
ISSN 1068-798X, Russian Engineering Research, 2020, Vol. 40, No. 9, pp. 705–709. © Allerton Press, Inc., 2020.
Russian Text © The Author(s), 2020, published in Vestnik Mashinostroeniya, 2020, No. 6, pp. 3–6.
Kinematic Nonuniformity of the Rotation
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Abstract—Existing drive transmissions are analyzed. A toothed belt transmission with a driven pulley that
includes an elastic rubber bush is proposed. Formulas are presented for the kinematic nonuniformity of rota-
tion of the driven pulley, its velocity, and its angular displacement as a result of bush deformation.

Keywords: toothed belt transmission, pulley, pulley velocity, kinematic nonuniformity, nonuniform rotation,
torque, elastic modulus, rigidity, load
DOI: 10.3103/S1068798X20090130

In manufacturing, various types of transmissions
are employed: in particular, gear, chain, and belt
transmissions. Gear transmissions have a precise gear
ratio, permit large gear ratios, and withstand high loads,
but they are only used with small distances between the
shafts. With large distances between the shafts, chain or
belt transmissions are employed [1–5].

In chain transmissions, the chain engages with a
sprocket. A significant deficiency of such transmis-
sions is that impact loading appears at small gear ratios
[6–9]. Therefore, they are suitable for low speeds. In a
chain transmission, two rigid elements are in contact:
the chain and a wheel. In a belt transmission, the belt
engages with a pulley: in other words, a rigid element
is in contact with a soft element.

In the case of two rigid elements, precise engage-
ment is required, without a gap or tightness. However,
if a rigid element and a f lexible element are in tight
engagement, their interaction is more effective and no
impact loads appear [10].

As a rule, a belt transmission relies on friction (in a
V belt) or simple engagement (in a toothed belt). Fric-
tional transmissions are employed at large loads. The
flexible element in such transmissions is made of an
elastic material, such as rubber or plastic. In that case,
elastic slip and elastic deformation are unavoidable.

In frictional transmissions, elastic slip in the fric-
tional pair occurs at any load, as established in
[11‒13]. A refined method of determining a coeffi-
cient taking account of the load and operating condi-
tions was proposed in [14]. The inverse problem was
solved in [15]: given the specified belt life, to deter-
mine the maximum stress of the driving branch and
the stress corresponding to the initial tension, the azi-

muthal force, and the cross sectional area ensuring
specified life. Calculation of the life of belt transmis-
sions was considered in [16–18].

A toothed belt transmission has a precise gear ratio
and is designed so that precise engagement of the belt
with the sprocket rules out slip of the belt and idle
rotation of the pulley. However, this design is only
suitable for small loads.

The reliability of a toothed belt transmission is
determined by the reliability of the toothed drive belt.
Industrial experience with such transmissions shows
that, for toothed belts in which the working surface has
a wear-resistant coating, the damage mainly (75–
80%) takes the form of fatigue failure of the teeth [19].

In power transmission, the toothed drive belt is
subject to impact loads, changing its stress–strain
state. That determines the rate of destructive processes
limiting the carrying capacity and life of the transmis-
sion [20, 21]. With little load variation, the use of ordi-
nary toothed belt transmissions is not recommended.

We have developed a new design for a toothed belt
transmission with a composite driven pulley (Fig. 1).

In ordinary toothed belt transmissions, where a
tooth on the belt engages with a tooth of the drive pul-
ley, its speed v1 of remains constant in the course of
rotation, but its direction changes. That alters the pro-
jection of v1 onto the Х and Y axes (Fig. 2a) [22, 23].
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Fig. 1. Toothed belt transmission with a composite driven pulley: (1) drive pulley; (2) driven pulley; (3) toothed belt; (4) external
gear rim; (5) pulley hub; (6) shaft; (7) rubber bush.
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Fig. 2. Toothed belt transmission when belt tooth engages with tooth of drive pulley (a) and disengages from driven pulley (b).
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Then the mean belt speed is

The speed v2 of a tooth disengaging from the driven
pulley and its angular velocity ω2 depend on the pulley
motion (Fig. 2b).
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RUSSIAN
The nonuniformity of the driven pulley’s angular
velocity is characterized by the coefficient δk, the kine-
matic nonuniformity of rotation

We now consider the next stage in the motion of a
toothed belt transmission with a composite driven pul-
ley. In this stage, the mean velocity remains
unchanged, while the azimuthal and angular velocities
of the driven pulley depend on the additional angle
∆ϕ2 of pulley rotation.

ϕ−
ω − ω ϕδ = = ϕω + ω +

ϕ

1

2 max 2 min 2
k

12 max 2 min

2

cos1
cos2 2 .
cos1
cos
 ENGINEERING RESEARCH  Vol. 40  No. 9  2020



KINEMATIC NONUNIFORMITY OF THE ROTATION 707

Fig. 3. Cross section of composite pulley.
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In this case, the kinematic nonuniformity of rota-
tion is

(1)

In Fig. 3, we show the cross section of the compos-
ite pulley. In theoretical analysis, it is regarded as a
rubber–metal hinge. The torsional deformation of a
uniform hollow cylinder was considered in [24]. For a
particular case, the problem was reduced to a system of
two transcendental equations for the Euler radial and
azimuthal coordinates in a deformable configuration.
The coaxial twist and axial shear of an incompressible
cylinder were determined analytically on the basis of a
single-parameter elastic potential in [25–28].

