1 continues to rotate. This causes the fingers with rounded ends on the working
side to disengage from the recesses 3. The fingers then move along the circular working grooves 4.
Meanwhile, the drive half-sleeve 1 continues to rotate, causing the fingers to move along the circular
return grooves 5. In this way, the fingers return to their previous position and the initial state is restored.

a) 9 8 7 6 2 1 10 11 b) 4 3 5

Fig. 1. General views of the finger-type safety coupling (a) and the driven half-coupling (b):

1 — drive half-coupling with axial bores, in which pins are housed within anti-friction bushings, these
pins are rounded on the working side; 2 — driven half-coupling; 3 — recesses; 4 — circular working
grooves; 5 — circular return grooves; 6 — pressure disc; 7 — spring; 8 — washer; 9 — nut;

10 — drive sprocket; 11 — conveyor housing with screw-type working element

For the experimental studies, the finger-type safety clutch was manufactured with the following
parameters: finger radius » = 12 mm; finger pitch diameter D = 115 mm; slot depth # = 0.53r; spring
preload do = 15 mm; angle of inclination of the working groove on the end face of the driving half-clutch
S =5°; angle of inclination of the return groove on the end face of the drive half-coupling y = 35°.

The methodology for conducting the experimental studies was as follows. First, lumpy or loose
material was fed into the hopper of a screw conveyor, which rotated and transported the material to the
discharge zone. The load on the coupling and the conveyor drive was applied both by a braking element
and by closing the slide gate. Upon completion of the material transport process, the results of the
experimental studies regarding the operation of the finger-type safety clutch — in the form of curves
showing changes in the drive shaft rotational speed, torque and power — were recorded on the computer
display in the Power Suite programme window [12].

The experiments were conducted for four rotational speeds of the working body, namely:
n =150; 100; 150 and 200 rpm. The rotational speed of the working component was adjusted using a
frequency converter; to do this, the frequency of the voltage supplied to the motor was altered.

The angle of inclination of the working element relative to the horizontal is determined by the
design of the screw conveyor; to adjust the spring stiffness, rods of different diameters were wound onto
the spring.

The clearance between the screw surface of revolution and the inner surface of the casing was
adjusted by using working elements of different diameters.

The experiments were conducted whilst transporting the following materials with the corresponding
densities: sand — 1600 kg-m™; wheat — 760 kg-m™; maize — 800 kg-m; and expanded clay —
400 kg-m™. The moisture content was W =12-15% for grain materials, W= 3-7% for sand and

1096



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 27.-29.05.2026.

W = 5-15% for expanded clay (due to porosity). The particle size distribution of the granular material
was characterised by the geometric dimensions of the grains; for wheat, the average grain size was
4 mm, and for maize — 6 mm. The average particle diameter of sand was 0.25-0.5 mm, and for expanded
clay — 10-20 mm.

The following parameters were also varied during the experimental studies:

e angle « of the screw inclination to the horizontal: a = 0°; a = 10°; o =20°; a = 30°;

e spring stiffness ¢: ¢ =15 N'mm™; ¢ =16.5 N'mm™; ¢ = 18.0 NNmm™; ¢ = 19.5 N-mm’;

e clearance between the screw surface of revolution and the inner surface of the casing:
A=1.0mm; A=1.5mm; A=2.0 mm; A=2.5mm;

e nature of the transported material: sand, wheat, maize, expanded clay.

To determine the effect on the torque 7 and engine power N as a function of the rotational speed of
the working component » during overload, the specified parameters were varied.

Results and discussion
Based on the results of experimental studies, graphs showing the relationship between the torque

and the rotational speed of the screw conveyor auger have been plotted; these are shown in Fig. 2-5. The
peak (maximum) values of the data obtained from the studies were used to plot these graphs.
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Fig. 2. Graphs showing the variation in the torque at which the finger-type safety clutch engages
as a function of the drive shaft rotation frequency for different values of the angle « of the screw
inclination to horizontal: 1 —a¢=0°2-a=10°3-a=20°4-a=30°

Analysis of the graphs in Fig. 2 shows that the torque 7 increases proportionally as the angle o of
the working body inclination relative to the horizontal increases. The torque 7 increases proportionally,
with the maximum torque occurring when the angle of inclination of the working body relative to the
horizontal is o = 30° and the rotational speed is # = 200 rpm, and the minimum torque occurring when
o =30° and n =50 rpm. An increase in the angle o of the working body inclination relative to the
horizontal within the range of 0°-30° leads to an increase in the torque 7" of 30-32.5%.

