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Abstract

The article proposes a new design of a chain drive with the flexible element tensioning device. The formula for calculating the
stiffness of the tension bushing of the tension roller of the chain drive with the compressive tensioning device is obtained. The
dependences of the elastic bushing coefficient on the radius of the tensioning roller and the change in the coefficient of friction are
obtained. The laws of the chain vibration, velocity and acceleration with respect to time depend on the angular velocity of the
tension roller, the mass of the chain interacting with the tension roller and the radius of the tension roller. Recommended
parameters have been developed.
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Introduction

The main disadvantage of the existing chain drive is the rapid wear and noisy operation of the working
profiles during the operation. This leads to a decrease in transmission reliability and efficiency. When the
chain drive operates at high speeds, the transverse and split vibrations of the chain increase. This increases
the unevenness of the output shaft movement. Therefore, the main task of the research was to reduce the
unevenness of the oscillating motion of the extension lead network and at the same time improve the
adhesion of the chain links with the star teeth. When the chain drive is used without a tensioning device,
noise and chain breakage are observed due to the impact of the chain rollers and sprocket teeth[1-7].

Development of the effective tensioning device of the chain drive design. In order to ensure the smooth
operation of the chain drive, increase its durability, a new tensioning device transmission design was
recommended. A schematic diagram of the chain drive is shown in picture 1. The structure consists of a
drive 1 and driven sprocket 2, a chain 3 attached to them, and a structural tension roller 4. The
compression tension roller consists of 4 main shafts and a bushing 5 made of elastic (rubber) material
covered on it [1]. The surface of the rubber bushing 5, i.e. the part affected by the chain 3, forms a curved
surface in sinusoidal law. This curved surface pitch is taken to be equal to the pitch between the joints of
chain 3. During chain drive operation, the motion is transmitted from the drive sprocket 1 to the sprocket 2
driven by the chain 3. In this case, the flexible bushing 5 of the tension roller 4 provides the tension of the
guide arm of the chain 3. This increases the angle of coverage of the sprockets 1 and 2 with the chain 3,
regulates the displacement (coolness) of the chain 3 and provides the desired tension of the chain 3. Also,
in the interaction of the rubber bushing 5 and the chain 3, its transverse vibrations are extinguished and
their wear is reduced. Since the sinusoidal curved surface of the rubber bushing 5 coincides with the step of
the chain 3 joints, it provides the required friction between them. It is possible to replace the tension roller
when the existing chain drive is needed.
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a is the general scheme chain drive, and b is the interaction scheme of the tension roller with the chain
Pic. 1. Composite tension roller chain extension scheme

The design works in the following order: The rotational motion is transmitted from the drive sprocket 1 to
the driven sprocket 2 via chain 3. The motion is then transmitted to the shaft 7 by means of an asterisk 2 to
8 rubber bushing 5 and a metal bushing 6. In this case, the complex oscillations of the resistance torque in
the working body affect the rubber bushing 5 through the shaft 7 and the bushing 6. Depending on the
elastic-dissipative properties of the rubber 5, the complex oscillations of the resistance moment are
sufficiently extinguished, i.e. the effect on the asterisk 1 through the asterisk 2 and the chain 3 is reduced
sufficiently. It is recommended to use this chain drive at large range speeds. The design extends slightly the
life of the transmission. During the operation, the flexible bushing in the tension roller is deformed, which
slightly flattens the loads in the vibration of the chain [8-16]. This degree of the adjustment depends mainly
on the coefficient of elasticity of the flexible bushing [11]. However, the increase in the deformation of the
flexible bushing leads to failure of the supports, increasing the friction between the chain elements and the
flexible bushing, which leads to a decrease in the tensile strength. For medium linear velocities (v <
10 m/s), it is recommended not to exceed the deformation (2mm) of the flexible bushing. To do this, it is
necessary to determine the virginity of the flexible bushing. The scheme for determining the stiffness of the
tension roller flexible bushing is shown in pic. 2.

Pic. 2. Schematic diagram of a chain extension with a compressive tensioning device
The method of the calculation of the parameters of the compound roller of chain drives.

From this pic. 2: AMKO5:

MK =r;sing; 1)
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from which it is possible to determine the length of the cover with the tension roller of the chain:

MN =2r,sin P 2)

where, 3 is the radius of the tension roller; @5 is % of the coverage angle.

