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A large number of elastic couplings are used in mechanical engineering. Couplings with metal elastic
elements come with constant and variable stiffness. As part of drives, they can play the role of safety devices
in which the elastic element, which is designed to transmit a certain torque, is destroyed during overloads.
The development of the design of a safety-compensating coupling and the method for calculating its parameters
will make it possible to determine permissible dynamic loads at the design stage.

Purpose is to develop a design scheme of a coupling with an elastic metal element with compensation
and safety functions and a method for calculating its parameters, which ensures reliable operation without
destruction of the elastic element during overload.

Using well-known analytical methods for solving statically indeterminate equations, for given
structural parameters of the elastic element, dependencies are proposed for determining dynamic loads in
straight sections of the spring and possible displacement of the support element. Based on the analysis of
literary sources and patent search, variants of design solutions for elastic couplings are proposed. The elastic
element of the device is proposed in the form of a closed star-shaped flat spring tangent to the half couplings
with its protrusions. New mathematical dependences are obtained for determining dynamic loads in elastic
metal elements of safety-compensating couplings. For the adopted coupling sizes, graphical dependences of
dynamic loads on the design parameters of the elastic element of the coupling are determined and constructed.

The design of the proposed elastic coupling is simple, technologically feasible, and reliable in
operation; it can be effectively used in the design of low- and medium-power drives for various mechanisms
and machines, ensuring compensation of misalignments, reduction of dynamic loads, and protection of drive
components from overload-induced damage while maintaining stable torque transmission.

Key words: design, coupling, spring element, torque, stress, diagram, deformation, reaction, dynamic loads.

Eq. 12. Fig. 12. Table. 1. Ref. 16.

1. Problem formulation

The main purpose of couplings is to transfer rotational motion and torque from one shaft of the
mechanism to another. However, along with the kinematic and power connection of individual parts of the
machine, couplings also perform such functions as compensation for shaft misalignment, damping during
operation of vibrations, shocks and impacts, preventing overloads and quick disconnection of machine
elements, etc.
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The variety of engineering and technical problems that have to be solved in mechanical engineering
and other industries requires the use of not only standard couplings, but also the development of new
multifunctional devices.

2. Analysis of recent research and publications

Elastic couplings have become widespread in engineering. As the name suggests, a characteristic
element of these couplings is a link, the feature of which is deformation. Due to this, they soften (dampen)
shocks, shocks and vibrations, allow angular relative rotation, which contributes to the smooth operation of
the machine and prevents the appearance of resonant torsional vibrations. In addition, this type of coupling
does not require precise alignment of the connected shafts [2].

A large number of elastic couplings of various designs are used in mechanical engineering. According
to the material of the elastic elements, these couplings are divided into two groups: couplings with metal and
non-metallic elastic elements. In turn, the former, depending on their characteristics, come with constant and
variable stiffness [1, 4, 5, 6, 9, 11, 14, 16].

In general, the stiffness of the springs C is defined as:

c=IM )
do
where M — torque; ¢ — relative angle of rotation of the coupling halves.
Along with the listed features, these couplings can play the role of safety devices, in which the elastic
element, which is designed to transmit a certain torque, collapses during overloads in most designs.

3. The purpose of the article

The purpose of these studies is to develop a design scheme and study a coupling with an elastic metal
element with compensation and safety functions without destroying the latter during overload.

4. Results and discussion

Analyzing the known designs and operation of elastic couplings with metal elements, it was found that
it can be located on the cylindrical surface of the device or in a plane perpendicular to the axis of rotation. In
the development of the latest design schemes of couplings, several variants of their execution have been
developed [8]. The closed-type elastic element is made star-shaped from an elastic metal strip of a certain
width and thickness. Its design parameters will be determined by the dimensions of the half-couplings (D, D),
number of vertices (n) this star and material. Such couplings are designed to transmit small torques and
depending on the fastening of this spring, it can perform the functions of an elastic or elastic-safety coupling

Fig. 1. Examples of options for the elastic element of the coupling
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Fig. 2 shows the structural diagram of such a coupling. Let us consider the operation of one of the
teeth (arches) of the elastic n — star coupling [7, 12]. It consists of two symmetrically arranged rectilinear
elements with a length of L, which form angles a with the axis of symmetry (Fig. 3). The lower ends of these
elements are rigidly clamped, and the upper ones are connected by an arc of a circle of radius r. A force acts
on the upper supporting end of one of the rectilinear elements F perpendicular to this element, which can be
determined by the formula:

Ne 4 (131) /2025 TexHika, eHepreTHuka,
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F=2M )
dn
where M — the torque transmitted by the clutch; d — coupling diameter; » — the number of teeth
(protrusions) of the elastic element.