Analysis of the graphs in Fig. 3 shows that the torque 7 also increases as the spring stiffness ¢
increases. The graphs show that the torque 7 initially increases faster than the rotational speed
n =100 rpm, followed by a slower proportional increase; the maximum torque value occurs at a spring
constant ¢=19.5N-mm” and a rotational speed n=200 rpm, whilst the minimum occurs at
c¢=15N-mm™ and n = 50 rpm. An increase in spring stiffness ¢ from 15 N-mm™ to 19.5 N-mm' leads
to an increase in the torque 7" of 29-30.5%.

The graphs in Fig. 4 show that the torque 7 increases proportionally as the clearance A increases.
The graphs show that the torque curves 7 exhibit a concave-curved profile, with a proportional increase
in the torque; the maximum value is observed at a clearance of A =2.5 mm and a rotational speed of
n =200 rpm, whilst the minimum value is observed at A =1 mm and » = 50 rpm. An increase in the
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clearance A between the screw rotating surface and the inner surface of the guide tube from 1 mm to
2.5 mm results in an increase in the torque 7 by 18-20%.
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Fig. 3. Graphs showing the variation in the tripping torque of a finger-type safety clutch as a
function of the drive shaft speed for different spring stiffness values c: 1 —c=15.0 N'mm;
2-c=165Nmm"';3-c=18.0 Nmm';4—¢c=19.5 N-mm
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Fig. 4. Graphs showing the variation in the operating torque of the finger-type safety clutch as a
function of the drive shaft rotational speed for different values of the clearance A:
1-A=10mm;2-A=15mm;3-A=2.0mm;4-A=2.5mm

The graphs in Fig. 5 also show that the torque 7 increases proportionally with changes in the particle
size distribution of the material. The torque values 7 increase proportionally, with the highest torque
occurring for caramsite at a rotational speed of n = 200 rpm, and the lowest for sand at » = 50 rpm. As
the particle size distribution of the transported material changes, the torque 7 increases: for sand — by
35%,; for wheat — by 26%; for maize — by 24%; and for expanded clay — by 18%.

Analysis of the graphs Fig. 2-5 shows that the operating torque 7T of the finger-type safety clutch
increases with an increase in the rotational speed of the conveyor screw. In the range of working body
rotational speeds from 50 rpm to 200 rpm, the torque increases by 24-28%.

Thus, the results of the experimental tests of the developed safety clutch for a screw conveyor have
sufficiently confirmed the theoretical studies, which, in a simplified form, can be applied to justify and
select rational parameters for protective mechanisms and their engineering design.
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Fig. 5. Graphs showing the variation in the operating torque of the finger-type safety clutch as a
function of the drive shaft rotational speed for different materials:
1 — sand, 2 — wheat, 3 — maize, 4 — expanded clay

Conclusions

1. A safety coupling design has been developed to increase the axial displacement of the driven half-
coupling with a jammed working element, whilst reducing dynamic loads during overload
conditions.

2. The results of the experimental studies of the finger-type safety clutch are presented, which allow
the intensity of the influence of a particular parameter on the torque value at different stages of
operation to be assessed.

3. Based on the results of the experimental studies, graphical dependencies of the torque on the screw
speed of the screw conveyor have been plotted. Analysis of the graphs shows that the operating
torque T of the finger-type safety clutch increases with an increase in the rotational speed of the
screw conveyor. It has also been established that the torque 7T increases proportionally with the
increase in the angle a of inclination of the working body relative to the horizontal, the spring
stiffness ¢, the clearance A, and the particle size distribution of the material. An increase in the angle
a of the working body inclination relative to the horizontal within the range of 0°-30° leads to an
increase in the torque 7 by 30-32.5%. An increase in spring stiffness ¢ from 15 N'-mm™ to
19.5 N'mm™' leads to an increase in the torque T by 29-30.5%. An increase in the clearance A
between the screw rotating surface and the inner surface of the guide tube from 1 mm to 2.5 mm
results in an increase in the torque T by 18-20%. As the the particle size distribution of the
transported material changes, the torque 7 increases: for sand — by 35%; for wheat — by 26%; for
maize — by 24%; and for expanded clay — by 18%.

4. Thus, the results of the experimental tests of the developed safety clutch for a screw conveyor have
sufficiently confirmed the theoretical studies, which, in a simplified form, can be applied to justify
and select rational parameters for protective mechanisms and their engineering design.
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