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Friction stir welding (FSW) is one of the mechanical joint
methods that need no filler metal. The heat is obtained from the
friction force between the base metal and friction tool. The FSW is
proposed by The Welding Institute — TWT in 1991 which is hoped
to overcome problems to weld metals with low weldability. Parame-
ters of FSW determine the quality of the joint and in this paper the
normal force as an independent parameter varied at 13,000, 14,000
and 15,000 N. The rotation and feeding speeds are controlled at
1,092 RPM and 200 mm/min respectively. From the experimental
results, it is found that 15,000 N provided the strongest joint (spe-
cimen 1). The highest heat input was claimed to cause a better joint.
This high heat input provides enough weld nugget and time for
the aluminum to grow its grains, which in turn increase the tensile
strength of the FSW joint.

However, from the average values and the trend line it cannot
be assumed that the greater pressure force always produces higher
tensile strength. The tensile strengths were almost at the same level
(115.44+1.56 MPa) meanwhile the calculated heat input is linearly
dependent on the pressure force: 73.59, 79.25 and 84.91 J/mm for
pressure forces equal to 13,000, 14,000 and 15,000 respectively.
The recorded temperature, which indicates heat input showed the
same trend with tensile strength, it was on the same level, those are:
491.55+2.22 °C. There must be some aspects which were not taken
into account in the heat input mathematical model. Or maybe, the
assumption of higher heat input is not always accomplished by the
higher pressure force. Based on the literature, it is found that the
yield strength is mitigated at a higher temperature. This lower yield
strength decreases the friction force for a constant normal force
which in turn causes declining heat input which contradicts the
previous assumption.

Another literature that inspected the coefficient of friction as
a function of temperature showed that the coefficient is altered due
to temperature.

And finally, the higher normal force does not mean a stronger
joint can be produced by means of Friction Stir Welding.
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High temperatures and exposure to the chemical effect
of powder gases that accompany artillery salvos actively destroy
the surface layer of a barrel channel material. This disrupts the
geometry of a barrel channel, thereby reducing the accuracy of an
artillery gun aimed firing. We have proposed a technology of surface



plastic deformation of the channel inner surface for strengthening
the barrels of large caliber artillery and tank guns. The strength-
ening implies the cold-work hardening of a barrel channel metal
with spherical deforming bodies that are mounted onto a mas-
sive cylindrical reinforcer. During machining, the reinforcer is

driven into a rolling motion over the treated inner surface of
a barrel channel and moves along the geometrical center of the
machined gun’s barrel. As a result of such a hardening treatment,
the residual compression stresses form in the thickness of a bar-
rel channel material, thereby improving its surface microhard-
ness. That contributes to an increase in the resistance of a barrel
channel material against its burn-out and wear during artillery
salvos.

The reinforcing equipment for the implementation of such
a treatment includes a reinforcer in the form of a cylinder with de-
forming bodies, an electric motor of the drive, and a mechanism to
transfer the torque from the motor shaft to the reinforcer. During
strengthening treatment, the set-up moves along a gun barrel chan-
nel, cold-working its material. The ensured hardening thickness is
0.15-0.20 mm.

The hardened surface layer of a gun barrel material, due to the
heightened microhardness, firmly opposes the formation of ope-
rational microcracks within it. The compression stresses, formed
in the thickness of a barrel channel metal, resist the temperature
propagation of microcracks. Owing to this, the resistance of the
hardened barrel metal against operational destruction increases,
thereby improving the reliability and durability of costly artillery
armament.

Keywords: artillery gun, gun barrel channel, high-temperature
burnout, wear, surface hardening, microhardness improvement.
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The methods proposed in this paper for calculating index ratings
when selecting machine operators provide greater accuracy than the
selection based on expert estimates and integrated indicators for
groups of expert estimates.

Index estimates are calculated based on the algorithm that
combines self-assessments and expert estimates into the Quality
index of professional competence of a machine operator (Ip¢) while
expert estimates and standardized assessments are combined into the
Quality index of a machine operator training (/7). The proposed
methods for computing the index estimates comprehensively cha-
racterize an element in the functioning of the social subsystem in the
system «Machine operator — Machine with numerical control — Part
manufacturing program», OMMP.

