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TECHNOLOGY HIGH-SPEED SHARPENING CARBIDE TOOLS
ТЕХНОЛОГИЯ ВЫСОКОСКОРОСТНОГО ЗАТАЧИВАНИЯ ТВЕРДОСПЛАВНЫХ ИНСТРУМЕНТОВ
A.P. Rechenko D., Titov Y., Balova D.
Department of cutting machines and tools, OmSTU, Omsk, Russian Federation
Abstract: Modern machines allow to position cutting tools relative to the workpiece with an accuracy of 1 micron, but increasing
of producing detail accuracy can be achieved only by an increase of sharpness of the cutting tool, which will guarantee allow to cut
required metal pads of the size of 2 ... 5 microns, and will reduce the time spent on finishing operations. Existing manufacturing techniques
and sharpening of cutting tools let to receive the sharpness of the blade up to 10 microns. A further increase of sharpness is only possible
with the use of high-speed sharpening.
Modern machines allow to position cutting tool relating
to workpiece within the accuracy of 1 µm, but fabrication
operation accuracy increase can be achieved only with increasing
of sharpness of cutting tool that will guaranteed allow to cut
necessary metal pad of size 2…5 µm, and also will allow to
decrease time spending on finishing operations. Existing
fabrication and sharpening technologies of cutting tool allow
getting blade sharpness up to 10 µm. Further increasing of
sharpness using existing technologies and equipment is
impossible [3, 4, 5].
Existing equipment of aerospace enterprises with metal
cutting tool doesn’t supply stable quality and production of
processing key details of aircraft engine and rockets. That’s why
production of engines comes to individual (selective) selection
while assembling engine components. That is existing
technologies, wherein cutting tool, process conditions and metalworking machinery, do not make it possible to get stable sizes
and quality of work pieces surface in full. The best accuracy that
enterprises can really reach in cutting edge machining is
approximately 10 µm.
While making turbine blade disk many spark-out
operations are utilized at manufacture. It is related to the fact that
existing machines and software allow to position cutting tool in
relation to work part with accuracy of 1 µm, however, metal
cutting tool that is used for treating heat resistant alloy, has
sharpness (cutting blade corner radius) of 10…15 µm. For
reaching required manufacturing accuracy machine operator has
to size details many times, at that, while moving cutting tool for
10 µm, it is pressed into the detail, however, there is no cutting
action because of its fragility. The machine operator has to
increase depth of cut and repeat the action, at that during another
approach cutting edge cuts into the detail and cuts metal pad to
excess that can lead to defect of the detail. Using existing metal
cutting tool it’s almost impossible to get required accuracy.
Of all the details of aircraft engines, building from heatresistant alloys, 20% satisfy requirements of manufacturing
accuracy, defect list is compiled for 50% of the details (at that
their value decrease for 1/3) and 30% are completely discarded.
Taking into account this fact, engine builds by selective method
with the fittest sizes. In the most cases during engine repairing
it’s impossible to change worn part for a new one, because while
producing the standardization is not providing. For
standardization it’s necessary to increase accuracy of
manufacturing that will lead to increasing of details number that
fit to size requirements.
For cost savings and increasing in performance of
aircraft details manufacture from heat resistant alloys, it’s
necessary to solve scientific and technical problem of cutting tool
development with the blade corner radius less than 1 µm (super
blade). This tool will let to decrease number of details with
damages, decrease defective goods on account of accuracy
increase and production efficiency.
Classical methods and mode of sharpening with using
of finishing operations allow to get the blade with sharpness not
less than 5…6 µm (illustration 1,a). Machining was at the
sharpening mode of V=30…40 m/s, S=1…1,5 m/min and t=0,01
mm/ double stroke.

High speed machining was at the sharpening mode of
V=260…280 m/s, S=1…1,5 m/min and t=0,01 mm/double stroke it
allows to get the blade with sharpness of 1…2 µm (illustration 1,b).

а)

b)
Fig.1. Blade carbide cutting tool, from:
а) the classical sharpening with finishing operation;
b) high speed sharpness
Researches were conducted on a scanning electron
microscope Jeol JCM-5700. X-ray analysis is shown in Table 1. Error
measurement is from 0.32 to 0.47%.
Table 1
Element
C
O
Co
W
Total
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Classical sharpness

High speed sharpness

Mass %
18.77
2.25
5.49
73.49
100.00

Mass %
14.84
6.06
79.09
100.0

Table 1 shows that for a classical sharpening WC
content (tungsten carbide) is about 92%, and Co (cobalt) is about
5.5% and O (oxygen) is about 2.25% that confirms the formation
of oxides on the surface of the cemented carbide. Changes in the
chemical composition say about high temperatures and may be
cutting forces while sharpening. Thus at high speed sharpening
WC content (tungsten carbide) is about 94%, and Co (cobalt) is
about 6%, which corresponds to the initial composition and to the
GC1105 alloy condition (Sandvik Coromant). At the same time
on the tested surface oxides are not observed.
Parameters of surface and quality of sharpening are
shown in figure 2 and table 2.

а)

Using of carbide with a corner radius of less than 1 µm, on
turning operations it is possible with cutting depth not less than 2-3
µm. To confirm this assertion, researches were conducted at the outer
turning of parts: from steel 12X18H10T, HRC 41 ... 42; titanium alloy
VT3-1, HRC 39 ... 40 (initial diameter D = 42,8 mm and the length L
= 20 mm) on the lathe with CNC EMCO 450 Concept Turn. Turning
was carried out with sharpened carbide blade CNMG 120408 alloy
1105 Sandvik Coromant (the sharpness of the blade is 0.8 ... 1 µm) at
cutting speeds V = 60 and 120 m / min, feeding S = 0,05 and 0.08 mm
/ rev and the depth t = 3 µm.
The results of the researches:
1. Turning was provided at the cutting depth of 3 µm and
control of the size of the parts was made every 10 passes, and the
obtained size was monitored and compared with the required nominal.
According to the obtained measurements was developed characteristic
curve of resistance of carbide. The magnitude of technological wear of
the plate is assumed equal to 10 µm in all cases.
2. Dependencies of resistance of cutting tools for turning
steel 12X18H10T has the form: T = 0,000 • V2 - 0,338 • V + 50,6;
when turning VT3-1: T = 0,000 • V2 - 0,25 • V + 37.
3. Figure 3 shows a cutting formed as a result of processing.
The type and shape corresponds to the normal type of chips. The
length of microcuttings is 5 ... 10 mm. Cauterizes and annealing
colors are not observed one the cuttings, that indicates small value of
the contact temperatures.

b)
Fig. 2. The machined surface obtained:
a) the classical sharpening with finishing operations;
b) high speed sharpening

а)

Table 2
Parameter
The
average
value of
the
microrelief
The
maximum
value of
the
microrelief
The
minimum
value of
the
microrelief
Blade
corner
radius

Classical
sharpening

High speed sharpening

3,496 µm

0,350 µm

5,105 µm

0,393 µm

1,910 µm

0,323 µm

8…10 µm

0,8…2 µm

Main researches in this work are related to obtaining
high-quality blade carbide cutting tool that provides an
opportunity of sharpening different steels used in the aviation and
aerospace industries with the potential accuracy of the
technological system. We considered steel 12X18H10T and alloy
VT3-1.

b)
Fig. 3. Cuttings, obtained by treating:
а) top surface, х500;
б) cutting chip surface, х500
4. The quality of the detail treated surface that is determined
with the height of the irregularities is sufficiently high. The magnitude
of irregularities (surface roughness) is in the range of Ra = 0,08 ...
0,12 µm. The accuracy in size is Δ = ± 0,25 µm (deviation of the
actual size from the nominal size).
Working accuracy and machined surface quality is a logical
and appropriate because working accuracy and surface quality is 5-8%
of the depth of cut.
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AN EXPERIMENTAL INVESTIGATION OF ELECTRIC MOTOR
VIBRATIONS CAUSED BY INVERTER SUPPLY
M.Sc. Kurkiewicz J., M.Sc. Serwicki T.
Faculty of Electrical Engineering – Kielce University of Technology, Poland
jkurkiewicz@tu.kielce.pl, t.serwicki@tu.kielce.pl
Abstract: The paper presents concepts related to analysis of mechanical vibrations of a squirrel-cage induction motor. It describes an
experimental approach using piezoelectric accelerometer and analog/digital data acquisition tools. The influence of powering the motor with
an inverter on vibration harmonic content is presented and different PWM switching frequencies are compared to regular line supply.
Keywords: VIBRATION, ELECTRIC MOTOR, ACCELEROMETER, INVERTER, PWM, SWITCHING FREQUENCY

1. Introduction
Electrical machines are a vital component of almost every
industry and induction motors in particular are the most widely
employed machines. The vibrations occurring in electrical motors
can generally be divided into those of mechanical and
electromagnetic origin. Vibration analysis is a common approach
employed in online motor diagnostics. Both mechanical and
electrical faults may show evidence at a wide range of
frequencies[1,4]. While such identification approaches are perfectly
valid for electric motors supplied from a balanced grid, it is more
difficult in the case of inverter-powered motors. Inverters introduce
a significant amount of vibrations at a wide range of frequencies
making it more difficult to distinguish harmonics caused by
potential faults. Switching frequency of the inverter plays a major
role in creation of both mechanical and acoustic vibrations. On the
other hand vibration measurement can also be useful in detecting
inverter faults [1]. The paper presents an approach to identify and
analyze vibrations caused by inverter operation at different
switching frequencies. Proper detection of vibrations may be used
to fine-tune inverter settings to minimize audible noise, mechanical
vibrations and to reduce its influence on the detection of vibrationcausing faults.

2. Experimental Setup
Measurement stand used to conduct described experiments
consists of:
•

3-phase, 0.55kW induction motor

•

3G3MV inverter

•

IMI603C01 piezoelectric accelerometer

•

NI9234 4-channel data acquisition card coupled with
NI cDAQ-9174 measurement system

•

PC equipped with diagnostic and measurement
software designed in LabVIEW

Schematic diagram of used measurement set is shown in fig. 1.
The laboratory setup is depicted on fig. 2.

Fig. 1. Schematic diagram of the measurement set.
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•

Maximum sampling frequency per channel: 51.2kS/s

•

Input voltage: ±5V

•

24-bit resolution

•

Dynamic range: 102dB

of frequency components and then in time domain to evaluate
vibration consistency.
The inverter-fed motor tests were conducted for switching
frequencies of 1.2kHz, 5kHz and 10kHz. Phase current was
measured for every case in order to correlate vibrations with
current’s harmonic content.

Both the card and the sensor were configured using in-house
software designed using LabVIEW environment. The software used
to acquire, analyze and graphically present the accelerometer data is
conceptually based on NI’s Sound&Vibration example. Fig. 3
shows the main panel of the program. The software allows heavily
customizable graphical representation of time-domain waveforms as
well as FFT and STFT results.

Fig. 5 presents registered phase current of the grid-powered
motor. As expected, it is not a perfect sine due to slight imbalance
of the grid and possible asymmetry of the motor. The result of FFT
analysis of mechanical vibrations is shown in fig. 6. Fig. 7 presents
0-2kHz subset of said analysis. Under such conditions vibrations of
up to 0.3m/s2 RMS are present.

Fig. 3. The main panel of the program.

The strongest vibrations occur at 100Hz, 300Hz, 1100Hz,
1200Hz, and 1750Hz. The 3600Hz vibration is the last significant
vibration.

The analog input of the data acquisition card requires prior
configuration in order to be used with IEPE accelerometers. Fig. 4
presents the configuration window which is used to set required
parameters regarding IEPE excitation.

The 1200Hz signal is not continuous and peaks roughly every
0.04 seconds as can be seen in fig. 8.

Fig. 4. Configuration window.

3. Results and Analysis
Vibration samples were recorded for a healthy motor, under noload condition, fed first from the grid and then from the inverter. It
is important to note that experimental tests measure vibrations of
both mechanical and electromagnetic origin. First, the acquired data
is analyzed in frequency domain to identify sources and magnitudes

Fig. 5. Phase current of the motor supplied from the grid.
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Fig. 6. Frequency spectrum of the vibrations of grid-powered motor.

