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This paper examines the synthesis of mechanisms based on given characteristics. It
introduces definitions of dynamic clutches and their characteristics and exemplifies the
synthesis of mechanisms with the necessary characteristics for practical use in dynamic
clutch modes. The first example demonstrates the synthesis of a mechanism based on a
given function and the implementation process presenting a diagram of the mechanism, the
condition for its transition to the dynamic clutch mode, and its stability region. The second
example considers the synthesis of a mechanism with a periodic coefficient. The paper
presents the conditions that ensure the maximum simplicity and clarity in the analysis of
the vibrations of mechanisms in the dynamic clutch mode, as well as the conditions that
ensure a positive torque and stability in this mode. Cartesian coordinates of all clutch
parts at the initial moment of time are also obtained. Each example introduces a system of
constraints, assumptions, and clarifications that allow for the recording of various aspects
of the considered subject and for the practical implementation of mechanisms.

Keywords: inertial mechanism; system of material points; moment of inertia; motion

of a rigid body.

Introduction

The design of mechanisms with desired characteristics to reduce or compensate for
dynamic loads, vibrations, and impacts has always been a challenging task. Articles [1-3]
discuss the use of isometric immersion methods for the synthesis of inertial mechanisms.
This paper focuses on the synthesis of a dynamic clutch, which has wide practical
applications [4-5]. Notably [1], the kinetic energy of a mechanism can be expressed as
follows:

0?2 ) 22
T:a7+b@d+c%, (1)
wherein a = a(a) > 0,b = (a), ¢ = c(a) > 0, ac — b* > 0, where O is the rotation angle
of the drive shaft, « is the difference in angles of the drive and driven shafts.

1. Basic Definitions

A dynamic clutch is a mechanism, the primary operating mode of which is dynamic
clutch mode. The defining characteristic of a dynamic clutch is the following ratio (in the
absence of elastic forces):

M=—-a (04>77 (2>
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where a(«) is a function of a to be defined later, w is the angular velocity of the drive
shaft [1]. If the right-hand side is linear in the variable, the characteristic is called linear.
Let us consider the problem of synthesizing such a mechanism.

2. Synthesis of a Dynamic Clutch with Constant Coefficients

/ L
Let @ = —2(\ — «), where A = i, L is the length of an inextensible weightless

,
flexible thread (ACB), r is the arc of a circle on the driven disk (AC) (Fig.1).

Fig. 1. The dynamic clutch scheme

We choose the integration constant and the coefficients b and c¢ arbitrarily, since
no other conditions are specified except (2). However, we do not disregard the positive
definiteness of the metric form.

Let a = (A —a)? b =0, ¢ = 1. Notably:

2
a

1——=0. 3
- 3

Referring to [1|, we obtain the immersion: = (A —a)cos©, y = (A — a)sin©. At the
same time, we assume that A —a > 0. In view of (3) we obtain that z = 0. If we take into
account the fact that the shafts have a certain moment of inertia, assuming the moment of
inertia of the drive shaft to be p — ¢ and the driven shaft to be ¢, we obtain the following
metric form:

ds®> = (p+ (A — a)?) d6? — qdOda + sda?,

where s = ¢+ 1.

The diagram of this mechanism is shown in Fig. 1. The driving link is the rod OM
rotating in the plane of the figure around point O. The driven link is a circular disk. The
load B of mass m moves along the rod. AC'B is an inextensible weightless flexible thread
of length L. A is the point of the thread attachment to the driven disk, C is a deflection
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block attached to the rod. B is the point of the thread attachment to the load. AC' is an
arc of a circle with radius r on the driven disk where the thread is wrapped. The moment
of inertia of the rod relative to O is equal to .J;, the moment of inertia of the driven disk
is equal to J5. The kinetic energy of the system is:

o 02 a2
T = mr? (p—l—()\—]&\))?—q@o'mLs? ,
where L4 N
-
)‘: ) :1 227 - 227 SZQ+1
r mr mr

We see that the coefficients are defined in the strip:

L
la] < —=X—-1.
r

Besides, the smoothness is disrupted at point o = 0.

At low angular velocity, the load B is at point C, and the mechanism has two degrees
of freedom. Upon reaching a certain angular velocity, the load moves away from point O
along the rod, and the mechanism enters the dynamic clutch mode. Calculations show
that if the following condition is met:

Ji+ Jo
3

(the moment of inertia of the load B relative to point O is large enough), the stability of
the dynamic clutch mode is ensured in the region:

P L+r Ji+ Jo
A— /== — 1/ ) 4
] < 3 r 3mr? )

If condition (4) is not met, the load B will drop to point C, and the mechanism will
lose one degree of freedom and can only have a circular motion. This means that instead
of solving two equations, we only need to solve one, which reduces the computational
complexity of the problem.

