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ABSTRACT

Mechanical flexible couplings transmit torque between two shafts and simultaneously eliminate vibrations and
shock loads that may occur during machine operation. These couplings have ability to adapt to parallel, angular
and axial movements of the shafts. In certain cases, flexible couplings can be used as "fuses" for the components
when subjected to torque loading. There are many types of mechanical flexible couplings for torque
transmission. One of the most commonly used categorizations group mechanical flexible couplings into: gear
couplings, chain couplings, grid couplings, slider couplings, spiral couplings, and bellows couplings. Each type
of coupling has a specific maximum tolerance for misalignment.

Keywords:
Flexible couplings, Torque transmission, Gear couplings, Chain Couplings, Grid Couplings, Slider Coupling,
Spiral Couplings, Bellows coupling.

INTRODUCTION

In every field of engineering, safety and high performance of machine parts during operation are very
important. Regarding the quality of manufacture and the coupling mode operation strict criteria are applied in
practice. The primary purpose of couplings is torque transmission from one to another shaft. Couplings can also
be used to connect two units, for example a motor and a generator, or to form longer shafts when two or more
multiple shafts with standard lengths are connected. Additionally, couplings can transmit axial thrust loads
between machines and any axial growth that may occur as a result of high temperatures. Couplings can be rigid
or flexible. When two shafts are properly connected with a rigid coupling, they operate as a single shaft. Rigid
couplings do not allow relative movement between the driving and driven parts and are primarily used in
vertical systems. Flexible couplings are used to connect two axially positioned shafts, to transmit torque without
slipping and to compensate for angular, parallel or axial misalignments. Depending on the design, flexible
couplings can also provide vibration damping or act as a "fuse" in case of torque overloading. For these reasons,
flexible couplings have a much broader application compared to rigid couplings.

MECHANICAL COUPLINGS
A coupling is a mechanical assembly or subassembly that serves to connect two shafts (driving and driven), a
shaft with a transmission element (gear, pulley, etc.), as well as an immediate kinematic and dynamic
connection between separate parts of machines (electric motor - pump, motor - gearbox, etc.) with the purpose
of transmitting torque. In addition to the primary purpose of torque transmission, it performs other important
functions: compensation for the detrimental influence of non-coaxial shaft connections, damping vibrations and
impacts that may occur during operation, protecting elements from overloading, quick connection and
disconnection of connected elements etc. Considered as the source of energy, the coupling should be light
weighting and installed near the bearing. When dealing with a high number of revolutions, it should be statically
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and dynamically balanced. According to the principle of transmitting torque, couplings are divided into few
groups: mechanical, hydraulic, pneumatic, and electromagnetic. Mechanical couplings, based on the possibility
of engagement and disengagement during operation, are classified as: continuously engaged, selectively
engaged and disengaged, and automatically engaged and disengaged (self-engaging) [1],[2].
During the calculation of couplings, the maximum torque occurring during the operation of the coupling is used.
If it is possible to determine the maximum torque (by assessing dynamic and potential overloads), it is taken as
the relevant (calculative) parameter.
In other cases, the maximum torque T,,,.. is determined using the drive factor of unevenness, denoted as Ka
(T=P/w, P is the power transmitted by the coupling, and w is angular velocity):
Tmax=T- Ka Q)
The moment that the coupling reliably transmits T, represents the ratio of the moment at which the most critical
part of the coupling fractures and the safety factor (S). This moment should be greater or, in extreme cases,
equal to the maximum moment (the relevant moment for calculation) (Fig.1):
T,

TSZ%ETmMZT*KA (2)

S — safety factor (S=2+3); T,,,[INm] - the moment at which the coupling experiences fracture or failure
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Fig. 1: Diagram of the Coupling Moment

The majority of today used couplings fall into the category of continuously engaged couplings. A key
characteristic of these couplings is that they are continuously engaged, maintaining a constant connection
between the joined elements, except during repairs or downtime. Depending on their construction's ability to
dampen shocks during the transmission of torque, mechanical couplings are classified as rigid and flexible
couplings.

Rigid couplings are used for shafts whose position is strictly aligned and when there are no impacts during
operation. Compared to flexible couplings, rigid couplings have limited applications. These couplings lack the
ability to compensate for misalignment between shafts and are therefore used where the shafts are already
precisely laterally and angularly aligned. Rigid couplings are typically applied in machines that involve
vertically oriented driving components. They transmit not only the rotational movement from the driving part
(usually an electric motor) to the rotating element but also any axial displacement (up or down) that occurs
between equipment parts. When using such couplings, due to their stiffness, the equipment must be precisely
aligned, and any deviation cannot be accepted. Rigid couplings are often entirely made of metal components.
This allows the coupling to operate in environments with high temperatures, high speeds, and significant driving
force. Due to their simple design, rigid couplings, in general, are capable of transmitting greater power
compared to flexible couplings of similar size.