Index estimates characterize the degree of coherence/imba-
lance among self-assessments and expert estimates, as well as expert
estimates and standardized assessments, as well as systemic interre-
lations between a machine operator and elements of the social, tech-
nical, and information subsystems within an open system.

Advantages of index-based selection of machine operators over
that based on expert estimates were assessed by comparing the two
series of rankings in a list of names. The series of rankings were
obtained using such methods as linear convolution and multiplica-
tive convolution. It has been proven that the selection of machine
operators using linear convolution is considerably more accurate if
carried out based on the index estimates, when compared with expert
estimates. It is appropriate to use a binary search method to select
machine operators in accordance with a customer’s requirements.

Keywords: self-assessments, expert estimates, standardized esti-
mates, objective assessments, index estimates.
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The interaction of papers and films with the testing liquid was
researched. Measurements of the contact angle were taken depen-
ding on the substrate and its morphology. Linear dimensions of the
paper were determined while wetting the samples with distilled
water, also the dynamics of water penetration into the paper’s
structure was researched. The quality control of liquid absorption
by the paper was conducted. The research of mentioned parameters
is required while creating absolutely new materials to be a printing
surface. These measurements allow determining the possibility of
current existing materials use in a particular technological process
of printing.

The relationship between printed surface wetting and its tech-
nical-printing parameters is determined. The interaction of the
«printed surface — liquid» system is predicted. The component
pairs mutual influence onto the printing process is determined.
The ability of materials to be used as the printing surface in the
inkjet printing and their ability of being used in the offset printing
with the printing plate’s dampening are researched. The possibility
to ensure the normalized color difference of imprints was taken
into account.

The stated hypothesis was checked for correspondence to
the mathematical-statistical certainty statements. The correlation
values and correlation ties were calculated. It was mathematically
confirmed that the greatest water repellency depends on the porosity
and surface liquid volume values. Also, it more significantly depends
on the paper’s wetting if comparing to surface liquid volume value.
So, while selecting the printed surface, it is necessary to take into
account the substrate’s porosity, and its liquid wetting degree. The
data obtained while measuring the set parameters allows making
a decision about printing on the material via several printing types.
The research results allow setting the stability of the technolo-
gical process and getting the reproductions with the normalized
values of optical density and with the color difference no more
than 5 units.

Keywords: printed surface, printed product, inkjet printing,
contact angle, surface wetting.
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AND PELLETS (HBI) (p. 35-42)

Ramin Kerimov
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The paper addresses the issue on improving the intensity of mel-
ting in the production of steels using hot briquetted iron (HBI) in
the charge that mostly consists of metal waste. An analysis has been
performed into the features of melting that uses charge of complex
composition. To ensure the boiling of metal bath, it is recommended
to introduce to the bath carbon-containing raw materials in the form
of steel waste in the amount exceeding 80 %. It was established that
applying HBI almost does not reduce the yield of usable metal due to
a high content of metal waste that makes up the charge.

At the same time, the paper analyses the role of silicon and man-
ganese oxidation process in the refining of liquid steel at melting the
alloy wastes used as charge materials in an electric arc furnace. The
dependences of equilibrium concentrations of oxygen and silicon at
different temperatures in the system Fe—Si—O have been given. In
addition, the dependence diagram of manganese oxidation products
in a liquid iron on the temperature and concentration of manganese
in the alloy MnO-FeO has been constructed. The equilibrium con-
centrations of oxygen and silicon with carbon deoxidizing capability
have been defined, in the field of liquid silicates and in the field of
solid SiO,.

The high-quality silicon and manganese oxidation when smelt-
ing steel made from metal waste and hot briquetted iron (HBI)
contributes to the fullest refining of liquid steel through the phases
metal-slag or metal-gas.

