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Abstract: This article addresses the pressing need for advancements in 
modern mechanical engineering in Uzbekistan, focusing on increasing the 
durability and reliability of machinery components. The study proposes the 
utilization of pneumatic vortex processing as an innovative solution, 
leveraging aerodynamic flow energy, particularly the vortex effect. Through 
theoretical analysis and experimental studies, various designs of devices for 
pneumatic vortex processing of cylindrical parts are developed and 
analyzed. The interaction between deforming balls and the surface being 
processed is thoroughly investigated, considering factors such as turbulence, 
surface roughness, and input pressure. Optimal parameters, including ball 
diameter, number of balls, and inlet pressure, are determined to achieve the 
desired surface quality. The study reveals the influence of input pressure and 
initial surface roughness on surface quality and processing force. Findings 
suggest that by adjusting the diameter and number of balls at a fixed input 
pressure, optimal combinations can be identified for different workpiece 
sizes and materials. These results provide valuable insights for enhancing 
the durability and reliability of machinery components through optimized 
pneumatic vortex processing techniques. Keywords: Durability, reliability, 
innovation, actuator construction, automation, aerodynamic flow energy, 
vortex effect, pneumatic vortex processing, surface quality optimization, 
turbulence, surface roughness, input pressure. 

1 Introduction

The development of modern mechanical engineering in Uzbekistan requires solving a 
number of problems related to increasing the durability and reliability of machines and 
mechanisms produced by domestic industry. These problems must be solved through the use 
of new high-performance progressive technological methods and means of increasing the 
wear resistance and fatigue strength of parts, improving their quality and the accuracy of 
surface treatment [1]. 

 Recently, and in the development of new technological equipment, the latest 
achievements in the field of control systems, both individual machines and their complexes, 
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have been increasingly used. However, for several years the principles of constructing 
actuators have remained virtually unchanged. There are no developments where the actuator 
would perform its functions without using drive mechanisms. [2] 

 Currently, technological equipment is subject to high demands on performance and 
reliability. However, their development and practice using non-traditional methods is not at 
the proper level. 

One of the ways to solve this problem is the use of progressive methods, which, along 
with process automation, makes it possible to simplify the design of device elements [3] 

The trend in the development of modern scientific and technological progress towards the 
use of fundamentally new technological processes to increase the productivity of machines 
opens up great prospects for the use of well-known aerodynamic phenomena, in particular, 
the vortex effect. 

The use of the kinetic energy of a vortex flow is widely used in devices for vortex cleaning 
and the application of paint and varnish and other coatings. The ejecting properties of a vortex 
flow are widely used for the formation of working mixtures in vortex mixers for vacuuming 
working volumes, for sucking harmful gases directly from the welding zone , etc. 

However, to date, issues related to the use of aerodynamic flow energy for automation of 
finishing and hardening processes have not been studied in known developments. 

Based on our theoretical and experimental studies, a number of designs of devices for 
pneumatic vortex processing of cylindrical parts have been developed. 

2 Methods

During the pneumatic vortex process, the deforming ball (balls), performing a complex 
movement relative to the surface being processed, interacts with microprotrusions of the 
original surface in different directions (Fig. 2). It is as if the microprotrusions are rolling out 
from different sides, as a result of which the resistance to deformation decreases, and the 
deforming effect of the ball during such movement increases. The resulting component of 
the flow constantly presses the ball with a certain force to the surface at a certain elevation 
angle relative to the normal to the axis of the part (Fig. 2). However, factors such as 
turbulence of the vortex flow, surface roughness, loss of flow energy along the length of the 
part, contact friction and the mass of the ball do not allow the ball to move up the surface 
with a certain step that ensures the required roughness of the finished product. Consequently, 
the above factors do not allow the ball to contact all microprotrusions of the original surface. 
 

Fig. 1. Scheme of deformation of microroughnesses during finishing and strengthening treatment. d 3 
– workpiece diameter; d – product diameter; Rint. – height of microroughness of the initial surface of 
the workpiece; R – height of microroughnesses of products after processing. 
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However, factors such as turbulence of the vortex flow, surface roughness, loss of flow 
energy along the length of the part, contact friction and the mass of the ball do not allow the 
ball to move up the surface with a certain step that ensures the required roughness of the 
finished product. Consequently, the above factors do not allow the ball to contact all 
microprotrusions of the original surface. 

Fig. 2. Scheme of interaction of a deforming ball with the surface being processed. 

 Contact of the deforming body (ball) with the entire surface of the treatment can be 
achieved by increasing the number of balls. In this case, it is necessary to find such a 
combination between the above-mentioned operating parameters (Pin, dp, Np) that would 
ensure obtaining the required surface quality along the entire length of the workpiece.[4-12] 

3 Results

Polished steel balls made of ШХ-15 material with a range of diameters dp=1.6÷3.5 mm, in 
the amount of N=10÷300 pieces, were chosen as deforming elements. 

 It should be noted that finishing and strengthening treatment can be carried out with a 
ball diameter dp ≤3.5 mm, while increasing their number and reducing the input pressure Pin 
≤0.2 MPa. However, in this case, it is not possible to achieve the required surface roughness 
(Ra =0.16÷0.08 microns) along the entire length of the part. 