Flexible couplings. In many cases where rigid couplings are used, the alignment of the driving and driven shafts
is not perfect, resulting in potential damage to the motor or the coupling. To prevent such damage, flexible
couplings are applied. Flexible couplings are typically used for transmitting torque from one shaft to another
when exist a slight misalignment between the two shafts. These couplings can be used with various degrees of
angular misalignment, up to 1.5°, and some non-coaxial offset between the shafts. They can protect the
components of the driving and driven shafts, such as bearings, from the detrimental effects of vibrations, impact
loads, and thermal expansion [3]. Depending on the material used for their components, flexible couplings can
be metallic or elastomeric. Metallic types of couplings use freely mounted parts that roll or slide against each
other, or stationary parts that flex to accommodate the coaxial misalignment of the shafts. Elastomeric types
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gain flexibility from resilient, non-moving elastic or plastic elements that transmit the torque.
Flexible couplings with twists, which have industrial applications, come in various constructive designs based
on their functional roles and the requirements they must meet. These requirements differ not only in the
dimensions of the constructive design but also in the shape of the elastic element. Flexible couplings are used in
a wide range of machinery, including compressors, pumps, generators, winches, cranes, conveyors,
reciprocating engines, as well as in the metallurgical and mining industries [4],[5].

Depending on the need for lubrication, there are flexible couplings with and without lubrication. Couplings that
operate with lubrication achieve flexibility through loose parts that roll or slide against each other, while those
without lubrication gain flexibility through the coiling of the metal component itself. Lubricated couplings are
usually less expensive but require periodic maintenance. Non-lubricated couplings are generally more
expensive, require minimal maintenance, and theoretically have an "infinite service life" since there is no direct
metal-to-metal contact. In the group of couplings that require lubrication, gear couplings, chain couplings, grid
couplings, and slider block couplings fall. The primary reason for defects in these couplings is wear (metal-to-
metal contact), meaning that overloads from the torque and inadequate lubrication shorten the working life of
the coupling.

Flexible couplings that operate without lubrication include spiral couplings and disc couplings. These couplings
theoretically have an infinite service life, assuming that loads and coiling of the metal material remain within the
limits of its mechanical durability (Overloading this type of coupling, whether continuous torque or cyclic
forces due to misalignments, results in material fatigue). The misalignments that flexible couplings must
accommodate can be parallel, angular, and axial. Figure 2 illustrates the different types of misalignments and
changes in the position of the end of the shaft that may occur [6].

ZﬂEF - A TL """"

a) Perfect alignment 6) Parallel misalignment

8) Angular misalignment r) Axial misalignment

Fig. 2: Types of Shaft Misalignments

Parallel misalignment occurs when the two shafts that need to be aligned have parallel but displaced central
lines. Angular misalignment represents a condition where there is a difference in the inclination of one shaft
(usually the movable machine) relative to the inclination of the shaft of the other machine (usually the stationary
machine). In a state of axial misalignment, the shafts move apart or come closer to each other. The most
common cause of this type of misalignment can be the thermal expansion of the shafts. There are several
reasons why misalignments can occur in shafts:

Over time, the base plate may settle into a lower position, causing gradual misalignment. The initial high torque
generated during motor startup can cause the aligned shafts to shift. Thermal expansion, which can cause one
part to move proportionally in relation to another part of the machine. Mechanical flexible couplings, depending
on their construction and operation, can be categorized into: gear couplings, grid couplings, chain couplings,
slider block couplings, spiral couplings and bellows couplings [7],[8].

GEAR COUPLINGS
One of the most commonly used types of couplings for power transmission are gear couplings. As shown in
Fig.3, these couplings consist of two hubs with external teeth that engage the internal teeth of a one-piece
(continuous) or two-piece sleeve (sleeve with a flange). The torque is transmitted from one hub to the sleeve and
then to the other hub of the coupling. These couplings accommodate axial movement of the shafts (toward the
inside or outside) as the teeth of the hub easily slide along the teeth of the sleeve without affecting the operation
of the coupling.
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Fig. 3: a) Gear Coupling b) Flange from Gear Coupling

A typical defect in gear couplings is surface fatigue, manifested as the formation of pits, which can be prevented
by limiting the contact pressure. There is always an angular misalignment between the surfaces of the coupling
at any given moment. To determine the contact pressure, it is necessary to know the location of the current
contact point and the principal deformations at that point [9].
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Fig. 4 : Straight and Helical Gears

As shown in (Fig.4), when using straight teeth on the hub, there is a significant concentration of loading during
misalignment of the hubs and the sleeve. As misalignment increases, a larger portion of the load is borne by the
edges of the teeth, resulting in premature wear and potential coupling defects. In the case of helical teeth, the
tooth profile resembles a segment of a helix. Under the same operating conditions, helical teeth provide larger
contact surfaces between the teeth of the hub and the sleeve. The increased contact surface leads to reduced
stress between the teeth. Additionally, the rounded edges of the helix prevent the sharp square edges of the tooth
from cutting into the material, avoiding coupling jamming.

Gear couplings designed for use with vertical shafts consist of a vertical set that holds the sleeve in a given
position (Fig.5).

