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Abstract

Article deals with the field of machinery, namely with the protecting of devices for mechanical driving
systems. New construction of safety-overrunning clutch, operating on gearing principle, where safety and
overrunning parts are mutually integrated, has been proposed and studied in the article. It has practical
importance for building, based on modular principles, machines. As the result of the theoretic studies, the
expressions to calculate the following specific clutch torques have been obtained: rating torque, torques of
beginning and ending of operation. On the basis of the mentioned studies, the expressions to estimate the
clutch main operation characteristics have been obtained - nominal torque exceeding coefficient, accuracy
and sensitivity coefficients. These expressions are practically important for proposed clutch calculations. The
analysis performed demonstrates that in order to increase the clutch load capacity, the grooves must be made
with less inclination angles to clutch axis. Obtained results indicate the advisability of installing the clutch on
low-speed shafts. It is shown that the clutch overload sensitivity could be increased by the reduction of the
spring rigidity. The calculations performed also demonstrate that balls diameter reduction has a positive effect
on the clutch operation parameters. Obtained expressions and numerical results are practically important for
proposed clutch calculations. It is shown that in terms of the accuracy of operation, the studied coupling fully
corresponds to the level of common and investigated designs of safety clutches.
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1. ACTUALITY AND STATEMENT OF THE
PROBLEM

The problem of creation of effective devices for
protection machines from overloads was and still is
the pressing problem for machinery science [1].
This problem is additionally complicated with
modern tendencies to increase machines’ speed and
modular building of their elements, which requires
creation of dual purpose devices, including safety-
overrunning clutches [2].

2. ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

Now overrunning and safety-overrunning
clutches are applied in many types of modern
mechanisms, such as transport diesels (mechanical
charging driving), automobiles (starters in internal
combustion engines, transmissions of electric
vehicles) [3-8] metal-cutting machines, robotic
systems and prosthesis [9-12], press-lines [13], ball
mills [14, 15] etc. This devices usually use known
operation principles - rollers or special cams
wedging between half-couplings surfaces in

overrunning clutches and load transfer by friction
forces.

Dual purpose clutches creation often goes in the
direction of combining two different types of
clutches, for example flexible and overrunning, or
safety and overrunning in same hull, that became
the reason of superposition both their advantages
and disadvantages. Reduction of disadvantages
number achieves by new operation principle in
overrunning clutches - torque transfer through
gearing balls and half-couplings grooves, that
realized in some successful constructions [16], that
confirm their efficiency in long-term operation on
automobile starters. Creation of safety-overload
clutches, which operating by gearing principle has
development reserve through transition from
combined constructions [17] to constructions where
both parts are mutually integrated, which is reserve
to decrease parts number, clutch size, mass and
cost.

Taking into account the above, the aim of the
article is creation small dimensions safety-
overrunning clutch, working by gearing principle,
where safety and overload parts are mutually
integrated, and evaluation its basic force parameters
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and operation characteristics, such as accuracy,

sensitivity and nominal torque exceeding

coefficients [2, 18].

In order to achieve this goal, it is necessary to
solve the following tasks:

-to propose new construction of ball safety-
overrunning clutch, working by gearing
principle, where overrunning and safety parts
are mutually integrated;

-to evaluate clutch load capacity, to obtain
expressions for its parts loads and torque which
clutch able to transmit before safety part operate
(rating torque);

-to obtain formulas for minimal and maximal
operation beginning torques, and maximal
operation process torque in overload mode;

- to evaluate clutch basic operation characteri-stics
in overload mode - accuracy sensitivity and
nominal torque exceeding coefficients;

- to analyse constructive parameters influence on
clutch basic operation characteristics.

3. STATEMENT OF THE MAIN MATERIAL

The developed design of a ball-type
overrunning safety clutch works as follows. When
starting the driving half-coupling 1 (Fig. 1, Fig. 2)
clockwise (when looking at the end face A), the
balls 6 are moved by the ring 7 which is pressed by
the spring 8 along the closed grooves 5 and are
inserted into the closed grooves 3 of the driven
half-coupling 2 (moving right to left). After the
balls 6 are buried in the grooves 3, they will move
to the periphery of the grooves 3 and 5 due to the
pressure of their oppositely directed side surfaces,
and the coupling halves will turn like two threaded
parts. After the balls reach the stop in the
intermediate ring 12, they stop moving, and, acting
on the side grooves 3 of the driven half-coupling 2,
they force it to rotate (Fig. 3) with same angular
velocity ®dn = ®dg.
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Fig. 1. New overrunning safety clutch scheme
When locking the driving half-coupling 1, for
example, with a brake, or when the engine is turned
off, the half-coupling 2 and the masses connected to

it will rotate by inertia, while the balls 6, due to the
opposite inclination of the grooves 3 and 5, moving
in the grooves 5 (left to right),will be pushed out of
grooves 3 due to their opposite inclination, beyond
the end 4, compressing spring 8 through ring 7
(Fig. 1, Fig. 2).
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Fig. 2. Clutch operation scheme at the beginning of half-
couplings connection (only main elements are shown)
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Fig. 3. Clutch operation scheme at the steady mode

