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CREATION OF ULTRASONIC EQUIPMENT FOR STRENGTHENING
AND RELAXATION TREATMENT OF WELDED STRUCTURES
IN RAILCAR BUILDING

A new modification of portable ultrasonic equipment (0.8 kW power, digitally controlled) has been developed for
strengthening and relaxation treatment of metallic product surface. A batch of such devices has been produced; the design
documents on the ultrasonic generator and impact instrument with a piezoceramic transducer have been prepared. Preparation
of ultrasonic impact treatment technique for welded structures has been accomplished. The comparative tests related to the
effects of different types of treatment and applied materials of welded structures on fatigue life have showed the expediency
of ultrasonic impact treatment for the prolongation of operation life of products.
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It is a well-known fact that the welded joint
strength is low, as a result of the deterioration of
the structure during metal melting, as well as of
the appearance of stress concentrators and ten-
sile stresses in the weld area. If they are superim-
posed on the external cyclic stresses the prema-
ture fatigue fracture occurs in the weld area,
which sometimes leads to disastrous consequenc-
es. The tensile stress can be reduced by heating
the elements, but it is difficult to do for large
structures, therefore the methods of local treat-
ment of welded joints should be used in this case.
The research conducted at the E.O. Paton Elec-
tric Welding Institute has showed that the ultra-
sonic impact treatment (UIT) leads to the most
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significant increase in fatigue strength of speci-
mens and structural elements as compared with
other methods of treatment [1—3].

Today, there are many ways to strengthen the
surfaces of parts and structural components: from
the application of special coatings and surface al-
loying to the severe surface deformation. The lat-
ter has been classified as superficial plastic defor-
mation (SPD) [4, 5]. The SPD methods are very
diverse, but more often they are based on the en-
ergy of ultrasonic vibrations [1]. The high-power
ultrasound is referred to the SPD intensive meth-
ods and results in significant changes in the struc-
tural and phase composition of metals and alloys.
Welding of sheet structures often changes their
geometry as a result of residual stresses. The ul-
trasonic treatment reduces these stresses due to
relaxation or redistribution by creating the com-
pression stresses in surface layers. This is one of
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the examples of application of this technique to
eliminate the deviations from the specified sizes in
the thin-sheet welded structures.

The Ukrainian researchers have developed the
UIT for welded joints of critical structures oper-
ating under alternating load conditions, which
greatly increases the fatigue strength and life of
the products [6, 7].

Sometimes, the term «high-frequency mechan-
ical peening (HFMP)» is used instead of UIT, but
in the world practice it is known as the Ultrason-
ic Impact Treatment (UIT). This technique is
used in such industries as shipbuilding and bridge
construction, mining and oil industry and in oth-
er industrial sectors. In Ukraine, application of
UIT technology is very limited. There have been
reported some examples of UIT application when
repairing the welds of 10 000-ton pressing ma-
chine at the pipe plant in Dnipropetrovsk, in 2001,
and some bridges in Kyiv and Poltava. This is due
to the fact that in Ukraine there is no high-quali-
ty ultrasonic equipment for UIT of metal struc-
tures and products. Insofar as the quality and ser-
vice life of critical structures are always of great
importance, the development of new equipment
and the implementation of ultrasonic technique
is an urgent task of the innovation industry deve-
lopment in Ukraine in terms of resource saving.

Recently, all over the world, the researchers
have been increasingly focusing their efforts on
high-frequency impact methods of surface treat-
ment of metallic materials inasmuch as under
such stresses the nano-crystalline structures ap-
pear in thin surface layers. It has unique physical
and mechanical properties and opens the future
prospects for ultrasonic technique with respect
to surface modification and engineering.

In Ukraine, a method for UIT of metals and al-
loys has been developed to improve their mecha-
nical properties, which lays foundation for devel-
oping a technique for strengthening of welded
joints and redistribution of residual stresses [8].
The prototypes of appropriate equipment were ma-
nufactured [7]. The current tasks are the devel-
opment and manufacture of advanced ultrasonic

equipment, its certification, introduction of this
method to the regulations and standards, and im-
plementation in the industrial field of Ukraine.

The purpose of this study was to develop new
ultrasonic equipment with the cutting-edge in-
novations in electronics and digital technologies
taken into consideration. As a result of the inno-
vative project a batch of new ultrasonic equip-
ment operating at frequency of 22.5 kHz has been
manufactured and the design documentation has
been prepared for the ultrasonic generator and
impact tools.

