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Abstract: 

The object of research is the parts and assemblies of modern construction machines and 
mechanisms is important for reducing operating costs, increasing productivity, reducing downtime for 
repairs, improving their quality and competitiveness, which naturally imposes strict requirements on 
their mechanical properties, reliability, strength, and durability. The use of simple manufacturing 
technologies is also of great importance. One of the effective ways to increase the mechanical 
properties of thin-walled parts of surface-plastic deformation (PPD), among which a special place is 
occupied by methods of PPD using ultrasonic vibrations (UV). The purpose of the work is to improve 
the physical and mechanical characteristics of their thin-walled parts using the technology of bilateral 
ultrasonic smoothing of their working surfaces. Method. A new method of ultrasonic bilateral hardening 
of thin-walled sheet materials has been developed, which makes it possible to obtain blanks in the form 
of sheet materials hardened on both sides, from which thin-walled machine parts are obtained by 
pressure treatment methods. Results. Experimental studies have established simplified quadratic 
mathematical models of the dependences of the microhardness of the hardened layers and the depth 
of their penetration on the technological parameters of the ultrasonic smoothing process. It is shown 
that bilateral ultrasonic processing of thin-walled plates increases their axial stiffness by up to 49.6% 
with a simultaneous increase in their plasticity, which makes it possible to significantly improve the 
conditions for stamping complex machine parts from such plates. It is established that using the 
technology of bilateral ultrasonic hardening of sheet blanks for the manufacture of them by methods of 
processing materials by pressure allows up to 20...30% to improve the weight characteristics of 
manufactured thin-walled machine parts. 

1 Introduction 

With the growth of construction in various sectors of the economy, the demand for new and better 
construction machines and mechanisms has been increasing. The owner of the latest equipment wants 
to reduce the costs of operation, maintenance, and repair to increase the efficiency of its work, which 
dictates new requirements for construction machines and mechanisms: 

- increase in reliability (increase in the operating time of the machine for failure) and durability 
(increase in the service life of the machine) [1]; 

- ensuring increased safety requirements, 
- ensuring increased environmental requirements (reducing the negative impact on the 

environment) and ergonomics (creating comfortable conditions for efficient work of machinists-
operators) with mandatory certification of machines according to these indicators. 

The development directions of construction and road machines depend both on the scope of their 
application and the general trends of scientific and technical progress in mechanical engineering [2]. 
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The most distinct areas of development of modern construction and road engineering include in 
particular: 

1) increase in the economically justified limits of the unit capacity of machinery and equipment; 
2) automation of control systems, control, and safety of machines based on the use of 

microprocessor technology and robots; 
3) reducing the material and energy intensity of machines, increasing their resource and reliability 

based on improving calculation and design methods [1] and the use of new materials with the best 
physical and mechanical properties and characteristics; 

4) increasing the requirements for ergonomics and technical aesthetics of machines and 
mechanisms, taking into account the entire complex of physical and functional capabilities of the 
human operator operating the machine; 

5) increase in average operating speeds, which ultimately increases the productivity of machines; 
6) wide unification and standardization of equipment to increase the pace of its production, 

reduce downtime associated with repair and maintenance, 
7) improving the quality of manufacturing of machine components and parts, maintenance and 

repair work; 
8) the use of high-quality operational materials. 
It should be noted that the use of new technologies to reduce weight and improve the mechanical 

properties of parts, components and assemblies, in particular strength, is of particular importance. 
Improvement of mechanical properties requires the development and practical application of new 
technologies to improve the strength characteristics of thin-walled parts and parts with low weight. 

The destruction of parts used in various fields of mechanical engineering, transport, chemical 
industry, construction machinery and mechanisms during operation begins mainly from the surface. 
The surface layers are exposed to the active influence of the external environment, being the most 
stressed. In this connection, there is a need to improve the physical and mechanical characteristics and 
geometry of the working surfaces of the parts. 

The condition of the working surface of the part affects its operational properties such as 
operability, reliability, wear resistance, fatigue strength, corrosion resistance. 

The creation of reinforced layers with submicro- and nanocrystalline structures on metal surfaces 
occupies a special place in solving the issues of increasing the strength and durability of engineering 
materials operating in difficult operating conditions. 

One of the most effective and economical types of hardening is surface plastic deformation 
(SPD), which makes it possible to more fully realize the potential properties of structural materials in 
real parts, especially in parts of complex shape with stress concentrators [3]. 

As a result of the influence of high-intensity ultrasonic vibrations in the metal in the solid state, the 
densities of structural formations increase, which leads to a change in the physical and mechanical 
properties of the metal being processed and affects the process of plastic deformation. At the solid–
solid phase interface, ultrasonic vibrations lead to a change in the state of the surface layer, reduce the 
forces of boundary friction when moving one body over another. Analysis of the research results shows 
that, regardless of the composition and initial mechanical properties of metals, the conditional yield 
strength decreases by 3.5...4 times and the coefficient of friction by 2...4 times during ultrasonic loading 
[4]. 