On the basis of elasticity theory, the deformational
energy and tangential stress in a body of volume V are
as follows [29, 30]

where τ is the tangential stress in the material corre-
sponding to the deformation; G is the elastic modulus
of the material, Pa; and М is the external torque, N m.

Adopting an elementary cylinder as the deformable
body and equating the deformation energy of the rub-
ber bush to the work of the external torque М, we
obtain

Substituting τ from Eq. (2) into this expression and
integrating from r2 to rbu, we find that

Hence

(2)
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Substituting ∆ϕ2 from Eq. (3) into Eq. (1), we
obtain

(3)

Solving Eq. (4), we may determine the limits of the
pulley’s angular velocity. Its parameters may be estab-
lished by selecting its law of motion.

The kinematic problem for the toothed belt trans-
mission is solved numerically with the following val-
ues: М = 80–120 N m; G = 1—3 MN/m2; ϕ1 = 30°;
ϕ2 = 30°; l = 0.03 m; rbu = 1 m; and r2 = 0.8 m.

EXAMPLE
Calculations show that, with increase in the exter-

nal torque, the kinematic nonuniformity δk of rotation
of the driven pulley increases linearly. With increase in
the elastic modulus G of the pulley’s rubber bush, we
note decrease in δk (Fig. 4).

In Fig. 5, we plot δk against G. When M = 100 N m,
δk declines nonlinearly with increase in G from 1 to
3 MN/m2.

Analysis of Fig. 6 shows that, with increase in
thickness Δr = rbu − r2 of the bush, δk increases non-
linearly.

Thus, we have obtained analytical expressions for
the maximum and minimum linear and angular veloc-
ities of the pulleys and the kinematic nonuniformity of
rotation of the driven pulley in a toothed belt transmis-
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Fig. 4. Dependence of the kinematic nonuniformity δk of
pulley rotation on the external torque M when G =
2.5 (‒r–), 2 (–j–), and 1.5 (–m–) MN/m.
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Fig. 5. Dependence of the kinematic nonuniformity δk of
pulley rotation on the bush’s elastic modulus G when M =
120 (–r–), 100 (–j–), and 80 (–m–) N m.
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Fig. 6. Dependence of the kinematic nonuniformity δk of
pulley rotation on the bush thickness Δr in the pulley when
M = 120 (–r–), 100 (–j–), and 80 (–m–) N m.
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sion. On the basis of those expressions, the design
parameters ensuring the required performance may be
determined.
RUSSIAN
REFERENCES
1. Ivanov, M.N., Detali mashin (Machine Parts), Mos-

cow: Vysshaya Shkola, 1976.
2. Ryakhovskii, O.A., Detali mashin (Machine Parts),

Moscow: Drofa, 2008.
3. Pronin, B.A. and Revkov, G.A., Besstupenchatye kli-

noremennye i friktsionnye peredachi (Infinitely Variable
V-Belt and Friction Transmissions), Moscow: Mashi-
nostroenie, 1980.

4. Ergashov, M., Maksudov, R., and Usmonkulov, A., Te-
oriya rascheta remnya peredatochnogo mekhanizma,
dvizhushchegosya v statsionarnom rezhime (Theoretical
Calculations of the Belt Tension of a Transmission
Mechanism Moving in a Stationary Mode), Tashkent:
Fan, 2004.

5. Dzhuraev, A.D. and Mansurova, D.S., Kinematicheskii
i dinamicheskii analiz remennykh peredach s sostavnymi
shkivami (Kinematic and Dynamic Analysis of Belt
Drives with Split Pulleys), Khujand: Rakhima Dzhali-
la, 2017.

6. Belyaev, A.K., Dynamic stability of gear-belt drive,
Izv. Vyssh. Uchebn. Zaved., Priborostr., 2010, no. 2,
pp. 20–24.

7. Dzhuraev, A., Davidboev, B., and Mamakhonov, A.,
Kinematicheskii i dinamicheskii analiz tsepnoi peredachi
s uprugim elementom i natyazhnym ustroistvom (Kine-
matic and Dynamics Analysis of Chain Transmission
with Elastic Element and Tension Device), Tashkent:
Navruz, 2014.

8. Mamakhonov, A., Chain transmission for technologi-
cal machines using a tension roller from rubber materi-
al, Materialy Mezhdunarodnoi nauchno-prakticheskoi
konferentsii “Aktual’nye problemy sozdaniya i ispol’zo-
vaniya novykh materialov i otsenki ikh kachestva” (Proc.
Int. Sci.-Pract. Conf. “Creation and Use of New Mate-
rials and Their Quality”), Moscow, 2007, pp. 267–272.

