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Mathematical layout model of coupling with
tangentially located ropes

The article deals with the results of mathematical modeling of layout coupling with tangentially located
ropes. Arrangement considered limiting geometric nature that must be considered when designing joints.
These conditions take into account the possibility of tightening fasteners, bushings opportunity neighborho-
od inner coupling halves, the possibility of relative rotation of the coupling halves, the lack of interference
of the outer and inner sleeves of the coupling halves, the absence of interference of adjacent ropes and
sleeves inner halfcoupling. As a result of research obtained mathematical expressions to be used in the
calculation of engineering couplings checking the basic conditions of their geometric existence. These have
been tested according to the design of the coupling, and the calculation results are checked by comparing
them with the results of construction and found a match. The results can be used in the design of the
coupling with the end of direct installation of ropes tangential location.
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Introduction

Most of the parts and components of machines are complex structures, and their successful design is possible
only after a thorough study of the processes occurring in these units during their operation, and the development
of models for justifying their parameters based on new knowledge. At the same time, for many assembly units,
rational design is the result of a series of calculations performed by the method of successive approximation,
an example of which are the layout calculations e.g. when «implementing» gears in predetermined dimensions,
etc. [1]. The elastic couplings [2, 3], in particular those with rope elements, for which the design and verification
calculation methods have not been developed are not an exception, therefore further development of such
calculation methods and construction of appropriate mathematical models is an important task.

Analysis of previous studies on this issue, highlighting
the unsolved part of the problem

The authors of previous works [4, 5] proposed a new design of the coupling with an end-type installation
of ropes of tangential location. The coupling (Fig. 1) consists of two half-couplings - the inner (1) and the
outer one, which are connected by elastic elements (10), represented by ropes, each of being fixed by one end
metricconverterProductID14 in (14) in the pin (8), installed in the outer half-coupling (11), and the other end
metricconverterProductID15 in (15) in the pin (2) installed in the inner half coupling (1). The pins (8) and (2)
are passed into the axial holes (7) of the sleeves (6) and the holes (9) of the flanges (5) of the half-couplings (11)
and (1) and are tightened with the nuts (4) which are mounted on their threaded ends (3). The ropes (10) are
passed into the transverse grooves (12) of the sleeves (6) and the grooves (13) of the pins (8) and (2). The pins
(8) and (2) can be installed in their half-couplings (11) and (1) at different diameters which exclude interference
of adjacent sleeves of the outer and inner half-couplings. This feature makes it possible for the coupling to
perform safety functions, so that during overloading and pulling the ropes from the sleeves, the impact of the
sleeves fixed on the half-couplings (11) and (1) is eliminated and the driving half-coupling can continue to rotate
freely.
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Figure 1. Scheme of the coupling with end-type installation of tangentially located straight ropes

As a result of theoretical studies, the basic geometric constraints are determined and five conditions for
the geometric existence of couplings of the proposed design are formulated: the possibility of tightening fixture
elements, the possibility of «proximity» of the sleeves of the inner half-coupling, the possibility of relative rotation
of the half-couplings, the absence of interference between the sleeves of the outer and inner half-couplings, the
absence of interference between the ropes and adjacent sleeves of the inner half-coupling. These geometric
constraints also affect the loading of the coupling parts, but formulas for testing the last two conditions at
the design stage and the mathematical model of the actual layout are not obtained, which complicates the
process of designing couplings. Therefore, the purpose of this work is the theoretical justification of the features
of geometric and power calculations, the design of couplings with end-type rope installation and obtaining a
mathematical model that will simplify the work of the engineer during the layout of the couplings.

Statement of the main material

The design scheme of the coupling with end-type installation of tangentially located ropes is shown in
Figure 2. In its half-couplings at different diameters, the outer D; and the inner Da, sleeves (1) and (2) are
fixed, in which the ropes (3) are fixed, due to their tension the rotation from the driving half-coupling to the
driven one is transmitted. The main initial data for checking the specified conditions for the existence of the
coupling, in addition to the diameters of the sleeves location, are the diameters of the sleeves d; and the ropes
ds , as well as the angle of the installation displacement of the half-couplings ¢ - the angle between the radii on
which the sleeves of the outer and inner half-couplings that hold one rope are fixed. This angle can be adjusted
when mounting the coupling to the required limits. The value of the angle £ also affects the force parameters of
the coupling, therefore, due to the rational choice of the angle &, it is necessary to ensure minimum loading of
the coupling parts and its geometric existence within the limits of the indicated constraints.

Figure 2. Design scheme of the coupling with end-type installation of tangentially located ropes
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In order to obtain formulas that will test the two conditions mentioned above-the absence of interference
between the sleeves of the outer and inner half-couplings, as well as the absence of interference between the
ropes and adjacent sleeves of the inner half-coupling, it is necessary to consider a number of simple drawings
shown in Figure 2. Thus, the first of above mentioned conditions is the condition that there is no interference
between the sleeve of the outer half-coupling and the corresponding sleeve of the inner half-coupling, provided
there is a gap k3 between them. The condition is tested to ensure the shock-free operation of the coupling and
is described by the expression (1). Thus, the provision of this condition actually reduces itself to the calculation
of the distance h; between the axes A and C of the adjacent sleeves of the outer and inner half-couplings.

ks =hy —dy, ks> [A], (1)

where [A,] is expected radial misalignment, at which the coupling will be operable.