Within the framework of agreements on scien-
tific and technical cooperation between the Kurdi-
umov Institute for Physics of Metals of the Nation-
al Academy of Sciences of Ukraine (NASU), PJSC
Kriukov Railcar-Building Works, and Instrumental
Works LTD (Kremenchuk) these companies con-
ducted the comprehensive fatigue tests of speci-
mens of structural elements treated by the tradi-
tional (annealing to relieve the residual stresses af-
ter welding) and the ultrasonic techniques.

The tests showed the feasibility of using the
latter for the welded structures of railway rolling
stock. The ultrasonic technique was recommend-
ed for implementation in the industry.

The long experience in operating the welded
structures of railcars under conditions of dynam-
ic loads has showed that the zone of welded joints
is the weakest point of such structures. The In-
ternational Institute of Welding has generalized
many studies dealing with resistance to fatigue
fracture of different welded joints. Unfortunately,
the ITW recommendations have not been includ-
ed in the applicable standards for the design and
manufacture of railcar-building products, which
often leads to the project failure. The draft stand-
ard for designing and manufacturing steel struc-
tures of railcars designed in the Research Institu-
te of Railway Transport (Moscow, Russia), which
has to replace OST 24.050.34-84, reflects the ITW
recommendations in the best way. Therefore, the
most important factor in the design of welded
structures is to use these guidelines to create the
railcar-building products with high level of re-
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sistance to static and fatigue fractures, as well as
with significant safety factor.

In Ukraine, there are all the prerequisites and
possibilities to expand application of UIT tech-
nique in machine-building and construction of
the critical structures. The methods and tools are
protected by USSR author’s certificates, Ukrain-
ian patents, the PCT (Patent Cooperation Trea-
ty) applications, and by the U.S. patent [9—13].
For many years, the Kurdiumov Institute for Phy-
sics of Metals and the E.O. Paton Electric Weld-
ing Institute (NASU) have carried out many ba-
sic and applied studies of structural-phase trans-
formations under the action of high-power ultra-
sound and UIT on physical and mechanical prop-
erties of metals and alloys [14—16]. The factors
affecting the fatigue properties of structural ma-
terials, including the welded joints, have been
studied in detail [17—19]. Therefore, it can be
stated that the Ukrainian researchers have elabo-
rated the scientific fundamentals of this tech-
nique which has to take an appropriate place in
the domestic industry and be competitive in the
world market.

DEVELOPMENT OF TOOLS FOR UIT
OF METAL PRODUCTS

The long-time experience of ultrasonic treat-
ment of metals for their surface strengthening al-
lows us to formulate the basic requirements for
the ultrasonic transducer and the impact tool as a
whole. One of the most effective ways of energy
impact on the properties of metals, alloys, and
welded joints is shock-vibrating treatment of sur-
faces. The frequency of impacts can vary from a
few hertz to tens of kilohertz. The equipment dif-
fers by physical effects on which the action of im-
pact loading of definite frequency is based and can
be classified into machines with the pneumatic,
the electromagnetic, and the acoustic tools.

One of the most promising types of drivers for
shock-vibrating treatment are those based on ul-
trasonic electromechanical transducers, i.e. those
with high-impact loads which are preferable inas-
much as they substantially improve quality and
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efficiency of treatment. At the heart of these ben-
efits there are the physical effects which for many
years have been studied in the Solids Acoustics
Department of the Institute for Physics of Met-
als. Today, there are the well-known examples of
tools with the use of magnetostrictive ultrasonic
transducers. For the first time, they were used by
Ye. Sh. Statnikov, one of the first inventors of this
method [20] and the founder of Applied Ultra-
sonic Inc. (USA). However, the recent achieve-
ments in the field of modern highly effective ce-
ramic materials [21] have made it possible to par-
tially refuse from cumbersome and inefficient mag-
netostrictive sources of ultrasonic vibrations, which
gave impetus to further improvement and crea-
tion of new high-power converters based on pie-
zoceramics. These converters were the first ever
used in Ukraine for UIT [7, 9, and 10], and later
in other countries (France, China, and Canada).
Thus, the implementation of modern piezocer-
amic transducers that have a twice greater effi-
ciency because of higher quality factor allowed us
to refuse from the system of liquid cooling and to
reduce several times the size and weight of equip-
ment as a whole. This is especially important for
the portable devices operating in the field, some-
times, in very complicated conditions. For exam-
ple, while treating the welded joints in large
structures (bridges, ships, etc.) the operator has
to keep the tool for a long time. Therefore, any
tool heavier than three pounds is very uncom-
fortable for long-term use in manual mode.