Fig. 5 : Vertical Type Gear Coupling

For gear couplings with helical tooth shapes, the maximum allowable angular misalignment is between 0.5° and
1.5°. The values for the maximum allowable parallel misalignment are recorded in a table as prescribed by the
manufacturer and depend on the size of the coupling. The value for the maximum misalignment also depends on
the operating speed (number of revolutions per minute). For higher speeds, the permissible misalignment value
is smaller. The sleeve can be either one-piece or two-piece.
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Fig. 6: a). Coupling with one-piece sleeve b). Coupling with two-piece sleeve

In couplings with a one-piece (continuous) sleeve (Fig.6a), no bolts are required for connection. This is an

advantage because it allows the coupling to be smaller and simpler. Smaller and simpler couplings have less

inertia, which is advantageous during machine startup.

In couplings with a two-piece sleeve (Fig.6b), the two halves are fastened together using bolts. Bolts play a

crucial role in the energy transmission process. Some coupling designs involve energy transmission through

friction on the end surfaces, and in such cases, inconvenient bolts are used, requiring the bolt to provide

sufficient tightening force. In other designs, bolts can be subjected to preload, and in such cases, adjustable bolts

are used. Additionally, the bolts ensure the centering of the two halves of the coupling. Both cases require a

thorough analysis of the repeated loading on the bolts [10],[11].

When inconvenient bolts are used, the calculation proceeds as follows [12]:

The peripheral force reduced to a single bolt is [1],:
319310DZ—n Ky

_ & _ _ 31931UP-KJ\
Ftl Tz z Dy-z-n [N] (3)
3_p?
=225 [mm)] 4)

W 3 pZ_p?

D, [mm] — frictional diameter of the contact surfaces; D,[mm] — outer diameter of the annular surface; D;[mm]
— inner diameter of the annular surface; z — number of bolts, P[Kw] — power, n[%] — number of revolutions. The
clamping force against the slippage of a bolt is:

Fu= WP, 28, - Fy = F = = (5)
This force should be smaller, and this is achieved by increasing D,,, i.e., with a narrow surface located towards

the periphery of the friction plate. p- coefficient of friction between the plates (u = 0,1 - 0,2);
§,, - safety factor against slippage of the plates (S.=1,2 - 1,8)
The tightening force is:

Fiy -5

F,=F - ¢ [N] (6)
&, is the tightening factor (for static loads &, = 1.5 — 2, and for dynamic loads £, = 2 — 4). The tightening torque
of the bolt is:

F,
O = fl' = Ode [Nr!mmz] (7)
T 2
A, [mm?] — cross-sectional area of the core; Jdg[i ] — allowable tightening stress of the bolt. In the case of

using adjustable bolts, the calculation proceeds as follows:
The torque transmitted by the coupling is:

Tmax =T - Ko = 159155 = Ky = F,22 [Nm] ®)
The peripheral force loading the bolts due to shearing is:
F, = 318310 ’; ": [N] )

D, is the diameter of the axial circle of the bolts. Since it is difficult to adjust all screws during assembly, half of
the number of bolts is taken to transmit the peripheral force (&r - factor of non-uniform distribution of load, &r =
2).
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The force of one screw is:
2-F
z

F,
Fpp = ?t & = (10)

The bolt shear stress is:
— Fu _ Fo 4Fy

= —_—

5 A, dEm dim

= Tds (11)

4
ds [mm] — diameter of the bolt shank; As [mm?] — cross-sectional area of the bolt shank; t4s [N/mm?] - allowable
bolt shear stress; The surface pressure of the bolt shank is:

— Fu_ _Fu
P= 0~ Gowd = Pa (12)

x [mm] — length of the part of the thread that penetrates the flange; ps [N/mm?] — allowable surface pressure for
flange material. Gear couplings are used in: compressors, mixers, pumps, blowers and other industrial machines.
Lubrication of gear couplings. There are several methods for lubricating gear couplings. Most couplings operate
at speeds up to 3600 revolutions per minute or slower and use grease as a lubricant. Both greases and oils are
used for lubrication at speeds from 3600 to 6000 revolutions per minute. Oil is most commonly applied as a
lubricant for couplings operating at speeds above 6000 revolutions per minute. Most couplings operating at high
speeds use a continuous flow of oil to provide continuous heat dissipation during coupling operation, ensuring
continuous cooling. To isolate from the external working environment and prevent leakage of grease or oil for
lubrication, couplings need to have seals or gaskets that also restrict the entry of dust, moisture, and other
contaminants. Sleeves are equipped with lubrication fittings that allow cleaning and re-lubrication without
damaging the seals. In certain cases, lubrication in couplings can be a problem. Grease has the property of
separating under the action of centrifugal force, and over time, leakage may occur at the seals. If lubrication is
done correctly, these couplings have a longer lifespan [13],[14].

