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Mathematical modeling of the roller-rope coupling
operation in misalignment conditions

The article deals with the results of construction and mathematical modeling of rope-roller coupling in
condition of radial misalignment. As a result of modeling, the operation of coupling is revealed in the
presence of misalignment of the shafts connected by it. Formulas are obtained that allow to determine the
elongation of the rope depending on the magnitude of misalignment, as well as the design parameters of
the coupling. The results of the investigations also allow determining the radial load from the coupling on
the shafts at any angle of rotation of the coupling. Numerical simulation by the obtained formulas made
it possible to establish that coupling is characterized by high compensating ability and low radial stiffness.
So, with a radial displacement of 0.5 mm (for a prototype coupling with elastic star allow only 0.25 mm),
the rope-roller coupling creates a load of only 5 N on the shafts, with a rope elongation of 5.5 ym. The
dependencies obtained are approved during the design of the coupling, and the results of the calculations
on them are checked by comparison with the results of the construction and showed a coincidence. The
obtained results can be used in the design of rope-roller couplings.
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Introduction

For the declared prospects of any design, a specific input can be obtained by performing an experimental
or calculated study of its parameters and characteristics. For couplings, the most important indicator is the
compensating capacity, which is characterized by the force of the coupling on the shafts - the radial load, which
connects the radial stiffness of the coupling and the radial misalignmentA,.. Therefore, the estimation of the
radial load on the shafts from the coupling during its operation under misalignment conditions is an actual
task. Determination of the load from the coupling to the shafts, in turn, is impossible without determining the
deformation of the elastic link of the coupling.

Statement of the research task

Researching coupling shown on Figure 1. It contains two half-couplings - the external (1) and the internal
(2), which are joined by a segment of the rope (3), which may be several, both ends (4) and (5) of the rope (3)
are fixed in the pins (6), which are installed in the external half-coupling (1), and the internal half-coupling (2)
contains the rollers (8) installed with the possibility of turning on the axes (7), between which there is a rope
(3) that covers the rollers (8).

The coupling works as follows. When rotating by the actuator of the external half-coupling (1), with it,
the pins (6) are rotated causing the tension of the rope (3). The tensioned rope (3), covering the rollers (8),
is actually presses on them and on the axis (7), creating a torque on the driven internal half-coupling (2) and
rotating it. In the event of misalignment of the half couplings (1) and (2), the rollers 8 of the driven half-coupling
(2) shall be rolled up along the rope (3), due to which the compensation of misalignment will occur. In the case
of in-line arrangement of the half-coupling the rollers (8) will not rotate along the rope (3).

The rope 3 of the coupling is blown by air when the coupling is rotated, and when the rope is destroyed, half-
couplings have the possibility of a non-impact relative rotation due to the difference in their outer diameters.
The coupling parts have simple configuration and do not require precise machining, they can be made on a
lathe, even in ship conditions. Replacing the rope (3) is not a problem - just unscrew the two screws that fix
its ends (4) and in (5) in the pins (6).

Determination of the deformation of the elastic link of the rope-roller coupling for calculating the radial
load from the coupling to the shafts when operating under misalignment is the purpose of this article.
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Figure 1. General scheme of roller-rope coupling
Statement of the main material

Lets consider the operation of the coupling in the conditions of radial misalignment A... In this the centre
of driven half-coupling in which fixed the centre of the rollers (Fig. 2) will shift by A, from point O to point
O;. In this while coupling rotating range of distances are changing — AB, SA, arc SR by changing the articles
3a paxXyHOK 3MiHu KyTiB (3, By, 5, — B; and the angle of the mounting displacement of the half-couplings £.

Points on the calculating scheme, which are relate to roller and rope and lays over radial displacement plane
(plane in which both axes of displaced shafts lay) are denoted by an index 1, and those points, which lays under
the plane of radial displacement — by an index 2. Respectively angles are denoted by one and two dashes. In
this way rope section O; R 5141,

which situated over the radial displacement plane, became longer than section O; RS As under those
plane by increasing the length of section S;A4; in comparison with 3 Sy As and arc R;S; in comparison with
Ry S5 (increasing the roller reach angle 54 in comparison with angle ﬁé / ).

For rope elongation determination and respectively load on shafts from coupling in present of radial
misalignment A, it necessary to determinate rope length in that conditions. This task is reducing to determination
of mentioned sections O;R;S1A; and O R2S2As length and respectively angles ,Bé = ﬂé + ﬁé + ﬂ; and
By =B + 8y + 8y

To find this angles we need to determinate also reduced mounting displacement angles f{ and 54 It is
necessary to determinate all parameters depending of coupling rotation angle relatively of radial displacement
plane.
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Figure 2. Scheme to geometric calculation coupling

On the firs stage we will show connection with rotation angles ¢, of driving half-coupling and ¢,,, of driven
half-coupling when operation of radial displacement conditions. For this let’s consider the scheme shown on
Figure 3.