The first task was to create the transducers and
ultrasonic generators with a frequency of 22.5
kHz and maximum amplitude of oscillations of
waveguide end (ultrasonic enhancer) at the level
of 20—30 microns. This new tool should be tested
under the real working conditions, because the
laboratory tests make it impossible to adequately
reproduce operation of equipment in complex op-
erating environment. One of the main advantages
of the ultrasonic instrument in comparison with
the pneumodynamic one is, for example, reduc-
tion of noises and vibrations harmful for the hu-
man body. According to the Japanese researchers
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these noises do not exceed the industrial stand-
ard of acceptable level of 80 dB.

As one can see in Table 1, the noises and accel-
eration on the handle of the ultrasonic tool, i.e. its
harmful vibrations, are significantly lower as
compared with the pneumodynamic tool.

Based on the experience of industrial application
of UIT, the workers of foreign companies prefer the
ultrasonic tools. This is an important indicator inas-
much as safety in this case plays a decisive role. In
this connection, a quite high cost of ultrasonic
equipment is not an obstacle to its use. However, it
should be noted that the foreign companies dealing
with production and sale of UIT equipment (Ap-
plied Ultrasonics Inc. (USA), SIN TEK Inc. (Cana-
da), and SONATS Inc. (France)) establish its price
at the level of 40 thousand U.S. dollars, which cer-
tainly narrows down the market for equipment sales
and hampers wide use of this equipment in Ukraine.
Therefore, our task is to create equipment competi-
tive in the world market, especially, in view of the
fact that Ukraine possesses the qualified personnel
having experience in the development of UIT tech-
nique and equipment.

The core PCT usually contains several pair of
ceramic plates located between the rear and the
front metallic cover plates. The enhancer is usu-
ally attached to the front to increase several times
the amplitude of ultrasonic vibrations. This vi-
brator has the length of half-wavelength at a cer-
tain frequency. Typically, the oscillation frequen-
cy of technological installations is 18—40 kHz,
depending on the purpose. It should be noted
that the amplitude of oscillations is inversely pro-

Table 1

Comparative test results for the ultrasonic
and the pneumodynamic tools with respect to noise
and vibrations of tool body harmful for operator’s body
(N. Tominaga, et al. / ITW Document XIII—2170—07)

Acceleration, Maximgm Noise,
Tool ) acceleration,
m/s ) dB
m/s
UIT 16—18 90 69—74
Pneumodynamic |  562—631 1200 83—87

portional to the square of frequency, so the vast
majority of installations are running at low ultra-
sonic frequencies of 18—27 kHz.

If velocity of ultrasonic oscillations C is known,
then wavelength is calculated by a simple formula:
L = C / F where F is frequency of oscillations.
However, the calculations for real transducers in
general case are not so simple [22]. The nowadays
methods of calculation and the relevant computer
programs have been used in this research. Fig. 1
(a) features the drawings of PCT with a frequency
of 22.5 kHz. This is the simplest ultrasonic trans-
ducer known as the Langevin vibrator. Its calcula-
tion is the simplest because its length is equal to
L/2. However, it is necessary to consider the speed
of vibrations in materials from which the front and
the back cover plates are made, as well as their
density and mass. Piezoceramics also has specific
acoustic properties which should be taken into
consideration when making the calculations.

Design of the ultrasonic impact tool in 3D format
(AutoCAD) (Fig. 1b) has significantly improved
and speeded up the simulation and optimization of
arrangement of transducer’s parts in the tool’s cas-
ing to improve its ergonomics and appearance. We
have developed a new design of the tool character-
ized by compact size, light weight, and exclusive
system for continuous cooling of the unit of impact
loading by cold air (7—10 °C), which reduce sig-
nificantly the air compressor capacity. This impact
tool is intended for the most complex cases and is
suitable for long-time operation both in the manual
mode and in the industrial conditions.

After the manufacture of PCT the length of
cover plates was corrected so as to ensure the re-
quired resonant frequency. The length of the front
cover was reduced to 37 mm, and that of the rear
downs to 27 mm. In this case, the resonant fre-
quency was equal to 22.58 kHz. To increase the
amplitude a transformer of vibrational speed or
an enhancer should be connected to the output
end of the ultrasonic transducer.