A-A

Fig. 2. Structural diagram of a coupling with a star-shaped flat spring: 1, 2 — coupling halves;
3 —elastic element; 4, 5 — retaining rings

For the geometrically correct shape of the elastic element of the proposed coupling design, the
following equalities can be written:

%sin (%j = Lsin(«) + r cos(«);

D & ki o
5 5 cos[n)+ Lcos(ax)+r rsm(a), ©)
where D, D; — outer and inner diameters of the coupling.
P B From these relations (3) we find the angle of

inclination « and the length L of the straight section
of the elastic element:

. (D . (7 (),
o =arcsin|f —sin| — | |—arcsin| — |{;
2k n k

L= (zsin (zj -r cos(a)] /sin(ax),
2 n

(o (2)] +(3-Fee(2))
k=,[| =tsin| — +| ———tcos| — |-r
where 2 n 2 2 n

(4)

Fig. 3. Calculation diagram of an elastic element

The system of equations is three times statically indeterminate [10, 13, 16]. We choose the main system
by discarding one of the supports of this straight section of the spring, and replacing its action by two mutually
perpendicular forces Xi, X, directed along it and the reference moment Xs.

According to the method of forces, unknown forces are determined from a system of linear algebraic

equations:
3

DX +A =0, . (5)

=t
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We assign a single value to each unknown in turn and construct bending moment diagrams. Ma, Mo,
M from these efforts, as well as a diagram of bending moments from a given load (force F).

Xt

’E
ﬁ
%
lr \)?2:7

Fig. 4. Bending moment diagrams from unit forces X, =1; X, =1; X, =1 and F from a given external load

Using Mobhr's integral and Vereshchagin's method [3, 7] of multiplying graphs, we obtain analytical
expressions by which we can calculate the values of the coefficients &; and free members A

2 3 ai
O, = ! (L2+a1 +as +aa,)+ L +2Lrr, LI, sin(4a) ;
El 2 4
1 r, rsin(4a) 1
) +bZ +bb,)+r¥(r-2r,+t————"5) |; 5,=—(2L+r1,);
R TR R AL ST G R S A TTRY

5, =5, = Ell( (@b, +ab, +(a +a,)(b, +b,)) - (er+rr—122—ur3j,

1

513 = 531 El

( (L+a +a,))+Lr +rr2j,

523 :532 =E(E(bl+b2)_rrl+rr3j;

FL? FL? FL?
A = 6EI (a1+2a2); Aye ZGE(bl"’sz); Aze :E

where E — Young's modulus; | = — moment of inertia of the cross section.

, (6)
bh®

L=r(z-2a); r,=r+cos(2a)); r,=rsin(2a);
a=L+r; a,=a-Lcos(2a); b =-r,;
Substituting into the system of equations (5) the obtained values J;, A,-, we find reactions X1, Xz,

ij?
X, which, as a multiplier, includes the force F.
Bending moments in an arbitrary cross-section are determined by the formula:

M=M;+M, X, +M,X,+M,X,, (7)
and longitudinal forces
N, =-X,; N, =X, cos(2a)— X, sin(2). 8)
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The permissible value of the force F is found from the condition of strength of straight sections:
INT . 8M] _

on o7 =17 ®)
and for a curved section according to the formula:
h
r-r,——
O =M ° 2, (10)
A A(r-ry) r_ﬁ
2
2
where A =Dbh— cross-sectional area of the arch; W :T — axial moment of inertia;

radius of curvature of the neutral layer during pure bending of the curved beam.

o )< )

The maximum moment that the coupling can transmit is calculated by the formula:
M, . =N(Fcosa(D/2-r+rsina)—Frsinacosa). (11)

Let's find the displacement A the point of application of force F in the direction perpendicular to the
axis of symmetry. To do this, you need to apply a unit force in this direction, construct a bending moment
diagram from its action, which is then multiplied by the total bending moment diagram of the arch, i.e.