Let’s consider coupling position in which sections AB are parallel to radial displacement plane (Fig. 3).
Triangles OA;C; and O; B Csare giving the opportunity to obtain formulas for angle coordinates the roller
centre point B and the point A of rope end anchoring in this position.

0,05 h

= = 1
oS X O1B1  0,5D;p¢’ S

where h — triangle OA; C; height.

Figure 3. Scheme to calculation of angle coordinate coupling elements
Withal, writing formula for triangle OA; C; like a half of area parallelogram, built on sides OA; and OCi:
28
= 220401 _

2x0,5x0A; x OCy xsin§  0,25D 44 Dipt sin§
B Alcl B L’K}O N L’K}O ’

(2)
where Lo — the original rope length without radial displacement influence.
With considering (1) and (2) we obtain:

0,5D,; sin &

cosy = To
K

Cepust «Maremarukas. Ne 2(90)/2018 145



V.A. Protsenko, M.V. Babiy, V.A. Nastasenko

Than expressions for obtaining angle coordinates in that position will have the form:

0,5D i
wdg1=z+x+£=z+arccosﬂ+€; (4)

2 2 Lag

0,5D¢,+ si
s@dm:g—i-x:g—l—arccos’T;mg; (5)
Pdgi — Pdni :f (6)

The problem of finding section AB length in each position we shall solve by method closed vector circuits
of prof. V.A. Zinoviev [1, 2]|. For obtaining further calculation lets imagine kinematic scheme of replacement
mechanism in the form of a closed vector circuit AOO; B (Fig. 4), for which we can write vector equation:

714-72 273+74, (7)

where 71 = OA — driving half coupling radius; 72 = L — distance between A and B points; 73 = A, —
radial misalignment; V4 = Oy B — driven half coupling radius.

Y

Figure 4. Scheme of closed vector circuit replacement mechanism
The resulting equation (7) I projections on coordinate axes will have the form of a equation system (8):

{ X : Vi cosagi + Vacos By = Vacos 0+ Vi cos Qan;

Y 1 Visinpags + Vasin By = Vasin0 4 Vi sin @gn;. (8)

After the transformation we obtain:

{ Vo c08 i = Va + Vi €08 @ani — Vi €08 Pugi o)

Vasin Byi = Vasin pgn; — Vi sinpqgg
Square both equations (9) and add them, where after transformation we obtain:

Vi (cos® i 4510 @) = (V3 + Vi €08 @i — Vi €08 Qagi) > +(Va sin 9ani — Vi sin ag:)?; (10)

Vy = \/(Vg + Vi €08 ani — Vi €08 9agi)? + (Vasin @an; — Vi singgg;)?. (11)

Whence distance AB in any coupling position will be:

Ly, = \/[AT. +0,5D¢z1(cO8 Qgni — cos @dgi)]2 + [0, 5Dt (sin @gp; — sin @dgi)]2. (12)

Returning to the Figure 3, from triangle OA; O; we can wrote:

A0 = \/OO% + OA? — 2 x 0071 x OA; cos pag1;
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La,0, = \/A2 +0,25D2,, — A, Dyt co5 pugi; (13)

Lao, = \/ A2 40,2502, — Ay Doyt OS Gagi.
From triangle O; A1 B, by the cosine theorem we have:
A|B? = A10% + 0,B% — 2 x A10, x OB, cos&], (14)

whence we obtain:

)

A10% + 0, B2 — A, B?
2 x AlOl X OlBl
(13,0, +0,25D%, — L4 5 |

LAlolDGH 7

5{ = arccos [

f{ = arccos

(15)

or in general form

'Liioi +0,25D2

2
int LAiBi

fi/ = arccos

LAiOi D,

Next we can use obtained earlier equations (16), (17), (19)—(21) substituting in place of angle ¢ reduced
mounting displacement angle 51/ .