Fig. 7. 0-2kHz subset of vibration frequency spectrum.

Fig.8. STFT spectrogram of grid-powered motor vibrations.

Lower frequency components are diminished with 1200Hz
component’s RMS at 0.1m/s2 and 1750Hz at 0.16m/s2. 3600Hz
vibration remains the same. However, PWM’s switching frequency
introduces substantial vibration at 10kHz. The RMS value of this
signal reaches 1m/s2, which is more than 3 times that of the most
significant vibration when supplied from the grid.

The situation changes significantly when the motor is fed from
the inverter. Supplied phase current is presented in fig. 9.
Measurement results recorded at 10kHz switching frequency are
shown in fig.10.

The results obtained at 5kHz switching frequency are shown in
fig. 11. As can be seen PWM-related vibration near 5kHz reaches
the RMS value of 0.8m/s2. The 2nd harmonic of the switching
frequency is also present at 0.37m/s2. Lower frequency components
remain unchanged.
The last measurements were taken at 1.2kHz switching
frequency. Significant audible vibrations are produced, which are
presented in fig. 12. The 1200Hz component’s RMS value is over
3.25m/s2. The phase current at this frequency is significantly
distorted as can be seen in fig. 13. Higher harmonics of the
switching frequency are also present.
Fig. 9. Phase current at 10kHz switching frequency
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Fig. 10. Frequency spectrum of motor’s vibrations when supplied from the inverter at 10kHz switching frequency.

Fig. 11. Frequency spectrum of motor’s vibrations when supplied from the inverter at 5kHz switching frequency.

Fig. 12. Frequency spectrum of motor’s vibrations when supplied from the inverter at 1.2kHz switching frequency.

motor, lower switching frequencies are desirable but it is important
to note the amount of vibrations and audible noise they cause[2]. In
order to reduce audible noise it would be appropriate to raise the
switching frequency above 15kHz. However, besides possible
performance limitations, high switching frequencies cause transient
overvoltages due to short rise times required which degrade the
insulation [3].
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STRUCTURE AND PROPERTIES OF SURFACE LAYERS METALS ON THE BASIS
OF HIGH SOLID BORIDE OBTAINED IN CONDITIONS OF AN EXTERNAL
MAGNETIC FIELD
СТРУКТУРА И СВОЙСТВА ПОВЕРХНОСТНЫХ СЛОЕВ МЕТАЛЛОВ НА ОСНОВЕ
ВЫСОКОТВЕРДЫХ БОРИДОВ ПОЛУЧЕННЫХ В УСЛОВИЯХ ДЕЙСТВИЯ ВНЕШНЕГО
МАГНИТНОГО ПОЛЯ
Prof. dr. Chernega S.1, Poliakov I.1, Krasovskiy M.2
National Technical University of Ukraine "Kiev Polytechnic Institute", Kiev, Ukraine
e-mail: smchernega@mail.ru; polykov_igor@mail.ru
2
The Frantsevich Institute for Problems of Materials Science of NAS of Ukraine, Kiev, Ukraine
1

Abstract: In this paper we study the structure, phase composition, microhardness, crack resistance, wear resistance boride coatings
obtained at complex saturation with boron and copper in the application of an external magnetic field (EMF). Investigations have shown
that this method allows the application of boride coatings in 1.5 - 2 times decrease the duration saturation detail, and receive coating with
high hardness, wear resistance, crack resistance.
It is established that the application EMF formed a continuous, homogeneous boride layer with thickness coatings in 2 times higher than
boride coatings without EMF for the equal duration of the process. When imposing EMF in boride layers observed the redistribution
quantitative relation boride phases, namely: decrease of volume phase FeB, and on diffractograms surface layers boride coatings obtained
after boriding fixed presence phases FeB and Fe2B. After complex saturation boron and copper in the application of external magnetic fields
fixed phases FeB and Cu.
The researches have shown that the highest spalling stress value is reached in boride phases, obtained in powder environments with copper
powder at the application of EMF, and respectively is 420 compared with 225 MPa for coating obtained without EMF. Increased shear
stress values in complex layers obtained after saturation with boron and copper caused by the formation of phases more viscosity, for which
crack K1c in 1.4 - 2.0 times higher than the initial boride phases FeB and Fe2B.
Application of EMF at boriding improves tribological characteristics of coatings: decreases coefficient of friction and increase in 1.5 - 2.5
times wear resistance.
KEYWORDS: MAGNETIC FIELD, BORIDING, COMPLEX SATURATION WITH BORON AND COPPER, BORIDE LAYER, DIFFUSION,
FRICTION, MICROSTRUCTURE, MICROHARDNESS, WEAR RESISTANCE, CRACK RESISTANCE

Electric furnace at a temperature of saturation placed in the
solenoid, which served as the source of the magnetic field.
After the isothermal exposure container with details removed
from the furnace and cooled to room temperature in air, disclose
and took out details with clean surfaces that do not require further
purification.
This method has the following advantages: simplicity of the
process, allows the processing of products of different
configurations can be obtained diffusion layers of different
thickness [2].
Polishing was performed on samples of diamond polishing
circles paste grit from 28 to 1 micron, that provided to obtain high
surface quality research. As a reagent for chemical etching using
3...5% – solution was nitric acid in ethanol; exposure – 30 sec.
Visual study, measuring the thickness of diffusion layers and
microstructure coatings investigate performed on metallographic
microscope Axio Observer A1m, Zeiss, in the range the increase
100...1000.
Microhardness measurements were carried out on the
instrument PMT – 3 no less than 15 – 20 fields of view at a load of
0.49 – 0.98 N. Measuring accuracy microhardness was – 500 MPa.
Phase composition of coatings analyzed on X-rays
diffractometer Ultima-IV, of Rigaku, Japan, in copper Kα1, Kα2
monochromatic radiation and chemical composition was determined
by scanning electron microscope SEM – 106I.
Test coatings for wear resistance was carried out on the
friction machine M-22M as described in [3] and GOST 26614-85
(the method of determining the tribological properties). The method
consists in determining the dependence of the frictional force and
wear of the mating surfaces of the sample material and the
counterface (45 steel after quenching and low temperature
tempering of 180 °C with a hardness 50HRC) sliding velocity,
power and computation load intensity and the coefficient of friction.
To test used samples of steel 45 with boride coatings.

1. Introduction
Analysis of work, aimed at increasing productivity processes
chemical and heat treatment, indicates that, along with traditional
research in this field is the search in the direction of intensification
of diffusion processes [1].
It is known that the resulting diffusion methods boride layers
on steel with high hardness and wear resistance in various
conditions wear as in couple of friction in dry friction-slip, and at
hydroabrasive action. The main disadvantages of forming boride
layers is a low growth rate boride needles and predisposition to
cracking while increasing layer thickness. High operational
characteristics obtained only when a layer of borides sufficiently
solid foundation.
Boriding in an external magnetic field (EMF) – one of the
new trends in physical materials. The external magnetic field is
used to intensify the diffusion saturation working surfaces of metal
products chemical elements (boron, carbon, silicon, etc.). At
boriding in EMF significantly intensified diffusion processes,
which in turn leads to a decrease the time necessary for saturation.
Because considerable interest is the study of the effect of external
magnetic field on the processes boriding.

2. Materials and Experiment
Complex boriding powder method performed in a special
container under reduced pressure at a temperature of 975 °C for 4
hours using fusible shutters. The research was conducted on
samples of steel 20 45, U10.
Saturation alloys boron and copper performed in mixtures
containing technical boron carbide B4C and powders Cu2O, Cu3P.
As the activator used ftoroplast.
Heating the crucible and the subsequent isothermal holding
was carried out in a laboratory oven type HSOL - 1.6,3 / 11.
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formed a continuous, homogeneous boron layer thickness is in
2 times higher than the boriding without EMF (see. Fig.1).

3. Results and discussion
The mechanism of diffusion boriding powder technical boron
carbide is described in [4]. According to this operation, boron
carbide at the saturation temperature recovers to the lower boride
anhydride boron oxide В2О2 by reaction:
В4С + В2О3 → В2О2 + ВmСn
Vapor formed В2О2 carried transport of boron to the surface
that is saturated. In this way, boron transporter is oxygen. Vapor
В2О2 disproportionate on the surface that is saturated with
formation of atomic boron and B2O3 by the reaction:
3В2О2 → 2В + 2В2О3
Atomic boron formed diffuses into the material to form the
corresponding metal borides.
The surface that is saturated, covered with a film B2O3 in the
molten state. The role of boron carbide is also that the point of
contact with the surface of the particles is saturated, there is a
restoration B2O3, thanks to the surface is cleaned by melting film.
At this formed additional portions of В2О2 and is facilitated access
to a vapor of В2О2 to the metal.
Steels St3 boronized in technical powder of boron carbide
(2.13% B2O3) powder and boron carbide, boron anhydride purified
by the same conditions (T = 1000 °C, and τ = 2 h). The thickness of
the boride layer in the first case was 160 – 180 microns. At boriding
in powder of boron carbide, of purified from anhydride, it fixed
extremely low rate of saturation. The results of this experiment
show boride anhydride participate in the formation of active boron
atoms.
On the basis of the data obtained, we can conclude that the
carrier is B2O3 with boron carbide, formed suboxides boron and
carbon
5В2О3 + В4С → 7В2О2 + СО
Since the temperature boriding high enough, evaporation
takes place of boron oxide B2O3 and B2O3. Condensing on the
products, the evaporation of oxides of boron formed melt system
B2O3 – B2O3, containing ions of bivalent and trivalent boron.
A necessary requirement diffusion layer formation is the
presence of near surface saturable active atomic boron addition,
temperature and duration of exposure should ensure the flow of
atomic diffusion of boron in steel.
In the system Fe – B mass transfer elements is carried out
mainly by diffusion of boron through the boride layer to the main
reaction front, located at interfaces iron – Fe2B borides and boride
Fe2B – borides FeB [5]. In forming a diffusion layer on the metal
surface reaches saturation limit of the solid solution boron (γ) the
germ arises first, and then the needle borides tetragonal Fe2B
(a = 5,109 Å, c = 4,249 Å and с\а = 0,832 Å), containing 8, 84 % B,
a density of 7.336 g\cm3. These needles grow gradually becoming
isolated in continuous layer of borides Fe2B. Then, on the surface of
boride layer having individual needle and then the second layer
formed rhombic borides FeB, which has a density of 6.706 g\cm3
(a = 5,506Å, b = 4,061Å and c = 2,952Å), containing 16.25% B.
Application of a magnetic field leads to the transport direction
of boron ions in the liquid phase of the melt system of В2О2 – В2О3
to the boundary with the crystal lattice of Fe-γ and quickly
penetration into the pores of an atom in the crystal lattice of Fe-γ.
Metallographic analysis established that obtained the powder
technology coating after saturation with boron and copper have a
structure with a clear boundary between the coating – base
(Fig.1). Diffusion layers are needle of iron borides, which are
oriented perpendicularly to the sample surface and are wedged in
the ferritic grains. In the near-surface zone boride phase FeB
concentrate individual inclusions of copper, which are dropping
form.
This method obtaining boron coating allows in 1.5 – 2 times
to reduce the period saturation detail and get coatings with high
hardness, wear resistance, crack resistance. At applying the EMF
changing morphology boron layers, needles grains decreases
sharply, disappear individually disappear sprouted grain borides in
the matrix. Needles boron phases closely adjoin to each other and

a
b
Fig.1. Microstructures complex boride coatings on steel 20
obtained in different physical – chemical conditions:
a – boriding, duration saturation – 4 hours, x200; b – boriding, in
EMF, saturation duration – 2 hours, x200
Investigation of the kinetics of growth of boride layers in a
variety of physical - chemical conditions. It was found that after the
diffusion saturation in boriding mixture for 4 hours without EMF
obtain coating thickness of 150 microns, whereas when applied
EMF formed coating thickness of 200 microns in 2 hours; at
4 hours without saturation with boron and copper for EMF formed
coating thickness of 175 microns, whereas at after saturation with
boron and copper the conditions in action saturation with boron and
copper in FMF diffusion saturation at 2 hours boride phase grow
coating thickness to 230 microns (Fig.2 and Fig.3).