L*cosa

6El

The calculations were performed with the following geometric and physical parameter values:
D=0,12m,D;=0,06 m, r =0,05D1, b =0,012 m, h =0,0025 m, [¢] = 160 MPa; E = 2 10° MPa.

For example, consider a coupling consisting of three elastic elements (n = 3). First, using formulas (4),
we determine the angle of inclination of the straight sections of the elastic element to its axis of symmetry
a = 28,2579°,and then the length of these sections L = 49,3 mm. Further, after calculating the coefficients dj;
and free members A, according to formulas (6), we solve the system of linear algebraic equations and find

(in fractions of the force F) the values of the reaction components in rigid clamping X1 = -0,6186F;
Xo=1,2788F and the value of the reference moment X = 0,0239F. Longitudinal forces and bending moments
are calculated using formulas (7). Then, the maximum absolute values of these internal force factors are
substituted into the strength condition (8) and the permissible value of the force is found F = 285,7689 H. The
maximum torque that this elastic coupling can transmit is calculated by the formula (11) Mmax = 43,0428 Nm.

A similar calculation is performed if the coupling contains a different number of elastic elements
(n=4,5,6, 8). The results of these calculations are given in Table 1.

A= 2(LF +a, X, +b,X,)+ X, +a, X, +b X,). (12)

Table. 1
Results of calculation of coupling parameters
N a’ L(um) X1 X2 X3 F(H) Mmax(Hm)
4 26,523 41,5 -0,559F 1,2773F 0,0185F 312,34 63,718
5 23,686 37,1 -0,467F 1,3033F 0,0141F 372,41 97,20
6 20,812 34,3 -0,375F 1,3410F 0,0108F 457,36 146,21
8 15,934 31,3 -0,230F 1,4341F 0,0067F 528,40 231,69

of graphical dependences of dynamic loads on the design parameters of the elastic element.

Next, we present the results of the research for the adopted coupling dimensions presented in the form
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Fig. 7. Change in the length L and the angle of
inclination a of the wall of the elastic element of
the coupling depending on the diameterD; (n = 6)
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Fig. 9. Change in the length L and the angle of
inclination a of the wall of the elastic element of
the coupling depending on the diameter D1 (n = 4)
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Fig. 10. Maximum value of force F and moment
Mmax depending on the diameter D; (n = 4)
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From the obtained dependences it is clear that ensuring the maximum power parameters of the coupling
operation requires an increase in the number of elastic elements or their sizes, in particular thickness.

5. Conclusion

The use of this calculation method makes it possible to determine the maximum stresses in the
elements of a star-shaped spring and its design parameters. The developed design of an elastic coupling is
distinguished by its simplicity, manufacturability, reliability of operation and can be used in the design of
drives for mechanisms and machines of small power.

The first studies of the proposed design scheme of the coupling showed that the design parameters of the
coupling halves, the shape and design parameters of the elastic element and their number significantly affect its
technical characteristics. With an increase in the number of working areas (teeth) in the elastic element (star), as well
as its dimensions (b, h), without changing the material, contribute to the growth of the transmission power factors.

During design, it should be remembered that with a decrease in the ratio of the diameters of the
coupling halves, the maximum values of the force and torque that the coupling can transmit sharply decrease.
The final design solution should be based on specific technical tasks.
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N

