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Summary. The paper deals with the mathematical model development of the kinematical behavior of the
flexible transmission branch exemplified. A typical example of transmission with discrete-flexible connection can
be considered as the movement of the drive elements of the chain. The use of chain gears as a drive for a wide
range of technological machines with high requirements in order to ensure a certain law of motion of the executive
bodies is the task of studying changes in its kinetic characteristics during operation. It is established that random
deviations of the chain step from the nominal are the result of manufacturing inaccuracy elements of transmission
and wear during operation. The mathematical model of motion gives an idea of the real interpretation of the
kinematics of the chain transmission taking into account the uneven dimensions of individual links. The model
makes it possible to present the components of deviations of the transmission movement from the given in two
groups: deviations created by the accumulated error of the chain section, and movement. Calculations based on
the developed mathematical model show that when the hinges of the sleeve-roller chain are worn by 2.5%, the
value of the coefficient of non-uniformity of the transmission increases threefold.
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Statement of the problem. The design of flexible links, the investigation of the
improvement of their reliability and durability is one of the important tasks in the field of
applied mechanical engineering [1]. Among flexible discrete gears, drive roller chains play an
important role. In particular, the need of the national economy of Ukraine in such chains is
about 50 million running meters [2].Widespread use of chain gears in various fields of
mechanical engineering is due to their undeniable advantages over other mechanical gears [3].
Acute shortages and lack of such chains hinder the growth of productivity and increase the level
of automation of production. Therefore, determining the optimal ratios for the characteristics
of chain transmissions is an important task [4]. In this regard, scientists both in Ukraine and
abroad have conducted and are conducting multifaceted research in the theory of chain
engagement, as well as the influence of various factors and parameters on the kinematic and
dynamic performance of chain transmissions [5].

The study of discrete-flexible transmission can be reduced to the investigation of the
movement of the drive elements of the chain. The use of chain gears as a drive for a wide range
of technological machines with high requirements to ensure a certain law of motion of the
executive bodies is the task of studying changes in its kinematic characteristics during
operation.

Analysis of the known research results. While designing chains and chain transmissions,
existing methods often do not take into account the changing conditions of the transmission, in
this way the size of the chain is unreasonably choose and the effect of wear of its elements is
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not taken into account. Thus this contributes to reduced characteristics of durability, reliability,
vibration resistance and move irregularity [6].

During operation, the technical parameters of the chain acquire specific changes caused
by wear and interaction of the working surfaces of the hinge parts [7].Thus, during wear, the
drive chains lose their efficiency due to the unacceptable increase in the actual contact step of
the external links [8].The wear of the chain hinges depends on many factors, including physical
and mechanical and frictional characteristics of the hinges, operating conditions, load modes
and others [9, 10].

One of the integral characteristics of a real chain in this negative plan is the variety of
chain elements (particularly, roller). It results in the skew of the axes of its links, violation of
the normal contact of the surface of the rollers with the teeth, the curvature of the axes of the
hinges and other negative influences [11].

In general, the diversity of the chain dimensions affects almost all the processes that
accompany the operation of the chain transmission [12]. Thus, during operation, the variety of
the chain dimensions is constantly increasing, causing the decrease in the service life of the
chain both in terms of wear of its hinges and in terms of fatigue strength of the chain [13].

A separate aspect is the influence of the instantaneous dimension diversity of the chain
on the increase in the move irregularity of the chain and the driven system and increase for this
reason the vibrations of the branches and dynamic loads [14].

Accordingly, some researchers have paid considerable attention to the kinematic
characteristics of the chain drive with roller pairs [15, 16].

Paper objective. Given the review of the literature, it can be argued that mathematical
modeling of the kinematics of chain transmission in terms of taking into account the diversity
of the chain to determine its impact on the uniformity of the transmission is an important
scientific and applied problem.

Task setting. Mathematical model development. The characteristics proposed in [1] for
estimating the move irregularity of the chain and driven system, which reflect the maximum
change in speed of the latter over a period of time (single hinge parameter) to some extent
characterize the transmission dynamics, but cannot be used as a measure to assess compliance
movement of the executive body.In addition, they do not allow to assess the deviation of the
true position of the executive body from the one set by law and its changes during operation
due to chain wear.