Fig.2. Kinetic curves of growth boride coatings obtained after
boriding: where 1 – boriding with using an external magnetic field,
on the steel 20; 2 – boriding with using an external magnetic field,
on the steel 45; 3 – boriding with using an external magnetic field,
U10; 4 – boriding without magnetic field, on the steel 20; 5 –
boriding without magnetic field, U10

Fig.3. Kinetic curves of growth boride coatings obtained after
complex saturation with boron and copper, where 1 – complex
saturation with boron and copper at using EMF, on steel 20;
2 – complex saturation with boron and copper at using EMF, on
steel 45; 3 – complex saturation with boron and copper at using
EMF, U10; 4 – complex saturation with boron and copper without
EMF, on the steel 20; 5 – complex saturation with boron and
copper without EMF, U10
Conducted research showed that microhardness boride phase
after boriding was respectively – phase FeB – 18 GPa, and phase
Fe2B – 15,5 GPa (Fig.4). In the complex saturation with boron and
copper using EMF get boride layers of microhardness – for phase
(Fe, Cu)B – 16,5 GPa, and for phase (Fe, Cu)2B – 14,5 GPa. Thus,
the complex saturation with boron and copper, observe a decrease
of microhardness boride layers and increasing plasticity (Fig.5).
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Fig.4. Microhardness boride phase after boriding at using EMF, on
the steels: 1 – steel 20; 2 – steel 45, 3 – U10

Fig.7. Diffraction pattern taken from the surface steel 20 with
boride coatings obtained after boriding with adding powder Cu2O,
diffraction peaks of copper lines (111) (200) (220)

Fig.5. Microhardness boride phases obtained after complex
saturation with boron and copper at using EMF
To establish a relationship between the phase and structure,
diffusion layers obtained after saturation with boron and copper,
samples were subjected to X-ray analysis. Characteristic areas
diffraction pattern shown in Fig.7 and Fig.9.
Diffraction patterns taken from the surface boride coatings on
steel 20 after boriding without EMF showed, that in the surface
layer up to 15 um formed phase FeB (Fig.6), while after complex
saturation with boron and copper – phase FeB and Cu (Fig.7). At
using EMF in boride layers observed decrease volume phase FeB
and on the diffraction patterns surface layers of boride coatings
fixed presence phases FeB and Fe2B (Fig.8), and after complex
saturation with boron and copper – phase FeB and Cu (Fig.9).

Fig.8. Diffraction pattern taken from the surface steel 20 with
boride coatings obtained after boriding at using EMF

Fig.9. Diffraction pattern taken from the surface steel 20 with
boride coatings obtained after boriding at using EMF and
introduction to the saturating environment copper-containing
powder Cu2O, diffraction peaks of copper lines (111) (200) (220)
For measurement fracture toughness monocrystals of solid
crystalline material used method Evans – Charles. In this case K1c
determined by the length of the radial cracks that formed around
imprint of Vickers indenter, with semi-empirical relationship:
K1c=0,015·(E/H)1/2·P/C3/2
or graphical dependence between (K1c-F/H) - (H/E-F) and c/a,
where F – the constant Marsha; H – Vickers hardness; a – semi
diagonal imprint; c – the length of the radial cracks; E – Young's
modulus.
Calculated data spalling stresses that may occur in boride
phases depending on the physical and chemical conditions of the
steel to 45 are presented in Table 1.
The highest level of spalling stress is achieved in boride
phases obtained in powder environments with participation copper
powder at overlay EMF, and respectively is 420 compared with 225
MPa for coating obtained without EMF. Increased shear stress
values in complex layers obtained after saturation with boron and
copper caused by the formation of phases more viscosity, for which
crack K1c in 1.4 – 2.0 times higher than the initial boride phases
FeB and Fe2B.

Fig.6. Diffraction pattern taken from the surface steel 20 with
boride coatings obtained after boriding
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Table 1. Calculated data spalling stress boride coatings
(phase FeB)
Physical-chemical
К1c, MPa · m 0,5
σspalling, MPa
conditions of saturation
Boriding without EMF
1,12
160
After complex saturation
1,52
225
with boron and copper
without EMF
Boriding at applying EMF
1,79
345
After complex saturation
2,23
420
with boron and copper at
applying EMF
Research wear resistance boride coatings obtained in different
physical - chemical conditions (Table 2). Established that diffusion
coating obtained with an external magnetic field have higher
tribotechnical characteristics.
Table 2. Tribotechnical characteristics boride coatings
Coating

Boriding
without
EMF
After
complex
saturation
with boron
and copper
without
EMF
Boriding at
applying
EMF
After
complex
saturation
with boron
and copper
at applying
EMF

Coef. of
friction

0,66

Linear
wear of
the
friction
pair of
Iaverage,
um
(3 km)
17,3

Mass wear, I
(mg/km)

sample

counterbody

0,94

1,6

Linear
wear of
the
friction
pair of
Iaverage,
um/km
(3 km)
8,6

The investigation of the kinetics growth boride layers on
carbon steel in different physical and chemical conditions. It was
established that after the diffusion saturation of carbon steels in
boride mixtures at using EMF, increases coating thickness and the
duration of the saturation decreases in 2 – 3 times.
At the application of an external magnetic field observed
redistribution boride phases. At overlay EMF in boride layers
observed decrease volume phase FeB and on diffraction pattern
surface layers boride coatings obtained after boriding presence
phases FeB and Fe2B. After complex saturation with boron and
copper in conditions of action an external magnetic fields recorded
phases FeB and Cu.
The highest spalling stress value is reached in boride phases,
obtained in powder environments with copper powder at the
application of EMF, and respectively is 420 MPa at crack resistance
2.23 MPa · m0,5 compared to 225 MPa at crack resistance
1.52 MPa · m0,5 for coating obtained without EMF. Increased
spalling stress values in complex layers obtained after saturation
with boron and copper caused by the formation of phases more
viscosity, for which crack K1c in 1.4 – 2.0 times higher than the
initial boride phases FeB and Fe2B.
At application of EMF at boriding improves tribological
characteristics of coatings: decreases coefficient of friction and
increase in 1.5 – 2.5 times wear resistance.

Spot of
contact
area on
the
sample,
S (cm2)

0,26
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Investigations have shown that this method saturation
(Boriding and complex saturation with boron and copper at
applying EMF) allows the application of boride coatings in 1.5 –
2 times decrease the duration saturation detail, and receive coating
with high hardness, wear resistance, crack resistance.
At applying the EMF changed the morphology of boride
layers, needle-shaped grains decreases sharply, disappear separately
sprouted into the matrix grain borides. Needle grain boride phases
in close contact with each other and formed a solid, homogeneous
boride layer thickness is in 2 times higher than the boriding without
EMF.
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ПРОБЛЕМИ ПРИ ОБРАТНАТА ЛОГИСТИКА В КОНТЕКСТА НА
УСТОЙЧИВОТО ПОТРЕБЛЕНИЕ ПРИ ОПОЛЗОТВОРЯВАНЕТО НА ВТОРИЧНИ
ХАРТИЕНИ СУРОВИНИ
ас. инж. Стефанов , В. В., Химикотехнологичен и металургичен университет, София, България

PROBLEMS IN REVERSE LOGISTICS IN THE CONTEXT OF SUSTAINABLE CONSUMPTION IN
RECOVERY PAPER RECYCLING
as. Stefanov, V. V., Department of Engineering Economics and Industrial Management, Sofia, Bulgaria
Abstract: One of the major problems and major threats to the neighborhood environment associated with its pollution by waste from human
activity. Reverse logistics work towards solving this type of problem. It deals with the recovery of materials and value of products that are at
the end of its useful life cycle. One of these examples in our current age in which we live is recycling. For its part, the recycling is a process
wherein the waste is processed in such a way as to produce the raw material to be used as raw material in the subsequent manufacture of the
product. The process of recycling and helps contribute to the saving of raw materials on the one hand and reducing the quantities of waste
and environmental pollution, and other technology and therefore recycling are important, both in financial and environmental terms.
Different trends in the collection, recycling and recovery of secondary paper bits or production can show us what level, success is Bulgaria
and this is a testimonial for razvivavaneto of this activity in a larger scale.
KEY WORDS: REVERSE LOGISTICS, RECYCLING, ORGANIZATION, LOGISTICS CHAIN

1. Увод

дистрибуция или потребление на продукта до точката на
оползотворяване или крайно депониране на отпадъците. [1]

Един от основните проблеми и главни заплахи за околната
среда е свързана със замърсяването й с отпадъци от човешката
дейност. Обратната логистика работи в посока
на
разрешаването на този тип проблем. Тя се занимава с
възстановяването на материали и стойност от продукти, които
се намират в края на своя полезен жизнен цикъл. Един от тези
примери актуални в нашият век, в който ние живеем, е
рециклирането. От своя страна рециклирането е процес при
който отпадъците се преработват по такъв начин , че да се
произведе суровина, която да бъде използвана като материал в
последващо производство на продукт. Самият процес на
рециклиране спомага и допринася за спестяване на
необработените суровини, от една страна и намаляване на
количествата отпадъци и замърсяване на околната среда, а от
друга и поради това технологиите на рециклиране са важни,
както във финансов, така и в екологичен аспект. Реверсивната
(обратна) логистика при събирането, преработката и
оползотворяването на отпадъчна хартия играе важна роля,
както за самия процес като технология , така и като
положителен финансов поток. Добре организираната система
за събиране, разделяне, преработка и използване на
рециклирани суровини в производството дава възможност за
голяма възвръщаемост на средства към рециклиращите
компании, както и към промишлеността като цяло.

Обратната логистика (Reverse logistics) по своята същност се
изразява в преработка на даден вторичен материал, получаване
и производство на съпътстващи продукти, преработка и
изготвяне на изходни суровини, регенериране на продукти и
компоненти както и тяхното депониране. Икономическото
значение на рециклирането се изразява в разширяване на
суровинната база, което в повечето случаи е свързано с
получаването на по-малко разход отколкото използването на
нови ресурси. Екологичното значение на рециклирането се
изразява в запазване на естествените условия на живот на
хората, флората и фауната.
Вторичните ресурси са суровини и материали, които са
минали неактивен стадий на потребление, като в зависимост от
възможността за оползотворяване биват активни и
потенциални. Активни са тези материали които в момента на
получаване се използват веднага, а потенциални са тези които
ще се използват след определен период от време.
Именно оптималното управление на дейностите свързани с
транспорт и преработка на вторичните ресурси е и водещата
задача при обратната логистика. Подобни операции най-често
водят своето начало от момента, в който използваните от
потребителя стоки и услуги не отговарят на неговите
променени изисквания. При изпълнението на такава процедура
е необходимо проследяване по обратен път на целия
логистичен процес. Така стоките и/или продуктите биват
оценени, сортирани, натоварени, разтоварени, подготвени за
обработка и преработени от различни точки към един или
няколко центъра за рециклиране.

Различните тенденции в събирането, рециклирането и
оползотворяването на вторична хартия от бита или
производството може да ни покаже на какво ниво, като
успеваемост е България и това да бъде атестат за развиването
на тази дейност в по- голям мащаб.

2. Цели на обратната логистика
Обратната логистика е широкообхватно понятие, което
събира в себе си планирането, управлнението и контрола на
обратните потоци от суровини, запаси от незавършено
производство и крайни стоки от точката на производство,
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човешката дейност могат да замърсят безвъзвратно
заобикалящата ни околна среда. Периодът на разпадане на
най-масовите и разпространени отпадъци като пластмаса,
хартия и стъкло е повече от стотици години. Това са преките
и видими щети нанесени на природата, а оттам и на
качеството на живот на хората.