It has been shown that the content of silicon during electrical
steel refining drops to traces. Thus, when using metal waste and
pellets as charge in the steel-making process, a silicon oxidation
reaction does not reach equilibrium. If a sour process is performed,
then the oxidation of silicon reaches equilibrium and, under certain
conditions for melting the charge under the influence of heat from
an electric arc, there may occur a significant reduction of silicon that
takes place at a higher temperature (a silicon-reducing process). The
basic process of melting the charge from metal waste and hot bri-
quetted iron in an electric arc furnace has been recommended. In this
case, the reducing period of melting is aimed at metal deoxidation,
sulphur removal, at bringing the chemical composition of steel to the
preset composition, at controlling the process temperature. All these
tasks are solved in parallel throughout the entire reduction period.
The complete removal of oxidative slag was followed by adding to
the furnace of slag-forming mixes together with deoxidizing agents,
that is the new slag (carbide or white) was introduced.

A rise in the furnace bath temperature decreases the equilibrium
constant of manganese. Therefore, in the absence of ferromanganese
additives in the bath in the process of melting refinement, the be-
havior of manganese in the bath can be an indicator for the metal
temperature.

Keywords: hot briquetted iron, electric arc furnace, melting
intensity, mechanical properties of steel, alloyed waste.
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A broaching technique for thick-walled pipes has been investi-
gated. The proposed technique implies the deformation of a hollow
workpiece without a mandrel. The procedure has been devised to
conduct theoretical studies using FEM. The procedure is aimed at
determining the thermal, stressed state and a shape change in the
workpiece while forging pipes without the use of a mandrel. The
variables applied were the internal diameter of a hollow workpiece,
which ranged in the interval of 0.30; 0.55; 0.80. Based on the fi-
nite-element modeling, the following was established: the distribu-
tion of temperatures and intensity of logarithmic deformations with-
in the volume of a pipe after broaching without the use of a mandrel.
The diameter of a pipe’s hole has been determined, which is formed
at broaching when applying a given technique. The dependences of
intensity of lengthening and thickening of the wall of a pipe have
been established. A special indicator was devised to estimate the
elongation rate of a pipe. It was determined that increasing the inner
diameter increases the lengthening of a pipe and decreases the inten-
sity of the hole forging. The common dependence for the simulated
broaching schemes is that the magnitude of elongation of a hollow
workpiece changes insignificantly for different degrees of reductions
at constant relative sizes of a pipe. It has made it possible to establish
a recommended feed in order to increase the elongation of a hollow
forging and to decrease the degree of closing a hole. The rational feed
shall be (0.05...0.15)D. The results from the finite element modeling
were verified by experimental study using lead samples. An experi-
mental modeling procedure has been devised. It was established that
at an inside diameter of the workpiece of (0.5...0.6)D one observes
a maximum of the wall thickening. It was established that the results
for a workpiece shape change, obtained from a theoretical study
using FEM, exceeded those acquired experimentally by 9.14 %.
The validity of results from theoretical modelling is confirmed by
data from experiments on decreasing the internal diameter of the
pipe. Difference between the theoretical and experimental results
amounts to 9...12 %. The established patterns make it possible to de-
termine the resulting diameter of a pipe’s hole. It was found based on
the results from modeling that it is impossible to broach pipe work-
pieces without a mandrel. This technique extends the possibilities
of technological processes aimed at manufacturing pipe workpieces.

Keywords: thick-walled pipe, broaching without a mandrel,
forging, forge a hole, workpiece lengthening, FEM, thermal state,
strained state.
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This paper reports a procedure for borrowing the principles
of body structure of sea creatures to design tillage tools. Work of
tillage tools under conditions of low soil consolidation necessitates
improving the streamlining, that is, the crushing and loosening must
be ensured not by undercutting, but by cutting with sliding. The
adopted criterion for design rationality is the magnitude of traction
resistance. The analytical part of the general procedure makes it pos-
sible to calculate its magnitude. The novelty is the fact that the over-
all traction resistance is split into components whose magnitudes is
calculated separately. This element is important because it makes it
possible to proceed, during calculation, to rectilinear infinitesimal
sections of the perimeter and to separately adapt the components of
a cutting perimeter to the tilled environment.

