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Introduction. Couplings are tools used to connect the ends of shafts, axles, rods, pipes and
similar parts. Couplings can be mechanical, electromagnetic, hydraulic or pneumatic.
Mechanical couplings that connect the ends of shafts or parts mounted on shafts to each other
and transmit torque are studied in machine parts.

Research method. Permanently attached couplings can be fixed or movable. Fixed couplings
connect the shafts so that they do not slide relative to each other. Movable couplings connect the
shafts in a way that allows them to move in different directions.

The simplest of fixed couplings are bushings (Figure 1) and flanged couplings (Figure 2).

Research results and discussions. These couplings are selected based on the diameter of the
shaft and the torque being transmitted:

Ty=kT< [T]
where K is the coefficient that takes into account the operating conditions of the coupling.
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Figure 1. Bushing couplings.

In bushing couplings, the bushing is inserted into the end of the connecting shafts and is fixed
immovably by means of a pin (Fig. 1 a), a key (Fig. 1 b) or slots.

These couplings are simple in design and relatively small in size, but require axial movement of
the shaft to accommaodate the bushing.

The bushing is made of structural steel material and its dimensions are:

d<70, D=(1,5...1,8) d,

L=(25...4)d.

The strength of couplings is determined by the strength of keyed, pin or slotted joints and the
strength of the bushing.
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Flanged couplings (Fig. 2) consist of two semi-circular couplings 1 and 2 mounted on the ends of
the shafts, which are fastened with bolts. In one type of this coupling (Fig. 2 a), the bolts are
installed with a slot, and the torque is transmitted due to the frictional force generated on the
separation surfaces of the two halves of the coupling.

These couplings are made of 40, 35 L steel materials. The dimensions are as follows:
Diameter D= (3....3,5) d

total length L= (2,5...4)d

Number of bolts Z=4=16

The coupling is standardized on the basis of GOST 20716-80, the diameter of the shaft is
12...220 mm, the torque that can be transmitted is up to 45000 N*m.

Alignment of the shafts is ensured by the placement of the centering ring A of the left half-
coupling in the hole of the right-hand half-coupling. To ensure technical safety, B closes.

In the second type of flanged coupling (Fig. 2 b), the half-couplings are centered at the expense
of the bolts, which are installed without a gap, and the torque is transmitted mainly at the
expense of the bolt rods working in shear and bending. In this case, safety is provided by the
wrapping tool - 3.
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Figure 2. Flanged couplings.
The value of the force required to fasten the bolt in these couplings is determined as follows:
T=F-f-Dog-z/(2S)
ago
F=2T-S/(f-Dy-2)

where F is the value of the force required to fasten the bolt; S= 1.2...1.5 - safety factor; Do-bolt
mounting circle diameter; z - number of bolts; f = 0.15...0.2 - friction coefficient.

The structure of the above-mentioned couplings requires that the shafts are precisely aligned.

Movable compensating couplings are used to prevent shaft bending under the influence of
external force. These couplings come in different forms, and compensating elements can be rigid
or elastic.

The compensating element of the gear coupling is solid (Fig. 3) and consists of 1 and 2 semi-
couplings, consisting of equivalent external teeth and a separating ring-3 and two rows of
internal teeth.

In order to compensate for the misalignment of the shafts, the coupling should have an interaxial
groove - d and a radial and lateral groove in the coupling. In addition, the flanges of the semi-
coupling teeth are not cylindrical, but spherical, and the teeth are barrel-shaped.

Calculation of strength of such coupling teeth is performed according to contact stress. However,
it is somewhat difficult to determine the actual contact stress, because the value, direction and
location of the forces acting on the teeth vary depending on the conditions. Therefore, this is
replaced by a conditional method of calculating couplings. In this case, the consistency condition
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is as follows:
T K = a; bhzD/2

where: T-transmitted torque; k-dynamic loading coefficient; b-tooth length; z-number of teeth;
Dividing diameter of D-teeth.

D =m-z, if h = 1,8 m tooth height:
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Figure 3. Gear coupling.
Gez:T' k/(o,g D2 'b)S[Gez] .

Details of gear couplings are made of structural and alloy steels. [ce; ] = (12 ... 15) MPa is
accepted.