Fig. 4. Clutch operation scheme at the overload mode

Due to this, the coupling halves 2 and 1 will get
separated, ensuring the unlocking of the kinematic
chain. Similarly, the clutch will work when the
direction of rotation of the half-coupling 1 is
changed or the angular velocity of the driven half-
coupling 2 exceeds the angular velocity of the
driving one (wdan > 0dg), putting into action its
overrunning function. When the clutch is operating
in a steady mode (Fig. 3), in case of an increase in
the resistance torque on the driven half-coupling 2
(overload mode beginning), the axial load from
balls 6 to ring 12 will increase, which will lead to
compression of the spring 13 by that (Fig. 4) and
subsequent movement of the balls 6 along the
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grooves 5 and 3 inside the hole 9 of the driven half-
coupling 2 (right to left). The hole 9 is blind, bored
in such a way that its diameter D; is greater than the
diameter D, of the tops of the balls 6 installed in the
grooves 5. When the balls go beyond the end 11,
their contact with the grooves 3 opens and the
driving half-coupling 1 starts to rotate freely
together with the balls 6, by unlocking the kinema-
tic chain and eliminating overload - the clutch will
put into effect its safety function (Fig. 4).

Bushing 15 (Fig. 1, Fig. 5) serves as a housing
for the spring 8 and contains bosses 16 entering in
the assembled clutch into open grooves 3, exclu-
ding the extrusion of balls by centrifugal force into
the upper part of these grooves when the safety part
of the clutch is triggered. In fact, when the clutch is
actuated in both directions, the balls 6 move along
the inner surface of the bosses 16, being pressed
against it by centrifugal force. Adjustment of the
clutch actuation torque is carried out by changing
the axial pressure of the spring 13 (Fig. 3) by
selecting the thickness of the cover 14 or placing
gaskets of the appropriate thickness under it.
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In order to determine the clutch load capacity,
namely the value of the moment that it is capable of
transmitting during the period of steady mode
operation, when the balls 6 are in contact with both
grooves 3 and 5 and ring 12, mutually stationary
during rotation of the clutch (Fig. 3), we compose
and analyze the power circuit of the ball installed in
the clutch (Fig. 6).

The following calculations have been obtained
with several assumptions:

-the angles of inclination to the axis of the
oppositely directed grooves of the driving and
driven coupling halves are equal in magnitude
and equal to o;

- the deformations of the elements of the coupling
halves are small and do not significantly affect
the geometry, and the load between the balls is
evenly distributed;

- loads are applied to the balls in the plane of their
centers;

-when the clutch is triggered, the balls do not
rotate;

- at the beginning of the clutch operation, the force

of the spring pressure is equal to the force of its
pressure when transmitting the torque rating.

Fig. 5. Clutch main elements construction

When transmitting the torque rating T, each ball
is in equilibrium under the action of a system of
converging forces (Fig. 6), the condition of which is
written as (1):
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Fig. 6. Ball force scheme at the clutch steady operation
mode
Fni + Fn2 + Fns =0, 1

where Fni1 and Fng are the pressure rating forces on
balls and grooves 3 and 5 side surfaces, which are
determined as Fni = F/cosa, where i =1, 2;

Fns = F'sp is the force of normal pressure on
the ball from the side of the surface of the ring 12,
equivalent to the force of pressure on this ring of
the spring 13 (Fig. 1) from its initial tightening
pressure force.

