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CREATION OF INDUSTRIAL EQUIPMENT
FOR HIGH FREQUENCY MECHANICAL IMPACT
ON RAILWAY CAR BUILDING PRODUCTS AND METHODS
FOR ASSESSING THE QUALITY OF TREATMENT

Introduction. The technology of high-frequency mechanical impact (HFMI) has proved itself to be a reliable, efficient,
and convenient method for increasing the fatigue strength of welded structures, which is one of the most priority tasks of
the machine-building industry.

Problem Statement. The experience of operating the HFMI equipment and technology has shown that there are many
problems associated with the determination of the process quality and completeness. The creation of ultrasonic equipment
for HEMI with electromechanical piezo-ceramic transducers was initiated at the Kurdyumov Institute for Metal Physics of the
NAS of Ukraine. Over the years, this equipment has been used both for scholarly research and for processing of various
products and structures. However, neither the HFMI equipment nor HFMI technology has been commercialized so far.

Purpose. To create a new ultrasound equipment having a high reliability and a significant operation resource suitable for
the use in the operating conditions and to develop tools for evaluating the HFMI process quality regarding welded joints of
certain parts and railway-car building products.

Materials and Methods. Low-alloy structural steels St3cp and 09G2S. Hardness/microhardness measurements and
optical microscopy.

Results. A mock-up of ultrasonic equipment has been made. It has passed comprehensive industrial tests at Kryu-
kovsky Railway Car Building Works, Public Joint-Stock Company (KRCBW RPJSC), Kremenchuk, Ukraine. Some deficiencies
of the equipment identified during the tests have been eliminated in a new model of the equipment. A method for determin-
ing the HFMI process productivity and the duration of treatment of welded joints has been suggested. It is based on simple
microhardness measurements. The quality and completeness of the treatment has been additionally checked by visual in-
spection of a groove formed by impact elements.

Conclusion. A new ultrasound equipment has been manufactured, and technological recommendations on choosing
treatment conditions for railway carriage trolleys and other products of KRCBW RJSC have been proposed.

Keywords: high-frequency mechanical impact, metal fatigue, welded joints, microhardness, ultrasonic equipment,
and quality and duration of treatment.
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Increasing the fatigue strength, reliability, and
durability of machine-building components and
products, especially, the welded structures ope-
rating under cyclic stress, is one of the most ur-
gent problems in the machine-building industry.
One of the lines for extending the service life of
machine parts and products is the creation of new,
highly effective methods for surface modification,
including severe plastic deformation, by ultra-
sonic impact treatment (UIT) that is known in
the Ukrainian literature as high-frequency me-
chanical impact (HFMI). High frequency of im-
pacts and their considerable power make this
method the most effective in terms of efficiency
factor, surface quality, and record-breaking in-
crease in fatigue strength. Insignificant weight
and dimensions of ultrasonic equipment enable
to use it in factory shops or in field conditions. A
low power consumption puts the HFMI techno-
logy on the leading position among conventional
methods for strengthening welded joints. Opti-
mizing technology by developing instrumental
methods for evaluating the quality parameters of
welded joints will raise the efficiency of treat-
ment and improve economic performance by re-
ducing time inputs. Widely introducing the deve-
loped ultrasound equipment in various sectors of
the national economy will enhance the operatio-
nal reliability of different structures, which pre-
vents their early mechanical failure, has signifi-
cant economic and social effects, and corresponds
to the innovative approach to the development of
Ukrainian industry in terms of resource-saving.

In the early 1970s, the Kurdyumov Institute of
Physics of Metals and the Paton Institute of Elec-
tric Welding of the NAS of Ukraine have started
a joint study of HFMI effect on the level of re-
sidual stresses in welded joints [1]. Later, this
area of applied scholarly research became the ba-
sis for creating a technology for increasing the
fatigue strength of critical welded structures us-
ing the HFMI method.

The weld strength is known to be insignificant,
primarily, because of degrading metal structure,
as aresult of its melting and hardening, and emer-

ging stress concentrators and significant tensile
stresses in the weld area. Their superimposition
on external cyclic stresses leads to an early fati-
gue fracture in the weld area, which sometimes
leads to catastrophic consequences. The tensile
stress can be relieved by heating the parts, but
this is impossible in the case of large-sized struc-
tures. So, in this case, local methods for welded
joint treatment are used. The Paton IEW studies
have shown that HFMI gives the best results in
terms of increase in fatigue strength of samples
and structural elements, as compared with other
methods of treatment [2, 3]. This technology
assumed its name according to the recommen-
dation of the International Institute of Welding
(ITW). It has proved itself as a reliable, efficient,
and convenient method for increasing the fati-
gue strength of welded structures [4].

Welding of sheet structures often leads to a
change in their geometry due to high internal
stresses. Ultrasonic treatment helps reduce these
stresses or redistribute them. This is yet another
field for the application of this technology. How-
ever, in Ukraine, there have been only prototype
ultrasonic devices of this type so far. The front-
end works at KRCBW PJSC were carried out us-
ing prototype plants that had a short service life.

The purpose of this research and its main task
is to create a reliable industrial ultrasound equip-
ment for practical application of HFMI techno-
logy. To implement this technology, it is necessary
to identify feasible and instrumentally measur-
able quality criteria.