2.1. Цели на обратната логистика при процеса на
потребление при оползотворяването на вторични хартиени
суровини
Рециклирането на хартията 1 е процес на възстановяване на
вече използвана хартиена маса и превръщането й в нов
продукт. Според източници същуствуват три категории хартия,
които могат да се използват за направата на рециклирана
хартия:
-

-

остатъци от хартия, генерирани при производството на
хартия, които се рециклират директно в производственото
предприятие;
хартиени суровини, приготвени за употреба, но не
стигнали до крайните потребители;
хартиени материали, използвани от потребителите,
включително стари списания, телефонни указатели и др.

2.2 Мотиви, пораждащи нуждата от рециклирането на
хартията
Производството на хартия влияе върху околната среда, от
една страна чрез изсичането на дърветата за получаването на
хартия и от друга чрез изхвърляне на хартиени отпадъци, които
я замърсяват. Рециклирането и методите за възстановяване на
части от вторичните хартиени суровини е положителна
тенденция в борбата за устойчиво развитие на всяка една
страна.
За страните без достатъчни собствени източници на дървесни
суровини основно предимство на рециклирането е
намаляването на вноса на такива. За сравнение в Дания
рециклираните материали осигуряват повече от 80 % от
суровината необходима за производство на хартия и картон. В
страни като Испания, Холандия и Молдова процентното
съотношение е по- малко, съответно 75%, 60% и 57%.
Друга предпоставка при използването на рециклиране е
запазването на горите. Днес общо над 90 % от целулозата се
добива от дървесината. Производството на хартия е отговорно
за повече от 42% от всички изсечени дървета и представлява
около 1.2 от БВП. Рециклирането на 1 тон вестникарска хартия
спестява около 1 тон дървесен пулп.
Енергийната консумация, според проучване на енергийното
потребление при използване на рециклирана хартия за
получаване на нова хартия, се намалява с от 40 до 60 %.
Рециклирането на един тон вестникарска хартия спестява около
4000 kwh електроенергия. [2]
Според американската агенция за опазване на околната среда
(US EPA) рециклирането на хартия води до намаляване с 35 %
на замърсяване на водите и 74 % от замърсяването на въздуха.
[3]

Фиг. 1 Постигнати общи проценти на рециклиране на
хартия по организации [8]
В България, по данни на Министерството на околната среда
и водите и Доклад за състоянието на разделното събиране и
рециклиране на отпадъци и опаковки, изготвен на база
постъпили одиторски доклади[5], на занимаващи се с
рециклиране на хартиена маса 7 организации показват
следните резултати за ефективно събиране в проценти:
Екоресурс – 94.63% Екобулпак – 92.04%, Екопак – 91.35%,
Еколект- 77.14%, Булекопак- 71.99%, Репак – 69.8% , Импакт
– 64.57.
От данните, се вижда много висока ефективност на
рециклирането на суровинната маса. Това показва, че
проблемът не е в самото рециклиране като технологичен
процес или липсата на необходимото оборудване и
организация.
Същинските проблеми най- вероятно могат да бъдат
класифицирани по следния начин:
липса на достатъчно информация и информираност на
населението за нуждата и ползата за обществото от
рециклирането на вторична хартиена маса, което е
свързано и със слабото популяризиране на този проблем;
неправилно разположение на контейнерите в
населените места;
ниска мотивация по отношение на събирането;
неформалната обратна логистика.

4. Начини за справяне и добри практики в
реализирането на обратната логистика в
събирането
и
оползотворяването
на
вторична хартия

3. Проблеми и тенденции при рециклирането и
обратната логистика при оползотворяването
на вторични хартиени суровини в България
По измервателни данни на Националния статистически
институт, всяко българско домакинство изхвърля годишно по
1300 килограма отпадъци.[4] Неразделното събиране и
нерециклирането на тези внушителни количества отпадък от

Добрите практики могат да бъдат определени като найефикасни и най-ефективни начини за изпълнение на задача въз
основа на основата на възобновими процедури, които са се
доказали във времето и пространството [9].
Добрите практики при въвеждането на програма за обратна
логистика на фирмено равнище не се отличават съществено от

В случая под хартия се имат предвид различните видове хартии,
картони и опаковки от тях или с тяхно участие.
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обичайните стъпки за въвеждане на устойчива управленска
система. Нужно е да се ангажират клиентите и партньорите при
проектиране на процесите на обратната логистика. Важно е да
се отдаде необходимото признание за работата на служителите,
които се занимават с обработка на върнатите във фирмата
продукти. Съществен елемент за успеха на една логистична
верига за оползотворяване на върнати или приети обратно
стоки е прилагането на внимателно разработени правила и
процедури, които да отразяват интересите на компанията и на
нейните клиенти и партньори. При въвеждане на програмата за
обратна логистика трябва да има ясно разпределение на
отговорностите между отделните звена и изпълнители.
Необходимо е да се осигури подкрепата на висшия
мениджмънт на компанията за превръщане на обратната
логистика в инициатива, засягаща цялостната дейност на
фирмата. Нужно е да се ангажират клиентите и партньорите
при проектиране на процесите на обратната логистика.
При обратната логистика за вторичното оползотворяване на
изделията от хартия или картон или с тяхно участие трябва да
се отчитат измениеята в структурата и жизнения цикъл на тези
изделия. В това направление особено влияние оказва
електронизацията на бизнеса и неговото управление [10].
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5. Заключение
Една от възможните посоки за развитие и използване на
логистичните системи при рециклиране на отпадни хартиени
маси е насочена към управлението на процесите на по-ранен
етап. Още при разработването на самите продукти да се
предвижда тяхното по-лесно разглобяване за повторно
използване или рециклиране. Според статистика през
последните години нараства броя на компаниите със „зелен”
имидж, които създадоха успешни търговски марки,
благодарение на използването на отпадъци или на системи за
събиране и рециклиране на продуктите си.
Важен елемент, който ще мотивира фирмите да участват в
подобен тип цялостно преструктуриране е финансовото
стимулиране и поощрение за развитието на система за обратна
логистика.
Добрите практики и нормативното регламентиране на
обратната логистика по отношение оползотволяването на
опаковките, трябва да се разширят и да обхванат и останалите
изделията от хартия и картон, или изделия с тяхно участие.
Интеграцията ни в Европейската общност и нейните приети
правила, ние като държава членка на ЕС, трябва да положим
максимални усилия
за създаване на
организация по
отношение на създаването на приемственост на правилата,
установени по законови рамки за приобщаване на
предприятията към този успешен модел като бъдат убедени, че
това е правилната стратегия за развитие на бизнеса и
опазването на околната среда.
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Abstract: Human resources are one of the most important resources in the organization. Training of human resources is part of their
management. Training of human resources aims at changing the labor behavior and contributes both to improve the level of implementation of
the current work activities and to develop knowledge and skills that will be needed in future activities of the organization. Knowledge
management is a process-oriented organization critical issue related to adaptation, survival and competence. Namely the training of human
resources based on competences and getting stronger theory of the learning organization, make the connection between corporate training and
knowledge management.
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1. УВОД
Целта на настоящия доклад е да определи връзката между
обучението на човешките ресурси в организацията и
управлението на знанията. Живеем в динамична и
бързопроменяща се среда, в която съществуват редица проблеми,
пречещи на организацията да се развива нормално. Това са
изчерпване на природните ресурси, демографска и икономическа
криза. Всички тези фактори водят до повишаване ролята на
човешките ресурси в организациите. В момента на трудовия
пазар се наблюдава един парадокс – от една страна,
безработицата сред трудоспособното население расте, а от друга
– организациите изпитват все по-голяма трудност при набирането
на персонал, с нужния им опит, покриващ фирмените критерии.
Преодоляването на този парадокс може да стане чрез обучение на
хората, което да е свързано с управлението на знанията в
организацията.

някакъв информационен носител. „Неявни” са тези знания, които
не могат да бъдат описани с думи. [7]
Именно управлението на неявните знания се явява един от
съществените проблеми в съвременните организации, както и
основно предимство на тези, които са го постигнали.
Нонака и Такеучи представят управлението на знания като
"идентификация и анализ на достъпните и необходими знания,
както и произтичащите от този анализ планиране и управление на
действия по създаване на интелектуален капитал, осигуряващ
достигане целите на организацията". [7]
Върху управлението на знанията в организацията оказва
влияние и нейния размер. [8, 9] Колкото фирмата е по-голяма
толкова по-трудно се управляват неявните знания и толкова полесно се управляват явните такива. Обратното, с намаляване на
размера на фирмата намалява и степента на използване на явните
знания и нараства важността и степента на ползване и управление
на неявните знания.
Всъщност постигането на оптимален баланс между явни и
неявни знания е в крайна сметка най-важната задача на една
система за управление на знанията във всяка фирма.
80% от общите знания в една организация са неявни. [12]
Притежателите на тези знания са човешките ресурси във
фирмата. Те трябва да бъдат обучени да реагират ефективно на
промените, които настъпват ежеминутно в 21-ви век.
Организациите, които изповядват теорията за „управлението на
знанието” могат по-бързо да обучават новите си сътрудници,
защото имат достъп до проверени на практика знания. От една
страна това е в полза на самите организации, които не губят
време в обучение на нови служители, а го използват например за
повишаване на печалбите си. От друга страна управлението на
знанията води до развиване на организационната култура, което
помага на новопостъпилите по-бързо да я изучат и да се впишат в
нея. Това би им дало по-голямо самочувствие и би ги направило
по-ефективни в работата, защото ще имат една стабилна основа,
над която да надграждат и няма да се налага да откриват неща,
които вече са добре проучени и изследвани с практиката.
Реализирането
на
поставените
пред
организацията
стратегически цели [12] трябва да става успоредно с нарастването
на интелектуалния й капитал и ефективното му използване, което
може да се постигне чрез обучение на сътрудниците на
организацията и води до тяхната мотивация. Това, както и
повишаването на ефективността на приеманите решения, са едни
от на важните задачи на управлението на знанията.

2. ТЕЗА
2.1. УПРАВЛЕНИЕ НА ЗНАНИЯТА
През последните 15 години с настъпването на новия век,
настъпи и бърз прогрес в технологиите. Все повече се заговори за
това, че икономиката трябва да е основана на знания.
За да стане това обаче, би трябвало още при обучението на
бъдещите мениджъри в университетите, да се наблегне на
теорията за „управление на знанието”. Няма как да знаеш, че
нещо е полезно, ако ти самият не го разбираш.
Все още знанията и информацията се разглеждат като едно и
също понятие, това обаче съвсем не е вярно.
Знанията са нещо неуловимо, което живее в споделена среда
(умствена, телесна или виртуална). Възможно е те да бъдат
отделени от тази среда и записани на материални носители
(документи, отчети, книги, статии, процедури, бази данни, филми
и т.н.) и в този си вид представляват информация. Знанията могат
да се представят и като средства, които дават възможност на
информацията да бъде управлявана. Приема се, че знанията са
резултат от редица фактори, като – опит, умения, култура,
личност, усещане, интуиция. [7]
Затова и първото нещо, което би трябвало да научат
мениджърите на една организация, е да разделят знание от
информация.
Специалистите по управление на знанията разглеждат два вида
знания: явни и неявни. „Явни” са тези знания, които могат да
бъдат описани с думи и да бъдат регистрирани и съхранени на

