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sliding friction, apropos coefficient of friction 
between the drive wheel and the drum takes the 
value ߤ௣ ൌ 0.6, and the value of coefficient of 
rolling friction between the driven wheels and 
drums ߤ௞௢௧ ൌ 0.05. As a starting basis for solving 
given problem is the determination of friction force 
from the equation: 

௧ଵܨ ൌ ଵܰ ∙  ଵߤ
௧ଶܨ ൌ ଶܰ ∙  ଶߤ

In order that observed system was in 
equilibrium, the resultant of all the forces must be 
equal to zero. Since in the observed case of action 
of horizontal and vertical forces, this implies two 
equilibrium conditions. 

෍ݔ௜ ൌ 0				ܽ݊݀				෍ݕ௜ ൌ 0

௡

௜ୀଵ

௡

௜ୀଵ

 

From the previous two conditions can be 
calculated unknown resistance supports N1 and N2. 
It's actually a system of two equations with two 
unknowns. The first condition of equilibrium is the 
sum of all components of the forces which act 
horizontally in the direction of the x axis is equal to 
zero: 

෍ݔ௜ ൌ ௧ଶ௫ܨ െ ଶܰ௫ ൅ ଵܰ௫ െ ௧ଵ௫ܨ ൌ 0							ሺ1ሻ

௡

௜ୀଵ

 

where are: ܨ௧ଵ௫, ,௧ଶ௫ܨ ଵܰ௫	݅	 ଶܰ௫- projection force Ft 
i N on the x axis. 

The second condition is the sum of all forces 
which acting vertically on the given system is equal 
to zero: 

෍ݕ௜ ൌ ௧ଵ௬ܨ െ ௧ଶ௬ܨ ൅ ଵܰ௬ െ ଶܰ௬ െ ݉݃ ൌ 0			ሺ2ሻ

௡

௜ୀଵ

 

where are: ܨ௧ଵ௬, ,௧ଶ௬ܨ ଵܰ௬	ܽ݊݀	 ଶܰ௬	- projection 
force on the y axis.  

Further analysis of the static equations 
depending on the angles ߮ଵܽ݊݀	߮ଶ that are within 
the values of 65⁰ to 82⁰ for angle ߮ଵ ie. from 38⁰ to 
47⁰ for angle φଶ to get possible values of the forces 
that are shown in Table 1. 

The final expressions for the calculation of reaction 
to friction wheels are: 

ଶܰ ൌ ଵܰ
ଵߤ ∙ cos߮ଵ െ cosሺ90 െ ߮ଵሻ

ଶߤ ∙ cos߮ଶ െ cosሺ90 െ ߮ଶሻ
											ሺ3ሻ 

ଵߤ ∙ cos߮ଵ െ cosሺ90 െ ߮ଵሻ

ଶߤ ∙ cos߮ଶ െ cosሺ90 െ ߮ଶሻ
ൌ ݇									ሺ4ሻ 

where k is a dimensionless coefficient. 
 
 

Table 1. The dependence the force of angles 

The dependence the friction force and the 
resistance supports on the angle φଵ 

F୲ଵ୶ ൌ െNଵ ∙ μଵ ∙ cosφଵ 
F୲ଵ୷ ൌ Nଵ ∙ μଵ ∙ sinφଵ 

ଵܰ௫ ൌ ଵܰ ∙ cosሺ90 െ ߮ଵሻ 
ଵܰ௬ ൌ ଵܰ ∙ sinሺ90 െ ߮ଵሻ 

The dependence the friction force and the 
resistance supports on the angle	φଶ	

௧ଶ௫ܨ ൌ ଶܰ ∙ ଶߤ ∙ ݏ݋ܿ ߮ଶ	
௧ଶ௬ܨ ൌ ଶܰ ∙ ଶߤ ∙ ݊݅ݏ ߮ଶ 

ଶܰ௫ ൌ െ ଶܰ ∙ ሺ90ݏ݋ܿ െ ߮ଶሻ	
ଶܰ௬ ൌ ଶܰ ∙ ሺ90݊݅ݏ െ ߮ଶሻ	

 
Static equilibrium conditions for the y axis is: 

ଵܰ ൌ
݉݃

݇ ∙ ଶߤ ∙ sin߮ଶ ൅ ݇ ∙ sinሺ90 െ ߮ଶሻ
൅ 

൅
݉݃

ଵߤ ∙ sin߮ଵ ൅ sinሺ90 െ ߮ଶሻ
																ሺ5ሻ 

ଶܰ ൌ ଵܰ ∙ ݇																																	ሺ6ሻ 

௧ଵܨ ൌ ଵܰ ∙  ሺ7ሻ																																												ଵߤ

௧ଶܨ ൌ ଶܰ ∙  ሺ8ሻ																														ଶߤ

Showing force intensity in depending on the 
changes of angles, ie. depending on the position of 
the drum, and with the same diameter and weight of 
the drum, were calculated and are presented in 
Table 2. 

Table 2. Force intensities depending on the angles 

 φଵ φଶ 
N1 

[kN] 
N2 

 [kN] 

Ft1 

[kN] 
Ft2 

[kN] 

1 82 38 6.03 41.41 0.30 24.85 
2 80 39 6.88 41.16 0.34 24.70 

3 78 40 7.75 40.88 0.39 24.53 

4 76 41 8.61 40.55 0.43 24.33 

5 74 42 9.48 40.19 0.47 24.11 

6 72 43 10.35 39.79 0.52 23.87 

7 70 44 11.22 39.35 0.56 23.61 

8 68 45 12.11 38.87 0.61 23.32 

9 66 46 12.99 38.35 0.65 23.01 

10 65 47 13.83 38.01 0.69 22.80 

Based on analysis of obtained values of the 
normal forces and frictional force from Table 1, it 
can be observed that for settings in any position, the 
highest intensity have a force N2, i.e. maximum 
load is on the drive wheels. Based on comparative 
analysis calculation, as well as most of the 
calculation that are not shown in this paper, 
dependence of driving force (friction force) in the 
function of the drum position is established, i.e. 
dependance of angles ߮ଵ	݅	߮ଶ. This dependency of 
the complex form ܨ௧ଶ ൌ ݂ሺ߮ଵ, ߮ଶሻ is shown in the 
diagram, which is shown in Figure 4.  