Lubrication problems can result from one or more of the following reasons: use of an inappropriate amount of
lubricant as prescribed by the manufacturer, loss of lubricant due to leakage, excessive lubrication (grease),
which can hydraulically lock the coupling in position, excessive misalignment that can overheat the lubricant,
use of an inappropriate type of lubricant, etc. Given the potential problems that may arise from using an
inappropriate type of lubricant, it is necessary to carefully follow the instructions provided by the coupling
manufacturer. It is recommended to perform lubrication and check axial movement of sleeves every 3000 hours,
and to conduct alignment check of shafts, gear inspection, and seal check every 8000 hours [15],[16],[17].
Defects in gear couplings can occur as a result of human error, typically happening during design, assembly, or
maintenance. Choosing an inappropriate design usually results in the use of a coupling that is either too small or
intended for a different purpose. As shown in the illustration, as the misalignment between the two parts
connected by the coupling increases, the contact surface decreases, leading to increased loading on the
components of the coupling. This results in increased friction. This increased friction imposes a corresponding
preloading on the shafts connected by the coupling. Consequently, the coupling is prevented from moving
axially, and this condition is commonly referred to as coupling lock-up.

| J | |
Normal misalignment Coupling locking

Fig. 7: Coupling Locking Due to Increased Angular Deviation

When two surfaces move relative to each other, fatigue occurs on the metal surfaces. The loading and heat
generated from friction cause the metal to wear, transform, or develop cracks.
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F-ia. 8: Damage to the Sleeve and Hugof the Coupling

Advantages: Capable of transmitting high torque, maximum angular misalignment ranging from 0.5° to 1.5°,
long operational life. Disadvantages: Requires periodic lubrication, improper lubrication contributes to increased
heat and wear of components, susceptible to the effects of reverse impact during operation [18].

LATTICE COUPLINGS
Lattice couplings are very similar to gear couplings. These couplings are entirely made of metal. They have two
hubs with slots instead of teeth (Fig. 9). The slots are interconnected by a steel lattice. Flexibility is achieved
through the sliding movement of the lattice in the slots. The flexibility of the lattice in the curved slots provides
a certain torsional elasticity. The lattice can be made from one or more parts. The cover serves to retain the
lubricant in the coupling housing and can be split horizontally or vertically [19].
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Fig. 9: Coupling with grid

Lattice couplings are used for transmitting high torque when a high degree of damping is required. Unlike gear
couplings, lattice couplings have a unique ability to reduce vibrations by approximately 30%, dampening shocks
from the load and thereby protecting both the drive and the working parts of the machine. However, lattice
couplings have limited ability to accommodate parallel misalignment of shafts. These couplings do not transmit
as much power as gear couplings (for the same outer diameter), but they are generally more cost-effective.
Lattice couplings are used in medium and small-sized drives [20].

e

;

B
B

Fig. 10 : Position of the Lattice in Relation to the Loading
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Easy Loading — the lattice makes contact close to the outer edges of the teeth on the hub. A wide range between
the contact points remains free to flex under load.

Normal Loading — as the load increases, the distance between the contact points decreases, but there is still a
free range for absorbing the load. Impact Loading — the coupling is flexible within its defined capacity. Under
extreme overloads, the lattice fully supports on the teeth of the hub and directly transfers the entire load. These
couplings are designed with horizontal or vertical caps (and their respective closing sets). That is the main
difference between so-called horizontal and so-called vertical couplings. Other elements such as the lattice and
the hub are the same in both types of couplings.

Fig. 11 : Lattice Coupling
Horizontal caps are designed for easy assembly and removal, especially in tight spaces, as they can be installed
after the other elements of the coupling are in place. Vertically split caps require installation on the shafts before
the hubs and lattice are installed. After the hubs and lattice are in place, vertically split caps can slide over the
hubs and be secured together (this also means that for complete removal of the vertical cap from the shaft, the
hubs and lattice of the coupling must be removed first). The advantage of this type of cap is that it can operate at
higher speeds. Grid couplings find applications in motors, pumps, reducers, conveyors, etc. [21].
Defects in lattice couplings. Some of the common reasons that cause defects in lattice couplings are: material
fatigue, overloading from torque, lack of lubrication, misalignment during operation. Fatigue from Material:
Generally seen as normal wear on the coupling, fatigue appears in the form of cracks, typically in the central
part of the lattice. With a few cracks, the coupling may still transmit torque with the help of the undamaged
parts. However, when such a condition occurs, the coupling operates under unfavorable conditions, and it is
advisable to replace the lattice as soon as possible.
Defects from Torque Overloading: Similar to those caused by material fatigue, defects from torque overloading
result in cracks that appear not in the central part but towards the edges of the lattice.
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Fig. 12. Defects Arising from Misalignments and Material Fatigue

Defects arising from a lack of lubrication are often localized on one side of the grid (where lubrication is
lacking) and may resemble defects caused by material fatigue. The reason for this is that in these couplings,
metal-to-metal contact occurs, and the lack of lubrication will lead to premature wear of the grid wherever there
is insufficient lubrication. Grid couplings are effective in dampening vibrations but are not highly adaptable to
misalignments. Defects resulting from misalignments can cause the grid to break at the outer flex points. Similar
to defects caused by fatigue, the coupling may still transmit torque with broken parts, but this is not a condition
that can last long. The grid should be replaced promptly, and to prevent such defects, it is crucial for the shafts
to be realigned and adjusted within the tolerances for misalignment of the specific coupling [22], [23].
Advantages and disadvantages of lattice coupling.