17

2.2.
ОБУЧЕНИЕ
ОРГАНИЗАЦИЯТА

НА

ЧОВЕШКИТЕ

РЕСУРСИ

В

контролиране на процеса на обучение;
определяне на ефективността на процеса на обучение;
усъвършенстване на процеса на обучение и осигуряване
на неговата непрекъснатост. [2]
Според Майкъл Армстронг съществуват няколко условия за
успешно обучение на персонала:
•
Индивидът трябва да се мотивира да учи, а тази
мотивация идва, ако той вижда полза от това;
•
Обучаваният трябва да е удовлетворен от обучението;
•
Пред обучаваният трябва да има стандарти за
изпълнение и цели за постигане;
•
Обучаваният трябва да бъде насочван и да има
информация как се справя;
•
Обучението трябва да е активен процес. Обучението
чрез практика е по-добро, отколкото обучение само чрез
слушане.;
•
Техниките за обучение трябва да са съобразени с
нуждите и целите на всеки един обучаван.;
•
Интересът от страна на обучаваните трябва да се
поддържа с прилагането на различни методи на
обучение.;
•
Обучаваните трябва да имат достатъчно време, за да
разберат наученото, и др.
[5]
В контекста на българските организации може да се отбележи,
че спазването на тези няколко, наглед простички, условия, би
довело до повишаване на обвързаността на служителите с
организацията и повишаване на тяхната мотивация.
Обучението на човешките ресурси обаче е само един от
факторите за добро трудово представяне на заетите в
организацията. Затова решението за всяка дейност в тази област
трябва да преминава през внимателен анализ на цялата гама от
фактори, които въздействат върху трудовото представяне, наред с
обучението. [6]
Обучението на човешките ресурси, не трябва да се прави поподразбиране. То трябва е да е осъзнат процес, за да донесе ползи
и за организацията и за нейния сътрудник. В противен случай, то
може да има обратен ефект.
•
•
•

Беше споменато, че обучението на човешките ресурси е една от
задачите на управлението на знанията. Затова би трябвало да се
изясни й какво се разбира под „обучение на човешките ресурси”.
Повечето автори разглеждат обучението на човешките ресурси
като: „начин за запълване на разликите между притежаваните от
хората знания, умения и навици и тези знания, умения и навици,
необходими им за постигане на целите на организацията.” [2]
Но, тъй като околната среда е динамична и променяща се[1],
организацията би могла да се развива и съществува само чрез
промяна, и то най-вече промяна в управлението на човешките
ресурси и акцентиране върху обучението им като неделима част
от това управление.
Обучението на човешките ресурси цели също и промяна в
трудовото поведение[3], както и развиване на такива навици,
знания и умения, които биха могли да са необходими не само в
настоящите, но най-вече в бъдещите дейности на организацията.
И тъй като всички хора мислят различно, оттам и всички
мениджъри в организациите мислят различно, всяка една
организация разглежда по-различен начин обучението на
човешките си ресурси. За едни – това е излишен финансов
разход, докато други отдават необходимото значение на този
процес.
Практиката показва, че организациите, които държат да
обучават и развиват своите служители, имат някои съществени
предимства пред останалите. На първо място, това е
подобряването на индивидуалните, груповите и фирмените
резултати, свързани с количество, качество, срочност и
производителност. А също така - улесняване на управлението на
промените чрез осигуряване на по-голяма степен на разбиране на
основанията и на адаптивност към новите условия, привличане на
висококвалифициран персонал чрез създаването на възможности
за усъвършенстване и развитие и осигуряване на оперативна
гъвкавост чрез разширяване на квалификацията и съвместяване
на функциите. [3]
Обучението на човешките ресурси дава предимства, както на
самата организация, така и на хората, работещи в нея. Едно от
тези предимства е подобряване на перспективите за развитие в
кариерата, както и увеличаване на обхвата от умения и съответно
на удовлетвореността от труда, и нарастване на стойността на
работната сила на трудовия пазар.
Разглеждайки предимствата, които обучението носи не само на
организацията, но и на хората в нея, би могло да се заключи, че
превръщането му в ключова дейност в организацията, съвсем не е
маловажна нейна цел.
В съвременните условия организацията се разглежда като
система, на която оказват влияние, както промените във
външната й среда, така и тези във вътрешната среда.
Именно организацията е формата, в която и чрез която се
осъществява управлението на съвместни човешки дейности.
Външната среда на организацията включва политически условия,
закони, състояние на икономиката, социални фактори,
технологии, потребители, доставчици и конкуренти. Докато
вътрешната среда на организацията е нейната организационна
структура и нейните ресурси. [4]
Разглеждането на организацията като система позволява
прилагането на системния подход при обучението на човешките
ресурси. Затова и обучението на човешките ресурси би трябвало
да се извършва като се спазва следната последователност:
•
откриване и анализиране на нуждите от обучение;
•
определяне на целите на обучението;
•
подготовка на планове и програми за обучение;
•
определяне на обучаващите и на изискванията към тях;
•
избор на методи, техники и форми на обучение;

2.3. УЧЕЩАТА ОРГАНИЗАЦИЯ
Разглеждайки управлението на човешките ресурси в
организацията и обучението на човешките ресурси като дейност
от това управление, както и връзката му с управлението на
знанията, би трябвало да се застъпи и концепцията за постоянно
учещата се и развиваща се организация.
Харисън отделя специално внимание на обучението на
човешките ресурси като набляга върху параметрите на околната
среда, в която ще се осъществява самото учене. Той подчертава,
че „не можеш да принудиш хората да учат насила, но можеш да
работиш с тях по такъв начин, който ги насърчава и им помага да
учат”. (Harrison, R, 2002, 6)
Създаването на подходяща организационна среда, която да
насърчава ученето формира интегриран подход за създаване на
конкурентно предимство чрез хората в организацията. (Sloman,
M., 2003, 17)
Така се формира концепцията за „учещата организация”, която
обхваща параметрите на идеалната организационна среда, която
насърчава и улеснява ученето в организацията.
Друга концепция, свързана с постоянното и непрекъснато
обучение, е концепцията за „организационното учене”. Чрез
организационно обучение, могат автоматично да се използват
научените знания или от организационно обучение да се премине
към дифузия на знания и след това към тяхното използване.
Съществува и обратна връзка между организационно обучение и
използването на знания.
18

И тъй като бе отбелязано, че управлението на знанията в
организацията е най-важно в частта „управление на неявните
знания”, затова при обучението на човешките ресурси трябва да
се наблегне именно на тези неявни знания и на обучението в
компетенции.

професионално и етично поведение;
постигане на резултати с добавена стойност;
непрекъснато учене;
аналитично и креативно мислене;
фокусиране върху клиента;
стратегическо мислене;
комуникационни и междуличностни умения и умения за
убеждаване. [11]
Когато се определят компетециите обаче всяка организация би
трябвало да се съобрази, както с националните различия, така и с
организационната си структура и с фирмената си култура.
•
•
•
•
•
•
•

2.4. ОБУЧЕНИЕ В КОМПЕТЕНЦИИ
Думата „компетенция” произлиза от английската дума
„competence”. Обикновено в българския език й се придава
значение на „права, правомощия за извършване на дадена
дейност”. Но, когато се отнася за човешките ресурси в
организацията, компетенция означава „съвкупност от знания,
умения, нагласи и поведения на служителите за постигане на
резултати (желани нива на представяне) в дадена професионална
роля и в определена организация”. И това „всъщност не са
притежавани знания и умения сами за себе си, а подходящи
поведения, демонстрирани в конкретни работни ситуации”.
Най-знаещите и най-умеещите служителите не винаги са найдобрите. [10] Именно служителите, които се обучават постоянно
и натрупват своите знания и умения, са тези, които са найефективни при решаването на даден проблем.
Управлението на компетенциите се превръща в ключова
стратегия за управление на хората в организацията. (Horton, 2002)
Компетентностите модели първоначално се разработват от
психолози, които разглеждат способностите на хората да се
справят с очакванията на средата. В последствие тези модели
започват да се прилагат в различни индустриални сектори.
Терминът „компетенция” по отношение на обучението на
хората в организацията за първи път е приложен от Raymond
Vatye през 1958. Той разглежда „обучението като комбинация от
дейности, които могат да поддържат целостта на персонала
индивидуално и колективно до степен на компетенция,
необходима за дейността на фирмата. Тази концепция се отнася
до знание, възможности и желание за работа на всеки индивид и
всяка група. Концепцията е успешен обединител на трите
понятия: знание, възможности, желание”. [11]
Vatye дава важен принос в тълкуването на „компетенцията” –
„тя никога не е напълно придобита и винаги съществуват условия
да бъде придобивана отново и отново поради промените на
работното място, наложени от техническия прогрес”. [11]
Не само техническия прогрес налага промени в работната
обстановка, а и демографската и икономическата криза, които
стават все по-съществени в последните години.
Компетенциите се създават, развиват и актуализират чрез
действие, в процеса на производството, но и се проявяват в
конкретна ситуация за разрешаване на съществуващ проблем.
В днешно време се набляга най-вече на поведенческите
компетенции (меките умения), които изразяват очакваните
знания и умения за справяне с дадена ситуация и за ефективност
на работното място.
Основната идея на обучението в компетенции е, че те трябва да
могат да се идентифицират, измерват, оценяват и сертифицират.
Компетентностният модел, базиран на известно мичиганско
изследване на компетентността в човешките ресурси, включва
четири области:
•
лична увереност;
•
способност за управление на промяната;
•
способност за управление на културата;
•
осигуряване на практики във връзка с човешките
ресурси. [11]
Според професионалните английски стандарти компетенциите
се класифицират като:
•
лична предприемчивост и ефективност;
•
управление на хора и лидерство;
•
разбиране на бизнеса;

3. ЗАКЛЮЧЕНИЕ
В заключение можем да кажем, че:
•
носители на знанието, във всичките му видове, са
хората в организацията;
•
човешките ресурси със своите знания, умения, опит,
нагласи и мотивираност, са ключов ресурс в
организацията, който може, както да работи за
постигане на целите й и в нейна полза, така й да работи
против нея, ако не е добре мотивиран и обвързан с нея;
•
както всички останали ресурси във вътрешната и
външната среда на организацията, така и човешките
ресурси са в процес на постоянна промяна и
адаптиране;
•
обучението на всеки един от хората в организацията
трябва да е строго, специфично и конкретно в
областите, в които не им достигат знания, умения и
компетенции;
•
в контекста на „учещата организация” се извършва
споделяне на общото знание от знаещите и можещите
към новопостъпилите;
•
процесът на обучение не е статичен, а подлежи на
постоянна адаптация към вътрешната и външната
среда.
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of designing. In relation to all these circumstances, two groups of
mechanical products have been offered (Table 1).

1. Introduction
Tridimensional designing via CAD systems is based on
fundamental preparation for generation of a model of information of
a designed product. In order to create 3D geometrical model within
a CAD environment as well as a simulation analysis throughout the
process of its designing and training of students, one has to use
developed releases from University origin. [1, 2, 3, 5].

Libraries for generation of assembled units of mechanical
products have been developed on the basis of the already created
geometrical models of the compound details [Fig. 1, 2, 3].
In order to create 3D geometrical models of a detail from a
safety overflow valve (Fig.1) 'Step by Step' and in order to assemble
the compound details of the designed valve, one has to use
methodology of execution of a task in laboratory environment. An
instance of simulation is to be performed as it must represent the
behavior of the piston, namely 'Opening and closing' of the safety
overflow valve [9, 10].

One of the most important issues is the searching of collisions
during the generation of an assembled unit as well as a verification
of its functional performance throughout the process of
construction. Also, a virtual analysis, a static analysis and a
dynamic analysis [8,12] are required as they should concern
technology during sizing of the assembled unit [7,11].

The pneumatic distributor (Fig.2) is to be used to the end of
deciphering and detailed breaking up of the general drawing as well
as for the purpose of execution of sketches of details and 'Pictorial
shaded exploded assembly drawing' [10].

The necessity of acquisition of detailed skills and knowledge in
the field of computer - aided designing throughout the engineering
specialties is an argument for motivation of both teachers and
students that they become more active. Whereas, it contributes to
their integration in the European Education Programs for University
- based training that corresponds to the credit system [14, 15].

During recent years, the so-called 'competitive engineering' has
been introduced as it requires collective work by teams of technical
and non-technical specialists exchanging computer-based
information [2, 6, 14]. It is important to use expert systems
throughout the processes of automatization and designing[4].

The purpose of the present work is to establish an approach for
more efficient, fundamental preparation for CAD system usage in
the technical subject of 'Basics of construction'.

Fig.3 represents an instance of a 3D model of a double stage
planetary gearing which is to be studied throughout the Master
degree training [13]. The double stage planetary gearing can be
used for the purpose of establishment of creative solutions
throughout the process of construction on the basis of expert
systems.