The enhancer was selected on the basis of suffi-
ciently high amplifying factor under the stable op-
eration at the resonant mode [23]. The stepwise

ISSN 1815-2066. Science and Innovation. V. 10, no. 1, 2014



Research and Technical Innovative Projects of the National Academy of Sciences of Ukraine

enhancer corresponds to these requirements. The
matter is that the shock vibrating mode of ultra-
sonic transducer operation adversely affects the
performance of piezoceramics and, therefore, of
the entire transducer as whole. The ultrasonic
transducer is placed inside the body for the pur-
pose of maximum isolation of ultrasonic vibrations
from the tool and from the operator’s hands. In the
course of laboratory testing the tool its design was
considerably improved, especially, in relation to
reduction of harmful vibrations. This has been re-
alized due to increasing the transducer mobile ele-
ment weight and adding the shock absorbing pads,
as well as due to making other design improve-
ments upon the results of the previous inspection
at the Kriukov Railcar-Building Works.

During the working cycle the tool is forced
against the surface to be treated by a small force of
30—50 N. The hammers are vibrating forcedly be-
tween the surface of the product and the end face
of the enhancer oscillating at ultrasonic frequency
of about 22.6 kHz and amplitude of 30 microns.
The frequency of shock vibrations is of stochastic
character, it is lower than the ultrasonic one and
ranges within 1—3 kHz according to various esti-
mates and measurements. However, it is quite high
as compared with other shock methods; therefore
it is often called high-frequency mechanical peen-
ing. Vibrations of hammering part are transmitted
to the transducer’s body, but they are damped by
spring and rubber pads, so both the high- and the
low-frequency vibrations of the tool’s body are
negligible, which promotes the safe operation. It
should be noted that the tool is designed in such a
way as to ensure simplicity, easiness, and suitabili-
ty for repair. Depending on the operating condi-
tions (especially in hot climate) the tool is equip-
ped with devices for forced air cooling.

DESIGN AND MANUFACTURE OF ULTRASONIC
GENERATOR WITH DIGITAL CONTROL

Upon the results of laboratory and industrial
tests of ultrasonic generator (USG) as a power
source for the ultrasonic impact tools the follow-
ing serious drawbacks were identified:
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Fig. 1. Design of ultrasonic transducer (a): 1 — front cover

plate; 2 — rear cover plate; 3 — piezoceramic rings; 4 — load-

bearing screw bolt. General view of ultrasonic transducer in
3D format ()

+ Unstable keeping of resonant vibrations of the
ultrasonic transducer during transition proces-
ses in a wide range of varying destabilization
factors (as a result of significant fluctuations of
mechanical load and temperature);

+ Difficulties related to replacement of working
ultrasonic tool and its adjustment to the USG
in manufacturing environment;

+ Poor protection of USG electronic circuit ele-
ments from industrial dust containing metal
particles.

Due to these shortcomings the task of innovation
project was to develop a digitally controlled USG
with principally new design of its body in which the
electronic items could be protected from dust.

To create such a device it was necessary:

1) To upgrade the digital control circuit design;

2) To improve the design of existing ultrasonic
generator in combination with ultrasonic impact
vibrating tool; and

3) To manufacture the device prototypes for
pilot testing in manufacturing environment.

In the course of the project, the following tasks
have been accomplished:



Research and Technical Innovative Projects of the National Academy of Sciences of Ukraine

1) The USG diagram with digital phase locked
loop made by direct digital synthesis with en-
hanced range of keeping the resonant mode un-
der the action of various destabilizing factors on
the piezoceramic transducer have been upgraded,;
this improvement provides a high level of accu-
racy and repeatability of results;

2) A complete set of design documents in elec-
tronic format for the circuit diagrams and printed
circuit boards, as well as the drawings of all the
USG design elements have been developed,;

3) A hardware and software complex and the
methods for adjustment of USG with PCT have
been designed and manufactured,

4) A new body for the mobile and the station-
ary USG has been designed and manufactured to
ensure longtime operation in the open air and un-
der the conditions of industrial dust pollution.