The aforementioned example provides one method for synthesizing a mechanism based
on a given function:

m (L +r)° >

/

a (a) = p(a).
Let the segment OM rotate with the drive shaft perpendicular to its axis. A curve is
given in polar coordinates on the disk of the driven shaft (coaxial with the drive shaft |?]):

p=a(@), (a(a)= /Oau(ﬁ)dﬁ),

where p is the polar radius. A point mass of 1 is located at the intersection of this segment
and the curve. Its coordinates are:

r =+/a(a)cosO, y=+/a(a)sin®.

Therefore, its kinetic energy is:
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02 (da (04))2 a?
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If we take into account the inertia of the shafts, the kinetic energy from () will be as
follows:

T:(a0+a(a))%2+b0@o'z+ <co+%>,

where ag, by, ¢y are constants.
Obviously, (ag + a(a)) = a (a) = p(). This means that ay does not affect the clutch
dynamics due to its consistency. The synthesis of the mechanism is complete.

3. Synthesis of a Dynamic Clutch with a Periodic Coefficient

Another example will be illustrated by the synthesis of a mechanism with the periodic
coefficient a (). To eliminate transverse reactions on the axis of the mechanism, the curve
p = p(a)should be symmetrical with respect to the origin of coordinates. Two loads of
equal mass will move along this curve at points symmetrical with respect to the center.
Therefore, let the coefficient a («)have a period equal to 7. The following condition should
be met:

(%&)) — ksin(2a), k> 0.

This ensures the maximum simplicity and clarity in analyzing the vibrations of the
mechanism in the dynamic clutch mode. We have:

2
ag — k cos(2a)’

a(a) =
where aq is a positive constant higher than the constant k. Next:
2
2
)= ——.
p-(@) ag — kcos2a

We assume that £ = pcos(a), n = psin(a) in the Cartesian system of coordinates £, 7
rotating together with the driven disk in its plane. Therefore:

(52 + 7]2> ((lo — Hlﬂ) =2

&+’
We make transformations and obtain (ag — k) &2 + (ap + k) n? = 2. This is an ellipse

. : 2 2
with semi-axes: and .
ap — k ao + k

Positive torque transmission and stability in the dynamic clutch mode are ensured if
the following conditions are met simultaneously:

sin(2a) > 0, cos(2a) > 0.

Thus, we have obtained the Cartesian coordinates of all clutch parts at the initial
moment of time. Since the relative position of the mechanism parts is maintained even
with a constant difference in the shaft rotation angles, the synthesis is complete.
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Conclusion

This paper presents two examples of synthesizing mechanisms with characteristics
necessary for practical use in the dynamic clutch mode. Each example defines a system
of constraints, assumptions, and clarifications that ensure the practical implementation of
mechanisms with the necessary parameters.
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CHUHTE3 ITUHAMUWYECKON MY®THI C JIMHENHON
XAPAKTEPNICTUKON

