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The give paper is closely connected with the analysis of the normal force relating to the winding mechanism refe-
rring to production or manufacturing of raw tyres. The attention is mainly paid to the calculation of normal force 
during the manufacturing process when the individual constituents of raw tyre are pressed-in. The dynamic ana-
lysis as well as the calculation of the given normal force was done for raw truck tyre. The simulation of the move-
ment and dynamic analysis for the given kinematic conditions as well as appropriate input values were solved in 
Solid Works – modeling computer program. Courses of normal forces for the first one set and the second one set 
of winding arms in dependence on lever position are in graphitic form. Based on the dynamical analysis, it can be 
concluded that, the second one set of winding arms does not have any influence on the quality of the produced car 
tyre.  
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 Introduction 

The technological process of raw tyre production [4], 
[5], [13], [14] is closely connected with the utilization of 
tyre building drum where it is also necessary to wind the 
given constituent parts of tyre around its bead plies and 
then, the given constituent parts must be forced-in or pres-
sed-in mutually in the area which is determined by bead 
ply and constituent part which is called crown of tyre. The 
crown can be found at sidewalls of tyre. It can be seen in 
the figure 1. 

 
Fig. 1 The technological process of mutual pressing-in 

for constituent parts of tyre 
 
The mentioned procedure has been done by usage of 

tyre building drums and there is also utilized the specific 
or special mechanism which is called winding mecha-
nism. The tyre lever building drum, mentioned hereinbe-
fore, contains one winding mechanism in its each one 
half. From the construction or the structural aspect, the 
given and specific mechanism can be designed in two di-
fferent ways. The one construction design consists of one 

(the first one) set of winding arms at which the rollers are 
mounted and another construction design consists of two 
(the first one and the second one) sets of winding arms 
with mounted-in rollers while these mounted-in rollers 
follow each other in a stagger way.  

 Dynamic analysis normal force of the lever 
mechanism 

The kinematic and dynamic analysis [1], [2], [3], [6], 
[7], [12] of the lever mechanism of winding arms has 
been done by relaxation method in the computer program 
SolidWorks. The basic position means that the lever is in 
horizontal plane. Te operation position means that the 
roller traces the profile of the tyre. The shifting or mo-
vement of lever is performed in the interval x <0-255 
mm> and at the same time when there is the shift or mo-
vement of the lever, there is also the performance of ano-
ther operation at which the lever is turned in the direction 
from the axis y and moreover, the shifting or movement 
of lever is given by specific angle φ<0-30°>. The required 
stiffness for individual flexible components or constitu-
ents as well as any other required values were obtained in 
an experimental way.  The principle of relaxation can be 
seen in the figure 2 where there is the relaxation of indi-
vidual entities which are subjected to motion equations 
(1), (2) and the given motion equation can be used for de-
termination of kinematic parameters or values for mo-
vement of individual entities in the system and in ad-
dition, the appropriate reactions can be also found out by 
this way. 

Motion equations: 
Body 2: 
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Fig. 2 Relaxation of individual bodies  
 
Body 3: 

 )90cos(.cos.3 αα −°−−−=∑= TNBFxm xxiɺɺ  

 )90sin(.sin.33 αα −°−+−=∑= TNGBFym yyiɺɺ   (2) 

 eNrTMI BiB ..3 −=∑=ϕɺɺ  

 
Matrix representation of (1) and (2) motion equations, which are transferred to matrix representation of (3) and then 

it is: 
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The computational model of the mechanism for the 

first one set as well as the second one set of winding arms 
can be seen in Fig. 3 and Fig. 4. The simulation of the 
movement and dynamic analysis [9], [10] for the given 

kinematic conditions as well as appropriate input values 
were solved in Solid Works – modeling computer pro-
gram. 
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Fig. 3 Computational model of the mechanism for the 
first one set of winding arm  

 

 

Fig. 4 Computational model of the mechanism for the 
second one set of winding arm 

 

Fig. 5 The simulation of the movement of mechanism 

 

Fig. 5 The finite element model with the distribution of 
stress in the lever 

 

Fig. 6 Course of normal force for the first one set of 
winding arms in dependence on lever position 

 
The simulation of the movement of the mentioned me-

chanism can be seen in the figure 5. The finite element 
method (FEM) [8], [11] was used for creation of finite 
element model which is shown in the figure 6. The given 
model can be used for determination of appropriate loa-
ding as well as distribution of stress for individual consti-
tuents or components of mechanism. The figure 7 and fi-
gure 8 show the values of normal forces in dependence 
on the position of the lever. 

 

Fig. 7 Course of normal force for the second one set of 
winding arms in dependence on lever position 
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 Summary 

In relation to the raw passenger car tyre which has 14 
inches, the value of the normal force of the first one set of 
rollers is four times higher than the value of the normal 
force of the second one set of rollers, referring to winding 
arms at the beginning of the winding process. Based on 
the mentioned fact above, it can be concluded that the se-
cond one set of winding arms of building drum is not im-
portant for the forcing-in or pressing-in, relating to indi-
vidual constituent parts. The second one set of winding 
arms does not have any influence on the quality of the 
produced car tyre. 
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