Relative weight of the chain in the zone of impact with the tension roller:
Qun =20 I;Sin @, (3)

where, q is the weight per unit length of the chain is N /m.

In this case, to estimate the fact that the tension force in the leading link of the chain is formed mainly by
the friction force between the tension roller and the chain, and estimating the results of research in [8,9]
we obtain the following expression:

QT =2fuql‘3COSgo3 2|1-co ¢3+£
) (4)

where, f,, is the coefficient of friction with the tension roller of the chain, A5 is the sagging chain, I is the

length of the chain-led (free) chain.

Then natural frequency:

=k- /60
P Z3n3 ) (5)

where, z3 is the number of elements affected by the tension roller of the chain, n; is the frequency of
rotation of the tension roller, k is the coefficient of proportionality.

Natural frequency:
Cy9
al (6)

P =

where, C5 is the coefficient of elasticity given by the elongation of the chain, [is the length of the part
which is affected by the tension roller of the chain.

To estimate the above, we create a formula for calculating the stiffness of the tension roller bushing:

C, = 53 f,qr, cose, \/ 2{1—0052(493 +%)}

m ]

, (7)
where, §,,is the deformation value of the elastic (rubber) bushing of the tension roller.

In the case of the chain drive operation, the stiffness of the tension element of the tension roller depends
on mainly the rubber structure, the impact force of the chain, the coefficient of friction, the radius of the
roller and the angle of coverage [11-16]. As a result of the research, graphs of the dependence of the radius
of tension tension of the elastic bushing and the coefficient of friction with the chain were obtained (see
pic. 3). The analysis of the obtained graphs showed that as the radius of the tension roller increases, the
coefficient of elasticity of the flexible bushing increases in a nonlinear pattern (pic. 3a). In particular, when
the radius of the tension roller increases the stiffness of the bushing without line. This can be explained by
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the fact that as the radius of the tension roller increases, the effect of the chain on the flexible bushing also
increases, its deformation increases. The coverage angle also increases accordingly. As a result of the
research, the increase in friction between the chain and the tension roller and the elastic bushing leads to
an increase in the linear regularity of the tension. Pic. 3b shows these graphical links. The coefficient of
friction 0,10 and position of the stiffness flexible bushing is equal to the 1,85 - 103N /m. In the case of the
friction, the stiffness flexible bushing is equal 7,95 - 103N /m .

As mentioned above, it is necessary to increase the coverage angle, reduce the coefficient of friction and
prepare a tension roller with a small radius, assuming that the chain does not exceed vibrations [8-11].
Therefore, it is important that the recommended parameters for the chain drive under consideration are in

f =01+013; ¢, =03+045rad, r,=(2,5+4,0)-102m,

the following range:
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a is the dependence of the tension of the tension roller on the stiffness elastic bushing, the radius of the
roller, and b is the coefficient of friction between the chain and the roller.

Pic. 3. Graphs of the dependence of the tension of the tension bushing of the chain drive on the tensioning
device, the radius of the roller and the coefficient of the friction between the chain and the roller.

The calculation scheme and mathematical model of the chain oscillations. The chain drive with a
compressive tensioning device can be widely used in accordance with the loads of technological machines.
High performance was achieved as a result of the application of the recommended chain drive on the
Redler conveyor [15,16]. The service life of a chain drive depends on whether the sprockets, chain and
tension roller are made. In many cases, the performance of these elements, the long-term performance
depends on the vibrations of the chain cooling network. Pic.4 shows the proposed circuit (a) and the
calculation scheme (b) of the oscillations of this part of the chain with the chain tension roller of the
proposed chain drive. To develop a mathematical model of the chain oscillation, we use Langraj's second-
order equation [8,9]:

d (GTJ dT  dII dR

— == 1Q

dt (ox ) dx dx dx y, (8)

where T,Ilis the kinetic and potential energy of the system, x is the generalized coordinate, R is the
dissipative function of the Reley, Q,, is the generalized external force.