9. Flik, E.P., Mekhanicheskie privody sel’skokhozyaistven-
nykh mashin (Mechanical Drives of Agricultural Ma-
chines), Moscow: Mashinostroenie, 1984.

10. Kenzhaboev, Sh., Turdaliev, V., and Abdullazhonov, A.,
New construction of belt transmission for machine
drives, Materialy Mezhdunarodnoi konferentsii “Pers-
pektivy intensivnogo podkhoda k innovatsionnomu razvi-
tiyu” (Proc. Int. Conf. “Advanced Approach to Innova-
tive Development”), Namangan, 2018, pp. 351–352.

11. Virabov, R.V., Tyagovye svoistva friktsionnykh peredach
(Traction Properties of Friction Gears), Moscow:
Mashinostroenie, 1982.

12. Virabov, R.V. and Chepurnoi, S.I., Traction properties
of V-belt drive, Vestn. Mashinostr., 1981, no. 4, pp. 20–27.

13. Pozhbelko, V.I., Power pattern of elastic-deformable
belt transmission: a new formulation of the Euler prob-
lem, Izv. Chelyab. Nauchn. Tsentra, 2000, no. 3,
pp. 58–62.

14. Pozhidaev, N.N. and Bogdanov, E.F., Calculation of
V-belt drives of cranked presses for durability,
Tr. MVTU, 1978, no. 263, pp. 88–100.

15. Bulanov, E.A. and Zubarev, A., Calculations of belt
drives for particular resource, Vestn. Mashinostr., 1995,
no. 1, pp. 18–20.
 ENGINEERING RESEARCH  Vol. 40  No. 9  2020



KINEMATIC NONUNIFORMITY OF THE ROTATION 709
16. Bulanov, E.A., Calculation of belt drives, Vestn. Mashinostr.,
2001, no. 12, pp. 14–21.

17. Vorob’ev, I.I., Remennye peredachi (Belt Drives), Mos-
cow: Mashinostroenie, 1979.

18. Yavtushenko, A.V., The reliability of V-belt transmissions
of mechanical presses, Vost.-Evrop. Zh. Peredovykh
Tekhnol., 2013, no. 5, pp. 59–62.

19. Bakhanovich, A.G., Sidorenko, I.I., and Kravtsov, E.D.,
Comparative analysis of the fatigue strength of the teeth
of drive toothed belts, Tr. Odess. Politekh. Univ., 2011,
no. 1 (35), pp. 34–37.

20. Bakhanovich, A.G., Teoriya i praktika zubchato-remen-
nykh peredach (Theory and Practice of Toothed Belt
Drives), Minsk: Bel. Nats. Tekh. Univ., 2008.

21. Kravtsov, E.D. and Klimenko, A.A., The stress-strain
state of toothed belts by the finite element method,
Detali Mash., 1983, no. 37, pp. 19–22.

22. Gotovtsev, A.A. and Kotenok, I.P., Proektirovanie
tsepnykh peredach: Spravochnik (Design of Chain
Drives: Handbook), Moscow: Mashinostroenie, 1982.

23. Mamakhanov, A., Kinematic and dynamic analysis of
the chain mechanisms of tillage machines, Cand. Sci.
(Eng.) Dissertation, Tashkent, 2012.

24. Lur’e, A.I., Nelineinaya teoriya uprugosti (Nonlinear
Theory of Elasticity), Moscow: Nauka, 1980.

25. Lavendel, E.E., Raschet rezinotekhnicheskikh izdelii
(Calculation of Rubber Products), Moscow: Mashi-
nostroenie, 1976.

26. Maslennikov, V.G. and Sirotkin, M.I., Calculation of pre-
stressed welded rubber-metal joints, Kauchuk Rezina,
1977, no. 9, pp. 28–31.

27. Poturaev, V.N. and Dyrda, V.I., Rezinovye detail mashin
(Rubber Machine Parts), Moscow: Mashinostroenie,
1977.

28. Akhundov, V.M. and Skripochka, T.A., Simulation of a
welded rubber-metal joint. Co-axial torsion, Sovrem.
Probl. Metall., 2010, no. 3, pp. 45–51.

29. Mukhamedov, Zh., Turdaliev, V., and Abdullazhanov, A.,
Kinematics of a toothed-belt drive for machines, Mate-
rialy Mezhdunarodnoi konferentsii “Perspektivy intensiv-
nogo podkhoda k innovatsionnomu razvitiyu” (Proc. Int.
Conf. “Advanced Approach to Innovative Develop-
ment”), Namangan, 2018, pp. 355–356.

30. Poturaev, V.N., Rezinovye i rezinometallicheskie detail
mashin (Rubber and Rubber-Metal Machine Parts),
Moscow: Mashinostroenie, 1966.

Translated by B. Gilbert
RUSSIAN ENGINEERING RESEARCH  Vol. 40  No. 9  2020


	EXAMPLE
	REFERENCES

		2020-09-23T20:58:54+0300
	Preflight Ticket Signature




