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Abstract 

The article presents the results of theoretical studies conducted to determine the change in the length of the free strand of a chain 

drive with a variable center distance. In the research, the engagement of the chain with the driving and driven sprockets was 

considered as a 3-vector type, 5-link lever mechanism. During operation, in addition to natural wear in chain drives, elongation 

and changes in wrap angles due to vibration or oscillation are observed. This, in turn, leads to a decrease in traction capacity and 

uneven distribution of loads in the chain strands. Therefore, it is important to take into account the free strands of chain drives. 

The vector contour method is considered convenient for the analytical study of planar mechanisms. For this reason, this method 

is used in the geometric analysis of the equivalent 5-link lever mechanism. As a result of the conducted theoretical research, an 

analytical expression was obtained that allows determining the length of the chain strands, and based on its numerical solution, a 

graph showing the dependence of the chain strand length on the rocker rotation angle was constructed. 
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1. Introduction 

Chain transmissions operate by meshing, like gear trans-

missions, while belt transmissions have the leading and driven 

sprockets interconnected by a flexible link (chain). The sim-

plicity of the structure of chain transmissions, high efficiency, 

absence of slippage compared to belt transmissions, small 

overall dimensions, constant number of gears, ease of ad-

justment and replacement, and the ability to transmit motion 

to several shafts other than the drive shaft ensure their wide 

application in technological machine drives. At the same time, 

chain transmissions are used as the main transmission in all 

areas of mechanical engineering due to their ability to trans-

mit high-value power, flexibility, large center distance, and 

ease of maintenance and installation [1-4]. In recent years, 

based on technical and technological innovations, a number of 

resource-saving transmission designs have been developed, 

and their unique kinematic and dynamic characteristics have 

been created. 

2. Experimental Procedures 

As is known, the main factor determining the performance 
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of chain transmissions is the resistance of chain elements to 

wear. In addition to natural wear in chain transmissions during 

operation, changes in the extension and angle of engagement 

are observed as a result of vibration or shaking. This, in turn, 

leads to a decrease in the tensile strength and uneven distri-

bution of loads in the chain links [5-7]. Therefore, it is im-

portant to take into account the free links of chain transmis-

sions. In the analytical study of smooth mechanisms, it is 

convenient to use the vector contour method. Therefore, we 

use this method in the geometric analysis of an equivalent 

five-link lever mechanism [8, 9]. 

 
Figure 1. Chain transmission with variable distance between axles. 

 
Figure 2. Chain transmission scheme with variable distance be-

tween axles. 

Since the recommended chain transmission chain links are 

equal and their characteristics of change are the same, we 

consider the change in the length of one link. In this case, we 

use the closed-loop vector method. The closed-loop contour 

О1АBО3О2, consisting of the radius of the leading and driven 

sprockets, the chain link and the distance between the axes, is 

shown in Figure 3. To determine the length of the chain link, 

we divide the closed-loop contour О1АBО3О2 into three 

closed-loop vector sections О1АО2, О2BО3 and О2AB [10, 

11]. 

 
Figure 3. A scheme of a five-link lever mechanism with three vector 

contours. 

We construct the vector equations for the vector contours 

given above [12, 13]: 

for contour О1АО2 
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 54223 ,0 lllrl





    (2) 

for contour О2АВ 
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We project the vector equation (1) onto the coordinate axes 

О1х and О1у 
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From equations (4) and (5) we get the following 
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To determine φ6, we divide equation (7) by (6). 
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We determine the value of l4 from equation (7) as follows 
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(2) project the vector equation onto the coordinate axes О1х 

and О1у 

0coscoscos 524273   lrl


     (10) 
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From equations (10) and (11) we get the following 
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To determine φ7, we divide equation (13) by (12). 
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We determine the value of l3 from equation (13) as follows 
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From the vector equation (3), we express the length of the 

vector corresponding to the chain network as follows. 
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To determine the unknowns from the expression (16), we 

perform several operations on the vector equations (1) and (2). 
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If we take into account the angle of inclination of the chain 

network with respect to the transmission axis [14], then 

  902
                (18) 

  904
                (19) 

where θ is the slope relative to the axis of the chain network, 

degrees. 

According to [15], we express the angle of inclination of 

the chain network with respect to the extension axis as follows 
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where t is the chain pitch, m; A0 is the distance between the 

initial axes, m; τ2 and τ1 are the angles corresponding to half 

the pitch of the sprockets, degrees. 

Taking into account (20), we write (18) and (19) as follows 
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Taking into account expressions (18) and (19), we write 

expression (17) as follows 
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   (23) 

To determine the regularity of the chain network change, the 

numerical solution of equation (23) was carried out in the Mi-

crosoft Office Excel program. The numerical solution was car-

ried out for the following values of the parameters as an example: 

l 1=250 mm; r 1=r2=760 mm; l 2=150 mm; φ 5=0о, 10о, 20о. 

 
Figure 4. The law of variation of the length l depending on φ5. 

It can be seen from Figure 4 that when the angle of rotation 

of the lever is 0о, the length of the chain link l is 1920 mm, 

when the angle of rotation of the lever is 10°, the length of the 

chain link l is 1918,09 mm, and when the angle of rotation of 

the lever is 20°, the length of the chain link l is 1912,41 mm. 

Therefore, from the above data, it can be concluded that as the 

angle of rotation of the lever increases, the length of l (AB) 

changes, that is, decreases. 

3. Conclusions 

In the geometric analysis of a chain transmission, it is con-

venient to use the vector contour method, as in the analysis of 

smooth lever mechanisms. In this study, a five-link lever 

mechanism equivalent to a transmission was used to determine 

the changes in the lengths of the chain links. The results of the 

studies show that with an increase in the angle of rotation of the 

lever, one of the chain links increased and the other decreased. 

In this case, the changes followed a curvilinear pattern. 
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