E. A. I'epenwmetin', M. I Hosux'
Oxm0-YpasibeKkuit rocy1apeTBeHHbli YHIBEPCUTeT, I. JeIa0nHCK,
Poccuiickas @eiepartiust

,ZL&HH&H CTaThd IIOCBAIIICHa BOIIPOCaAM CHHTE3a MEXaHU3MOB II0 3aJaHHBIM XapaKTepu-
CTHUKaM. BBO,HHTCH OlIpeaeJICHUuA ‘HI/IHaMH‘IeCKOﬁ l\IbeTBI u ee XapaKTEepUuCTUuKU. HpI/IBe,HeHO
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JiBa TIPUMEpa CHHTEe3a MEeXaHU3MOB, UMEIOIINX Ha PeKUMe JUHAMUIECKON My(dThI HE0OXO-
JIAMBIE JIJIsT PAKTHIECKOT0 UCIIOIH30BaHNs XapakTepucTuku. [lepBoiil mpuMep JIEMOHCTPU-
pyeT CHHTEe3 MeXaHM3Ma I10 3aJaHHON (DYHKIMH M IIPOIECC ero peasu3anuu. [IpuBeaeHsb
cxeMa MeXaHU3Ma, YCJIOBUE ero MePexojia B PeXKUM JIUHAMUYECKON MydThl U 00JIaCTh €ro
ycroitauBocTu. Bo BropoM mpuMepe paccMaTpuBaeTCs CHHTE3 MEXAHU3MA € IEPUOIUIECKITM
ko3 purnmentom. IlpuBenensr yeaoBrs, KOTOPbIE OOECIIEINBAIOT HAUOOJIBIIYIO TPOCTOTY U
HAIJISIHOCTh TPHU aHa/n3e KOJeOaHUui MeXaHu3Ma Ha PeXKUMe JTUHAMUYIECKOW My(pThbl U
YCJIOBUSI, 0OECIIEUNBAOIINE TTOJIOKUATEIHHBIN CUIOBO MOMEHT M YCTONYNBOCTD HA PEXKIME
auHaMuIecKoil MydThl. [losrydyens! jeKapTOBBI KOOPIUHATHI BCEX YacTeil MyDThl B HaYa Ib-
HBIIl MOMEHT BpeMeHHU. B KaxX0M mpumepe BBOIUTCS CHUCTEMA OMPAHMYEHUN, JOIYIIeHU
U yTOYHEHUH, MO3BOJIAONAs 3aUKCUPOBATH MHOTHE ACHEKThI PACCMATPUBAEMON TEeMbl U
peam30BaTh MEXaHU3MbI Ha MPAKTHUKE.

Karouesvie cA086: UHEPUUOHHBITL METGHUSM; CUCTIEME MAMEPUAAOHHLL MOYEK; MO-

MEHM UHePUUY; deudicenue meepdozo meaa.

JIureparypa

1.

lepenmreiin, A.B. Cunres uHepiimoHHbIX MexaHu3MoB Bpamienus / A.B. Tepeninreiin,
E.A. Tepenmrreiin, M.I. Hopuk // Hayka FOYpI'Y. Cekuun ecrecrBeHHbIX HayK. Ma-
TepuaJibl 75-it HayuHoit KoHdepenmuu, 2022. — C. 45-49.

lepenmrreitn, A.B. CBsi3b m30oMeTprdecKuxX IMOIPY:KEHUN C 3aJadaMi CHHTE3a HHep-
muonubIx Mexauu3MoB / A.B. Tepenmreiin, E.A. Tepenmreitn, M.I. Houk // Hayka
FOYpI'Y. Ceknust ecrecrBeHHbIX HayK. Marepuasibt 75-it HayaHoit Koudepennun, 2023.
- C. 91-96.

lepenmreiin, A.B. Cucrema MarepuabHBIX TOYEK, SKBUBAJEHTHAsI TBEPJIOMY Tey /
A.B. Tepenmreiin, E.A. Tepenmmreiin, M.I. Hosuk // Hayka FOYpI'Y. Cekuuu ecre-
CTBEHHBIX HayK. Marepuasibl 76-it Hay4dHoit Kondepenruu, 2024. — C. 124-127.

Komepuyk, A.B. CosepuierncrBoBanue OJOKHPYEMOW TI'HIPOIMHAMUICCKON MydTDHI
st npuBojioB ropubix Mamme / AB. Komepuyk, A.B. Mypun // Topubiii
uHGOPMAINOHHO-aHATUTHIeCK Ui OI0JIJIeTeHDb (HAay IHO-TeXHIIecKuiil xKypHas). — 2012,

— Ne3. — C. 300-305.

Bracenko, /I.A. VccienoBanne quHaMUKE MYMTHI MTAIBIEBON C 3IACTUIHBIM JJIEMEH-
TOM JINCKOBOTO THIIA B yCJOBUAX yiaapHbix nHarpy3ok / [I.A. Biacenko, P.C. Mese-
xkuk // Becruuk JIOHENKONO HAIMOHAJIBLHOIO TEXHUYECKOro yHuBepcurera. — 2022, —
Ne1(27). — C. 12-20.

Tepernwmetin Feeenus Apradvesha, kardudam mexrHuveckux Haykx, douenm xkageipol

NPUKAAOHOT MAMEMAMUKY U npozpammuposarus, Oocro-Yparvckuti ocydapemeernviil
yrueepcumem. (2. Yeasbunck, Poccutickas @edepayus), gerenshteinea@susu.ru

Hosux Mapus I'ennadvesra, cmapwut npenodasamens kagheipv, 6uuuciumesvrot

mexanuku, FOocno-Yparvexutl 2ocydapemeennod yrusepcumem (2. Yeasbunck,
Poccutickas @edepayus), novikmgQ@susu.ru

Hocmynuna 6 pedaxuyuro 21 HosiOps: 2025 1.

52

Journal of Computational and Engineering Mathematics