The second of these conditions - the absence of interference between the ropes and adjacent sleeves of the
inner half-coupling, is met when there is a gap k4 between them. The condition is tested to ensure the shock-free
operation of the coupling and is described by the expression (2). Thus, the verification of the provision of this
condition reduces itself to determining the distance ho between the axis C of the sleeve of the inner half-coupling
and the axis AB of the rope.

ky = hy — 05(d1 + dz), k4(24)mm (2)
To achieve this goal, let us first consider a rectangular triangle OPB for which we can write as follows:
D
PB = 0B x sin¢ = 72 sin &; (3)
D
OP:OBxcosfzgcosf. 4)
It follows from the rectangular triangle APB:
oo — @ - PB - 0,5D5siné B Dysing X (5)
992 = AP T OA—OP ~ 0,5D; —0,5Dscosé Dy — Dycosé
2
A=— ¢ 6
"¢ (6)

It follows from the rectangular triangle OSC:
D
CS=0C xsin\A = {sin)\; (7)

CSZOCXCOS)\:%COS)\. (8)

From the rectangular triangle ASC we can derive as follows:

tgos — @ _ cs _ 0,5D5 sin A _ D5 sin A _v. )
AS OA-0OS 0,5D; —0,5DycosA  Dj — Dycos\ k
Cosagzﬁ:OAfOS:O,5D170,5D2cos)\. (10)
CA CA CA
We introduce the substitution (11)
cosaz = ! L (11)

V1ttgRas V1+Y?
then

AS
hi =CA = e (0,5D1 —0,5D5cos \) X /1 +tg?a3 =0,5(D1 — Dacos\) X /14 Y2, (12)
3
From the rectangular triangle CDA, we can derive as follows:

a4 = Qg + Q3. (13)
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We introduce the substitutions (14) u (15):

P tgag +tgaz X +Y (14)
94_17tga2><tgoz3_lexY_ ’
t Z
sinay = ga4 = . (15)
V1+tg2ay, V1422
Then P
. lgay
ho =CD =CAsinay, =CA =h , 16
2 4 T ig%0, N T (16)
or finally

0,5(D1 —DQCOS)\) xV1I+Y2xZ
V1i+ 22 '

The obtained formulas (3)—(15) made it possible to derive the dependences (12) and (17), which can be
used in the design and layout of couplings in order to test the possibility of their geometric existence according
to the conditions mentioned above (1) and (2).

To illustrate the possibilities of applying the obtained formulas, let us consider an example of the layout
simulation for the following coupling data: the torque transmitted by the coupling is T = 500 Nm, the diameters
of the sleeves in the half-coupling Dy = 145 mm, Dy = 110 mm, number of ropes z = 8 pcs. In the design
calculation, the angle of the installation displacement of the half couplings, which ensures the minimum tension
of the ropes, was calculated from the previously [6] obtained formula (18).

hy =

(17)

D 110
&p = arccos D—; = arccos 7 = 40, 66°. (18)
After calculating the tension of the ropes according to the formula (19), the ropes were selected with a dimmer

ds = 3.8mm GOST 2688, with a breaking force of 8400 N, marking group 1170 MPa, the diameter of the sleeves
is taken to be d; = 24mm.

4T+/0,25(D3 + D3) — 0,5D1 D5 cos & (19)
o 2D Dgysin € '

The possibility of the coupling layout with accepted and calculated parameters is illustrated by the graph
(Fig. 3). With the use of the obtained formulas (1)-(19), the graph shows the influence of the angle of the
mounting displacement of the half-couplings £ for the gaps k3 and k4, as well as the tension of the ropes Fy.
Other conditions for the geometric existence of the coupling are met for any &, therefore they are not shown on
the graph.
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Figure 3. Graph of the mutual influence of design and force parameters of the coupling
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The analysis of the graphs presented in Fig. 3 makes it possible to state that the interference between the
adjacent sleeves, as well as that between the ropes and the sleeves according to the conditions (1) and (2) is
absent at angles ¢ = 32°. The limiting layout parameter is the design gap ks, which only at the angle value
¢ < 32°) has the value which is greater than zero (this position corresponds to the vertical line of the border of
the layout limits on the graph).