Advantages of these couplings include: Easy installation and maintenance. Simple installation and maintenance
reduce labor costs and downtime. High-Quality Materials: Grids made of alloy steel and precisely machined
hubs ensure superior performance and a long service life. Torsional Flexibility and Elasticity: The torsional
flexibility and elasticity of these couplings help reduce vibrations and absorb shocks. Suitable for Close-
Coupled Shafts: Suitable for use in machines where the shafts are closely spaced. Grid Replacement Without
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Shaft Movement: When the grid needs replacement due to normal wear, it can be replaced without moving the
hubs, allowing for grid replacement without relocating and realigning the machines. Disadvantages: One of the
major drawbacks of grid couplings is their limited ability to accommodate misalignments. While excellent at
damping vibrations, they are not designed to handle parallel misalignments of the shafts and are designed to
adapt to only half the degree of angular misalignment. Additionally, maintenance can be a drawback as these
couplings require periodic lubrication, which must be regularly checked and replenished with lubricant as
needed.

CHAIN COUPLINGS
Chain couplings consist of identical left and right toothed hubs connected by double metal chains or acetal
plastic chains. In chain couplings, similar caps to those used in other types of couplings are often employed to
retain the lubricating substance.

Fig. 13 : Flexible Chain Coupling

Clutch assemblies with acetal plastic chains do not require lubrication, so caps are not needed with them. Plastic
chains transmit less torque than metal chains, but they find application in environments where lubrication is
considered a contaminant or where atmospheric corrosion is a concern. The chains are connected with pins. The
chain is in contact with the teeth on both sprockets around their entire perimeter. The lateral spacing between the
chain and the teeth allows misalignment between the connected shafts. Attachment to the shaft is usually done
with screws and keyways or through fastened tapered bushings. To ensure proper functioning of the coupling, a
specific distance between the leading edges of the sprockets must be maintained. To limit the torque, couplings
with so-called needle bearings for reduction are available. In certain chain couplings, instead of a chain with
rollers, a silent chain is used. There are two models of silent chain couplings: Straight Type Couplings: These
consist of two halves divided normally along the axis of the shaft. The two halves are connected with a silent
steel chain. Diagonal Type Couplings: These consist of two halves divided at an angle relative to the axis of the
shaft. Due to the angular separation, the chain that wraps around the diagonal couplings is subjected to
compression and tension. This results in diagonal couplings having slightly higher load-bearing capacity
compared to the straight type couplings, where the chain is loaded only in shear [24],[25].

a) b)
Fig. 14. a) Chain Couplings -Straight Type b) Chain Couplings -Diagonal Type
The torque in chain couplings is calculated according to the formula:
6000 -P 974 -F
T= - T= (14)
Zm-n n
P [kW] is power, n[1/s] number of revolutions. The speed in chain couplings is:
Vmax =R+ w [m.{S] (15)
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Viin = R- cosg - w [m/s] (16)
AV = V.o — Vipin = Ro—Rw - casg =Rw(1— cosg) (17)
2a0
180
AV = Rw -(l—cos : >= Vmax(l—cosT) (18)
AV =Vyae W, U=1- COSLjO (19)

T-n

w[1/s] is angular velocity w= = n[1/min] is number of revolutions of the sprocket; z — number of teeth,

R[mm] is the radius of the sprocket; Vimax, Vmin, AV are the maximum and minimum speed of the sprocket and
their difference, y is the driving effect coefficient [26].

Application of chain couplings. Chain couplings are commonly used for transmission with low to moderate
speed and high torque, while they are rarely applied at high speeds dominated by gear couplings and other
sophisticated types of couplings. They are considered relatively robust and easy to install. Chain couplings can
be used for various shaft sizes and torque capacities, with a typical bore diameter up to 88 millimeters. The
allowed angular misalignment is usually a maximum of 1°, and parallel misalignment is limited to 2% of the
chain pitch. Sometimes, these values are reduced for installations operating at higher speeds. These couplings
are often encountered in agricultural machinery, material handling equipment, mining, light and chemical
industries. Characteristic dimensions of chain couplings are shown in Fig. (15):

Bore diameter (HD): The diameter of the bore that accepts the coupled shaft.

Overall length (OL): The length from one end to the other, measured from both ends of the coupling.

= =1

i

— HL—| 5 F
oL
Fig. 15: Characteristic Dimensions of Chain Couplings
Coupling diameter — OD - the overall diameter of the coupling, Permissible speed — maximum number of
revolutions per minute, Shaft separation - S - the space that must be maintained between the coupled shafts,
Angular misalignment — represents the maximum deviation of the shaft along the radial axis that can be
accommodated by the coupling, Axial misalignment — represents the maximum axial displacement along the
length of the shafts
Advantages of chain couplings are: they are easy to install, have the ability to transmit high torque, feature
flanges connected by double chains, providing a high level of coupling strength, can operate under unfavorable
thermal and atmospheric conditions, can operate in humid environments, allow for easy disengagement of the
two shafts, have high efficiency, up to 96%. Disadvantages of chain couplings are: they generate more noise
compared to other types of couplings, especially those using a metal chain (plastic chains may perform less
favorably than metal chains) and have a lower ability to withstand impact loads [26].