CREATION OF EQUIPMENT FOR HFMI TREATMENT
OF MACHINE-BUILDING PRODUCTS

Ultrasound impact tool. Over recent years, se-
veral methods and devices to optimize machining
conditions and to obtain a maximum increase in
fatigue strength at a high process efficiency and a
reduced power consumption have been created
for HFMI welds [5, 6]. The most important fac-
tor is high reliability of the equipment as it should
work for a long time in severe operating environ-
ment and, sometimes, in the open air, while trea-
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ting external welded structures. For designing and
implementing any technological processes using
a strong ultrasound, one of the most important
tasks is to choose a method for obtaining mecha-
nical ultrasonic oscillations of a given frequency,
amplitude, and power. The technological efficien-
cy and results of technology implementation de-
pend on how efficient this problem is solved. The
typical ultrasound system includes an ultrasonic
transducer with a system of acoustic mechanical
elements and an electronic generator as power
supply source. Ultrasonic transducers are devices
that convert electrical energy into mechanical
one. The ultrasonic frequency oscillations are ge-
nerated mainly by magnetostrictive and piezoce-
ramic transducers. The latter is widely used to
generate powerful ultrasonic vibrations.

Piezoelectric converter (PEC) generates ultra-
sonic oscillations using a piezoceramic element,
to which external AC voltage is applied. Such struc-
tural elements consist of two (front and back)
metal bars having a cylindrical shape, with piezo-
ceramic rings with an even number (in this case, 4)
of discs fixed in between (Fig. 1, a). The main
resonance frequency of such 6 mm thick discs is
~ 100 kHz. The metal bars provide a reduction in
the operating frequency to a low ultrasonic one
that for industrial plants is ~ 20—30 kHz. The
PEC geometric sizes are calculated taking into
account the speed of ultrasonic wave propagation
in the materials of the front and back bars and in
the piezoelements, as well as density and mass of
the latter [7].

Based on theoretical calculations of the known
structures [8], it was necessary to create a univer-
sal PEC for an impact tool, which provides a mini-
mum damping of the ultrasonic vibrational sys-
tem (USVS) under severe shock-vibrating loads
at the output end of the concentrator that in-
creases the amplitude of oscillations. The known
methods for calculating the USVS give only app-
roximate parameters of individual structural ele-
ments. In addition, the empirical formulas with
the use of experimental results is a labor-inten-
sive process and requires cumbersome arithmetic.
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It should be noted that verification of the calcu-
lated values is possible only after the manufacture
and assembly of the vibrational system with sub-
sequent measurement of its parameters. Typically,
the USVS is designed in several stages:

1) preliminary calculation according to the gi-
ven parameters (using the known methods);

2) adjustment of the geometric dimensions of
the PEC components;

3) manufacture of parts of the designed struc-
ture and assembly;

4) separate measurements of the USV'S param-
eters, including those with the use of work tools;

5) final calculation with adjustment of param-
eters taking into account the results of experi-
mental studies;

6) finalization of the created USVS and work
tool for adjusting with main resonance frequency.

The USVS has been developed using AutoCAD
automated graphic design system in 3D format
with the subsequent analysis in the ANSYS envi-
ronment [9]. Based on the proposed method, a PEC
operating at a frequency of ~ 26 kHz (Fig. 1, ), has
been manufactured. It has been completed and
aligned with a booster and a step concentrator
of ultrasonic oscillations to obtain the required
amplitude of oscillations. According to the speci-
fication requirements, the converter for HFMI is
made in an enclosed casing. If the amplitude of
oscillations at the concentrator muzzle end ran-
ges within 20—25 um, the temperature of the
piezoelectric cells may exceed a maximum per-
missible temperature of + 80 °C. Since the equip-
ment will be used in ambient conditions at a
temperature from —10° C to +35 ° C and in fac-
tory workshops during throughout the operating
shift, special attention is paid to compulsory cool-
ing of the device all through the regulated pro-
cessing time, depending on the amplitude of ult-
rasonic vibrations and the external temperature.

Due to impact interaction with the core ele-
ments that deform the metal surface, the conver-
ter receives mechanical loads with a vibration
frequency ranging from 40 to 1000 Hz and an ac-
celeration of 15—300 m/s% To reduce vibrations
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Fig. 1. Drawing of ~26 kHz piezoelectric converter (a) and

components of ultrasound impact tool in 3D format (b): 7 —

front bar 16T 2 — rare bar of 40X13 steel; 3 — piezocera-

mic element APC841, dimensions 38x16x6 mm; 4 — copper

electrodes (4 pieces); 5 — tightening bolt M12x1.5; 6 —
insulating bushing

of the casing in which the converter is located,
shock absorbers and springs with a sufficient pli-
ability and a significant damping are used. Sili-
cone rubber and spring steel are used as elastic
elements. This significantly reduces the vibration
load on the operator's hands, which does not ex-
ceed the permissible values as established in the
relevant standards regulating the labor safety
when working with the vibration instrument.
The performance and quality of the HFMI
process, as well as the temperature conditions of
the ultrasonic emitter and the impact load node
depend, to a large extent, on the design of both
the tool as a whole and its individual components.
When designing the tool, the state-of-the-art 3D
technology was used. General view of the device
designed isshown in Fig. 1,b. The tool is equipped
with the main and side handles for ease of opera-
tion. In the back of the casing there is mounted a

powerful fan for forced air cooling of all parts of
the USVS. On the opposite end of the tool, there
is a variable shock head with high-strength rod
hammers. The number of shock elements in the
head and their diameter depend on the type of
weld joint or on the geometry of the surface to
be treated.