The main goals are as follows:
> Analyzing of hydro mechanical details and mechanical drives
that are developed and practical through the process of training;
> A rationale of mechanical product versions for practical work
in laboratories, curs task and examination of the students' skills
and knowledge in the field of General Engineering;
> An analysis of the connection between technical and profiled
subjects that involve computer -aided designing throughout the
process of training.

3. Application of products for training
In order to choose versions of mechanical products, one has to
take into consideration the curriculum, the scope of work and their
respective degree of complexity. In accordance with the mentioned
criteria and the performed justified versions for practical application
in real time, the following versions are presented in Table 2.
Table 2 delivers specific information about the application of
the corresponding mechanical products in accordance with the
educational, qualifying system and according to the subject. The
patterns for knowledge verification (outside the scope of the
audition work during the curricular term) are also shown.

2. An analysis of developed mechanical products
The performed analysis reviews the process of training of
students from the professional qualification of 'General Engineering'
which includes the following degrees: 'Bachelor' for 'Basics of
construction'; 'Master' for 'Expert systems'. This proposition has
been based on the accumulated experience and on the curricular
process of development of 3D models and mechanical products. It
also stems from the motivation of the students who study a
technical subject that involves CAD systems throughout the process

The exercises which the Master Degree students perform within
the confinement of the optional subject “Expert System” involve
various types of tasks related to production rules, diagnostics and
checkups for creative solutions. To that end, it is required to
perform discussions, team-based work, diagnostics and monitoring
along with preparations of recommendations and solutions.
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Table 1. Versions of 3D geometric models

Device

Analysis for the purpose of searching of
constructive, technical solutions

Hydro mechanical and pneumatic devices

Given:
> Volumetric flow [m.h-1];
Fig.1

Safety overflow

> Standard pressure, [Bar];

valve

> Viscosity of flow (non-Newtonian
flow) [ µPa.s ].
Analysis and solutions:
> Choice of suitable steel grade;
> Choice of fittings;
> Choice of helical compression spring.

Given:
> Atmospheric pressure, [Bar];
Fig.2

Pneumatic

> Mass atmospheric stream [m3 ].

distributor

Analysis and solutions:
> Choice of steel grade and seals;
> Choice of helical compression
springs.

Mechanical drive systems

Given:
> Nominal power [Kw];
Fig.3

> Rotation frequency of flange – n output
[min-1 ].

Planetary
gear

> Rate of planetary gear transmission - i.

transmission

Analysis and solutions:
>Strength calculation and design of
technical conception.

21

Table 2: Applicability of the products
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Abstract: Along with duralumin high-strength aluminum alloy forging V93T1, V93pchT3, 1933T3 is the main material for the airframe
elements of modern aircraft. Practice operation showed lower corrosion resistance of the alloy V93 is able to heat treatment T1. Further
improvement of service characteristics by optimizing the alloy composition, the introduction of alloying elements and applying a heat
treatment step possible to create an improved alloy 1933, which replaced the alloys AK6 and V93. As the experience of the application of the
alloy, in a long-acting high loads and corrosive environments it is still sensitive to stress concentrators and shows a tendency to stress
corrosion cracking.
The paper made a comparative analysis of the characteristics of the microstructure of industrial alloys V93T1, V93pchT3, 1933T3 in terms
of their propensity to fracture under conditions of alternating loads and corrosive environments.
KEYWORDS: FORGING ALLOY, CORROSION CRACKING, DISPERSED PHASES, PLASTICITY, STRESS CONCENTRATION

использованный в режиме термообработки Т1, сплав проявил
сильную склонность к коррозионному растрескиванию.

1. Introduction
In today's aircraft building for manufacturing massive parts
airframe powerplant used forged and extruded semi-finished
products from high-strength aluminum alloys doped Al-Zn-Mg-Cu,
allowing to obtain the maximum attainable after heat treatment
strength values. To ensure a long and safe service life of articles
preform should have a good hardenability, the absence of residual
stresses, the minimum anisotropy properties, high corrosion
resistance. To achieve change the corrosion resistance and strength
of aircraft materials and their ability to resist fatigue failure is
possible by means of heat treatment, one of the most common of
which is aging. Mode band of aging T1 was applied when the main
task was considered to achieve the greatest strength properties.
Transition to aging by coagulation using mitigation mode T2 and
T3, the optimization of the chemical composition will greatly
improve the fracture toughness and the corrosion resistance of
alloys.
It should be noted that the properties of the material from test
samples prepared in the conditions of SRI, and on samples made
from commercial alloys often have significant differences.
Therefore, for safe use in modern designs, it is important to know
the characteristics of the alloy produced in serial production.

Через 25 лет после начала применения этого сплава ВИАМ
был подготовлен отчет, в котором указано, что у сплава В93Т1
отсутствует пороговый уровень К1scc. Этот вывод
подтвержден опытом эксплуатации. Сплав В93Т1 обладает
также низкими ресурсными характеристиками и низкой вязкостью

разрушения.

В дальнейшем за счет оптимизации химического
состава и перехода к коагуляционному старению путем
использования смягчающих режимов Т2 и Т3 были созданы
сплавы В93пчТ2,Т3. Кованые и штампованные детали в
состоянии термообработки Т3 были применены на самолетах
Ан-124, Ан-225. Как показал опыт эксплуатации, сплав
В93пчТ3 остался чувствителен к концентраторам напряжений.
Увеличение эксплуатационного ресурса самолетов
всегда оставалось и остается первоочередной задачей. На базе
сплава В93 в результате введения добавки циркония был
создан ковочный сплав 1933, обладающий более высоким
уровнем прочностных свойств и превосходящими по своим
параметрам характеристиками ресурса (вязкость разрушения,
сопротивление усталости, коррозионная стойкость). Как
показала практика эксплуатации, несмотря на явное
преимущество перед предыдущими аналогами, сплав 1933Т3
остался чувствителен к концентраторам напряжений, также
подвержен коррозионному растрескиванию в условиях
воздействия агрессивных атмосфер, не удалось избежать и
остаточных напряжений, иногда достаточно высоких, в
штампованных полуфабрикатах.
Целью данной работы явилось исследование
микроструктуры
и
искусственных
изломов
деталей,
изготовленных штампованием из ковочных сплавов различных
поколений В93Т1, В93пчТ3, 1933Т3, установление влияния
режимов старения Т1 и Т3 на склонность к коррозионному
растрескиванию.
Особенности
микроструктуры
сплавов,
термообработанных по режимам Т1-Т3, изучались методами
оптической и растровой электронной микроскопии с
применением
рентгеноспектрального
химического
микроанализа. Для этого из элементов конструкции,
изготовленных штампованием, были вырезаны образцы для
микрошлифов и для разрушения в лабораторных условиях.

2. Материалы и исследования
В 1960-1976 г.г. в конструкции самолета Ан-22 был
применен первый высокопрочный ковочный сплав В93Т1
системы Al-Zn-Mg-Сu. Сплав разработан ВИАМ совместно с
Верхне-Салдинским металлургическим комбинатом взамен
сплава АК6. Применение нового сплава должно было
обеспечить, наряду с высокой прочностью и пластичностью,
повышенную прокаливаемость, более высокую однородность и
изотропность механических свойств массивных штамповок.
Практически все крупногабаритные детали этого самолета,
изготовляемые штамповкой, выполнены из сплава В93 в
состоянии
термообработки
Т1.
Первые
трещины
коррозионного растрескивания на силовых элементах
появились уже после пяти лет эксплуатации при налете, не
превышающем 1000 полетов, что стало серьезной проблемой
обеспечения ресурса и срока службы этого самолета. После
хранения около 10 лет в элементах конструкции выявлялись
трещины от внутренних закалочных напряжений. Широко
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3. Результаты и обсуждение
При исследовании микроструктуры образцов из сплава
В93Т1 обнаружены сплошные цепочки выделений дисперсных
фаз по границам зерен материала с повышенным содержанием
меди, что, очевидно, обусловило склонность к коррозионному
растрескиванию (см. рис. 1 а). При исследовании образцов В93
в состоянии термообработки Т3
установлено, что
коагуляционное старение привело к выделению по границам
зерен частиц упрочняющей фазы, более мелких, чем при
термообработке Т1. Частицы расположены на большем
расстоянии друг от друга, а в части крупных зерен наблюдается
субзеренная или блочная структура с еще более
мелкодисперсными выделениями по границам (см. рис. 1 б, в).
Как известно, формирование частиц, располагающихся
преимущественно по границам зерен материала, происходит на
дефектах и дислокационных петлях, образовавшихся в
процессе старения (1). Таким образом, измельчение частиц
упрочняющей фазы, увеличение расстояний между ними и
исчезновение непрерывных цепочек выделений, по которым
трещина сравнительно легко может продвигаться, сказалось на
повышении коррозионной стойкости сплава В93Т3 и
обусловило лучшие эксплуатационные свойства.

Р
с
с

Рис. 1. Микроструктура сплава В93 в состоянии
термообработки Т1 (а) и в состоянии
термообработки Т3 (б, в).

а)

Следует отметить, что в сплавах, как в состоянии Т1,
так и в состоянии Т3, присутствуют фазы крупных первичных
интерметаллидных включений (протяженностью до 100 мкм),
которые могут служить концентраторами напряжений и
способствовать
зарождению
трещин
усталости.
На
микрофотографиях, представленных на рис. 2, показано, что
крупные частицы представлены соединениями алюминия с
медью и железом, реже – с кремнием и марганцем.
Исследование микроструктуры сплава 1933Т3
показало, что дисперсность частиц упрочняющей фазы еще
более высокая, чем в сплаве В93Т3. Наличие малых добавок
циркония в сплаве 1933 способствовало измельчению зерен,
изменению их формы и границ. Наблюдаемая в
микроструктуре разнозернистость, представлена относительно
крупными и очень мелкими (1-5 мкм) субзернами и блоками,
образовавшимися при горячей деформации вследствие
формирования дислокаций в виде стенок и сеток (см. рис. 3).
Можно предположить, что фрагментация зерен также
происходит за счет дисклинационного механизма деформации,
обуславливающего
ротацию
структурных
элементов.
Включения упрочняющих фаз располагаются по границам
зерен и блоков, незначительное их количество содержится и во
внутренних объемах субзерен. Как показали результаты
микрорентгеноспектрального
анализа,
наблюдаемая
криволинейность границ субзерен обусловлена наличием
мелкодисперсных включений упрочняющих фаз.
Несмотря на явное преимущество сплава 1933Т3 перед
предыдущими аналогами, в нем все еще присутствуют
достаточно грубые неравномерно распределенные первичные
включения вторых фаз, содержащие в своем составе
соединения алюминия с медью и железом, марганец и кремний
(см. рис. 4). Такие включения имеют низкую пластичность и
могут служить концентраторами напряжений на этапе
зарождения трещин. В очагах усталостных трещин,
развившихся в штампованных деталях, часто выявляются
крупные интерметаллидные включения.
Исследование
преждевременно
разрушенных
элементов
конструкций
в
результате
коррозионного
растрескивания показало, что в сплаве
присутствуют
остаточные напряжения, которые в условиях воздействия
агрессивных
сред служат фактором, способствующим
разрушению.

б)
в)
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Рис. 3. Микроструктура сплава 1933 в состоянии Т3.

Рис. 2. Карта распределения химических элементов Fe и Cu в
крупных интерметаллидных включениях сплава В93Т3
(штамповка).

Рис. 4. Карта распределения химических элементов Fe, Cu, Mg, Si в
крупных интерметаллидных включениях сплава В93Т3. Участок
поверхности разрушения образца в лабораторных условиях.
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5. Литература.