The objective of this paper is to solve this problem. In order to solve it, we turn to Fig. 1,
where 1 is the leading sprocket of the chain drive is rigidly connected to the drive system, which
provides due to the high inertia and rigidity of the uniform movement of the latter; 2 is the leading
link in the chain transmission; 3 is the driven sprocket, rigidly connected to the executive body.
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Figure 1. General transmission scheme
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While solving the problem, we assume that the deformation of the chain and the inertia
of the driven system do not significantly affect the nature of their motion.

In order to simplify the solution, we assume that the necessary laws of motion of the
executive bodies rigidly connected with the chain and the driven sprocket are described by the
following equation:

S,(z)=h-z;

0,(r)=b-r. W

where h and b are constant coefficients.
To ensure these laws it is necessary that the speed of the chain ‘Qm and the driven system

D2 are equal to:

19 = . = h;
(o] a)l Rim (2)
@,, =, -U =D,

where “t is angular velocity of rotation of the drive sprocket 1;

le is the average radius of the chain hinges in contact with the toothed sprockets.

U s gear ratio of the chain transmission.

When using other variables, the course of the solution will not change if the laws of
motion are given by other equations.

In [1, 2, 3, 4] it is shown that due to the kinematics of the chain hinges with sprocket
teeth, as well as random deviations of the steps of the chain links from the nominal as a result
of manufacturing inaccuracy and due to wear on their value to provide condition (2) during a
certain period of time is impossible.

Therefore, in practice, these conditions are provided only with some approximation,
considering it worse if the average values

‘90 19 a)Zm:a)Zo

m= Oi

for a period of time equal to the mileage of one circuit.
To solve the problem, first we describe the law of motion of the chain when it impacts

the leading sprocket. Suppose that at some point in time = = O | the hinge of a certain zero link
came into contact with the teeth, located at a certain radius Ro forming an angle with y-axis

%o The period of engagement of this hinge is called the time from the beginning of the entry
into the engagement of the hinge of this link to the beginning of the contact of the next 1-st link.
The movement of the chain during this period is to be described by the following equation:

So(7) =R, -sin @, — R, -sin(¢; — w,7);

PtP o ®)
a)l
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Figure 2. The scheme of movement of the chain

The duration of this period is as follows:

/
_ Po *+ %o
2

To

With the beginning of the engagement of the next 1st hinge, the movement of the chain

/
is determined by the radius of its placement and the corresponding angles Prand P1 .
The movement of the chain is described by the equations:

S,(7) =R, -sing, + R, -sin ¢1/ + R, -sing, — R, -sin(¢, +(01/ +@, —o7); (4)

at

/ / /
+ + @ +@, +
PAOL_ Ot P
w, w,

where R1, R2 are the radius vectors at points 1 and 2 of the chain hinge.
Given that

R, -sing! +R, -sing, =t,;
and

/ / 472'
O+ o+ + :T!

for arbitrary k-hinge (and k> 1) we write

[

S () =Ry -sing + >t —R, -sin [m . 47”— D -, — a)lr} (5)
i=2

and when k is equal to
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k=3,5,7...
m—ﬂ' m4—7r< 1—<m4_7r+ + ol
> O =, 2—601— S P + Pk
k=2,4,6...
k A / A
m=—: (M-)—+op +o, <oT<M—
2" P =P z T z

Graphically, this law can be represented by curve 2 (Fig. 3). The line 1 in this figure
shows the uniform motion:

Sp(@)=h-7

Sk (’C)
Sp (T)

Figure 3. Graphic of the chain move

As can be seen from Figure 3, the magnitude of the deviation of the chain movement

T

over time ~ from a given (uniform) can be determined by the following formula:

AS (7)=S,(r)-S,(r)=h-7-5,(7) (6)

The angle of the line describing the given law of motion for our case can be determined
from the following considerations.
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With uniform rotation of the drive sprocket, during the one running contour

2
Twz—ﬂ-W | o
Z

the chain passes the distance equal to the length of the contour
L=W-t_,

where W is the number of links in the chain;
tm is the average chain pitch.