COUPLINGS WITH SLIDING BLOCKS
Flexible couplings with sliding blocks consist of identical left and right elements with openings between them
where the sliding block is located (Figure 17). Couplings with sliding blocks are specially designed for
machines whose shafts have parallel misalignment. Fig.17 shows a coupling with sliding blocks with commonly
used ratios of characteristic dimensions for these couplings.
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Fig.16: Coupling with Sliding Block

Angular misalignment, where two shafts intersect at an angle rather than a straight line, is somewhat less
tolerated by this type of coupling. For transmissions that require control of movement, the sliding block is often
made of a polymer such as nylon or acetal, or their combination. To minimize backlash, the sliding block is
pressed between the two halves, which are often made of aluminum (or brass in smaller dimensions). Due to the
sliding friction that occurs, the wear of the block contributes to a reactive force in misaligned systems. However,
the block is easily replaceable, maintaining the coupling's performance. The sliding elements can be easily
replaced at the coupling site. Shaft attachment is most commonly done with special clamps or sets of screws.
Unlike other types of couplings that use flexible elements, couplings with sliding blocks will not continue to
transmit torque in the event of a central part failure because the metal lugs on the two halves do not share the
same rotation plane. This can be an advantage, as the coupling also serves as a mechanical safeguard that
prevents damage to the drive or driven components in case of overload. Regular lubrication is required for
proper operation of this type of coupling. The advantage of couplings with sliding blocks over other couplings is
that the coupling generates very little force transferred to the bearings. In comparison to some others, these
couplings have a low maximum speed, usually around 3000 revolutions per minute, although smaller couplings
often can operate at higher speeds [27],[28].
The sliding speed of the cylindrical part is given by the expression:

V= w"T (20)
v [m/s] is the sliding speed of the cylindrical part;cw [1/s] is angular velocity; r [mm] is the distance between the
axes of the shafts; The radial force on one side of the coupling is:

T
Fy = ﬂﬂ—f (21)
T [Nm] is the torque being transmitted; u coefficient of friction; Res [mm] is the effective radius
The other side of the coupling generates another radial force with the same amplitude but shifted by 90 degrees.
Accordingly, the amplitude of the resultant force is:
s T
F,=+2p e (22)
One of the commonly used couplings with sliding blocks is the so-called Ruland couplings (named after the

manufacturer). They represent a three-part assembly with a balanced design consisting of two hubs and one
central disk. Ruland couplings come in sizes ranging from 3 to 30 millimeters in bore diameter.

Fig. 17: Hub and Disk of Ruland — Coupling
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The couplings are made of aluminum with an anodized finish to improve lubrication conditions and stainless
steel for corrosive applications. The hubs are manufactured through a special machining process that creates an
uninterrupted interaction with the surfaces of the central disk, ensuring a long working life. The transfer of
torque is achieved by connecting the openings of the central disk to the extended surfaces of the hubs. These
couplings can help protect expensive machine components by limiting the torque during overloads. The disk
fractures and prevents any further energy transmission. Couplings of this type are electrically insulated because
the central disk is non-conductive. Ruland couplings are made from three different materials: acetal - for high
torsional rigidity and zero backlash, nylon - for shock absorption and noise reduction, and PEEK - for high
temperatures and low gas emission [29].

Advantages and disadvantages of couplings with sliding blocks. Advantages: Can transmit energy between non-
coaxial shafts, have a low moment of inertia, the material of the central disks is plastic, meaning they are not
electrically conductive, they are more economical compared to other couplings, have a high torque capacity,
they are easy to assemble and disassemble. They adapt well to significant parallel misalignments — up to 10% of
their outer diameter, protect the drive components and support bearings, have a compact size and easy
installation, have high torsional rigidity, have the same rotational speed on both shafts, have long working life.
Smaller couplings can operate at higher speeds. Disadvantages: Can only accommodate small angular
misalignments, under high torque, axial loading may be transferred to support bearings, operate at a relatively
low maximum speed, typically around 3000 revolutions per minute, the disk wears over time and needs
replacement. If the central disk is made of metal, periodic lubrication is required due to the sliding movement of
the elements.

SPIRAL COUPLINGS
Spiral couplings consist of a single piece of metal with a cylindrical shape, made flexible by removing material
along a spiral path. Like all other couplings, the purpose of spiral couplings is to transmit torque between two
shafts and accommodate angular, parallel, and axial misalignments between one shaft and another.

Fig.18: Spiral Couplings

These couplings differ from others in that their one-piece construction prevents backlash, which is commonly
encountered in couplings composed of multiple parts. Spiral couplings are made from various materials,
including titanium and acetal, with the two most common materials being stainless steel and aluminum. These
couplings can connect shafts with angular misalignments of up to 90°. The performance of the coupling is
determined by six main characteristics: outer and inner diameter, helix thickness, material, number of helices,
and number of starts. By altering these characteristics, the capabilities for transmitting torque and
accommodating misalignments can be adjusted [30].