As aresult, a new generator of ultrasonic vibra-
tions with the following technical specifications
has been made:

+ Voltage: 170—240 V;

+ Output power: 800 W;

+ Stabilization of ultrasonic vibrations of acous-
tic system within the range of input voltage
from 170 to 240 V without changing the oper-
ating frequency and output power;

+ Automatic frequency control of USG within
the frequency range from +1 to —1 kHz;

+ Digital control, control of frequency and ampli-
tude of the tool vibration, possible adjustment
of the amplitude within the range from 10 to
about 100%:;

+ Soft start without a mechanical switch when
turning on USG;

+ Protection from mechanical and electrical over-
load and overheating;

+ An interference filter and a power factor ad-
juster;

+ Digital service for peripheral equipment (tool)
in case of deviation of its parameters from the
initial characteristics.

The general view of ultrasonic generator and
tool is given in Fig. 2. The equipment differs from
the analogues designed in Russia, USA, France,
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and China by small size and relatively low weight.
The weight of USG is 4.1 kg and that of the im-
pact tool is 2.2 kg. Their design is based on new
technical solutions raising the effectiveness. The
applications for the patent of Ukraine have been
made with respect to the generator operating
principle and the tool design.

The tool is equipped with replaceable impact
heads (quantity of impact elements (strikers) is
1, 3, 4, and 7) used depending on the type and
material of welded joints. The duration and se-
quence of treatment of given part of the welded
joint and weld area around it are preset by the
previous laboratory studies underlying a new
method of treatment of welded joints.

INFLUENCE OF DIFFERENT TYPES
OF TREATMENT AND MATERIALS OF WELDED
STRUCTURES OF PASSENGER RAILCAR
BOGIE FRAMES ON FATIGUE LIFE

In the initial state the welded joints are char-
acterized by a significantly lower fatigue resist-
ance than the parent metal. Therefore, the addi-
tional treatments are required. The technological
methods for improving fatigue of joints can be di-
vided into 2 groups [5]:

1) The techniques for reducing the concentra-
tion of residual tensile stresses due to heat treat-
ment (high tempering method);

2) The methods based on the creation of com-
pression stresses in hazardous areas.

This research presents the comparative results
of fatigue tests of the longitudinal beams of pas-
senger railcar bogie frames and the recommenda-
tions for effective use of various methods to inc-
rease the fatigue strength of the structure. To re-
lieve the internal stresses after welding PJSC Kri-
ukov Railcar-Building Works applies high tem-
pering: heating and keeping at a temperature of
t, = 750 °C with cooling in the furnace to a tem-
perature of t, = 100 °C. The treatment cycle lasts
about 24 hours. The power consumption is about
1000 kW /h.

The high tempering technique is a traditional
method to remove internal stress that may lead to
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both the positive and the negative effects on fa-
tigue resistance of welded joints [2]. The most ef-
fective methods of increasing the fatigue strength
are the local methods ensuring the residual local
compressions in the area of concentration of stre-
sses from welding. Such methods may include:

+ Local heating;

+ Surface cold hardening by different methods;
+ Pneumodynamic treatment; and

+ Ultrasonic impact treatment

Proceeding from the results of study of UIT ef-
fect on increasing the fatigue strength of welded
structures (the E.O. Paton Electric Welding In-
stitute) and research of the Kurdiumov Institute
for Physics of Metals in the field of developing
the ultrasonic systems, the specialists of PJSC
Kriukov Railcar-Building Works have made the
analysis of tests of passenger railcar bogie frames,
model 68-7041 (Fig. 3), and identified the stress
concentration locations, as well as the areas of
structural damages during fatigue tests. On the
basis of calculations one can conclude that the
maximum equivalent stress occurring in the
structure under the action of load does not ex-
ceed the allowable stresses, with the bogie frame
strength being sufficient for all the modes calcu-
lated. In the course of fatigue tests the bogie fra-
me fracture occurred along the longitudinal beam
in the place of welding on lever bracket having an
equivalent stress of 127 MPa while the admissi-
ble value was 216 MPa.

The nature of fatigue fractures is explained by
the fact that the lever bracket is welded to the
bottom sheet of longitudinal beam; so, it is a stress
concentrator. In the initial state, after welding
the fatigue cracks always appear at the boundary
of weld fusion zone, between the bracket and the
bottom sheet.