During previous research, we have developed
and patented a series of ultrasonic impact tools,
including [10]. While implementing an R&D
project of the NAS of Ukraine in 2017, a mockup
specimen of ultrasonic equipment was manufac-
tured and tested at KRCBW (Kremenchuk) dur-
ing 4 months. Based on the test results, there was
made a certificate in which the drawbacks of de-
vice design and suggestions for its improvement
were stated. Subsequently, the ultrasonic genera-
tor was improved and a new manual impact tool
was made using new technical solutions setting
right the mockup specimen drawbacks.

Ultrasound digital generator. The PEC is po-
wered by an ultrasonic electronic generator con-
verting the electric energy of the industrial power
grid into the energy of the ultrasonic frequency
oscillations. The electronic generator, the PEC,
the impact node and the surface of the part (struc-
ture) undergoing ultrasonic treatment must be
aligned, since they directly affect each other. In
this regard, when designing the ultrasonic equip-
ment, it is necessary to ensure optimal adjust-
ment of parameters of the generator and the PEC
in the case of any changes in the treatment condi-
tions or external effects.

In view of the drawbacks identified during the
operation of mockup specimen at KRCBW, the
task was to create an ultrasonic generator (USG)
with a new software and a fundamentally new
configuration of the casing in which the electrical
circuits would be reliably protected from any en-
vironmental impact.

During the project implementation, the fol-
lowing works have been done:

1. The scheme of USG with digital phase-auto-
matic frequency setting has been upgraded. The
scheme is realized by direct digital synthesis, it has
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an increased range of keeping the resonant con-
ditions under the influence of various destabiliz-
ing factors on the piezoceramic emitter, which
provides a high level of stability and repeatability
of the equipment technical characteristics.

2. A complete set of design documentation, in-
cluding circuit diagrams, printed circuit boards
and drawings of all constituent parts of the USG
has been elaborated.

3. A hardware and software complex and a
method for adjusting the USG with PEC have
been developed and manufactured.

4. A new configuration of the casing for mobile
air-cooled USG has been designed. It ensures
longstanding operation in the regular conditions,
both in the open air and under industrial dust
pollution.

Laboratory tests of manufactured ultrasonic
equipment have been carried out and shown its
compliance with the specifications given in the
Terms of Reference. Further tests of advanced
equipment for HFMI of some its products have
been agreed with the management of KRCBW in
order to introduce this innovative technology in
the railway car-building industry.

MICROHARDNESS MEASUREMENT-BASED
DETERMINATION OF PERFORMANCE OF WELD
JOINT TREATMENT BY THE HFMI METHOD

The greatest progress in the development of
HFMI technology is the establishment of the fact
that the only way to treat any weld joint is to do
this along the line of its fusion with the parent
metal, by a single-row multi-hammer tool. This
has been confirmed by numerous fatigue tests
on specimens treated under different conditions,
at the Paton IEW of the NAS of Ukraine [1—3].
At the same time, there is no single methodology
that establishes how long it is necessary to treat
certain weld sections of different materials. The
finishing of the treatment is usually associated
with the formation of a lustrous groove having
a width that is equal to the hammer diameter
(3—5 mm) and a depth of 0.2—0.6 mm, depend-
ing on the strength of the material [4].

ISSN 2409-9066. Sci. innov., 2019, 15(2)

Numerous studies of strain concentration du-
ring HFMI have shown that structural changes
in the surface layer occur over a short period of
time, as a result of high frequency of impact. This
can be visible on the time dependence of mecha-
nical properties, for example, microhardness. Chan-
ging microhardness Hu over time of HFMI shows
that such dependencies are practically the same
for most structural materials [6]. In the first se-
conds of treatment, microhardness rapidly grows
to a certain magnitude and then remains almost
fixed or even decreases. It should be noted that
long treatment of metals by impact methods
causes excessive hardness. This, in turn, leads to a
noticeable destruction of the surface layer (pee-
ling) and a degradation of mechanical properties.
Consequently, there is an optimal time of treat-
ment by the HFMI method per unit of length or
surface area 1 for each material, at constant
amplitude of oscillation, impact blow frequency,
diameter and mass of the hammer. So, measuring
the hardness of weld joint before and after HFMI
and correlating it with the main parameters —
the level of residual stresses, the removal of stress
concentrators, and the fatigue strength, it is pos-
sible to create simple instrumental methods for
determining the quality and completeness of
treatment, in the production environment.

The studies were made using samples of the
parent metal of 09T2C and Cr3cn sheet steels
and their weld joints. The 09T2C steel sheets
was 12 mm thick, and the Ct3cm steel sheets
had a thickness of 16 mm. Samples with a size of
30x40 mm were cut from the parent metal. The
microhardness of the parent metal and the steel
layer that has undergone a plastic strain by HFMI
was measured by the PMT-3M device for a load
of 50 g (0.5 N). Firstly, the microhardness was
measured on the lateral surface of original rectan-
gular samples. It is established that it essentially
changes with the distance from the surface into the
hot rolled coil. Thus, the microhardness of 09T2C
steel surface layer (at a depth up to 0.07 mm) is
HV .= 460—548 MPa, but as the distance from
the surface increases (0.4 mm and more) it de-
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Fig. 2. General view of the hammering area of 09T2C steel

parent metal after HFMI treatment for different duration of

treatment: 71— 3s;2 —65; 3 — 125;4 — 30 s; speed of HFMI
treatment — 10. 5, 2.5 and 1.0 mm/s, respectively

creases to 243—278 MPa. The same situation is
also reported for Cr3cm steel samples (see Table).
Such a wide range of microhardness is explained
by a heterogeneous structure of steels.