Исследование изломов образцов, вырезанных из
штампованных деталей, и разрушенных в процессе
механических испытаний на разрыв, показало, что во всех трех
изломах наблюдаются участки малопластичного сотового
микрорельефа, количество которых уменьшается при переходе
от режима Т1 к режимам Т3, при этом степень пластичности
крупных ямок повышается. Об этом свидетельствуют как
глубина ямок, так и наличие складчатости на их стенках. В
сплаве
1933Т3
малопластичный
сотовый
ямочный
микрорельеф встречается реже.
Выполненные исследования свидетельствуют о том,
что значительно более высокая стойкость против коррозии в
состоянии термообработки Т3 обусловлена наличием более
мелких, чем при термообработке Т1, частиц упрочняющей
фазы, не содержащих включений меди, расположенных по
границам зерен и отдельных субзерен на большем расстоянии
между ними. Чувствительность к КР определяется как фазовым
составом выделений, так и размером переходных и стабильных
выделений, а также расстоянием между ними.

1. Фридляндер И.Н. Алюминиевые деформируемые
конструкционные сплавы. М, Металлургия. – 1979. – 208 с.

3. Выводы
1. При исследовании микроструктуры образцов из
сплава В93Т1 обнаружены сплошные цепочки выделений
дисперсных фаз по границам зерен материала с повышенным
содержанием
меди,
что
обусловило
склонность
к
коррозионному растрескиванию.
2. Измельчение частиц упрочняющей фазы, увеличение
расстояний между ними и исчезновение непрерывных цепочек
выделений, по которым трещина сравнительно легко может
продвигаться, сказалось на повышении коррозионной
стойкости
сплава
В93Т3
и
обусловило
лучшие
эксплуатационные свойства.
3. Несмотря на явное преимущество сплава 1933Т3
перед предыдущими аналогами, в его микроструктуре
присутствуют достаточно грубые первичные включения
вторых фаз, обладающие низкой пластичностью и способные
служить концентраторами напряжений на этапе зарождения
трещин.
4. В сплаве
1933Т3 присутствуют
остаточные
напряжения, которые
в
условиях
воздействия
агрессивных
сред
могут служить фактором,
способствующим разрушению в результате коррозионного
растрескивания.
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Results over of research of raw material mixtures are brought on the basis of the system limestone-clay of different composition for the
receipt of astringent material at the low temperature burning and the features of phase transformations are shown.
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TRANSFORMATIONS A PHASE.

Введение

Глинистые материалы являються являються важной
частью сырьевых смесей для изготовления гидравлических
вяжущих [1-3]. При этом глины и каолины рассматривают как
алюмо- и кремнеземсодержащий компонент, необходимый для
реализации
физико-химических
процессов
спекания
силмкатных систем при их обжиге, результатом чего является
формирование фазового состава, определяющего заданные
свойства вяжущего материала. Решение задач оптимизации
составов сырьевых смесей для производства вяжущих требует
развития научных представлений о влиянии концентрации и
химико-минералогического состава глинистого компонента на
формирование фазового состава и свойства гидравлического
вяжущего, в направлении чего выполнена дання работа.

Рис. 1. Зависимость гидравлического модуля вяжущего (HM)
от содержания (С) глины спондиловой – а, кривинской - b и
каолина КССК – с.

Характеристика объектов исследования

Объектом исследования в данной работе стали
сырьевые смеси для изготовления вяжущего материала на
основе бинарной системы известняк – глинистый компонент.
При этом использовались пробы глинистого сырья различного
химико-минералогического состава [4-6].
Так, по химическому составу проба спондиловой
глины отличается от глины кривин ской и необогащенного
каолина КССК:
• значительно меньшим содержанием Al2O3 (8,9 проти 15,719,3 мас.%) при большем соотношении SiO2 : Al2O3 (6,0
против 3,6-3,9);
• значительно большим содержанием CaO (14,6 против 0,33,3 мас.%) и суммарным количеством щелочных и
щелочноземельных оксидов типа R2O+RO (19,25 против
5,10-8,37 мас.%).
По минералогическому составу спондиловая глина
отличается значительно большим содержанием кальцита (25,0
против 0,6-4,5 мас.%) и гидрослюды (17,5 против 1,7-7,5
мас.%) при меньшем количестве каолинита (3,0 против 12,537,8 мас.%).
Указанный состав проб сырья определяет их
технологические свйства. Так, согласно проведенным расчетам
для
изготовления
вяжущего
материала
при
низкотемпературном обжиге в интервале рекомендованных
значений
гидравлического
модуля
CaO
от 1.10 до 1,70 на основе
HM =
SiO2 + Al2 O3 + Fe2 O3
известняка требуемое количество глинистого компонента
зависит от его разновидности и обратно пропорционально
числу HM (рис. 1).

Указанные изменения количественного соотношения
исходных
компонентов
существенно
влияют
на
минералогический состав сырьевых смесей, при этом
относительно меньшим содержанием карбонатов кальция и
магния характеризуется композиція известняк-спондиловая
глина при HM=1,1 (проба 9-1).
Анализ фазового состава материала после обжига
Результаты рентгенофазового анализа позволили
оценить особенности фазовых превращений, происходящих
при обжиге изучаемых смесей, при изменении степени
термической обработки и под действием минерализатора.
Установлено (рис. 2, 3), что после обжига при
максимальной температуре 1050 ºС образцы смеси 9-1
характеризуются развитием кристаллических фаз кальциевых
силикатов типа С2S, C3S, алюминатов кальция –
преимущественно майенита C12A7, алюмосиликатов Ca –
геленита C2AS, а также кварца.
При повешении температуры обжига до 1150 ºС
наблюдается
значительное
уменшение
интенсивности
рефлексов кварца и майенита, интенсификация образования
кристаллических фаз двухкальциевого и трехкальциевого
силикатов и геленита.

Рис. 2. Дифрактограмма материала из смеси 9-1 после обжига
на 10500С.
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Тестирование технологических свойств цеметного
раствора с использованием полученного вяжущего материала
показало, что при использовании пробы 9-1 с увеличением
температуры ее обжига показатели начала и конца схватывания
возрастают и в случае 11500С составляют соответственно 49 и
108 мин. При использовании пробы 9-5 в указанном интервале
температур ее обжига начало схватывания находится на уровне
18-19 мин., а показатель конца схватывания возрастает с
увеличением температуры обжига и в случае 1150 0С
составляет 100 мин.
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Заключение
В технологии гидравлических вяжучих материалов
необходима комплексная оценка карбонатных и глинистых
компонентов исходной сырьевой смеси. При этом
взависимости от химико-минералогического состава
используемого глинистого сырья возможно уменьшение
суммарного содержания карбонатов кальция и магния в
смеси с соответствующим уменьшением при обжиге
выбросов CO2 в атмосферу.
Эффективность применения глины типа спондиловой
с повышенным содержанием кальцита и гидрослюды в
производстве вяжущих материалов
определяется
возможностью регулирования кинетики и направления
фазовых превращений при уменьшении максимальной
температуры обжига.
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Рис. 3. Дифрактограмма материала из смеси 9-1 после обжига
на 11500С
Введение минерализатора (1 мас.% Na2SiF6)
существенно влияет на интенсивность фазовых превращений
при обжиге изучаемой сырьевой смеси - проба 9-5 (рис. 4,5).
Так, после обжига при 1050 ºС добавка минерализатора
приводит к уменьшению количества кварца, увеличению
количества
кристаллических
фаз
двухкальциевого
и
трехкальциевого силикатов, а также геленита, некоторому
уменьшению фазы майенита.
Таким образом эффект действия минерализатора при
обжиге на 1050ºС аналогичен рассмотренному нами выше при
повышении температуры обжига, однако несколько меньший в
количественном отношении.
При обжиге на 1150 ºС эффективность введения
минерализатора проявляется в существенно меньшей степени,
чем при обжиге 1050ºС, однако, отмечается некоторая
интенсификация формования кристаллов C3S.
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Рис. 4. Дифрактограмма материала из смеси 9-5 после обжига
на 10500С.
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STUDY OF NON-METALLIC ROLLING-ELEMENT BEARINGS
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Abstract: The widely used metal rolling bearings are only suitable for use in a process fluid by solving serious difficulties in sealing.
Process fluids (water, alkali or acid fluids, apple juice, wine or perhaps milk…) have an adverse effect on the operation of bearings. In these
cases, on the one hand the occurring corrosive effects must be expected as well as the inadequate lubrication of bearings. By now, due to the
large development of materials science and manufacturing processes bearings with plastic outer and inner race and some kind of aseptic
rolling element (e.g. glass, acid-resistant steel or ceramic) have appeared in the areas of rolling bearings. In the Institute of Mechanics and
Machinery of Gödöllő Szent István University there are studies conducted as to how these bearings made of non-standard materials behave
in different process fluids.
Keywords: Plastic rolling bearings, Thermal imaging camera, Thermal imaging camera tests, Bearing geometry

bearings due to its self-lubricating property (K. Kida et al., 2011).
The question, problem of how bearings behave in process fluids
(different liquid materials) has not been studied by any researchers
in the case of the basic properties of bearings. Therefore, this topic
can be considered rather timely, its significance is far-reaching.

1. Timeliness and significance of the study of
rolling-element bearings
The use of rolling bearings plays an important role in all areas
of technological life. A wide range of rolling-element bearings has
been used for the energetically active support of the rolling parts of
machinery and equipment. These machine elements must be
adequate for a wide variety of load conditions and operating media
without failure. Rolling bearings can be found in a laboratory
environment as well as in extreme weather conditions or in
installed, fixed manufacturing lines or mobile machines.

2. The objective of the analyses
The aim of our study is to conduct a research program whose
result can provide a tool for designers and operators using nonmetallic bearings. It is important to define the limits of operations of
these machine parts made of unconventional materials essentially
on the basis of their operating temperature. Another direction of
research could provide results for the selection of proper fitting
joints in the case of different process fluids.

Since they have become widely used, adequate attention has
been paid to their improvement and study in technology. When
rolling bearings appeared, materials science and engineering were
not at such a high level as today. In the 1960s there were efforts to
make rolling bearings from new materials (plastic) versus metal.
However, these efforts proved unsuccessful as plastics used and
manufactured at the time did not meet the requirements of being
used as the materials of bearings. Because of these failures only a
few large companies continued developing plastic rolling bearings
further, but non-metallic bearings were not capable of fulfilling a
good position in technology.

3. Material and method
It is important that we should be able to examine the operation
of bearings among industrial operating conditions and then these
conditions could be reproduced with the help of laboratory
background thus the data and information experienced during the
operation can be validated. The plant measurements are taken in the
Bosch RUR washer machine operating in the LIO and CITO section
of the LIO and Eye Drop plant of TEVA Pharmaceutical Factory in
Gödöllő, and the control tests are performed under laboratory
conditions.

However, nowadays thanks to the strong development of
materials science and manufacturing processes new materials have
also appeared in the areas of rolling bearings. The rapid
development of plastics and the appearance of technical plastics
have made it possible to use new materials in the case of rolling
bearings as well. Today, bearings are available in different materials
for the technology for designers and users from plastic through
glass and ceramic to conventional metals. These new materials have
made it possible to apply rolling bearings in new areas of use, such
as in the textile industry, pharmaceutical industry and increasingly
in the food industry (R.G. Mirzojev, 1974).

Two main sets of tests were conducted. The temperature change
in non-metallic rolling-element bearings was monitored with
different load and run (revolution) settings during operation in a dry
environment. In the design phase of the bearing test bench built in
the Institute of Machinery of Szent István University it was an
important aspect that the parameters basically impacting the
operation of bearings like radial load, axial load or revolution
should be freely adjustable and verifiable. The other criterion was
that during the test runs performed in process fluids the test bench
should be capable of receiving a climatic chamber which would
function as a climatic cabinet, where the cabinet air humidity, dry
matter content or temperature can be programmed under controlled
conditions. Where appropriate, there may be flood tests in which the
non-metallic bearings would operate in a process fluid and at this
time the climatic cabinet would even function as a pool.