T, - ﬂ(d_xj
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Potential energy:

2
_ Crx;s

HS
2 (10)

Dissipative function

33
2 | dt

where, x5 is the displacement of the chain part along the transverse oscillations, Cr is the flexible bushing

(11)

stiffness, by is flexible bushing dissipation coefficient, m5 is the mass of the part of the chain affected by
the tension roller.

Obtained (9), (10), (11) We determine the additions of the Lagrange equation on:

ddr, . di, drR,

dtdx, 7 odx, 7 dx T (12)

Substituting (12) into (8), we obtain a differential equation representing the transverse oscillations of the
part of the chain drive affected by the tension roller.

d?x,
° dt?

dx, _

Considering the expression for determining the coefficient of elasticity of the tension roller bushing (7), the
mathematical model representing the oscillation of the chain is as follows:

d*x,
°dt?

dx,
dt

+b; +% f, -qr, cose, Z{l—cosz(% + 4|A3 H =Q,

m €] (14)

On the basis of pic. 4, the regularities of the change in the influencing force:
Qy = Q; + Qq|sinwt| (15)

We extend the obtained expression (15) to the Fure series according to [9,10]:

Qy(t)=Q1+QoF—£(
T T

cos2mif  cosdw3t  COS6amt cosnmi H
1-3 3-5 5.7 (2n-1)-(2n+1) (16)
where, nis equal to 1,2,3...

It is known [14-16] that the dissipation coefficient in oscillating moving systems mainly allows to reduce the
amplitude of vibration, accelerating processes. However, it does not affect the vibration frequency. It is
therefore advisable to see the state of the maximum amplitude in the oscillations of the tensioning roller of
the chain saw chain under the influence of the elastic bushing. Therefore, the solution of the problem was
carried out without taking into account the dissipation coefficient in (15). As a result, taking into account
(16), the equation of transverse oscillation of the chain is as follows:
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2
msd )2(3 +2X3 f,qr, cosg;, 2| 1-cos2 (p3+ﬁ =Q +
dt* o, ]
2 4(cos2mt  cosdwdt  cosbw;t cos2namst
+Qo| ——— + + +..+
r =\ 1.3 3-5 5-7 (2n-1)-(2n+1)

(17)

The solution of the given differential equation (17) was carried out using the solution method given in [10].

The solution of Equation (17) consists of the sum of the solutions for each additive given in (16), i.e.
1 4Q, i cosZ2nat

X, = (Q1+2Q0)_ 2 2 2
C, 2 )T m, & @n—1)(@n +1)(pE — 4n*ed)

From the solution of the problem it can be seen that the transverse oscillations are in a harmonic law when

(18)

the tension roller of the chain drive chain is affected by the elastic bushing, and this law shifts from the
state of static equilibrium to the following value:

Q + 2
27

2 f,ar,cose, |2/ 1—cos2(p, +4—A)
am I (19)

a is the diagram of the part of the chain affected

ngT =

by the tension roller,

b is the diagram of the calculation of transverse

vibrations affected by the tension roller.

Pic. 4. The scheme of calculation of impact and
transverse oscillations with a chain tension roller

where, Q;is the constant component of the
force of action, Qg isthe amplitude of the

vibration of the force, ¢3qisthe angle of
coverage of the tension roller on the complete
change of force

Pic. 5. Graph of the force change acting on the

0 7 p part of the chain affected by the tension roller
3

To determine the transverse displacement of the chain, an approximate result can be obtained by
considering two additives in solution (18). In this case (18) can be written as follows:
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_ | (20

The following calculated values of the parameters were obtained to determine the regularity of the
transverse oscillation of the transmission chain in numerical values:

0, =(2,0+30) 107 m; Q=20+25N; Q,=015+0,25N; f, =01+013;
g=(20+25)N/m; r, = (2,4+4,0)-107*m; m, = (0.015 + 0.045)kg,
o, =30+355"; ¢, =0,3+0,45rad, A =(2.0+10,0)-10°m.