It can be seen from the diagram that the function 
reaches a very high values of the force intensity 
around angles ߮ଵ	ܽ݊݀	߮ଶ which are close to 900. It 
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Rotary positioner (Figure 6) is composed of a 
number of mechanical parts, sub-assemblies, and 
sub-groups linked to a functional unit. Drive wheel 
(position 1) is one of the main structural elements 
and plays an important role in the performance of 
functions. Casing point consists of sides and base 
wich are welded together. Beside the basic function 
to combine elements and enable the proper 
functioning of the wheel, housing need to protect 
wheel from external influence. During welding of 
sides paralelism should be taken into account to 
ensure that shaft, which is fitted in the openings od 
sides, can smootly perform their function. Shaft 
allows rotating of all parts which are there, 
assembling at functional unit and transferring loads. 
Given that the direction of external loads are 
vertically, for reliable operation of the wheel radial 
bearings are fitted. Both bearing are protected 
against atmospheric agents’ with cups. Worm gear 
with electric motor serves to transmit power from 
the engine to the working machine, and to adjust 
rotational speed and torque needed for shaft. 
Subassembly of driven wheel (position 2) is easily 
derived as opposed to the drive wheel subassembly. 
For the purpose of stiffening the case, it is 
necessary to construct the corresponding ribs. In 
this case the stationary shaft and pressed through 
the opening of sides, the wheel while under the 
influence of the load rotates around it. The wheels 
are made of steel coated with rubber; where rubber 
has a function to reduce wear process. At the ends 
of the shaft exist thread for nut and washner which 
locates bearing. The distance between the bearing 
housing and sides is provided with spacers. As each 
object, in general, can be created in several ways, 
analysis of possible variants is done nad optimal 
solution is selected. Standard steel profiles are used 
for base (position 3). Length of profile is chosen 
optimally, based on the analysis of cases in terms of 
parameters essential for the performance of the 
drafting process. The main function of the base is to 
ensure the proper conduct of frame structures 
without the possibility of drift during operation. 
The connection between the frame and the base is 
accomplished by means of threaded joints. 
Parallelism of the guide is provided with two rods, 
which are connected with bolts to linear guides. 
Frame positioner (position 4) is an important 
element of the structure. It consists of two standard 
steel profiles assembled by welding. The function 
of the frame is to connect wheels into one 
functional unit. Safety and reliability depends on 
the position of the wheels and safety and reliability 
of threaded fasteners. Nuts and bolts are used to 
connect subassembly of wheels with frame. 
Movement of the wheels enables frame length and 

the distance depends on the size of the drum being 
processed. 
 
5. DISCUSSION 
 

The introduction of new design into the 
production process has many advantages which are 
shown as follows: 

 Improving the quality of welded joints is 
achieved thereby enabling semiautomatic 
welding. During rotation of the positioner, 
the worker can freely perform single-pass 
welding continuously, without interruption 
of the welding. The process is repeated until 
the drum is fully welded at the site. 

 Reduced the preparatory time during 
welding 

 Increase in profit resulting from reduced 
preparation time. Based on the review, with 
the introduction of the positioner, it is 
possible to produce two winches on the 
year, which also means, that the 
introduction of new design will paid in a 
short period of time. 

 Technical features of the structure are such 
that it is possible to perform the procedure 
on the positioner gas cutting, as well as 
welding. 

Reengineering processes need to improve 
organizational structure, to allow the replacement 
of long-term measures and measures to make quick 
and drastic changes to increase the quality, reduce 
the cost, reduce execution time of the process, 
improve internal and external relationships, 
eliminate unnecessary activities, provide a pleasant 
atmosphere for work and eliminate unnecessary 
activities. 
 
6. CONCLUSIONS 
 

From review of the literature sources related to 
the considered problem, it can be concluded that 
this area of research is very complex. Here is 
presented concept of development of special 
products (devices for positioning and rotation of the 
drum), based on knowledge of engineering science 
group. In order to optimize the construction, 
theoretical considerations made a number of 
conceptual designs and prepared a detailed review 
and analysis of the literature that examines this 
issue. The proposed solution does not require 
synchronization device for movement of two drive 
motors, which is a particular problem, which is 
discussed in the paper. The inclusion of a special 
device, designed for the production gets reduced 
value processing, minimum use of materials, better 
quality and more reliable weld construction 
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winches. The authors are inclined to think that a 
proper choice of frame and accessory devices for 
positioning, funds can be recovered at the level of 
the two-year. It should be noted that this positioner 
which is semiautomated has positive effects on 
welding proces in terms of safety. In particular, if 
one takes into account that safety in the workplace 
is one of the most important categories of business 
in modern conditions of production. On the other 
hand, the structure is very efficient and suitable for 
wide application in industrial practice. A very 
important advantage of this design is that the 
machine can be made with a lot of low cost 
elements. If we look at design, it is more than clear 
that the design does not require a particularly high 
accuracy and precision manufacturing. It was 
tended to meet function durring design of device, to 
be easy for manufacture, to be easy for 
manipulation, to have lowest cost possible and to 
satisfy safety requirements. 
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