8
Fig. 19 : Couplings with One and Four Spirals

There are two basic types of spiral couplings: those with a single spiral and those with multiple spirals. Both
types are made from a single piece of material. Single-spiral couplings consist of a single long continuous spiral
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that makes several rotations along the length of the coupling. Such couplings have excellent angular and axial
flexibility but are not efficient in handling parallel misalignment. To efficiently cope with parallel misalignment,
the single spiral is forced to simultaneously wind in two different directions, resulting in high stress that can
cause material fatigue and eventual coupling failure. The long single spiral also has low torsional stiffness.
Under the action of the load from the torque, especially during rapid accelerations or decelerations, as well as
starts and stops, the coupling winds up like a spring, causing angular displacement from one end to the other,
negatively affecting the accuracy of the driven part of the system. This winding results in lag in positioning the
driving and driven parts of the machine while in motion. Therefore, single-spiral couplings may not be suitable
for machines that require precise positioning throughout the entire movement. Torsional stiffness is also crucial
for the operation of these couplings. The angular lag of the coupling may force the motor to "search” for its
position, causing oscillations back and forth until the coupling reaches its original free length and the system
stops. Multi-spiral couplings have a different construction compared to single-spiral couplings. They use a
single or double set of spirals, unlike continuous single spirals, resulting in shorter spirals that increase torsional
stiffness and positioning accuracy. The shorter the length of the spiral, the stiffer and stronger it is under
torsional loads. The idea of using multiple short spirals together in one set enhances the coupling's ability to
accommodate misalignments. However, such a coupling is not as flexible as a single continuous spiral coupling
but has enough flexibility to be effectively used in various machines. A greater number of spirals also allows for
a larger capacity to transmit torque. This type of coupling, with a set of spirals, also faces issues with parallel
misalignment and quickly experiences fatigue in spirals with shorter lengths. Additional improvement in the
design with multiple spirals is achieved by incorporating multiple sets with multiple spirals. Multiple-section
sets allow for a greater ability to handle parallel misalignments. A coupling with a single set of sections
compared to a coupling with a double set is best compared to a single universal joint versus a double universal
joint. A single joint easily copes with angular misalignment but not with parallel misalignment, while the double
joint easily handles both types of misalignment. Spiral couplings are used in various applications, including CT
scanners, laser marking devices, 3D printers, index tables, food processing equipment, tachometers, and other
instruments [31].

Material Selection for Spiral Couplings. Material selection is a crucial factor to consider when specifying a
coupling. Since the coupling is made from a single solid piece of material, many of its characteristics depend
directly on the type of material used. Typically, couplings are made from aluminum or stainless steel, although
occasionally they may be crafted from plastic or titanium. Aluminum is commonly used for manufacturing these
couplings due to its relatively low cost. It is lightweight and has an excellent strength-to-weight ratio, making it
ideal for motion control systems. The low weight allows the couplings to have low inertia. The favorable
strength characteristics of aluminum and its resistance to fatigue contribute to a long operational life, even under
challenging working conditions. Aluminum can undergo a process called anodization, an electrolytic passivation
process, to enhance its durability and corrosion resistance.

Fig. 20 : Anodized Aluminum Coupling
Stainless steel is the next most common material used in the manufacture of spiral couplings. Typically,
stainless steel is chosen to increase the strength of the coupling. Stainless steel couplings are usually twice as
strong as aluminum couplings with the same design and have much greater torsional rigidity. However, these
couplings also have their drawbacks. Stainless steel has a mass nearly three times greater than that of aluminum,
which is why this coupling has a relatively high inertia, which can reduce the system's responsiveness. Stainless
steel couplings are applied in systems that operate in extreme working conditions, such as variable weather
conditions, extreme temperatures, and the presence of chemicals. In addition to aluminum and stainless steel,
other materials such as titanium and Delrin are rarely used to manufacture these couplings. The costs and
difficulties of manufacturing couplings from these materials contribute to their application only where it is
absolutely necessary to use such materials. Some advantages of couplings made of Delrin are that they have
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lower mass and inertia even than aluminum and have the additional benefit of electrical insulation. However,
these couplings have much lower strength and can only be appropriately applied in systems with extremely low
torque requirements. A better option for systems requiring electrical insulation is to use aluminum couplings
with an insulating cover [32],[33].

Advantages and disadvantages of spiral couplings. Advantages: Simple, one-piece construction, zero backlash,
adaptable to all types of misalignments, balanced for higher speeds and reduced vibrations, no need for
lubrication

Disadvantages: Not suitable for extreme working environments with extreme temperatures and the presence of
chemicals, relatively low torsional rigidity, stainless steel couplings have greater weight, which may lead to
inertia issues

BELLOWS COUPLINGS

Bellows couplings are one-piece flexible connectors used to connect driving and driven shafts in mechanical
power transmission assemblies. They consist of two hubs interconnected by flexible mevo elements. Most
bellow elements used in these couplings are made from one or more layers of high-quality stainless steel, alloy

steel, or hydroformed sheet metal to create a corrugated surface that provides flexibility.
L2

D4

L1
1205

Fig. 21: Bellow Coupling

The resulting form is continuously symmetrical and very rigid concerning its rotational axis while remaining
flexible in the other three axes: parallel, angular, and axial. Bellows elements are attached to the hubs by
tightening, welding, or with a metallic chemical bond. During assembly, the hubs and bellows elements are
mounted on a shaft whose diameter matches the corresponding diameters of the hubs, ensuring concentricity.
Typical bellows couplings can accommodate angular misalignment from 1° to 2° and parallel misalignment
from 0.254 mm to 0.508 mm. They are used when precise rotation needs to be transmitted, especially at high
speeds and dynamic movement. They have zero backlash and a high level of torsional stiffness. Unlike other
mechanically flexible couplings, bellows couplings do not require lubrication [34].