One of the main materials used in modern construction machines and mechanisms is stainless 
steel. Reducing the total weight and increasing the mechanical properties of stainless steel parts will 
improve construction machines and mechanisms: performance, reliability, strength, and performance 
and reduce production costs. 

The environmental component is also of great importance since reducing the weight of parts 
directly reduces harmful emissions during metals production. However, this requires developing and 
applying new, more efficient, and practically uncomplicated technologies. 

Stainless steel, which is resistant to temperature extremes, after chemical and mechanical 
influence, takes on its usual appearance and retains all its properties, and thus is widely used in the 
manufacture of various products for construction: profiles, nets, sheets, corners, beams, stair 
structures, etc.  

The surface can be matte, colored, decorative, and this is why it is used as a decorative element 
in conjunction with other building materials such as wood and glass. 
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The reliability and performance of building structures, mechanisms, and machines is directly 
related to the quality of the surface layer of critical parts formed at the surface finishing stages. It is the 
surface layer that largely determines their service life. 

Various methods are used for surface treatment of products. The most widely used are: 
hardening by high-frequency currents, chemical-thermal, electroerosive, electro-pulse, electron-beam, 
laser, magnetic, chemical, and others. However, applying these methods requires a large amount of 
thermal energy. 

A significant role in surface treatment belongs to methods of surface plastic deformation, such as: 
smoothing, rolling, mandrel. 

The works of scientists B.M. Askinazi, M. A. Balter, J. Y. Blumstein, S.A. Zaides, D. D. Papshev, 
and others are devoted to the issues of surface plastic deformation (SPD) and physical and 
technological foundations [5-15]. 

The analysis of the research results showed that current research in the field of ultrasonic SPD of 
machine parts is carried out to improve their operational characteristics and is carried out by ultrasonic 
hardening of their working surfaces on the one hand, in which, according to the known results of 
Alekhina V.P., a nanostructure is created at a depth of 25...40 microns, which contributes to a 
significant increase in the wear resistance of the working surfaces of such parts. Thus, if the part is 
thin-walled, its bilateral ultrasonic hardening can contribute to an even more significant increase in its 
mechanical characteristics, which is an urgent task for construction machines and mechanisms. 

The use of the SPD method for processing and improving the quality indicators of parts with low 
hardness and stiffness requires an increase in the intensity of the stress-strain state, which requires the 
development of new technologies [16-28]. It is known that the main factors affecting the stress-strain 
state of parts are the shape of the part, the positions and coordinates of the deformable tool, and 
kinematics compared to the part [7-8,11-15]. As a result of ultrasonic treatment, deformable modified 
layers appear, harmful stress concentrations in the surface layers, and fatigue cracks' appearance 
sharply decrease. Thus, further development of fatigue processes is blocked. 

The purpose of the work is to develop a method of two-sided ultrasonic processing of thin-walled 
stainless steel parts for subsequent practical application and to develop a general methodology for 
experimental research and a software package for machine processing of the results. 

To achieve this goal, it is necessary to solve the following tasks. 
- Investigate the dependence of microhardness on the depth of processing during ultrasonic 

processing. 
- Determination of technological modes of obtaining the highest microhardness and depth of the 

processed sample. 

2 Materials and Methods 

2.1 Materials 

Stainless steel grade 12X18N9T Russian state standart GOST 5949-75 [29] was adopted as the 
material. Experimental samples were made. One-sided and two-sided ultrasonic treatments of 
experimental samples were carried out on a machine using the equipment developed by us. 

This steel grade is used in the manufacturing industry and construction. Stainless steel grade 
12X18H9T is used to obtain the following products: 

- welded structures of any type; 
- metal products that come into contact with nitric acid; 
- details of equipment operating under increased exposure to atmospheric factors; 
- cryogenic technology; 
- capacitive and heat exchange equipment. 
The main advantage of this alloy is that the workpieces are easy to machine. To preserve the 

indicative characteristics of the metal, you do not need to resort to special metalworking technologies. 
Steel retains high strength, corrosion resistance, and ductility during mechanical and thermal 
processing. 

2.2 Methods 
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Ultrasonic smoothing of stainless steel samples of the X18H9T brand was carried out on the 
ultrasonic machine of the 4772A brand, the power supply of the acoustic system (with a power of 2.5 
kW) was connected to the output of the ultrasonic generator USG-10 with a power of 10 kW. The 
choice of the ultrasonic machine of the 4772A brand is because it can establish the necessary static 
pressure by balancing the pinhole of its acoustic system, and its table can move longitudinally and 
rotate around its vertical axis which is sufficient for carrying out the planned experiments. 

Experimental studies were carried out using modern breaking machines of the Tira Test 2300 
and HOUNSFIELD HKS5 breaking machine with a computer interface, which allow measuring and 
recording the yield strength, tensile strength, Young's modulus, and elongation of test samples before 
rupture in real-time and collecting experimental results in a separate file. 

After ultrasonic treatment of the samples, samples with dimensions were cut out of them by 
electroerosion treatment for their subsequent tensile testing according to GOST 1497-84 [30]. 