The main objective of research was to deter-
mine the effect of different methods of relieving
the internal stresses on fatigue strength of pas-
senger railcar bogie frames, as well as the influ-
ence of different grades of steel on fatigue strength
and the effect of UIT on cyclic life of structure
having passed 50% of its service life.
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Fig. 3. Place of welding on lever bracket to bottom sheet

The geometrical parameters of samples used for
the fatigue tests correspond to those of the longi-
tudinal beams of bogie frame (model 68-7041,
produced serially). To manufacture the model sa-
mples two materials most widely used in the ma-
nufacture of railcars, including the bogie frames,
were used:

1) Steel St 20: This structural high-quality steel
has a low strength, but high indices of ductility
according to GOST 19903-74 and GOST 1577-93
(its chemical composition and mechanical proper-
ties are showed in Table 2).
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2) Steel §355 j2. This is high-strength welding
structural steel. It is well-deoxidized and has very
low carbon content (less than 0.2%). High strength
of this steel is ensured by the alloying elements,
mainly, by manganese. The chemical composition
and mechanical properties of this steel are shown
in Table 3.

The fatigue tests conducted at the PTsA-100
facility are shown in Fig. 4. The test results are
shown in Table 4. Treatment was made at the US-
TREAT-2.0 facility by rod-shaped heads having
4.0 mm in diameter with 3 units located in a row,
with the following parameters:

+ USG power P =475 W, the amplitude of ultra-
sonic oscillations is A = 18 pm;

+ Treatment speed is 3.5—4.0 mm/s;

+ Control method: visual, the presence of hol-
lows (grooves) in the fusion zone.

The design of the weld does not allow the
worker to weld the bracket arm in the flat posi-
tion. Therefore, the beginning and the end of the
weld runs out to the beam axis. The multiple-pass
welding is made in a horizontal position.

Welding works, quality of welded joints, meth-
ods for removal and monitoring of defects have be-

Table 2
Chemical composition and mechanical properties
of Steel St20
Chemical composition, wt. %
C Mn Si S P Cr Ni
0.2 0.47 | 0.19 | 0.009 | 0.015 | 0.043 | 0.01

The yield point o, (+20 °C) = 282 MPa; the tensile stress
o, (+20 °C) = 434 MPa; elongation & = 29%

en carried out in accordance with OST 24.050.34-
84. Welding of structure was made manually in a
gaseous medium (82% Ar + 18% CO,). After ma-
king each layer the weld was cleaned from spat-
ters and other minor defects. Welding was made
is such a way as to ensure a smooth transition
from the weld to the parent metal. Quality con-
trol of welded joints was carried out by ultrasonic
flaw detector according to GOST 14782-76.

Asone can see from Table 4, the average number
of cycles before fracture of bogie frames after wel-
ding is 1.13 and 1.83 million cycles for steels
S355j2 and St 20, respectively. In all the cases the
cracks with subsequent fracture of the full-scale
specimen were observed in the fusion zone of
weld with the parent metal along the bottom por-
tion of the bracket. Higher life values of bogie
frames made of steel St 20 can be explained by its
higher ductility as compared with steel S355j2
(batch of samples 201—203 and 501—503, respec-
tively). Therefore, the further tests were conduc-
ted on the samples of steel St 20.

After welding the frame samples were divided
into three batches, each of them being tested on
fatigue life after certain treatments. The first
batch of samples (101—103) was annealed at a
temperature of 750 °C during 12 hours and cooled
in the furnace down to a temperature of 100 °C.
After this treatment the average life increased up
to 2.62 million cycles.

The second batch of samples (301—303) was
treated only by UIT; the total time of processing of
one sample was about 0.5 hours; power consump-
tion by ultrasonic equipment was 0.4kW /h. Un-
der these conditions, the average life of samples
301—303 increased up to 4.67 million cycles, i.e.

Table 3
Chemical composition and mechanical properties of Steel S355j2
Chemical composition, wt. %
C Mn Si S P Cr Ni Cu Al N Mo Ti \%
0.18 1.44 0.44 | 0.0011 | 0.001 0.035 | 0.016 | 0.018 | 0.039 | 0.0044 | 0.0027 | 0.0023 | 0.023
The stress point 6, (+20 °C) = 415 MPa; the tensile stress 6, (+20 °C) = 577 MPa; elongation 3 = 25%
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by 255% as compared with the initial state (Table
5). After UIT, in the zone of fusion, the separate
lacks of penetration were revealed on 2 beams.
These defects were revealed under this treatment,
but not always can be detected by non-destructive
ultrasonic control or by visual examination.