One can see that the sheet metal has a fairly
high surface microhardness that substantially de-
creases at a depth of more than 0.4 mm from the
surface. This should be taken into account when
further treating the sheet metal samples by the
HFMI method. Firstly, the conditions and the per-
formance of HFMI treatment of steel samples
were determined on the original samples. The
HFMI treatment was carried out using a new
equipment, with a detachable single-row nozzle
having four 3 mm diameter hammers used as an
impact node. The test specimen was treated by
the HFMI technology along four 30 mm long
lines (5—7 mm apart from each other) for 3, 6, 12,
and 30 seconds. The HFMI treatment speed was
10, 5, 2.5, and 1.0 mm/s, respectively (Fig. 2).

It has been established that after the treatment
of 09I"2C steel parent metal by the HFMI tech-
nology, the microhardness of plastic-strained sur-
face metal layer (HV ;) is 505—674 MPa, at a
treatment speed of 10 mm/s; 298—356 MPa, at
a treatment speed of 5 mm/s; 332—356 MPa, at
2.5 mm/s; and 674—812 MPa, at 1.25 mm/s. A

30

similar behavior of the microhardness of parent
sheet metal has been obtained for Cr3cm steel.
The analysis of results shows that, as the speed of
treatment slows down, the microhardness firstly
decreases and then sharply increases at 1.0 mm/s.
Such a non-monotonic change in microhardness
can be explained as follows. Firstly, at a high speed,
a shallow groove is formed (Fig. 2, the treatment
duration is 3 s), with the solid surface of sheet
metal practically not destroyed. Then, as the time
of treatment increases and the speed of tool move-
ment decreases, a deeper groove is formed, which
means the destruction of surface layer to a depth
of up to 0.2 mm (see Table). A significant increase
in the microhardness is reported at a speed of
HFMI treatment of 1.0 mm/s, as the surface of
steel hardens. This limit speed can be considered
the performance of treatment P (mm/s) for gi-
ven parameters of HFMI (amplitude of ultrason-
ic oscillations, diameter and number of rod ham-
mers, and mechanical properties of the product
material). It depends on the duration of treat-
ment Tt that determines a certain optimal num-
ber of strokes per unit of length of the strained
material.

The microhardness dependence of metal layer
plastically strained by the HFMI method in the
impact area has been studied using samples of
butt weld joints of 09T2C and Ct3cm steels. Fig. 3
shows the joints of 09T2C steel sample in the
original state (@) and after the HFMI treatment
(b). The butt weld joints of steels have been ob-
tained by double-sided single-arc automatic wel-
ding of plates under OP 192 flux (manufactured
by Oerlikon, Switzerland), using a 4 mm diameter

Microhardness of 09T2C and Crt3cn Sheet Steel
at Different Distance from the Surface

Distance from the Microhardness HV, ., MPa
surface, mm 09I'2C steel Cr3cu steel
0.07 460—548 505—585
0.2 405—440 405—423
0.3 278—298 388—401
Over 0.4 243—278 356—405
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CB-08T1HMA wire. The welding conditions of
12 mm thick 09T2C steel plates are as follows:
the first joint: voltage U =55V, current I = 650—
700 A, welding rate V = 26.7 m/g; the second
joint (on the opposite side): U =57V, I = 760—
780 A, V = 26.7 m/g. The second joint is made,
having completed the cooling of the first one. A
30 x 350 mm sample of 09T2C steel joint is cut
from a 600 x 350 mm welded plate. The sample
is hardened using the HFMI technology along
four 30 mm long fusion lines for 3, 6, 12, and 30 s,
at a speed of HFMI treatment of 10, 5, 2.5 and
1.0 mm/s, respectively.

The welding conditions of 16 mm thick Ct3cn
steel plates are as follows: the first weld: U =55V,
I =850—900 A, V = 26.7 m/g; the second joint
(on the opposite side): U = 56—57 V, I = 960—
980 A, V = 26.7 m/g. The second joint is made,
having completed the cooling of the first one. A
40 x 350 mm sample of steel butt joint is cut from
a 600 x 350 mm welded plate. The sample is har-
dened using the HFMI technology along four
40 mm long fusion lines for 4, 8, 16, and 40 s, at
a speed of HFMI treatment of 10, 5, 2.5 and
1.0 mm/s, respectively.

Having treated the joint by the HFMI tech-
nology, the weld reinforcement on both sides is
mechanically removed and ground to the level of
the parent metal. This has made it possible to di-
rectly measure the microhardness of metal joint
and the layer of the weld metal hammering zone,
which has undergone a plastic strain caused by
HFMI treatment. The microhardness of the met-
al joint after the removal of reinforcement in both
welded joints is equal to HV . = 228268 MPa.
The obtained dependences of microhardness of
the metal layer of the hammering zone the butt
weld samples for 09T2C and Cr3crm steels on the
speed of HFMI treatment are shown in Fig. 4.
They practically do not differ from the estab-
lished dependencies for the parent sheet metals.
Therefore, it is advisable to choose the parame-
ters of reinforcement of welded joints by the
HFMI technology on the respective samples of
parent metals.