Conclusions. To set in the model coupling the value of the mounting displacement angle £, calculated
according to the formula (18), which is optimal from the point of view of ensuring minimum rope tension, is
not possible due to interference between the adjacent sleeves of the outer and inner half-couplings. Therefore,
for a successful layout, based on the graph data (Fig. 3), it is possible to reduce the angle of the mounting
displacement of the half-couplings e.g. to a value of 25°. With this change, the load of the coupling parts will
change insignificantly, since the force of the rope tension when the angle & changes from 40.66° to 25°, which is
acceptable from the viewpoint of the layout, will increase by about 6%. Consequently, the research performed
and the model obtained make it possible to simplify the coupling layout characterized by the compactness and
the possibility of calculation automation.
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Apkangapbl TAaHTreHINAJIALI OpHAJAcKaH MydTa OeJInIeKTepiH
KYPaCTbIPYIbIH MaTEeMAaTUKAJIbIK MOJEJIi

MakaJsiaga TanreHc GOMBIHINA OpHAJACKAH OETTIK KYPBLIBIMIbI KAHAT I€H My(dTa KYPbUIBIMBIHBIH MaTe-
MAaTHKAJbIK, MOJIE/bEY HOTHKEC] YCBIHBLIFAaH. 3epPTTey HOTUKECIH/IE OChI 9CEP/IiH BIKIIAJIbI AIBLIFAH YKOHE
OJIAP/IBIH T€OMETPUSIIBIK, 6ap OOJIYBIHBIH HETi3Ti MapTTapblH TEKCepy OapbICHIHIa My@dTaAJIapIAbI KoOAIAI
ecelTel KoJIJIaHy YIIH MaTeMaTHKAJIbIK 6pHEKTep ajblHraH. ChIPTKBI YKOHE 1IIKi 2KapThUIail Mydrasapiabiy
TBHIFBIHIAPBIHBIH, MHTEP(EPEHIUSIAPBIHBIH, OOJIMAWTHIHBI, COHBIMEH KAaTap IIIKi YKapThlaail MydTaaap/IblH
apaJIbIK, THIFBIHABLIAD MEH KAHATTAPIBIH, HHTEP(MEPEHITUSIIAPBIHBIH O0IMANTHIH KAFIANBl KAPACTHIPHLIFAH.
Mydranb! kobasiayian KeiiH Toye IiJIiKTep aJibIHFaH, COHJIali-aK, ecenTey HOTHKeepl Kypy HOTHUKeJepi-
MeH CaJIBICTBIPBLIBII JYPHIC €CENITE/ITeHIHE KO3 YKETKI3IIreH. AJIBIHFAH HOTUXKEIEP TaHTeHC OOMBIHITA OpHA-
JIaCKaH OETTIK KYPBLIBIMIBI TY3y KaHATTHI My@dTaJIapabl 2K00aIay YITiH KOJIIAHBIMBIH Taba ajIajibl.

Kiam ceadep: MaTeMATHKAJIBIK, MOJIE/Tb, KYPACTBIPY, ChIPTKBI YKOHE 1IIKi 2KapThliail MydTajiap, KAaHAT, KYK,
CaHblLIIay, Me3eT.
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Maremarudeckasa MOJdeJIb KOMIIOHOBKN My(bTbI C KaHaTaMM
TaHTI€eHIINAJIbHOI'O PaCIIOJIO2KEHM A

B crarbe mpencraBieHbl pe3ysbTaThl MATEMATHIECKOTO MOJIEUPOBAHUST KOMIIOHOBKM MYy(T C TOPIIEBO
YCTAHOBKO} KQHATOB TAHI€HIIMAJIBLHOI'O PACIIOJIOXKEHNUsI. B pe3ysbraTe BBIIIOJIHEHUS UCCIIEI0OBAHNN PACKPbI-
TO 3TO BJUASHUE U TOJYIEHbI MATEMATUUYECKUE BLIPAYKEHUS JIJIS UCIOJIb30BAHUS HPU HTPOCKTHPOBOTHOM
pacyeTe MydT U IPOBEPKE OCHOBHBIX YCJIOBUIl UX T€OMETPUIECKOTO CYIIECTBOBAHUsA. PacCMOTpEHBI CIydan
OTCYTCTBUSA UHTEP(EPEHIINH BTYJIOK BHEIIHEN U BHYTPEHHEN MOIyMydT, & TAKKe OTCyTCTBU UHTEP(EPEH-
MM KAHATOB M CMEXKHBIX BTYJIOK BHYTpeHHeH moyMydThI. [loyueHHbIe 3aBUCHMOCTH alTpOOUPOBAHBI TIPU
MIPOEKTUPOBAHUN My(THI, & PE3YIbTAThI PACIETa [0 HUM CPABHEHBI C PE3Y/IHTATAMU MOCTPOECHUS U ITOKA3a~
J coBIiajieHue. /laHHbIE Pe3y/IbTaThl MOI'YT OBITH MCIIOJIB30BAHBI IIPU IIPOEKTUPOBAHUU MYdT C TOPIEBOI
YCTAHOBKOI IPSMBIX KAHATOB TAHT'€HIINAJILHOTO PACIOJIOXKEHUS.

Kmouesvie caosa: maTreMaTHdecKasi MOJIEJb, KOMIOHOBKA, BHEIHSsI M BHYTPEHHsIsI MOTyMyQThI, KAHAT,
Harpy3KH, 3a30p, MOMEHT.
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