The following elements in the identification of a biological ana-
log and a technical prototype are given: frontal part (snout) — chi-
sel-shaped ripper’s tip; lateral fins — pointed wings; vertical keel
fin — crumbler. The result from identifying a biological analog and

a technical prototype is the derived regression model of the cutting
perimeter and working surface.

Based on the results of analytical studies, a mathematical model
has been proposed of the interaction between a working body and
soil. Special feature of the analytical model of interaction with a soil
environment is that it is based on the conditions for unsupported
cutting. The main provisions of the performed analytical studies
have been confirmed by results from model experimental research,
which showed a decrease in the traction resistance by 20 % on
average, compared with the model of a standard working body. Such
a result can only be obtained by reducing the friction forces, that
is by improving the streamline capacity of a working surface. The
novelty of the scientific results obtained is the complete adaptation
of the working surfaces of a biological analog to working under con-
ditions of a soil environment.

Keywords: tillage, working surface, traction resistance, shape
streamline capacity, methods of bionics, tillage tools.
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Current research addresses improving the effectiveness of the
technological process of tilling the soil for agricultural crops. Based
on the experimental study into the technological process of plow-
ing, we have determined the efforts that act on the mechanism of
a tractor’s attachment and a landside. It was found that universal
casings for ploughs enhance plowing effectiveness by improving their
stability. It was established that this leads to a decrease in the energy
intensity of a plough casing during soil tilling, as well as provides for
a uniform wear of the friction surface due to changes of its surface.
Tt was determined that it is necessary to improve the components of
tillage machinery in order to prolong the mean time between failures
for working bodies and to reduce their traction resistance. It was
established that the influence of a transverse pressure force that acts
on a plough’s landsides has not been sufficiently studied. Not enough
attention has been paid to determining the magnitude of a traction
effort for each link in the mechanism of an attachment to a tractor’s
assembly. One of the reserves for enhancing technological indicators
and reducing energy intensity of a plowing assembly is the structural
improvement of a standard plough’s landside. In the course of ex-
perimental study, we used a system for measuring the dynamics and
energy efficiency of mobile machines, which refers to the tools for
technical diagnosing and operational control. The strain gauges were
placed on a plough’s landside, at the middle, left, and right links in
the mechanism of a tractor’s attachment. It was determined that the
mean value for a shear force of pressure acting on a landside installed
at the bearer of a first plough’s casing is 1,610—1,668 N. At the bearer
of a second casing, it is 1,525—1,630; at the bearer of a third casing, it
is 1,848—1,870 N. It has been proposed to use, instead of a standard

landside for the mounted ploughshare PLN-3-35, a flat-rounded
element in the form of a disk with a hub that has a horizontal axis of
rotation. The disk transforms the sliding friction forces into rolling
friction forces. The application of disk reduces energy intensity of
the plough by 13—-15 %. That leads to a decrease in the traction effort
of the plough’s casings, improves their stability, and lowers consump-
tion of petrol, oil, and lubricants.

Keywords: flat-rounded element, landside, plough’s casing,
wheel furrows, plough.

References

1. Novikov, V. S. (2019). Obespechenie dolgovechnosti rabochih or-
ganov pochvoobrabatyvayuschih mashin. Moscow: INFRA-M, 155.

2. Yaroshevskiy, V. A. (2008). Teoreticheskie i eksperimental’nye issle-
dovaniya V. P. Goryachkina v traditsiyah rossiyskoy shkoly mekhan-
iki. Vestnik FGOU VO MGAU, 1, 10-12.

3. Zaika, P. M. (2001). Teoriya silskohospodarskykh mashyn. Vol. 1: Ch. 1.
Mashyny ta znariaddia dlia obrobitku gruntu. Kharkiv: Oko, 444.

4. Voitiuk, D. H., Aniskevych, L. V., Volianskyi, M. S., Martyshko, V. M.,
Humeniuk, Yu. O. (2017). Silskohospodarski mashyny. Kyiv: «Ahro-
osvita», 180.