By =€l + B+ B + By =

_ ./ oy o (05D i/ o[ 0.5d, (16)
= ¢} + arcsin Dt + arcsin ( L, 51n£i> + arcsin (LAi z) ,
By =180 — By, (17)
where d, — roller diameter.
Respectively rope length in each position of coupling will be:
LTA = Lrl + Lr2a (18)
where L1 = S1A7 + R1S1 + O1R; — the length of a rope section under radial displacement plane;
L.o = S5As + RySs + O3 Ry — the length of a rope section over radial displacement plane, where
. 0,5d,
S;A; = A;Bjcos By = L, cos | arcsin ——— | ; (19)
iB; LAL Bl
wd, .
RiSl' = r 7'; 20
T g4 (20)
d,
O1R1 = O3R5 = 0,5D;y; cos B3 = 0, 5Djy, cos <arcsin ) . (21)
int
Rope elongation AL, in relatively with rope length L,in coupling without radial displacement:
AL, =LA — L,; (22)
7d,
L,.=2 <0, 5Djng cos B3 + %52 + L ap cos 57) . (23)
Radial load on shafts for rope elongation will be:
AL,
Froa = AZET ; (24)
L,

where Ay, — total area of wires cross section in rope; E, = 1,0x10°> MPa — rope tensile modulus |3].
For illustration of obtained results modeling of real coupling operation done. The parameters of coupling were
following: D¢y = 120 mm, D,y = 65 mm, d, = 20 mm, & = 45°. Rope length in absence radial displacement,
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calculated with obtained earlier equation is L,, = 184, 37 mm. Force calculation, made with methodic, developed
earlier, show that strength condition corresponds rope with construction 6 x 7(1+6) GOST 3069 with diameter
dr = 2,2 mm with total area of wires cross section in Ay, = 1,64 mm?. Radial misalignment for clarity A, = 0,5
mm — twice as much as allowed radial displacement for prototype coupling ROTEX SIZE 28 [A,] = 0,25 mm.
Angle of rotation Jp. varied in range 0...360° across 30°, respectively angles of location coupling elements were
calculate of formulas:

Pdgli = Pi; (25)

Pan1i = pi — &; (26)

Pdg2i = Pdgli + ; (27)

Pdn2i = Pdn2i T T (28)

Whence with equation (12) determinate in each position distances L, p and L,,p , with equation (13)

distances La,0, and La,0,, that with equation (15) reduced mounting displacement angles §1/ Ta fé, and also
angles 52/, 4/ , 51/ , {/ , and respectively rope length L, for coaxial (23) and desaxial L,.a (18) coupling, rope
elongation AL, (22), and radial load F).q from coupling on shafts (24).

Results of modeling are illustrated by Figure 5. From this figure we can make following conclusions. Rope
elongation and radial load changing occurs under the asymmetric constant-sign law. In this maximal rope
elongation is 0.0055 mm which is 9 times less than radial misalignment A, in modeling. Calculated radial load
in this conditions is only 5 N, which illustrating high compensating ability of new proposed coupling. Therefore
in modeling misalignment of 0.5 mm radial stiffness of new coupling will be nearly 10 N/mm. The other types
of couplings with elastic elements have much higher radial stiffness and making higher radial loads on shafts
connected with coupling.
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Figure 5. Graph of rope elongation and radial load changing from couple angle of coupling rotation

Done analytical researches allows to make following conclusions:

1. Mathematic model of roller-rope coupling in condition of misalignment made. It allows to calculate rope
elongation and radial load on shafts from rope deformation depending on angle of coupling rotation.

2. Rope elongation and radial load changing occurs under the asymmetric constant-sign law and reaches a
maximum in position when rope axe R; Rs approaching to radial displacement vector OO;.

3. Roller-rope coupling construction provides minimal rope elongation and respectively radial load from
coupling on shafts. Modeled coupling, for example, in radial misalignment of 0.5 mm have maximum elongation
nearly 0.0055 mm and making radial load of only 5 N.
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B.A. TIpomnenko, M.B. Babwuii, B.A. Hacracerko

Coiikecci3 mapTThl apKaH/IbI-POJUKTI My@dTaHbIH »KYMbICHIH
MaTeMaTUKAJIbIK, MOAEJLJIEY