The design of hinged-hinged couplings is based on a cardan hinge (Hook's hinge) (Fig. 4).
Unlike couplings compensating for assembly defects, these couplings are used in transport and
technological machines to connect shafts that do not correspond to the angular axis 30-40° taken
into account in the structure of the machine.

4

Figure 4. Butsimon-hinge coupling.

Idol-shaped circuit-1 is hinged with a semi-coupling in a mutually perpendicular (vertical) plane.
The connection with half-couplings with an idol circuit consists of two half-pieces of half-
couplings - 2, 3 and 4, 5 - half-couplings are attached to the shaft with the help of pins.

The compensating Oldgem clutch is a disc clutch. The coupling consists of two semi-circular
couplings 1 and 2 and an intermediate disc 3.

The space d between the disk and half-couplings located in a perpendicular plane leads to axial,
radial and angular displacement of the shafts, as a result of which these displacements are
smoothed using the coupling. Generally, the radial displacement of non-aligned shafts should be
limited to Dr £ 0,04d, and the angular displacement should be limited to Da £ 0°30¢. These
couplings are calculated for compressive stress:

oz =6k T-D/[h (D*-d.®)] < [6e]

here k — speaker coefficient; h — the height of the disk output; D/d= (2,5....3) is taken. [c¢; ] =
(15...20) MPa.

Couplings with an elastic compensating element are called elastic couplings. They correct
(compensate) inaccuracies, regardless of whether or not the alignment of the shafts is fixed.
Elastic couplings with their elements also perform the function of a joint with low stiffness in
operation, ensure that the machines do not work in resonance conditions as much as possible,
prevent vibration. These couplings are divided into metallic and non-metallic types according to
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the material of the elastic element.

Figure 5. Elastic coupling with cylindrical spring.

The elastic coupling with a cylindrical spring (Fig. 5) consists of the leading 1 and leading 2
semi-couplings, the elastic element of which is a metal spring and is fixed to the shaft with the
help of a key. Compression springs - 3 are placed in special holes of half couplings.

The initial position of the half-coupling located at an angle is determined by limiter 4. After the
spring is deformed, the possibility of relative turning of the half-coupling is determined by the
limiter-B installed on the half-coupling 2. The coupling is closed from the outside with a retainer
5. Until the spring is loaded with a torque T; under the influence of the initial compressive force
F1, this coupling works like compensating couplings with sufficient uniformity.

T.=F Rz
where: R is the radius of the hole where the spring is located; z is the number of springs.

If the transmitted torque T is greater than the torque Ty, then the coupling acts like an elastic
coupling at a constant rate. The coils of the spring are twisted, and at the same time, the
longitudinal force on the shoulder of the spring corresponds to the torque equal to half the
diameter of the spring, therefore, the strength condition of the spring is expressed as follows:

FD/2 =tW, | ky
where: F is the longitudinal force compressing the spring:
F=Tmax/R

where: Thax-torque transmitted through the coupling; D-spring middle diameter; z-twisting
tension in spring coils; W5 is the cross-sectional resistance moment of the spring winding.

The following formula for checking the spring comes from the above formulas:
7= (8DTnaxky) / (wd Re)<[x]

The spring is made of special spring steels (steel 65G). Permissible stress [z] = (500...900) MPa
is obtained depending on their type.

Examples of non-metallic couplings with an elastic element are bush-finger, star-shaped and
spherical couplings with an elastic element.

Bushing - finger coupling due to its simplicity of preparation and ease of replacement of rubber
elements, it is often used to connect the drive shaft with the shaft of the electric motor. It is
intended for transmission of small and medium torques.

Several rubber rings with a trapezoidal cross-section - 4 are placed on the finger - 3 and fixed on
the half-coupling - 2. These rings are inserted into the half-coupling-1 hole. Such couplings serve
as a low-uniformity joint of the drive and compensate for shafts that are not aligned with each
other in the following range: displacement along the axis 4o £ 18, torsion Aa= (145) mm, Ar =
0,3 ....0,6).

Checking the strength of the selected couplings is the bending of the rubber ring on the surface
touching the finger.
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Conclusion. Worm gears are used in many areas of production. When using extensions, it is
necessary to pay serious attention to working conditions, prepared materials and the forces
applied to the extension. For this reason, it is important to theoretically justify the geometric
parameters of the transmission and calculate its kinematic parameters accordingly.
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