As follows from Fig. 4 at the input pressure Pin = 0.28 MPa and the number of balls Np 
= 150–200, balls with a diameter dp = 3.1 mm produce processing with the required quality 
(Ra =0.16–0.08 microns) along the length of the part L= (2.0÷2.5) Dp ; at dp =2.5 mm – at 
length L= (3.0÷3.5) Dp ; with dp = 1.6 mm - on part of the part from L=2.5 Dp and above. 
Consequently, balls with a large diameter are concentrated in the lower part, and those with 
a smaller diameter in the middle and upper part of the workpiece.  

 This nature of the distribution of balls along the length of the part is easy to explain. The 
mass and drag of the ball diameters discussed above are not the same, and they change the 
structure of the movement of the vortex flow differently. Consequently, to lift the balls dp = 
3.1 mm and dp = 2.5 mm along the entire length of the workpiece with the above parameters 
of the device, there is not enough energy of the vortex flow. The main part of the energy of 
the vortex roaring flow is spent on rotating the mass of balls located in the lower part of the 
part. Therefore, the impact of the flow force on the balls located in the upper part of the part 
will be less. Consequently, the centrifugal compression of small-diameter balls to the surface 
of the part will be less. On the other hand, it is clear that due to the different areas of the 
contact patches, with equal pressing forces, the pressure on the part of balls of larger diameter 

3

E3S Web of Conferences 538, 01016 (2024)	 https://doi.org/10.1051/e3sconf/202453801016
IPFA 2024

RETRACTED



is lower than that of balls of smaller diameter. An increase in inlet pressure above Pin >0.3 
MPa (air velocity pressure increases), as established earlier, leads to overworking of the 
surface. With a decrease in the number of balls, the surface roughness worsens, since the 
probability of contact of balls with microprotrusions decreases. 

In addition, it was found that with the above parameters of the device, the rotation 
frequency of balls with a diameter dp= 1.6 mm is less than the rotation frequency of balls 
with a diameter dp= 2.5 mm by Δω≈50 s -1. 

 This is explained by the fact that the main part of the energy of the vortex flow is spent 
on rotating the mass of balls located in the lower part of the workpiece, so the impact of the 
flow force on the balls located in the upper part of the substrate will be less. Consequently, 
the centrifugal movement of small-diameter balls towards the substrate surface will be less. 
On the other hand, due to the different areas of the contact patches with equal pressing forces, 
the pressure on the part of balls of larger diameter is lower than that of balls of smaller 
diameter 

Thus, the decrease in the centrifugal force of compression due to a decrease in the 
diameter of the ball and the frequency of its rotation is compensated by a decrease in the 
contact area. Therefore, we can conclude that the difference in contact stresses will be 
insignificant when processing the part with balls with diameters dp = 1.6 mm and dp = 2.5 mm 
and the quality of surface treatment along the length will be approximately the same. 

The optimal values of the above operating parameters were determined by simultaneously 
varying the input pressure, diameter, and number of balls. After each experiment, the 
significance of each parameter was assessed, and adjustments were made to one or another 
parameter. In Fig. 4. The results of a study of the influence of input pressure on surface 
roughness are presented with a ball diameter dp = 2.5 mm and quantity N = 150 pcs. 

As can be seen from the graph (Fig. 3), the minimum surface roughness of the part is in 
the range, Ra =0.16÷0.08 microns. was obtained at the input pressure Pin = 0.27 ÷0.3 MPa. 

 However, the specified surface roughness was obtained uniformly only over a length 
equal to three diameters of the workpiece, i.e. L =3· Dp. 

The seemingly most effective way to ensure uniform processing along the entire length 
of the part by increasing the input pressure did not lead to the desired result. For example, at 
the input pressure Pin ≥0.35 at the length of the part L=(1.0÷1.5) Dp, overworking of the 
surface occurred and its roughness worsened. This is explained by the fact that with 
increasing input pressure, the force action of the ball on the surface increases, causing stress 
in the surface layer exceeding the yield strength of the material. 

 

 
Fig.3. Effect of inlet pressure on roughness surfaces at d w = 2.5mm, N = 150 pcs. 
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In addition, it was found that an increase in input pressure above 0.35 MPa with nozzle 
diameters equal to 3 mm leads to an increase in noise. 

In this regard, when conducting further experimental studies, we select the pressure at the 
device inlet to be no more than 0.35 MPa. 

 The studies carried out made it possible to identify the optimal angle of inclination of the 
nozzles. For our case, the optimal ratio of the axial and circumferential flow components of 
the case is achieved at an angle of inclination of the nozzles equal to α=5°÷7°. A further 
increase in the angle of inclination of the nozzles leads to an increase in the axial component 
of the flow. 

 

 
Fig.4 Influence of the relative length of the workpiece on the surface roughness at Pin = 0.28 MPa, 
Np = 150. - at dp =1.6 mm; - with dp = 3.1 mm; - at dp =2.5 mm 

 As a subsequent experiment showed, the output characteristics of the machined parts are 
also affected by the initial surface roughness. It has been established that to obtain the 
required surface quality (Ra =0.16 ÷0.08 microns) the initial surface roughness Rin should 
not exceed 2.5 microns. 