Then
he Vb 2o,
2—7Z-W [ w, oz
Zy (7
Z .
_ Sy(7)=t, e
accordingly 2z

Hence equation (6) takes the following form

Z; -y

K
AS, () =t - T —Rysing, — >t +R, sin[m477z—(—1)"¢k —a)lr):| (8)

i=2

where Z) is the number of teeth of the drive sprocket.
tm is the average pitch of the contour defined by the length of the contour

L
tlm:_’
w

which provides the given law of motion.

In order to analyze the components of the value AS(7)

modified form:

, We represent it in a slightly

z ) z 4 K
={tm-1—‘“1-@—Rlsnn¢1}+{tm- 101 . 27 —Zti}+
T

27 L0 i3 )
z 4 . 4

+ tm.l_a)l.(z-—ﬁ—m ”)—Rksm[m—ﬁ—(—l)k(pk—a)lr)} ,
27 @, 2100, z

where Asl, ASy (T)W, AS(7), _ the corresponding components in curly brackets, which
correspond to the deviation from the specified position of the 1st hinge;

the deviation of the hinge in contact with the sprocket at time Z .
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This interpretation makes it possible to divide the corresponding components of the
deviation into 2 groups: deviations created by the accumulated error in the length of the chain

that runs on the star in time ¥ and deviations formed during the entire time of engagement of the
hinge, caused by the irregularity of its movement along the direction of movement during the
engagement period

Pk +€0|£_

First let us consider the deviations formed during the engagement of two consecutive
links. Moving the origin to the end of the node of the gear of the i-th hinge after simple
transformations we get
for the i hinge

O<awr<g¢;

S;(r) =R, -sinwyz;

R; -sinaor R -sinwyz (9a)

Si(v), =
! P Di CDi/

for i+ 1-st hinge:
/ < <o / _
¢| - a)lz- — (Dl + (D|+1 + §0|+1

Si+1(T) = ti+1 + Ri+1 : Sin(a)lr - qu/ - ¢i+1)

R.., -sin ¢,
Sin(@p =t + il UL (o7 — (Pi/ — Pii1)
Pir1 (©b)
R. . -sin @
. / D, /
AS; 1 (z) =Ry -sin(@7r — @) — 1) — %(wﬂ — @~ Pii1)
i+1

for i + 2-nd hinge:
/ / 472'
GO toasoTs 7

. 4
Si+2 (T) = ti+l +ti+2 + Ri+2 ’ Sm(wlT - T)

R. , -sing/ 47
Dii3 z

472-) _ Ri+2 -sin Dis2 (C()lZ' _ 4_72-)
Pii2 z

Si2(7)p =ttt +

ASi+2 (T) = Ri+2 'Sin(a)lr -
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Analysis of the results. The obtained results are the basis for the estimation of the move
irregularity of the leading branch of the chain transmission. This can be represented graphically
as shown in Fig. 4 illustrating displacements and errors, respectively, projected on the abscissa
and ordinate.

ASw

S\/ 2
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' 1

7 / P A
/
7 4
/ 4
)
z/
ey \ _
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u | W | w | W | u, | W,
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Figure 4. The kinematic errors of the chain move

It should be noted that the deviation projected along x-axis depends mainly on the
accumulated error in the length of the chain section. This approach makes it possible to
determine the coefficient of non-uniformity of displacement as a criterion for estimation of the
chain accuracy.

It can be concluded that the different size of the chain links due to the increase in the
scattering of the size of the links due to wear results in the increase of the coefficient of non-
uniformity of the chain.

So the calculations show that in the case when the wear of the bushing-roller chain
DSTU 13568-2017 with the number of teeth of the drive sprocket 29 is 2.5%, the coefficient of
unevenness increases up to three times compared to the case of unworn chain.

Conclusions. It is established that due to the peculiarities of the kinematics of gear
transmission with discrete-flexible connection, random deviations of the pinch of such
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connection from the nominal as a result of manufacturing inaccuracy elements of transmission
and wear during operation to ensure a uniform move of transmission for a certain period of time
Is impossible.