ISSN 2409-9066. Sci. innov., 2019, 15(2)
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e R B
Fig. 3. Butt weld of 09T2C steel in the original condition
after welding (@) and after HFMI treatment (b)

The main purpose of preliminary measure-
ments of microhardness is to establish the per-
formance P (mm/s) that is measured in treat-
ment speed units. At a HFMI treatment speed of
1.0 mm/s, the microhardness of the metal layer
in the hammering zone is by 50% higher than that
of the original metal layer of 09T2C rolled steel
and by 40% higher than that of Ct3cm sheet steel.
The maximum microhardness on the surface in
the reinforcement zone correspond to the maxi-
mum depth of the layer that has undergone plas-
tic strained as a result of HFMI treatment [2].
Thus, maximum microhardness of metal in the
hammering zone can be used as criterion for mea-
suring the performance P that is the limit speed of
treatment of welded joints by the HFMI techno-
logy. The optimal performance of the treatment
of elements of welded structures using the HFMI
technology is recommended to be determined ba-
sed on the criterion for achieving a microhard-
ness of the metal in the hammering zone, which
exceeds the respective original microhardness of
the surface layer of the metal after rolling. A wide
range of compact and mobile micrometers enab-
les measuring the microhardness of a strained
metal layer in any spatial position in real welded
steel structures.

The optimal performance leads to the forma-
tion of a maximally deep strained layer and sig-
nificant residual compression stresses contribu-
ting to the maximum increase in fatigue strength.
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Fig. 4. Change in microhardness of plastic-strained metal
layer in the welding area of 09T2C and Ct3cm steel butt
weld samples depending on speed of HFMI treatment

It should be emphasized that the performance
can be reduced to a certain limit, because it is as-
sociated with the duration of treatment, and the
optimal duration is determined by the saturation
of microhardness or compression stresses. This
means that if one continues to reduce producti-
vity, it will result in an excessive increase in the
duration of treatment, over-hardened spots, pee-
ling of the surface layer, and a decrease in the fa-
tigue resistance.

The total duration of treatment T of the weld
joint having a length L depends on the perfor-
mance P:

T=L/P, (1)

For example, 100 mm long 09T2C steel welds
should be treated for 1 min 40 s. In manual mode,
the operator measures the weld joint length and
sets the required duration of treatment on the
timer located on the USG front panel. After the
completion of treatment, ultrasonic vibrations
automatically shut down. However, there is a
question “How fast (at which speed V) should the
operator move the tool along the weld joint?”
Numerous experimental studies have shown
that the speed of treatment V ranges within 10—
35 mm/s [11]. However, some authors have gi-
ven much higher values of the speed of treatment,
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up to 60 mm/s [12]. Despite the discrepancy in
the values of speed of tool movement while trea-
ting welds by the HFMI method given by diffe-
rent researchers, the main parameter is the dura-
tion of treatment T during which the impact ele-
ments (the hammers) make a given number of
strokes per unit of length or surface area of the
product. At a frequency of ultrasonic oscillations
F = 18—26 kHz, the average frequency of stro-
kes of rod hammers is about ~ 1.0—3 kHz. That is,
during the duration of treatment T the total
number of strokes is

Nxaz :fz/() T. (2)

In this case, the treatment should be done in a
uniform manner and be carried out by reciproca-
ting passes from the beginning to the end of the
section to be treated.

Thus, it is necessary to distinguish the perfor-
mance P (mm/s) of the HFMI method from the
speed of operator treatment V (mm/s) of a cer-
tain joint section of length L (mm). Typically, the
treatment is made in several passes along the
joint, and the total duration of treatment T (s)
is calculated by formula (1). In this case, the ope-
rator can make technological pauses stopping
countdown on the USG timer and resuming it at
the beginning of a new treatment cycle.

DETERMINATION OF QUALITY
OF TREATMENT BY THE HFMI METHOD

Above, there are presented a practical guidan-
ce on determining the length and completeness of
the HFMI process by instrumental methods. The
final stage of this process is assessing the quality
of treatment by means of technology, which is
realized mainly visually and described in detail
in [13]. This work summarizes results obtained
by various researchers and published in the ITW
documents. The groove quality assessment, as a
rule, is done by means of visual inspection after
treatment, according to recommendations of the
13" Commission of the International Institute
of Welding (ITW). The groove obtained after the
HFMI treatment should be smooth along all spe-
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cified weld joints. There should be no visible de-
fects in the groove. To assess the groove quality, it
is advisable to use a penetrant or to inspect it
with a magnifying glass with an increase from x 3
to x 10. If any defects or flaws in the form of dark
stripes or porosity are detected, then to obtain a
smooth surface, it is necessary to perform addi-
tional passes of the tool in these places. After the
HFMI treatment, the groove should be continu-
ous, without any gaps. If the treatment cannot be
done without interruptions, for example, in the
case of long welds or around the corners, it is rec-
ommended to restart it moving back, at least,
10 mm from the stop position.

The HFMI method in a short time results in a
significant local deformation of the material in
the area of the weld line. If the rod hammer is di-
rected at a small angle in one particular place,
then a sag on the groove side may form as a result
of the plastic displacement of metal. Defects of
this type should be removed by grinding, and the
groove must undergo an additional treatment.
Such additional techniques for improving the
groove quality enable a significant increase in fa-
tigue strength. Fig. 5 features the results of fa-
tigue tests of flat Ct3 steel samples with four
welds formed as a result of welding of transverse
plates. The cyclic loading of the samples at a cycle
asymmetry coefficient R = 0 was realized on a
URS-20 machine, at a frequency of 12 Hz. The
Figure shows that the pretreatment of the transi-
tion zones of weld joints adjacent to the speci-
men, for 1 min by a shock head with four @3 mm
hammers leads to an increase in fatigue strength
from 110 to 180 MPa. After this treatment, indi-
vidual 1—2 mm long dark stripes were detected
on the groove surface. To remove them, the de-
tected defects were additionally treated by a head
with a single @4 mm hammer for 3—5 s. The tests
of these samples showed an additional increase in
fatigue strength up to 210 MPa.