4 Discussion

The processing force, determined by the magnitude of the centrifugal force of pressing the 
ball to the surface, affects the geometric and physical-mechanical parameters of the 
workpiece (surface roughness, degree and depth of hardening, magnitude of contact stresses). 

 The depth of hardening when processing parts made of D16T material is 20÷25 microns 
with a process duration of 2-3 minutes. A further increase in the duration of treatment 
practically does not change the degree of hardening. 

The previously identified theoretical dependencies, as well as the geometric relationships 
of the device parameters obtained during the analysis of options , allow us in further research 
to determine the optimal processing modes that ensure high quality of the surface layer of the 
part with the required geometry.  

 Using the research results given in Table 1, for each standard size of the part (materials 
of the processed parts D16T, VTO-1), you can select the optimal values for the diameter and 
number of balls. 
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Table 1. Research results 

№

Workpiece parameters Mode parameters
Roughness 

,
Ra ,

microns 

Dia
met
er ,
D, 

mm

Len
gth 
, L, 
mm

Thi
ckn
ess, 
δ, 

mm

Initial 
roughne
ss , Rin ,
microns

Part 
materi

al

Ball 
diame
ter, dp
, mm

Numbe
r of 

balls, 
N, pcs.

Inlet 
pressure, 
Рin , mPa

1.  40 80 1.0 1.25÷0.6
3 

D16T 3.1 100÷15
0 

0.27÷0.3 0.16÷0.08 

2.  40 120 1.0 1.25÷0.6
3 

D16T 2.5 100÷15
0 

0.27÷0.3 0.16÷0.08 

3.  40 200 1.0 1.25÷0.6
3 

D16T 2.5÷1.
6 

100+ 
(150÷  
200) 

0.27÷0.3 0.16÷0.08 

4.  36 100 1.0 1.25÷0.6
3 

D16T 2.5 100÷15
0 

0.27÷0.3 0.16÷0.08 

5.  29 160 1.0 1.25÷0.6
3 

VTO-
1 

2.5÷1.
6 

100÷15
0 

0.27÷0.3 0.16÷0.08 

6.  29 120 1.0 1.25÷0.6
3 

VTO-
1 

2.5÷1.
6 

100÷15
0 

0.27÷0.3 0.16÷0.08 

7.  29 80 1.0 1.25÷0.6
3 

VTO-
1 

2.5 100÷15
0 

0.27÷0.3 0.16÷0.08 

8.  36 80 1.0 1.25÷0.6
3 

VTO-
1 

2.5 100÷15
0 

0.27÷0.3 0.16÷0.08 

 
Thus, by varying the diameter and number of balls at a fixed value of the input pressure 

(Pin =0.27÷0.3 MPa), it is possible to determine their optimal combinations for each standard 
size of the workpiece. 

 The findings from the experimental studies on pneumatic vortex processing of 
cylindrical parts highlight the significance of optimizing various parameters such as ball 
diameter, number of balls, and inlet pressure. These parameters play crucial roles in 
determining the quality of the processed surfaces. Factors such as turbulence, surface 
roughness, and input pressure were found to significantly impact processing efficiency and 
surface quality.[13-21] 

The presented research also underscores the importance of considering the initial surface 
roughness of workpieces, as it directly affects the outcome of the processing. It was observed 
that an optimal surface quality could be achieved within certain ranges of input pressure and 
initial surface roughness. 

Furthermore, the discussion emphasizes the practical implications of the research 
findings, providing insights into the selection of optimal processing parameters for different 
workpiece sizes and materials. This guidance can inform decision-making in implementing 
pneumatic vortex processing techniques in the mechanical engineering industry of 
Uzbekistan. 

5 Conclusion

In conclusion, the article sheds light on the pressing challenges facing modern mechanical 
engineering in Uzbekistan and underscores the imperative need for innovative solutions to 
enhance the durability and reliability of machinery. It highlights the stagnation in actuator 
construction principles and the limited exploration of automation in finishing and hardening 
processes. 

The proposed solution of harnessing aerodynamic flow energy, particularly the vortex 
effect, presents a promising avenue for addressing these challenges. However, the text 
acknowledges the current lack of research in utilizing this approach for automation 
applications. 
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Through the development of devices for pneumatic vortex processing of cylindrical parts 
and extensive experimental studies, the article delves into the intricacies of optimizing 
parameters such as ball diameter, number of balls, and inlet pressure to achieve the desired 
surface quality. It also examines the influence of factors like turbulence, surface roughness, 
and input pressure on processing efficiency. 

The provided table offers practical guidance by summarizing optimal processing 
parameters for different workpiece sizes and materials, facilitating the implementation of 
pneumatic vortex processing techniques in mechanical engineering industry. 

Overall, the article sets a solid foundation for further exploration and development in the 
field of pneumatic vortex processing, paving the way for advancements that will ultimately 
contribute to the enhancement of machinery durability and reliability in Uzbekistan and 
beyond. 
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