5. Belousov, S. V. (2016). Ploughshare plow with additional disk wor-
king bodies. Polythematic Online Scientific Journal of Kuban State
Agrarian University, 115 (01).

6. Pat. No. 118637 UA. Korpus pluga (2018). No. a201802704; decla-
reted: 16.03.2018; published: 11.02.2019, Bul. No. 3.

7. Pat. No. 116401 UA. Pluh nachipnyi (2016). No. a201604514; decla-
reted: 22.04.2016; published: 12.03.2018, Bul. No. 5.

8. Dziuba, O. A. (2018). Stan pytannia i shliakhy vdoskonalennia le-
mishnykh nachipnykh pluhiv. Tekhnichnyi servis ahropromyslovoho,
lisovoho ta transportnoho kompleksiv, 11, 226-232.

9. Pat. No. 118326 UA. Ornyi ahrehat (2017). No. a201712429; decla-
reted: 14.12.2017; published: 26.12.2018, Bul. No. 24.

10. Dziuba, O. A, Fesenko, H. V., Dziuba, A. 1., Merinets, N. A. (2016).
Pat. No. 115184 UA. Korpus pluha. No. a201600130; declareted:
04.01.2016; published: 25.09.2017, Bul. No. 18.

11. Dziuba, A. 1., Fesenko, H. V., Dziuba, O. A., Merinets, N. A. (2015).
Pat. No. 114973 UA. Korpus pluha. No. a201512879; declareted:
25.12.2015; published: 28.08.2017, Bul. No. 16.

12. Pat. No. 116278 UA. Korpus pluha (2016). No. a201604515; decla-
reted: 22.04.2016; published: 26.02.2018, Bul. No. 4.

13. Pat. No. 117207 UA. Korpus pluha (2017). No. a201708562; decla-
reted: 21.08.2017; published: 25.06.2018, Bul. No. 12.

14. Trubilin, E. I, Konovalov, V. 1., Konovalov, S. 1., Belousov, S. V.,
Movchan, E. S. (2018). Theoretical justification of the parameters
of a cylindrical plow floor board. Polythematic Online Scientific
Journal of Kuban State Agrarian University, 136 (02). doi: https://
doi.org/10.21515,/1990-4665-136-005

15. Vetohin, V. L et. al. (2009). Tyagovo-privodnye kombinirovannye
pochvoobrabatyvayuschie mashiny: teoriya, raschet, rezul’taty ispy-
taniya. Kyiv: Feniks, 265.

16. Kozachenko, O. V;; Blezniuk, O. V. (Ed.) (2008). Problemy resursoz-
berezhennia silskohospodarskykh ahrehativ. Kharkiv: KhNTUSH
«Tornado», 269.

17. Celik, A., Boydas, M. G., Altikat, S. (2011). A Comparison of an
experimental plow with a moldboard and a Disk Plow on the Soil
Physical Properties. Applied Engineering in Agriculture, 27 (2),
185-192. doi: https://doi.org/10.13031,2013.36485

18. Lobachevskiy, Ya. P, Komogortsev, V. E, Starovoytov, S. L., Khramov-
skikh, K. A. (2016). Analysis of tractive resistance of general plow
body elements. Agricultural machinery and technology, 2, 11-15.

19. Lobachevskiy, Ya. P, Starovoytov, S. 1., Chemisov, N. N. (2015).
Power and technological evaluation of soil cultivating working tool.
Agricultural machinery and technology, 5, 10-13.



20. Sahuy, R. K., Raheman, H. (2006). Draught Prediction of Agricultural
Implements using Reference Tillage Tools in Sandy Clay Loam Soil.
Biosystems Engineering, 94 (2), 275-284. doi: https://doi.org/
10.1016/j.biosystemseng.2006.01.015

21. Kheiralla, A. F, Yahya, A., Zohadie, M., Ishak, W. (2017). Design and
Development of A Three-Point Auto Hitch Dynamometer for An
Agricultural Tractor. ASEAN Journal on Science and Technology
for Development, 20 (3&4), 271. doi: https://doi.org/10.29037/
ajstd.355

22. Antoshchenkov, R. V. (2017). Dynamika ta enerhetyka rukhu bahato-
elementnykh mashynno-traktornykh ahrehativ. Kharkiv: KhNTUSH,
«Miskdruk», 244.