Weld joint preparation. The welded reinforce-
ments and adjacent parent material must be com-
pletely cleaned and subjected to minor mechani-
cal machining with metal brushes or grinding to

ISSN 2409-9066. Sci. innov., 2019, 15(2)

remove all traces of scale, spray and other foreign
objects. The HFMI treatment of a convex profile
weld or a weld joint at a large angle of weld can
lead to a bend in plastic-strained metal over the
initial weld and, consequently, to a crack-like de-
fect in the groove. Before treating, the weld pro-
file must meet the limit values for the quality
level B according to ISO 5817 [13]. The weld
joint defects include undercuts, overfill, overlaps,
and the like. If the weld profile does not meet the
mentioned quality criteria, a superficial machi-
ning before the HFMI treatment may be requi-
red. It should be noted that the HFMI procedu-
re is the most effective in the case of treating ex-
clusively the area (line) of the weld between the
molten metal and the parent metal. Therefore,
grinding operations should be avoided, which
complicates the operator's work in terms of de-
termining a precise location of the weld. The de-
cision on the necessity of machining the joints
before the HFMI should be made by an expe-
rienced operator.

The proper welding profile before the HFMI
is necessary because of possible formation of a
crack-like defect due to a wrong contact between
the hammer and the weld. The visual inspection
of such a defect shows a dark line resembling an
elongated crack located in the middle of the
smooth groove after the treatment. The ultimate
fatigue characteristics of the welded joint having
such defects may be even lower than that of the
weld immediately after the welding. The same
defect may be observed in welds with proper pro-
files, in the case of a wrong diameter of the ham-
mer or too hard treatment, i.e. excessive number
of passes in the same area [14]. This confirms the
main result of the research, that the duration of
treatment T must be determined based on the
performance P of a certain material at given pa-
rameters of impact load.

Safety requirements. As the experience has
shown, noise and vibration in the case of HFMI
treatment are much lower than in the case of
conventional pneumatic equipment. At the same
time, the HFMI treatment, depending on the
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Fig. 5. Results of fatigue tests of 50 mm wide Cr3cm steel
weld samples in the coordinates «maximum strain of variable
external load cycle Ac — number of cycles before failure N»:
1 — after welding; 2 — after treatment of four welds along
the welding line, by ultrasound tool (duration of treatment
per one weld — 1 min, four @3 mm hammers, speed of
treatment V ~10 mm/s); 3 — additional treatment of groove
sections with defects, using one @4 mm hammer

thickness and dimensions of the structure, can be
a rather noisy operation, so it is important that
the operator and other people working nearby
should use headphones. Protective clothing for
work in the shop does not require special condi-
tions, but the operator should have an eye protec-
tion. Usually, the vibration transmitted to the
operator's hands from the tool during the HFMI
treatment is quite low, so the operator should
wear light cotton gloves and is allowed to work
during a 8-hour shift. If the vibration of a specific
tool in the course of the HFMI treatment has not
been measured by special tests, working hours
may be limited [13].

Quantitative measurements of groove dimen-
sions. The groove depth is an excellent indicator
of the degree of treatment by the HFMI method.
Depending on the yield strength of steel and the
size of indenter, typically, the optimal groove
depth after the HFMI treatment is 0.2—0.6 mm
and the optimum width is 3—6 mm. However, it
should be noted that no groove size is optimal. In
particular, grooves in the high-tensile steel struc-

tures, as a rule, are smaller and narrower than
those in the low-alloy steels. The groove depth
can be checked relatively easily with the use of
simple depth sensors. The groove center must
correspond to the welding line of weld joint [13].

In the case of HFMI treatment, there is a tech-
nological specification that is recommended by
the 13" Commission of the International Ins-
titute of Welding. Research [15] contains the
HFMI-PS specifications to be prepared for each
weld of the structure. The HFMI-PS specifica-
tions contain information on the treated struc-
ture element, parent and welding materials, type
of equipment and parameters of power supply,
quantity, size, and shape of the used indenter, as
well as special technical control requirements
and other information. The specifications are de-
veloped by respective technological departments
of enterprises together with equipment manufac-
turers for each weld in the structure as a do-
cumentary means of guaranteeing the quality of
treatment.

The result of this research is the development
of a new converter based on piezoceramic rings
with a diameter of 38 mm and a thickness of 6 mm
and a method for calculating its individual com-
ponents and the ultrasonic oscillation system in
general. The harmonization of the acoustic and
the electric paths (the converter and the ultra-
sonic generator) has been improved using recent
electronics technologies related to microproces-
sors and digital control of all ultrasonic frequency
oscillation processes.

The main parameter for automatic mainte-
nance of USVS stable operation under various
external influences has been established to be the
phase determined on the resonant or antireso-
nance frequency. In order to maintain a given am-
plitude of USVS mechanical oscillations, the vol-
tage stabilization in parallel resonance mode is
used in USG.

The studies of HFMI treatment speed influ-
ence on the microhardness of metal in the ham-
mering zone of 09T2C and Cr3cn steels in order
to determine the performance of the treatment
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have showed that the performance of weld joint
HFMI treatment P can be assessed using the
microhardness of metal in the treatment zone,
which exceeds the respective microhardness va-
lues of the surface metal layer after rolling of
sheet semi-finished products.