S Sl

Fig. 22 : Position of the Bellow Coupling During Axial, Parallel, and Angular Displacement of the Shafts

Bellows couplings are not typically used in cases of significant shaft misalignment. During operation, they
generate relatively low loads on adjacent shafts and bearings while compensating for the levels of misalignment
for which they are designed. When properly aligned, usually within the range of 0.2 mm to 0.4 mm parallel
misalignment, they are resistant to fatigue for an infinite operational life without the need for maintenance.
However, if shaft alignment is not considered, it can lead to defects]. The torsional stiffness (C,) in bellows
couplings is given by the expression:
180 - T
Co= — "

(23)
T [Nm] — torque, y[rad] - angular displacement. The torque T is:
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T=m-g-R (24)

m [kg] — mass; g [m/s?] is gravitational acceleration; R[mm] — radius. Angular displacement is:
tan(y) = 'ﬁTJ‘ — 1) = arctan(Ax/1) (25)

Application of couplings with bellows. Couplings with bellows are used for:

1.High-precision positioning, when it comes to rotational positioning, the benefits of zero backlash and high
torsional stiffness are quite evident. 2.High dynamic motion —the high torsional stiffness helps shorten settling
times during rapid starts and stops. As a weak link in most direct drive systems, the flexible coupling determines
the stiffness of the entire drive shaft. 3.Geometric characteristics of the coupling are of great importance when
used in systems with high rotational speeds. The low weight, continuous symmetry, and uniform stress
distribution enable smooth, stable operation at high speeds. Standard couplings with bellows are typically
designed to operate at rotation speeds up to 10,000 revolutions per minute. Under certain conditions, by
balancing the assembly, couplings can adapt and be used at much higher speeds, sometimes even exceeding
100,000 revolutions per minute. 4.Resistance to extreme temperatures — when machines are exposed to extreme
temperatures, metal couplings are favored over elastomeric couplings because their mechanical properties
remain largely unchanged even over a wide temperature range. The unique advantage of couplings with bellows
is that, unlike other types of couplings, these couplings have high tolerance for axial displacement. This allows
them to absorb axial displacement that may result from thermal expansion in the drive shaft and other structural
changes within the machine. Couplings with bellows have wide applications in laser engraving machines, linear
and ball screw actuators, tube production machines, laser cutting machines, etc. [35].

Selection of bellows couplings. Knowledge of the temperature range to which the coupling will be exposed is
crucial to ensure its proper functioning. Couplings with electrodeposited bellows are typically specified to have
a maximum temperature capability of 176 °C. The maximum and minimum temperatures of couplings with
bellows are the main factors affecting the assembly of the spiders with the end parts of the coupling. Couplings
with electrodeposited bellows are offered as soldered assemblies with a maximum working temperature of up to
148 °C or adhesive-bonded assemblies with a maximum working temperature of 115 °C. The end parts or hubs
are connected to shafts, which can be of the same or different sizes. Couplings can be manufactured with
various bore sizes to accommodate different shaft sizes. Additionally, the configurations of the end parts can be
designed to match the specific geometry of the shafts, facilitating their assembly and enhancing the performance

Fig. 23: Couplings for Shafts with Specific Construction

To secure the shafts to the end parts of the coupling, screws or special tightening mechanisms are commonly
used. Tightening mechanisms reduce the diameter of the end part around the shaft due to a split in the
component and the fastener. Aluminum and stainless steel are the most common material choices for the end
parts due to their stiffness, cost, and operational capabilities.

Advantages and disadvantages in couplings with bellows

Advantages: Operate with high precision, provide continuous speed rotation due to their symmetry, have high
torsional stiffness, have high flexibility to compensate for misalignments in shafts, minimize the moment of
inertia, no need for lubrication. Disadvantages: Their design may have a high manufacturing cost, when
operating under conditions of maximum torque defects may occur, cracks may appear due to the thin surface of
the bellows.
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CONCLUSION

Gear couplings have the highest tolerance for axial movements, slider couplings perform best with parallel
movements, and spiral couplings are most suitable for angular misalignments. For transmitting high torque,
chain couplings are usually applied, while systems requiring vibration damping are best served by grid
couplings. However, the choice of the coupling type for a specific case is influenced by a range of operational
parameters. Each of the mentioned groups of couplings has its advantages and disadvantages. Depending on
their construction and operating principles, some types of flexible couplings may require lubrication for proper
functioning. Spiral couplings and disc pack couplings represent one-piece assemblies, and they usually do not
require lubrication, as there is no metal-to-metal contact in these types of couplings. The application of flexible
couplings is crucial across various industries, including compressors, pumps, generators, winches, cranes,
conveyors, piston engines, copying machines, laser marking devices, as well as in the metallurgical and mining
industries.
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