Maxkasazma paananabl Coffkecci3 ik KarmailblHAa apKAHIbI-POIUKTI My(DTaHBIH KOHCTPYKITHSICHI, COHBIMEH
KATap OHBIH MaTeMaTHUKAJBIK, MOJEJiHIH >KYMBICEI YCHIHBLIFAH. Monenbaey HoTHKeciHze GaillaHBICTBIPa-
TBIH OLTIKTEp/IiH cofikeccis 6oaran arel MydTa KYMBICHIHBIH IIpoOIieci aHbIKTaIbl. ColKecci3 ik maMachbiHa
Kapail apKaHHBIH y3apyblH, COHMAN-aK MyQTaHbIH KOCTPYKTHBTI ITapaMeTpJIepiH aHBIKTAUTHIH (HOPMYyIa-
Jlap aJIblHFaH. 3epTTey HoTHKeJiepi MydTaHbl Ke3 KejreH O6ypbinka Oyparanga mydraian Olaikrepre pa-
JUAJIIBl YXKYKTEMEHI aHBIKTayFa MYMKIHIIK Oepemi. AsbiHFaH (hOpPMYIaIapAblH, CAHIBIK, MOIEIbIEY1 Myd-
TaHBIH YKOFapbl KOMIIEHCAIIUSJIBIK KACHETIMEH YKOHE TOMEH DaIHaJIIbl KATTHLIBIFBIMEH CHUMATTAJATHIHBIH
aHbIKTayFa MyMKIHAIK Gepai. Pammanast 0,5 MM KbUDKyIa (pe3eHKe *KYIIbI3IAchl 6ap MydTa-IpoTOTHII
yutin 0,25 MM Gostybl KesliciiireH) apKaHHBIH y3apybl 5,5 MKM GosIFaHaa apKaHIb-pOIUKT] Mydra GitikTep-
re 5 H xxykreme kacaiifpl. Asiblarad Toyesaiikrep MydTanbl kKobajayaa anpobalusiJIaHFaH, ajl eCernTey
HOTHKeJIEPl oJIap/ibl CAJIBICTHIPY APKbLIbI TEKCEepijle/i »KoHe CONKeCTIK KepceTTi. AJIbIHFaH HOTHXKeJep/ii
apPKAHIBI-POJTUKTI MydTaIapIbl Kobajayra maiaaanyra 60Ia 6.

Kiam cesdep: MaTeMaTHKAJBIK, MOJIENIb, COMKECCI3IiK, MydTa, apKaH, )KYKTED, KepHEY.

B.A. Ilponenko, M.B. Bab6wuii, B.A. Hacracenko

MaremaTndeckoe MoAeINPOBaHNE PabOTHI
KaHATHO-POJIMKOBOI My(ThI B YCJIOBUSAX HECOOCHOCTH

B craTbe npencrapieHa KOHCTPYKIIS KAHATHO-POJIMKOBOI MydTHI, & TaKXKe pa3pabdoTaHa MaTeMaTUIecKast
MOJIeJIb ee PabOTHI B YyCJIOBHUSIX PaJUaibHOM HECOOCHOCTH. B pesysibrare MOmEInpOBaHUs PACKPBIT IPOIECC
paboTbl MydTHI IIPU HAJIAYIUUA HECOOCHOCTU COEJIMHSIEMBIX €0 BaJsioB. [losrydeHbl (hopMyIIbl, TO3BOJISIONINAE
OIIpPEeNeNINTh y/JINHEHNE KaHATa B 3aBUCHMOCTU OT BEJIMYMHBI HECOOCHOCTH, & TAK»Ke KOHCTPYKTHBHBIX IIa-
pamMeTpoB MydTHI. Pe3ynbrarsl mccieIoBaHUil MO3BOJISIIOT TaKKe OMPEIETUTh PAANAIbHYI0 HATPY3KY OT
MydTBI Ha BaJIbl IIPH JIIOOOM 3HAYEHUU yTJjia MOBOpOTa MydThI. YncjaeHHOe MOJIeJITMPOBAHUE IO ITOJTYYeH-
HBIM (OpPMyJIaM JAJIO BO3MOXKHOCTBH YCTAHOBHUTH, YTO My(dTa XapaKTepU3yeTCsl BBICOKON KOMIIEHCHUDYIOIEei
CTIIOCOGHOCTBIO M HU3KOH pasMaIbHON 2KeCTKOCThIo. Tak, mpn pagmanbaoMm cvemernn 0,5 My (m1s My dThI-
IPOTOTHUIIA C PE3MHOBOM 3BE370UKOI momyckaercs 0,25 MM) KaHATHO-POIMKOBasg MydTa CO31aeT Ha BAJIbI
Harpysky Bcero 5 H npu yyimaennn kanara B 5,5 MkM. [losrydyeHHBIe 32aBUCHUMOCTH alIpOOUPOBAHBI IIPH ITPO-
E€KTUPOBAHUY MYQTHI, 8 PE3yJIbTATHI PAcUeTa [0 HUM CPABHEHBI C PE3yIbTaTaMU ITOCTPOECHUS U COBITAJIN.
Pesynbprarsr MoryT 6bITH HCIIOIB30BAHBI TP TPOEKTUPOBAHUN KAHATHO-POJIUKOBBIX MYdT.

Karuesvie caosa: MmareMaTndecKasi MO/1e€JIb, HECOOCHOCTD, My(i)Ta,7 KaHaT, HaI'PY3KU, HaTAKEHHUE.
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