Practical recommendations on doing the HFMI
treatment by manual impact tool have been given
and the performance P for the HFMI treatment
of 09T2C and Cr3cn steel weld joints has been
established and is equal to ~ 1.0 mm/s. Based on
the performance, one can calculate the duration
of treatment T of a certain weld joint having a
length L to achieve a maximum microhardness
of the strained surface. The recommended speed
of impact tool movement along the weld is ~ 10—

35 mm/s. The variation of this value within the
established optimal range is explained by the
specificity of the "manual” HFMI treatment and
does not significantly affect the stability of the
hardening parameters and the quality of the sur-
face layer. The weld area (line) between the mol-
ten metal and the parent metal of length L should
be treated by uniform reciprocating movements
within a given time T.

The quality of weld joint treatment using the
HFMI technology should be assessed by visual
and instrumental methods, as recommended by
respective documents of the International Insti-
tute of Welding. The HFMI-PS specifications
that are developed for each weld for various pro-
ducts and structures has been proposed.
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CTBOPEHHY ITPOMMCJIOBOTO OBJIATHAHHA
I BUCOKOYACTOTHOI MEXAHIUHOT [TPOKOBKN BUPOBIB
BATOHOBYJIYBAHHY TA METO/IIB OIIIHKU IKOCTI OBPOBKN

Beryn. Textosorisi BUCOKouacToTHOI MexaHiunoi npokosku (BMII) sapekomenayBaia cebe sik HaailiHuii, eekTus-
HUM 1 3pYyIHUIH METOJ IS MiIBUIIIEHHST BTOMHOI MIITHOCTI 3BapHUX KOHCTPYKIIii, IO € OJTHUM 3 aKTYaJbHUX 3aB/IaHb MaIlTH-
HOOY I BHOT TasTy3i.

IIpo6GaemaTuka. /[locsizn exciuryaTanii o6magHanms Ta Textosorii BMII, nmokasas, 1o icHye yrMasio mpobJemM, mos’s-
3aHUX i3 BUSHAYEHHSIM SIKOCTI i 3aBepIieHocTi mporiecy 06pobku. B TncruryTi Metanodisuku iM. I.B. Kypaiomosa HAH k-
painu 6yJI0 3al04aTKOBAHO POOOTH 31 CTBOPEHHS YJIBTPa3ByKOBOro obuaaHanHs st BMII 3 esiekTpoMexaHiyHuMu mepe-
TBOPIOBauYaMu Ha I1'€30Kepamiili. [IpoTsirom TpuBaioro yacy ie 06JaiHaHHS 3aCTOCOBYBAJIOCS SK [IIs1 HAYKOBUX JOCTI/IZKECHb,
TaK i st 06poOKY pisHUX BUPOOIB i KOHCTPYKILiii. [IpoTe cepiiiHOro BUIYCKY yCTaTKyBaHHS Ta ITMPOKOTO BIPOBAKEHHS
textosorii BMIT y ipoMuciiosicts He BiaGyJiocs.

Mera. Po3poOka HOBOTO yJIbTPa3ByKOBOIO HAIIHOrO OOJIa[HAHHST 31 3HAYHUM POOOYNM PECYPCOM, MPUAATHOTO JIJIST
BUKOPUCTAHHS B yMOBaX BUPOOHUIITBA, Ta CTBOPEHHS iHCTPYMEHTAJIbHUX METOAIB OIIHKK KOCTI 00poOKu MeTogom BMII
3BapHUX 3'€/IHAHD [IEBHUX JleTasiell Ta BUPOOIB BArOHOOY I BHOT rajrysi.

Marepiamm it Metoau. Husbkoserosani konctpyxkitiitai crani Cr3ci i 09T2C; meToan BUMipIOBaHHS TBEPAOCTI Ta Mi-
KPOTBEP/IOCTI; OITHYHA MiKPOCKOTTisI.

Pesyabratu. BUTOTOBJIEHO MaKeT yJIBTPa3ByKOBOTO 00JIaiHAHHST, SIKUii TPOIIIOB PI3HOCTIPSMOBAHI BUIIPOOYBAHHST Ha
TTAT «KprokiBebkmii BaroHoGyaiBauil 3aBoa» (Kpemernuyk, Ykpaina). Bussieni B mporieci BUnpobyBamb HeIOJIKI GyJI0
YCYHYTO B HOBiil Moesi obnafHaHHst. 3anponoHOBAHO METOIMKY BH3HAYEHHS TIPOLYKTHBHOCTI Ta TPUBAJIOCTI 0OPOOKU
3BapHUX 3'€/IHAHb METOJIOM BUMIPIOBAHHS MiKPOTBEPAOCTL. SIKiCTb 1 3aBepieHicTb 0OPOOKU JOAATKOBO BUSHAYAETHCS Bi3y-
AJIBHUM OTJISIIOM KaHaBKH, 1[0 YTBOPIOETHCS MiJT €10 YIAaPHUX €JIeMEHTIB.

BucnoBku. BUroToB/IeHO HOBE YJIBTPasByKOBe OO IaJHAHHS Ta HaJlaHO TEXHOJIOTTYHI peKoMeHallil 3 BUGOPY PeKUMIB
00po6KH Bi3KIB 3a/i3HMYHMX BaroHiB Ta iHmunx Bupo6is ITAT «Kpiokiscbkuii BaronoOyaiBHuMii 3aB01>.