The cases when the structure has operated for
about 50% of the design life and its treatment was
performed with the use of UIT are of a special in-
terest. One of the sample batches (401—403) has
been initially loaded to 1 million cycles. The pa-
rameters of dynamic loading in hydropulsator unit
PTsA-1000 are as follows: frequency of pulsations
is 11 Hz, the maximum cycle load is P, = 147 kN,
the minimum one is P_ = 122.5 kN. Thereafter,
the welds of the batch samples were treated by
UIT. After the treatment the life increased by
192%. This result is lower than that for the sam-
ples 301—303 treated immediately after welding.
It should be noted that one of the samples (301)
was fractured on the parent metal, but not in the
transition fusion zone.

Fig. 4. General view of PTsA-100 facility

Table 4
Sample materials, mode of treatment, and number of cycles before fracture
. Number of cycles Average number
Materlalfand pretreatment Marking before fracture, of cycles before fracture,
of prototype 11 11
million cycles million cycles
St 20 annealed 750 °C 101 2.52 2.62
102 2.65
103 2.7
S355j2, not annealed 501 1.1 1.13
502 1.25
503 1.05
St 20, not annealed 201 214 1.83
202 1.8
203 1.54
St 20 treated by
1) Preload: 1 million cycles; 401 3.31 3.52
2) UIT of welds 402 3.15
3) Testing until fracture 403 411
St 20, 301 4.65 4.67
not annealed 302 3.85
UIT of weld joints 303 55
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Areas treated

Fig. 5. Places of treatment of welds using UIT technique Areas
treated with the use of UIT technique

Thus, the fatigue tests of specimens (the pas-
senger railcar bogie frames) made within the pe-
riod from 06.12.2012till 05.10.2013 have showed
the feasibility of using the UIT technique to
strengthen some welded structures in railcar-
building [24]. However, it is necessary to con-
duct further comprehensive tests with respect
to the reliability of ultrasonic equipment and its
safety for the attending personnel, as well as to
certify the products and techniques and to in-
clude the UIT into the applicable regulations and

Table 5

Effect of different methods of treatment
and materials on service life of prototypes

Change in durability
Material and pretreatment of prototypes
of prototype (before fracture)
at fixed loads, %
St 20, not annealed 100
S355j2, not annealed 62
St 20 annealed 750 °C 143
St 20, not annealed, treated by 192
1) Preload: 1 million cycles;
2) UIT of welds
3) Testing until fracture
St 20, not annealed, UIT of weld 255
joints

industrial standards and Government Standards
of Ukraine.

CONCLUSIONS

1. The method for calculating the parameters
of ultrasonic transducers of different designs has
been proposed.

2. A device for assembling the transducers under
the same conditions with compression in the press
unit of 10.0 tons and tightening the reinforcing
bolt by torque wrench has been manufactured.

3. The designing documents for ultrasonic tran-
sducer and impact tool have been worked out
from the results of the current tests of working
model of UIT equipment for the welded joints in
the laboratory and in the manufacturing envi-
ronment.

4. A new design of universal ultrasonic genera-
tor with digital control on microprocessor has be-
en developed on the basis of the detailed studies
of cutting-edge microprocessor techniques.

5. The elementary schemes of USG with digital
control of electric parameters and operation have
been elaborated; the design documents for USG
have been specified. An USG prototype has been
manufactured and tested in accordance with the
technical requirements.

6. Two units for ultrasonic impact treatment of
welded structures have been manufactured.

7. Within the framework of the agreement on
scientific and technical cooperation with the Kri-
ukov Railcar-Building Works (Kremenchuk) the
fatigue tests of specimens of welded structures
similar to the passenger railcar bogie frames have
been carried out.

8. The main test result is: having been annealed
with the use of traditional technique at a temper-
ature of 750 °C, after welding, the samples in-
crease their life by 143% as compared with the
initial state and having been treated by UIT they
increase their life by 255%.

9. Based on the test results it has been decided
on feasibility and scope of implementing the ul-
trasonic technique in the manufacture of individ-
ual parts and structures for railcar-building.
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B.I. IIpuxoovro, M.B. Bucoxorsn, B.B. Borouail,
I'I. IIpoxonenxo, 5.M. Mopoiox, B.T. Yepenin,
T.A. Kpacoscoxuii, T.B. [lonosa