HJIAXHW PO3BUTKY KOHCTPYKTUBHUX CXEM TA PO3PAXYHOK IIPY KHUX MY®DT
B mawunodyoysanni 6uxopucmosyemvcs 8enuKa KitbKicmv npyscHux mygm. Mydmu 3 memanesumu
NPYICHUMU eNleMenmamu 6y8aioms 3 NOCMIUHOW | 3MIHHOIO Jcopcmiicmio. Y ckiadi npusooie 60HU MOXNCYMb
gidicpasamu pob 3an00INCHUX NPUCIPOIB, Y AKUX NPYIHCHULL elleMeHm, KU PO3PAX08aHULl Ha nepeoayy NeeHo2o
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KDYMHO20 MOMEHMY, Ni0 4ac nepesaHmadicenv pyuHyemvcs. Po3pobka KoHcmpykyii 3anoOisncHo-KoMneHcyowol
mMydpmu ma mMemoouku pO3PAXYHKY i napamempie O0dacmv MONCIUBICIb GUSHAHAMU OONYCHUMI  OUHAMIYHI
HABAHMADICEHHS, HA emani NPOEeKMY8AHHSL.

Mema pobomu noasieac y po3pobyi KOHCMPYKMUGHOI cxemu My@mu 3 HAPYICHUM Memaieeum
eneMeHmMOM 3 KOMNEHCAYIUHUMU | 3aN00INCHUMU QYHKYIAMU mMa MemOoOUKU pO3PAaxyHKy ii napamempis, 3a
AKUX 3a0e3neuyemuvcs HadiliHa poboma be3 pyUuHYy8aHHs NPYHCHO2O0 eleMeHmA Ni0 4ac NepesaHmadiCeHHs.

Buxopucmosyrouu 3a2anbnogioomi ananimuuHi Memoou po3s a3Ky CMAamuiHO HeBU3HAYEHUX PIBHAHb, O/
3a0aHUX KOHCMPYKMUBHUX NAPAMEMPI6 NPYAHCHO20 eleMEeHmy 3aNnpOnoHOGAHT 3ANEHCHOCME 0151 BUSHAYEHHS
OUHAMIYHUX HABAHMAICEHD Y NPAMONIHIUHUX OLSIHKAX NPYIHCUHU MA MOJICTIUGE NePeMilyentsi ONOPHOT YaCTHUHU.
Ha niocmasi npogedenoco ananizy nimepamyprux odcepen ma NAMeHmHO20 NOULYKY 3anpoNnoHOBAHT 8apianmu
KOHCIMPYKMUBHUX PilleHb NPYsCHUX Mygm. lIpyscHull eiemeHm RpUCMpor) SUKOHAHO V BUTAOI 3AMKHYMOL
3ipKONO0JIOHOI NOCKOI npyscuHu domuunoi 0o niemygm ceoimu sucmynamu. Ompumani HO8i MamemMamuyHi
3anexicHocmi 01 BUSHAYEHHS OUHAMIYHUX HABAHMAIICEHb 6 NPYHCHUX MEMAlesux eneMenmax 3ano0inicHo-
KoMneHcayiunux my@m. s npuiinamux po3mipie mygmu eusHaueHi ma noOyoo6ani epaghiuHi 3aneicHocmi
OUHAMIYHUX HABAHMAIICEHDb 810 KOHCIMPYKIMUBHUX NAPAMEMPIB NPYHCHOLO eNeMeHmY MYDmu.

Koncmpyxyis 3anpononoganoi npyschoi myghmu € npocmoio, mexHoni02i4Ho 00YiibHOW ma HAOTUHO0
6 excniyamayii; 8oHa Modce Oymu epeKmusHO GUKOPUCMAHA NPpU NPOEKMYBAHHI Npugooie Manoi ma
CcepeOHbOi NOMYIHCHOCMI O/l PI3HUX MeXaHizmie ma MAawuH, 3a0e3neuyiouu KOMNeHCAYilo NepeKkocis,
3MEHUEeHHT OUHAMIYHUX HABAHMANICEHb A 3aXUCH KOMNOHEHMI8 NPUBOOY 8I0 NOUIKOONCEHb, CRPUUUHEHUX
NepesanmaiceHHsImM, npu Ybomy 30epicaiouu cmabinbHy nepedasy KpYmHo20 MOMEHM).

Knrouoei cnosa: mygpma, npysicunHuil eiremenm, KPYMHUU MOMEHM, HANPYXICEHHS, Oeopmayis,
peaxyis, OUHAMIYUHI HABAHMAIICEHHSL.
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