Kniouosi ciosa: BrucokodacToTHa MeXaHiuHa MPOKOBKA, BTOMA METaJly, 3BapHe 3'€/[HAHHS, MIKPOTBEP/ICTh, YIBTPas-
BYKOBe 00JIalHAHHS, IKICTh 1 TPUBAIICTH 06POOKH.
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CO3JIAHUVE ITPOMBILIJIEHHOTO OBOPYJIOBAHW
JIJISI BBICOKOYACTOTHOM MEXAHUYECKOM ITPOKOBKU U3/IEJIUN
BATOHOCTPOEHUS I METO/IOB OTIEHKU KAUECTBA OBPABOTKU

Beenenne. TexHOIOTHA BBICOKOYACTOTHON Mexarrmdeckoii mpokosku (BMIT) 3apekomeroBasia cebst Kak HaAeKHBIH,
3G heKTUBHDII U YII0OHBIN METO/L [IJI51 OBBIIIEHUS YCTATIOCTHOI IIPOYHOCTU CBAPHBIX KOHCTPYKIIUI, UTO SIBJISIETCSI OJHOU 13
AKTYaJIbHBIX 33/1a4 MAITUHOCTPOUTETIBHOM OTPACIIH.

IIpoGaemaruka. OubiT sKCcIIyaTai 000pyaoBaHust U TexHoaorun BMII, okasaj, uTo cyuecTByeT MHOKECTBO
npobJieM, CBSI3aHHBIX € OTIPE/IeJIEHHEeM KauecTBa U 3aBePIIeHHOCTH Tpoliecca o6paborku. B Mucturyre Metannodusukn
uM. I.B. Kypaiomosa HAH Ykpauus! 66111 HadaTsl paboOTHI 110 CO3aHMI0 YABTPa3BYKOBOTO obopymoBanust aiss BMII ¢
3JIEKTPOMEXAHIYECKIMU [TPE0OPa30BaTeIsIMI Ha Tibe30KepaMuke. Ha npoTsukeHrn MHOTHX JIET 3T0 060pyI0BaHue TIpUMe-
HSJIOCh KaK /IS HAYYHbIX UCCJIEA0BAHUN, TaK U Jjist 00pabOTKU Pas/IMUYHBIX U3/e/uil u KoHCTpyKuuil. O1HAKO cepuitHOTO
BBIILYCKa 000PY/I0BaHIs 1 IIPOKOTrO BHEAPEHUs TexHosoriu BMII B IPOMBIIIIEHHOCTH HE TPOUSOIILIO.

Iean. Cozanue HOBOTO yJIKTPA3BYKOBOTO HAJIEKHOTO OOOPYAOBAHISI CO 3HAUNTEIBHBIM PabOUYNM PECypPCOM, IPHUTOL-
HOTO IS UCIIOJIb30BAHUST B YCJAOBUSX IPOM3BOJICTBA, ¥ Pa3paboTKa MHCTPYMEHTAIBHBIX METOJIOB OLEHKH KauyecTBa oOpa-
60tku MetooM BMII cBapHbIX coelMHEHNI ONIPe/IeJIEHHBIX [IeTallell U U3/Ie/Inil BATOHOCTPOUTENBHON OTPACIIH.

Marepuasns u Metoabl. Huskosiernposanubsie KoHeTpykimonuble ctaau Ct3cn u 0912C; MeTozbl n3amMepenns TBep/o-
CTU ¥ MUKPOTBEPAOCTH; ONTHYECKas MUKPOCKOIIHSL.

Pesyabratel. VI3roToBIEH MaKeT yJIBTPa3BYKOBOTO 060PY/I0OBAHS, KOTOPBII [POIIE] BCECTOPOHHIE UCITLITAHUS Ha
ITAO «KprokoBckuii BaronoctTpouTtesbiblii 3aBo» (Kpemenuyr, Ykpanna). Boissiennbie B mporiecce NCIIBITAHNIN HeI0CTaT-
K1 OBLIN yCTPaHEHbI B HOBOU Mojiesint 06opyaoBanust. [IpeuioskeHa MeToIMKa ONpe/ieieHusT TIPOU3BOAUTENBHOCTH U TIPO-
JOJKUTETBHOCTH 0OPAbOTKY CBAPHBIX COEAMHEHMIT METOJOM M3MepeHHil MUKPOTBepaocTu. KauecTBO 1 3aBepIeHHOCTD
06pabOTKH JONOJHUTENBHO OTIPEEISIETCS] BU3YyalbHBIM OCMOTPOM KaHABKH, KOTOPast 00pasyeTcst 1o/ AeiicTBIEM yaap-
HBIX 3JIEMEHTOB.

BsiBozpl. 113roToBI€HO HOBOE YJIBTPa3ByKOBOE 000PYAOBAHIE U TIPEJICTABIEHBI TEXHOTOTHYECKIE PEKOMEHIAIUH 10
BBIGOPY PEKUMOB 0OPAOOTKY TEJIEKEK JKeNE3HOAOPOKHBIX BArOHOB 1 Apyrux usneanii [IAO «KBC3».

Knwuegvie caosa: BPICOKOUACTOTHAST MEXaHNYECKAs TPOKOBKA, YCTAJIOCTh METAJLIA, CBAPHOE COEANHEHNE, MUKPO-
TBEPOCTD, YILTPa3ByKOBOE 0060PYI0BAHUE, KAYECTBO U MPOJOJIKUTEIBHOCTH 0OPabOTKH.
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