The results of the analysis of the dependence of chain vibrations on the transmission parameters.
Considering the analysis of the oscillations of the proposed chain drive parameters when they are affected
by the chain tension roller. Based on the numerical solution of the obtained expressed (20), the law of
transverse oscillation of the chain was determined. Pic. 6. shows the change in transverse shear, velocity,
and acceleration under the influence of a chain tension roller as a function of the tension roller at different
angular velocities over time. The oscillation frequency of the chain mainly varies depending on the angular
velocity of the tension roller. In this case, the vibration amplitude is 0.74mm when the angular velocity is
25571, while the amplitude decreases to 0.62mm when the angular velocity is 35s1. That is, the increase
in the speed of impact reduces the time of deformation of the elastic roller (shell) of the tension roller and
increases the angle of impact. Therefore, the vibration amplitude decreases (see pic. 6. a, b, c¢). Also, when
the rotational speed is 25571, the lower component of the oscillation frequency of the chain is 12.3Hz,
while the upper frequency is 45.65Hz. Similarly, if the angular velocity of the tension roller is 35571, the
frequency of the upper component of the chain oscillation is 42.4Hz, while the lower component is 8.2Hz.
It should be noted that the displacement of the chain from the static position with the tension roller (19) is
an average of 2.4 mm, respectively (see pic. 6.). It is known that in oscillating motion, the change in the
oscillating mass has a direct effect on its amplitude [9].

X107
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1 3
2
0.1 f
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Where, 1 — w3 = 25571
2 — w3 =30s"11 —w; =35s71

a is the law of oscillation of a-chain,

b is the velocity of oscillation of the chain, c is the
acceleration of oscillation of the chain with

respect to time relative to its stellar angular

velocity.
Pic. 6. Dependency graphs

Pic. 7 shows the laws of transverse oscillation (a), velocity (b), and acceleration (c) of a chain depending on
the mass of the chain. It can be seen from the obtained oscillation laws (see pic. 7) that is an increase in the
mass of the part of the chain affected by the tension roller also leads to a decrease in the amplitude of the
vibration amplitude, velocity and acceleration. But in this case the oscillation frequencies of displacement,
velocity and acceleration are almost unchanged. In particular, when the mass is 0,015 kg, the oscillation
amplitude is 1,36mm, respectively, the velocity oscillation amplitude is 0,242m/s, the acceleration
oscillation amplitude is 8,84m/s. When the mass of the transverse oscillating part of the chain increases by
0.045kg, its vibration amplitude decreases to 0,87mm, the velocity amplitude decreases to 0,168m/s, and
the acceleration amplitude decreases to 3,15m/s. It should be noted here that the amplitude of the high-
frequency component of the chain oscillation also decreases accordingly.

As a result of the research, the laws of change of velocity and acceleration of the leading network
oscillations were determined at different values of the roller radius (see pic. 8). Based on the analysis of the
obtained vibration laws, it can be said that the oscillation frequency, velocity and frequency of change of
accelerations do not change with increasing radius of the tension roller. In this case, only the amplitudes of
vibration displacement, velocity and acceleration increase. However, it is noteworthy that the effect of
increasing the radius of the tension roller on the vibration amplitude decreases with decreasing the value
of the length of the chain guide network.

X, 107 04 Emle

0.4
a is the change in transverse oscillation of chain,
b is the transverse oscillation velocity of chain,
c is the transverse oscillation acceleration of
chain in time and the values of the mass of the
chain in the affected area; where

1—-m3 = 0,015kg;

2 —m3 = 0,030kg;
1 —m3; = 0,045kg.

pic. 7.
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Where:

a is the effect of the radius of the tension roller on the oscillation rate of the chain, and b-acceleration on
the laws of change.

Pic. 8. Dependency graphs

The discussion of the research. The radius of the tension roller in the chain drive in question

. 2 :
(35+4,0)-10"m 08+15 1 does not exceed.

OB+L5mm_

. In this case, the amplitude of vibration of the chain

Hence, the recommended values of the exposure angle should be obtained in the range:

@, =0,4+05rad aoaw%nt

According to the analysis, the vibration speed of the chain is from o

-3
9.0-10%m chain coolness. 20 + 25%the amplitude of the acceleration decreases to 10 +15 9,

Conclusion: The formula for calculating the stiffness of a chain 08+15mm
obtained. It is recommended that the coefficient of friction, the value of the angle of impact and the

extension tension roller is

parameters of the radius of the roller between the chain and the tension roller are as follows to ensure that
the vibration amplitude of the chain suspension is in the range:

f =01+013. ¢, =0,3=0,45rad; r, =(2,5+4,0)-10°m
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