23. Antoschenkov, R. V. (2015). Izmeritel'naya sistema dinamicheskih
i energeticheskih parametrov traktorov i mashinno-traktornyh agre-
gatov. Mezhdunarodniy nauchniy, nauchno prilozhniy i informa-
tsionniy zhurnal «Mekhanizatsiya na zemedelieto», 12, 9—11.

24. Pat. No. 131846 UA. Korpus pluga (2018). No. a201802549; decla-
reted: 14.03.2018; published: 11.02.2019, Bul. No. 3.

DOI: 10.15587/1729-4061.2019.169664

RESULTS OF NUMERICAL MODELING OF THE
PROCESS OF HARVESTING THE SEEDS OF
FLAX BY A HARVESTER OF THE STRIPPING
TYPE (p. 66-74)

Olecsiy Kozachenko

Kharkiv Petro Vasylenko National Technical University
of Agriculture, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0001-5139-6138

Andrii Pakhuchyi

Kharkiv National Agrarian University named

after V. V. Dokuchayev, Kharkiv region, Kharkiv district, Ukraine
ORCID: http://orcid.org/0000-0002-7371-5264

Olexander Shkregal

Kharkiv Petro Vasylenko National Technical University
of Agriculture, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-5552-9679

Sergey Dyakonov

Kharkiv National Agrarian University named

after V. V. Dokuchayev, Kharkiv region, Kharkiv district, Ukraine
ORCID: http://orcid.org/0000-0002-2451-5610

Oleg Blaznyuk

Kharkiv Petro Vasylenko National Technical University
of Agriculture, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-7928-117X

Volodymyr Kadenko

Kharkiv Petro Vasylenko National Technical University
of Agriculture, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-3095-3633

The purpose of the current theoretical study is to improve the
efficiency of the technological process of harvesting flax seeds with
a harvester of the stripping type by substantiating its structural-
operational parameters. The goal has been accomplished by con-
structing an appropriate physical-mathematical model that takes
into consideration the technological parameters for operation of
the harvester, as well as the physical-mechanical properties of
a flax pile. The theoretical study has been performed by means of
numerical simulation using the software suite STAR-CCM+. The
physical-mathematical apparatus is based on the k—¢ conjugated flow
turbulence model, a van der Waals model of real gas, averaging by
Reynolds, a Navier-Stokes equation, a Lagrangian multiphase model,
and a discrete element model.

The undertaken theoretical research has established the effect
of structural-technological parameters of the stripping-type har-
vester on the quality of the process in its region when harvesting
flax by direct harvesting when stripping plants at the root. It has
been proven that the course of the process is substantially affected
by an air flow resulting from the operation of a beat-reflector and
a harvester’s stripping rotor. The result of numerical modeling of the
process of separating a flax pile in the stripping-type harvester is the
derived distribution of an airflow in its region. We have determined
the dependences of maximum speed of an airflow on the rotation
frequency of the beat-reflector and stripping rotor. The maximal air
flow speed is Vix=30 m/s, predetermined by the rotation frequen-
cy of the beat-reflector and stripping rotor: 7y=n,=800 rpm. We
have substantiated the position of an air grid and approximated the
shape of the casing. The following rational structural-technological
parameters have been obtained, which contribute to improving the
quality of the process of pile separation: the rotation frequency of
beat-reflector ny=782 rpm, the rotation frequency of stripping rotor
ny=671rpm, the position of a transparent zone border L=0.82 m
and its width B=0.45m. The constructed physical-mathemati-
cal models allow targeted control over the operational parame-
ters of the stripping-type harvester in the process of harvesting
flax seeds.

Keywords: harvester, technology of plant stripping at the root,
flax, structural parameters, airflow, separation process.
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