To solve the problem of describing the motion of the transmission with discrete-flexible
connection, the mathematical model of motion is developed on the example of the sleeve-roller
chain, which gives an idea of the real interpretation of the kinematics of chain transmission
taking into account the uneven dimensions of individual links. The specified mathematical
model in the original setting makes it possible to present the components of deviations of the
transmission movement from the given in two groups: deviations created by the accumulated
error of the chain section, and movement.

Calculations and graphical representations based on the developed mathematical model
show, for example, that when the hinges of the sleeve-roller chain are worn by 2.5%, the value
of the coefficient of non-uniformity of the transmission increases threefold.
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Pesrome. Koncmpykyii nepedau 2nyukoio 1amnkoio, OOCHIONHCEHHs ma NidguweHHsa ix naditinocmi i
006206IUHOCMI € OOHIEID I3 HA2ANLHUX 3A0ay Yy 2any3i NPUKIAOHO020 MAWUHO3HA8cmed. Posenamymo pyx
NPUBIOHUX eNeMeHmig NaHylo2d, Wo € OOHUM i3 XApaKmepHux npuxiadie nepeoaui 3 OUCKPEMHO -eHYUKUM
36 ’sazkom. [ocnioocenO ocobaugicms KinemMamuxy 3a4enyielts nepedadi 3 OUCKPEmHO-2HYYKUM 368 SI3KOM ma
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BCMAHOBAEHO, WO 6 YbOMY BUNAOKY HEMOJCIUS0 3abe3neuumu piGHOMIpHUL Xi0 nepedaui NpomscoM
susHaueno2o nepiody uacy. Pospobneno mamemamuyny mooenv pyxy, Aka 0a€ npeoCmasients npo peanrbHy
inmepnpemayilo KineMamuku J1AHYI02080i nepedaui 3 Ypaxy8aHHAM HePIBHOMIPHOCMI pO3MIPI8 OKpeMux
nanok. Iloxaszano, wo ckradosi sioxunienv pyxy nepeoaui 6i0 3a0aH020 MOJICHA NOOIIUMU HA 08I 2pynu:
BIOXUNEHHS, WO CMEOPIOIOMbCS HAKONUYEHOI0 NOXUOKOI 006dCUHU OLIAHKU Janylozd, sAKull Habieaec Ha
3ipouKy, i GiOXunenHs, wo @QOpPMYIOMbCA RPOMALOM YCbO20 HACY 3AUENICHHS OKPeMo20 wapHipd, ujo
CnpudUHeHi HepigHOMIpHICMIO 11020 pyxy. Mooicna 3podumu 6UCHOBOK, W0 PI3HOPO3IMIPHICMb TAHOK JAHYI02A,
38aocayy Ha 30inbulenHs Po3Cilo8anHA PO3MIPI8 N1AHOK Yepe3 3HOULYSAHHS, NPU3600UMs 00 30iNbuleHHs
senuyUHY Koe@iyichma HepignomipHocmi pyxy nanyioea. Ilposedeni 0ocniodcenHs Ha NPUKIAodi 8MyiKo80-
PONUKOBO20 NANYI02A O00360IUNU CHOPMYNIOBAMU pPeanbHy IHmepnpemayilo KiHeMamuku JaaHylo2080i
nepeoaui 3 ypaxyeaHHsIM HepIGHOMIpHOCMI po3mipie okpemux nanok. Ha niocmasi nposedenux 0ocniodicens
3p061eHO BUCHOBOK, WO PI3HOPOIMIPHICIb IAHOK TAHYI02A, 386AXCAI0OYY HA 30i1bUIEHHS PO3CII08AHHA PO3MIDIE
JIAQHOK Yepe3 3HOWYBAHHA, NPU3BOOUMb 00 30iNbUWIeHHS 6eluyUHU Koeiyienma HepiBHOMIpDHOCMI pYXy
aaunyioea. ExcnepumenmanviHo noxaszawo, wo npu 3HOWEHHI WAPHIPIE 6MYJIKOGO-POIUKOE020 NAHYI2A HA
2,5% senuuuna xoegiyicuma HepigHOMIPHOCMI X00Y nepeoayi 3p0Cmae 6mpuul.
Kniouogi cnoga: nepedaua , ranyioe, poaux, 6imka, KiHeMamuka, Kpox.
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