The output parameters determined by the bursting machine are accepted: the modulus of 
elasticity, yield strength and strength limits, as well as the relative elongation of the samples before 
their rupture in accordance with GOST 7855-84 [31]. 

The experimental machine Tira Test 2300 allows, at given speeds of the traverse, to determine 
the deformations and loads on the samples during mechanical tests. The machine consists of a loading 
device, a control unit and a software technical complex. The microprocessor unit has analog and digital 
corresponding channels for power supply and processing of input signals from the corresponding 
sensors. 

Stainless steel grade 12X18N9T was adopted as the material. Experimental samples were 
prepared. One-sided and two-sided ultrasonic processing of experimental samples was carried out on 
a machine using our equipment. 

To study the microstructure of samples before and after hardening and their rupture, a ZEISS 
AXIO VERT A1 electronic microscope with a special optical eyepiece with 1000x magnification and a 
computer interface with the AxioVision LE software package was used. 

3 Results and Discussion 

Experimental studies were carried out in two stages. At the first stage, the dependences of 
microhardness on the depth of the hardened layer during USV treatment were investigated. 

Based on the data obtained, the technological modes providing the highest microhardness and 
depth were determined at the second stage. 

Machine processing of research results was carried out using a software package in the LabView 
environment. Constant coefficients of the regression equations of the mathematical model of the 
investigated parameter and technological modes providing the maximum and minimum values of this 
parameter are obtained. According to Fischer, the correspondence of the mathematical model with 
95% accuracy of the border was checked. 

Based on the experimental studies carried out at the first stage, mathematical models of the 
dependencies of the depth and microhardness of the hardened layer in code and natural values 
depending on the technological modes in the form of the following mathematical models are obtained: 

2 2

2 2 2

60.455 1692.361 0.521 1.641 9497.17 8.944 0.001

0.021 58.335 0.016

st st

st st

h S P A S SPst P
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= + + + + − −

− + −
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A S P SP

= − + + + + −

− − +
 

 

(2) 

The analysis of the mathematical models (1)-(2) obtained above, and the graphical dependencies 
of the output parameters on changes in all input parameters (Fig.1,2) showed the following generalized 
results: regardless of the type of visual dependencies of the studied parameters on the technological 
modes of the smoothing process, in all cases and for all processed materials, they are obtained at the 
highest static pressure and amplitude of the narrow indenter and the lowest flow of the smoothing 
process. 

At the same time, the most significant depth of the hardened layer for stainless steel grade 
X18N9T reaches h = 194 microns. The highest microhardness of the hardened layer for stainless steel 
grade X18N9T- H100 = 9431.5 MPa. 
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The results of the study allowed us to obtain the dependencies of the depth of the hardened layer 
on the code values of the technological modes in the form of a mathematical model: 

2 2 2 2 2
1 2 3 1 2 3 1 2 1 2168.875 3 12 10.375 0.875 1.875 1.375 1.75 1.75 .Y X X X X X X X X X X= − + + − − − + −  (3) 

and depending on the natural values; 
2 2

2 2 2

60.455 1692.36 0.521 1.641 9497.17 8.944 0.001

0.021 58.335 0.016 .

st st

st st

h S P A S SPst P

A S P SP

= + + + + − −

− + −
 

(4) 

 
Fig. 1- Dependencies of the depth of the one-sided hardened layer of the X18H9T stainless steel sample 

on the technological modes 

 
Fig. 2 - Dependencies of the micro-strength of the depth of the one-sided hardened layer of the X18H9T 

stainless steel sample on the technological modes 
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Fig. 3 - General view of the TIRA test 2300 breaking machine, Equipment manufacturer « VEB 
Werkstoffprufmaschinen», Germany 

4 Conclusions 

Analysis of the results of experimental studies of a sample of stainless steel grade X18H9T after 
ultrasonic treatment prove: 

1. The dependencies of the micro-strength and depth of the one-sided hardened layer of the 
X18H9T stainless steel sample on the technological modes for a certain dimensionality are reduced; 

2. Тhe maximum depth of the hardened layer h=194.14 microns, observed with the following 
processing parameters S=0.0966 mm/rev, Pst=200 N and A=16 microns; 

3. Тhe minimum depth of the hardened layer h=146.08 microns, observed with the following 
processing parameters S=0.123 mm/rev, Pst=50 N and A=0 microns; 

4. Maximum micro-strength of the hardened layer H100=9431.5 MPa, at S=0.09 mm/rev, Pst=200 
N and A=16 microns; 

5. Minimum micro-strength of the hardened layer H100=7043.5 MPa, at S=0.13 mm/rev, Pst=50 N 
and A=0 microns. 

6. Experimental test results, on a tensile testing machine TIRA test 2300, of multilayer samples 
with double-sided ultrasonic treatment and without it showed that double-sided ultrasonic treatment 
made it possible to increase the axial stiffness coefficient by 1.315 times, depending on the plastic 
properties of the starting metal material, the higher the plastic properties of the starting material the 
higher the values of this coefficient, the higher the values. 
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