CTBOPEHH YJIBIPASBYKOBOI'O
OBJIATHAHHA T4 SMIITHEHHA
TA PEJTAKCAIITHOT OBPOBKY 3BAPHUX
KOHCTPYKIIIN Y BATOHOBY/ITYBAHHI

Po3pobJieHa HoBa Mo udiKallisi TOPTATHBHOTO YJIBTPa3-
BYKOBOTO obJiagHanis moryskuictio 0,8 kBT 3 mudposum
KePYBaHHSIM JIJIsl 3MIiIIHEHHSI Ta PeJiakcalliiiHoi 06po6Ku mo-
BEPXHi MeTasieBux BUpoOiB. BUTOTOBJIEHA TTAPTIsSt TAKKMX TIPH-
JIaJIiB, MiIrOTOBJIEHA KOHCTPYKTOPCHKA JIOKYMEHTAIlisl Ha
YJIBTPa3ByKOBHI reHEPaTOp Ta yIaPHUI IHCTPYMEHT 3 11'€30-
KepaMiyHMM IlepeTBOpIoBaveM. 3/ificHeHa Mi/iIroToBKa Tex-
HOJIOTI1 yJIbTPa3BYKOBOI yIapHOi 06pOOKHM 3BapHUX KOHCT-
DYKIIill, TPOBe/eHi TOPiBHSLIbHI BUIIPOOYBAHHSI BILIUBY Pi3-
HUX THUIIB 0OPOOKY i 3aCTOCOBAHUX MaTepiajiB HA BTOMHY
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JIOBTOBIUHICTh. BunpoOyBaHHS 1I0Ka3aiu JOMIJIbHICTD BU-
KOPHMCTaHHsI YJIbTPa3ByKOBOI yAapHOi 0OpoOKM ISt MOf0-
BKEHHSI CTPOKY eKCILTyaTallii BUpoOiB.

Kuniouoei crosa: ynsrpassykoBa yaapta o6podka, 3sap-
Hi KOHCTPYKIIii, BTOMHA [[OBTOBiUHiCTb, 3aJTUIIKOBI HATIPY-
JKEeHHsI, KOHIIEHTPATOPH HAIIPY>KEHb.

B.U. IIpuxodvko, M.B. Bvicokonsin, B.B. Boaouail,
I U. I[Ipokonenxo, b.H. Mopdiox, B.T. Yepenun,
T.A. Kpacoecxkuii, T.B. [lonosa

CO3JAHUE YJIBIPASBYKOBOTI'O
OBOPYNOBAHMA AJIAd YITPOUHEHNWA
1 PEJTAKCAIIMOHHOM OBPABOTKU CBAPHBIX
KOHCTPYKIINI1 BBATOHOCTPOEHUU

Paspa6oTana HoBast MOJM(bHUKAIIUS TOPTATHBHOTO YIBTPa-
3BYKOBOI0 060pyzoBanus MonHoctbio 0,8 kBT ¢ 1udposbiM

16

yIIPaBJIeHHEM JUIsi YIPOYHEHUs] M PENaKCAIMOHHONW 06pa-
GOTKHU MOBEPXHOCTH METAJIMYECKUX U3ziesnii. M3roToBiena
MapThsl TaKUX TPUOOPOB, MOATOTOBJIEHA KOHCTPYKTOPCKAS
JOKYMEHTAINsI Ha yJIBTPa3BYKOBOW TeHepaTop M yAapHBIN
HHCTPYMEHT C TThe30KEPAMITIECKIM TTPE0OPA30BATEIIEM.

OcyImecTBIeHa IOATOTOBKA TEXHOJOTHH YJIBTPa3BYKO-
BOU yzapHoii 06paboTKU CBapHBIX KOHCTpYKIMid. [Iposene-
HBl CPAaBHUTEJbHBIE WCIBITAHWUS BIMSHHUS Pa3HBIX THIIOB
06paboOTKN ¥ MPUMEHEHHBIX MATEPUAIOB HAa YCTAIOCTHYIO
JIOJITOBEYHOCTD. VICIBITAHMS TIOKA3a/i 11e1eco00Pa3HOCTh
HCIOJIb30BAHUST YIIETPa3BYKOBOW yAapHOU 06paGOTKY JJIst
YBEJMUYEHNsT CPOKA SKCILTYaTallny U3/IEIIHH.

Kuwueesoie croea: ynsrpasBykoBas yaapHas o6pabot-
Ka, CBapHbIe KOHCTPYKIIUH, YCTATOCTHAS IOJITOBEYHOCTD, OC-
TATOYHBIE HATIPSKEHUST, KOHIIEHTPATOPBI HATIPSIKEHUIA.
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