In projections on the X axis:

Fo=Fu+ Frp- )
Considering obtained assumptions and geome-
tric correlations, we can write down:

4T
F,=2F, =2Ftga = 5tgoz , (3)
where F ZE is the tangential force, acting on
zD

one ball from the torque T;
D is the balls center location circle diameter;

Fsgzi is the part of full spring force, that falls on

z
one ball;
z is the total balls quantity in clutch.
Then torque rating that the clutch is capable of
transmitting is determined by the ratio:
DF,
T=—"L. 4)
dtga
To obtain an expression describing the
dependence of the clutch safety part beginning
operation torque Ty, from its parameters, we will
consider its elements force interaction in an
overload mode. At the beginning of operation
(Fig. 7), the balls begin to move relative to grooves
3, 5 and ring 12, sliding along them.
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Fo

Fig. 7. Ball force scheme at the clutch overload mode
beginning

In this case, the condition for their equilibrium
in projections onto the X axis will be:

FXl + sz = F\; +Ff1X + FfZX + Ff(u’ 5)

where £ _f :FNfCOMZZ_[T)f is the ball
z

r2x
friction force on grooves 3 and 5 surfaces;
F,, =m,o’Df is the ball with mass m, friction

force on boss 16 internal surface due to centrifugal
force acting;
o is the clutch angular velocity;
f is the sliding friction coefficient (f — medium,
o — minimum, f, — maximum).
Then, taking into account the above, it is
possible to make up the equality:
4T, 47 47 )
2D tga = D tga + D f +m " Df (6)
Considering (6), the torque of clutch safety part
beginning operation will be:
22
T, :T+TL+—Zm“‘w D
9o dtgo

fo

f‘+Tfr7 (7)
where T, =2F, = Fspf% is the torque of balls

friction on ring 12.

Based on the above, expression for safety part
operation beginning torque can be presented in
forms (8) and (9), which are useful for further

DF, zm w’D .
T, =—2| 1+ fetga + —2— f + 2 figa |
b 4tga[ ctg = S+2fig } (8)

DF 2
T, =~ [ f [ctga + Zm;’:—wD + 2tga} +1J (9)
P

- g

analyze its operating processes. Half-couplings full
disconnect begins (Fig. 8) at the position Il, where
ball move from position |, deforming spring by
magnitude Ao. In position 11 ball will be on the edge
of groove 3 at it intersection with end 11 (B point).
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Fig. 8. Ball-groove force interaction scheme at the begin
of half-couplings disconnecting in the overload mode
(friction forces are not shown conditionally)
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Fig. 9. Ball-groove force interaction scheme at the end of
half-couplings disconnecting in the overload mode

Position 11 is the last moment when forces F
and Fu acting lines coincide and do not create the
forces pair. With further movement of the ball to
position 1II (Fig.9), forces F, and Fu become
parallel, and a pair of forces will be created on
shoulder h the moment of which will overturn ball
around the point B (counterclockwise in Fig. 9),
pushing it into the gap between the end 11 and the
ring 12.

When the ball (ball diameter - d) moves from
position | to position I, it will move along X-axis
with magnitude Ao, and the spring will have equal
deformation.

Ao = 0.5dsin ¢ + 0.5d = 0.5(sin a + 1). (10)

In this case, the maximum torque of the clutch
operation ending (this moment will be the largest
transmitted by the clutch to the part of the driving
that is protected by it) will be:

_ D(F, +N 4) 5
- dtgor

2 11

~ zm oD

x| f|ftga + —L2o——+2tga |+1],
[ |: (Fsp+Nspﬂ'O) :| J

where Csp — spring rigidity.

Knowing the expressions for the clutch torque
rating (4) and torques of it beginning (8) and ending
(11) operation, it becomes possible to obtain
correlations for estimation the clutch safety part
basic operation characteristics, such as: nominal

max
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torque exceeding coefficient ke, accuracy
coefficient y, and sensitivity coefficient vys

2
K, :%zl-r fctga+zm;’:—a)Df+2ftga:
P
12
[ zm,@’D (12)
=f|ctiga+
Fo

T

__'bmax __

T

bmin

+ 2tga:| +1,

Va

2
fi, l:ﬁtga+zmbwD+2tga}+l (13)

sp

2
fn[ﬁtga+zm"COD+2tga}+l

Fo
To illustrate the effect of design and operational
parameters on the clutch characteristics when
operating in overload mode, calculations for the
clutch with following main data have been
performed: balls center arrangement diameter
D = 58 mm, ball diameter d = 9.128 mm, balls
number z = 8, grooves inclination angle a = 30°,
rotation frequency n = 1500 rpm, friction coeffi-
cients f = 0.1, f, = 0.15, f, = 0.05, spring tightening
initial force Fs, = 50 N, spring rigidity Cs, = 20
N/mm. Modeling results are shown on Fig.10 + Fig.

15.

2
Fo [ f ‘:ctga + M+ 2tgajl +1]
F
_ » . 14)
{F, +0,5C,d(sina+1)} x

mw’D
x| f|ctga+ - +21ga |+1
{F, +0,5C,d(sina +1)}

Comparison of the obtained values of the
accuracy coefficient ya of the studied clutch with
other samples of safety clutches (table 1) demon-
strates that in this parameter the new coupling is
fully consistent with the level of common designs.

Table 1. Comparison of safety clutches various designs
accuracy coefficients

Clutch type Source Ya
Ball clutch [19] 1.09 +1.43
Ball clutch with reverse switching| [20] 1.04+1.28
Low dynamic ball safety clutch [21] 1.27 +1.33
Planetary safety-flexible clutch [22] 1.05+1.20
Cam clutch [19] 1.35+2.20
Two-row cam clutch [23] 1.04 +1.28
Studying clutch 1.07 +1.50

4. DISCUSSION OF RESULTS

Graphs, shown in Fig. 10 and Fig. 11, illustrate
inclination angle a influence on torques (4), (8),
(11) (Fig. 10) and coefficients (12), (13), (14)
(Fig. 11), which characterize the clutch operation
parameters. Their analysis shows that in order to
increase the clutch load capacity, the grooves must
be made with less inclination angles to clutch axis.

When the a value decreases from 30° to 10°, the
clutch load capacity 7 increases in 3.25 times (from
1.26 Nm to 4.11 Nm). At the same time, the
accuracy coefficient ya increases a little (by 15%,
from 1.30 to 1.50), torque exceeding coefficient ke
increases by 23% (from 1.36 to 1.67), clutch sensi-
tivity to overloads increases as well - sensitivity
coefficient ys got increased by 18% (from 0.28 to
0.33).

Graphs, shown in Fig. 12 and Fig. 13, demon-
strate the dependence accuracy, sensitivity and
nominal torque exceeding coefficient of the rotation
frequency n and initial spring tightening force Fsp.
When n increases from 100 rpm to 3300 rpm, the
accuracy coefficient ya increases by 18% (from 1.25
to 1.48), nominal torque exceeding coefficient ke
increases by 20% (from 1.29 to 1.63), but the clutch
sensitivity to overloads increases - ys by 19% (from
0.27 to 0.32), which indicates the advisability of
installing the clutch on low-speed shafts. It is
shown that an increase in the spring initial
tightening force Fs, can significantly increase the
sensitivity of the clutch to overloads. Increasing Fsp
by 2.6 times (from 50 N to 130 N) makes it possible
to increase sensitivity coefficient ys by 75% (from
0.28 to 0.49).

Clutch overload sensitivity could also be
increased by spring rigidity Csp decreasing (Fig. 14)
- changing Csp from 30 N/mm to 10 N/mm allows
sensitivity coefficient to increase more than 2 times
(from 0.20 to 0.44). The calculations performed
also demonstrate (Fig. 15) that balls diameter
reduction has a positive effect on the clutch
operation parameters.

Reduction of balls diameter by 2 times (d/D
from 0.250 to 0.125) makes it possible to decrease
the accuracy coefficient y, by 13% (from 1.45 to
1.28), nominal torque exceeding coefficient ke by
19% (from 1.57 to 1.32), and to increase sensitivity
coefficient ys by 45 % (from 0.22 to 0.32).
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Fig. 10. Influence of the half-couplings grooves
inclination angle on the clutch load capacity
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Fig. 11. Influence of the half-couplings grooves
inclination angle on the coefficients of accuracy, nominal
moment exceeding, and clutch sensitivity
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5. CONCLUSIONS

1. New construction of safety-overrunning clutch,
operating on gearing principle, where safety and
overrunning parts are mutually integrated, has
been proposed and studied in the article. It has
practical importance for building, based on
modular principles, machines.

0,7

0,6

05 \

0.4 ]

03 —]

0.2 =

Sensitivity coefficient

0,1

>

0,0
10,0 12,5 15,0 17,5 20,0 22,5 25,0 27,5 30,0
Sprint rigidity Csp, N/mm
Fig. 14. Influence of the spring rigidity on the clutch
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2. As the result of the theoretic studies, the
expressions to calculate the following specific
clutch torques have been obtained: torque
rating, torques of beginning and ending of
operation. On the basis of the mentioned
studies, the expressions to estimate the clutch
main operation characteristics have been
obtained - nominal torque exceeding coefficient,
accuracy and sensitivity coefficient. These
expressions are practically important for
proposed clutch calculations.

3. It is shown that in terms of the accuracy of
operation, the studied coupling fully consistent
to the level of common and investigated designs
of safety clutches.
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