Although the technical development of non-metallic bearings
and the extent of their use have shown a clearly growing trend in
the past 20 years, these directions of development have not been
accompanied by laboratory research. Current research deals with
either the properties of specific non-metallic bearing materials or
the comparison of metal and non-metallic bearings. The
fundamental direction of research by C. Morillo and fellow
researchers was the comparison of non-metallic bearings to metal
ones based on certain bearing features. (C.Morillo et al., 2013). The
findings by Hitonobu Koike PEEK-PTFE were aimed at bearing
wear (Hitonobu Koike, 2013). The efficiency of certain lubricants
in the case of plastic bearing races was studied by J. Sukumaran et
al. The primary focus of their work was the analysis of water
lubrication, however the effects of other process fluids were not
studied (J. Sukumaran et al., 2012). The self-lubricating ability of
non-metallic bearings was studied by K. Kida, whose suggestion
was that the PEEK bearing could be outstanding among plastic

In addition to the temperature measurements of bearings the
geometric parameter change of bearings was also tested in different
process fluids. These measurements are interesting because of one
of the most characteristic properties of plastics, the tendency of
swelling. The change in those four main bearing geometrical
parameters must be tested which fundamentally influence the
operation of bearings – not only the operation of non-metallic
bearings. These are the change in the diameter of the inner and
outer race of the bearing due to the effect of the process fluid, which
basically influence bearing installation instructions. If these
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parameters change, the tolerance pairs, fits recommended by the
bearing manufacturer can also change. The change in these
parameters puts the questions of installation technology into a new
perspective. In addition to the outer and inner diameter the change
in the clearance of bearing was measured since the change in this
parameter impacts the running accuracy of bearings. The fourth
tested geometric parameter is the change in bearing weight because
of the process fluid. Although it can be felt the extent of change in
weight resulting from swelling will not impact the proper operation
of the bearing, still it may be interesting since the assumption that
non-metallic rolling bearings are prone to moisture absorption,
consequently swelling i.e. size change may be substantiated with
this data.

Figure 3: Bearing housing and base plates capable of moving axially and
radially

In the construction design phase of the test bench it was a basic
condition that during the measurements all the variable bearing
properties (e.g. change in bearing temperature) should occur by
adjusting the test parameters according to the researcher’s intention
and no uninterpretable factors should get into the experimental
system due to some construction fault or non-compliance (e.g.
undersized axle or improper support).

4. Equipment used during the laboratory tests of
non-metallic rolling bearings
A test bench capable of examining non-metallic bearings was
created in the Department of Machine Structures in the Faculty of
Mechanical Engineering of Szent István University (Figure 1).
When the technical documentation was prepared the
fundamental goal was to be able to adjust the radial and axial load
as well as the revolution affecting the bearing running parameters
and to be able to monitor the changes in these data in real time with
the help of load cells and rotary encoder and also to be able to
collect these data for later processing.

The measurements related to the temperature change in bearings
are performed with the NEC thermal imaging camera of the
Institute of Machinery (Figure 4), the images are processed with the
default software of the camera, Image Processor Pro II (Figure 4)
and then the data are evaluated. The measurements of the
temperature change are taken while constantly monitoring the radial
and axial loads and the revolution. Data acquisition is performed by
a SPIDER 8 data acquisition system, and data processing is done by
the HBMI CATMAN system (Figure 4).

Figure 1: Special purpose equipment for testing non-metallic bearings

The other important criterion was that the structure of the test
bench should be constructed of corrosion resistant materials so it
cannot be damaged by the corrosive fluid to be used as planned.
The base plate of the test bench was made of high precision
aluminium preform, and due to the plate structure the other parts
were also made of aluminium preforms. One of the most important
construction elements of the test bench is the axle which was made
by a high-precision manufacturing process from acid resistant steel.
In the case of the axle and the axle lead-in the robust, rigid axle
guide must be mentioned as an important construction criterion.
High precision is significant in order to exclude any improper
bearing operation due to axle faults (Figure 2).

Figure 4: (From left to right) NEC thermal imaging camera, CATMAN
monitoring system, Image Process Pro II

The other main experimental direction recently has been the
study of the size changes of rolling bearings due to the effect of
process fluids of different properties. The size change in the weight,
inner and outer race and clearance of bearings was measured at
predetermined intervals. Weight measurements were taken using a
KERN PCB with a readout accuracy of 0.01 grams (every 48
hours), the change in outer and inner diameter was measured with a
micrometer and inside micrometer with a readout accuracy of 0.01
mm (Figure 5).

Figure 5: Measuring instruments used in the measurement of geometry
change

Figure 2: The input axle and the axial and radial tensioning unit

During the measurements of the geometrical parameters of
bearings the most complex task was the inspection of bearing
clearance change since the feeler gauge with blades generally
accepted and easily usable in the industry did not prove appropriate
to measure the clearance of bearings with plastic outer and inner
race. The main reason for this is the vulnerability of polyamide
bearing races. So in this case the solution was to use a customdesigned measuring target device. The construction requirements of
the device were the following: the high strength, robust securing of
the axle ends manufactured according to factory recommended
tolerances fitting the bearings to be tested. This is an important
criterion because the measuring target device should stand stable on
the measuring island against the measuring power. The dial gauge

The adjustment of accurate test revolution is done manually on
the drive unit for the time being. There is a more interesting
solution for the programming of the other two parameters to be
adjusted (radial and axial load). The adjustment of the parameters
affecting the operation can be realized by pulling, displacing axially
and perpendicularly to the axle the bearing housing created for the
geometry of the bearing to be tested. The bearing housing can move
on a guided course, the adjustment of the load of the tested bearing
can be fixed with the help of a screw-spindle actuator (Figure 3).
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with readout accuracy of 0.01 mm was placed on this unit (Figure
6).

Figure 7: Defining the measurement area in the evaluation software of the
thermal imaging camera

Figure 6: Target device for measuring bearing clearance

The measurements of the temperature change in bearings were
taken with a NEC thermal imaging camera owned by the Institute of
Mechanics and Machinery of Szent István University, the images
were processed with the default software of the camera and then the
processed data were evaluated. The measurement of temperature
change was performed under radial and axial loads and the
continuous monitoring of revolution. Data acquisition was
performed by a SPIDER 8 data acquisition device and data
processing was performed by the HBMI CATMAN system. The
measurement of geometrical dimensions was taken with
conventional measuring devices, inner micrometer, micrometer and
dial gauge, the data were entered in the database management
software manually and then they were processed with mathematical
statistical methods. During the evaluation of both series of
measurements basic statistical correlations are used, the results are
illustrated in diagrams.

The following must be highlighted among the results acquired
during the measurement of temperature change.
The nature of temperature change
Due to the effect of each parameter setting affecting bearing
operation a dramatic increase in temperature can be observed, and
then each temperature curve converges to a constant value
asymptotically. It can be assumed that the temperature change
occurs along the function of saturation. The mathematical proof of
this is necessary and planned.

5. Results of the laboratory tests of non-metallic
rolling bearings
Dry run tests of non-metallic rolling-element bearings
During the run tests performed so far the aim was that the
measurement of the temperature change of non-metallic rollingelement bearings should be performed in the most unfavourable
conditions regarding the operation of the bearing. It was assumed
that during the tests of the temperature change of non-metallic
rolling-element bearings the lack of wet process media can be
considered the most unfavourable condition. Wet process media can
provide more favourable lubrication for the bearing and can provide
cooling for the bearing. These aspects can prove to be very
important during the operation of elements made of construction
materials whose softening temperature is around 150°C.

Figure 8: Bearing temperature change as a function of time

The connection between temperature change and revolution
The aim of the experiment was to see a correlation how
revolution affects the temperature change in bearings with constant
load settings (both radial and axial load of 90N) and revolution
values increased incrementally (400, 500, 600, 700, 800, 900min-1).
The below diagram (Figure 9) shows the average temperature
change of the rolling track as a function of the specific revolution.
Four different temperature-time ranges were selected. During the
measurements the average temperature of the period between 30 s
and 600 s was calculated, the maximum temperature was processed
similarly. The average and maximum temperature of the last 100sec period (500 s-600 s) was determined separately. Figure 9 shows
that regardless of the measurement time setting, the connection
between the revolution and temperature shows a linear relationship.
Even in the most different case (AVERAGE 500s-600s) the value
of the correlation coefficient R2=0.9939. Since the measured points
are located along the line with great statistical certainty, it can be
concluded that the temperature-revolution relationship is linear.

The adjustment of measurement parameters during temperature
measurements
With extreme revolution values based on catalogue data, both
the axial and radial load parameters were set near the maximum
load values (based on catalogue parameters) separately too, but
there were such set points in the measurement series when the
bearing received loads from both radial and axial directions.
Before the presentation of the results it is necessary to explain
the choice of the area of the temperature measurement and the
measurement interval. The temperature of area marked 2 in Figure 7
was measured, this covers the most loaded environment of the
rolling-element and the running tracks. Within this area the average
temperature, maximum temperature and minimum temperature
were sampled at a resolution of 1 second. The duration of one
measurement with one test setting was 10 minutes (600 s) in all
cases since after 5 minutes (300 s) the temperature converges to a
constant value asymptotically.
The evaluation of the temperature change of bearings was
performed following the experimental method developed by
Gárdonyi, which, similarly to this research program, was used to
study the losses of machine elements (Gárdonyi et al., 2013, 2015).
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Figure 9: Bearing temperature change as a function of time

Flood tests of non-metallic rolling-element bearings
The aim of the tests is to determine what effect the specific
property of plastics of being capable of absorbing fluid in a wet
medium and so creating a change in size can have on the
geometrical properties of bearings. The tested bearing parameters
are the change in the diameter of the inner and outer races, the
change in weight and bearing clearances.

Figure 11: Bearing temperature change as a function of time
Table 1: Extent of change in physical properties

Weight

Inner
Outer
diameter
diameter
IGUS 6001
1.87%
1.25%
0.28%
IGUS 6005
0.74%
0.80%
0.25%
In the case of installing plastic bearings under factory
recommendation, the bearings are to be mounted on axles
manufactured with h6 tolerance. In this case the manufacturer
requires a slight fitting coverage and a slight fitting play for the user
of the bearing (yellow area in Table 2). The table below clearly
shows that the data of bearing measurements (orange area in Table
2) taken before the flood test show a high level of compliance with
the factory recommendation. However, the parameters shown in the
red area of the table show outstanding data. After the evaluation of
these data it can be understood that after the 240-hour flooding the
size of the inner race of the bearings is no longer suitable for axles
of h6 tolerance. Therefore the mounting of bearings with proper
fitting is not appropriate to axles manufactured with factory
recommendation, so an installation technology recommendation
must be created for mounting non-metallic rolling-element bearings
with plastic outer and inner races. It can be concluded on the basis
of the tests that in order to obtain the proper mounting clearances it
is necessary to soak polyamide ball bearings to be used in a wet
medium for 240 hours in advance, and then in my recommendation
if the bearing is mounted on an axle manufactured with z10
tolerance, the proper inner race fitting can be achieved.

Determining the measurement conditions during flood tests
The tests were carried out with two bearing sizes, one bearing
was an IGUS BB 6005 with an inner diameter of 25mm, the other
one was an IGUS BB 6001 with an inner diameter of 12 mm. The
inner and outer races of the bearings are made of polyamide, and
the rolling elements (bearing balls) are made of glass. In the flood
tests the parameter change of bearings was tested in four process
fluids with totally different chemical properties. The four selected
process fluids were RO water (pure H2O), SIÓ 100% “Mosolygós”
Apple Juice, household chlorine bleach (alkaline pH 12.5) and one
of last year’s successful white wines from GERE Winery,
Sauvignon Blanc. Three bearings from both bearing sizes were
placed in all the four process fluids, and the parameter change was
checked with measurements repeated every 48 hours for 240 hours
(10 days).

Table 2: Data to support fitting recommendations
Figure 10: Bearings in different process fluids

The extent and nature of bearing geometry change
It can be observed in all the four properties affecting the
operation of bearings, regardless of the process fluid. All of these
properties show a clear increase, and when their structure is
presumably saturated with the process fluid, the data converge to a
constant value asymptotically (Figure 11) (Dr. Sváb János, 1976).
The issue of fitting the axle in the inner race
If we interpret the geometry change as the percentage of the
original, measured property (Table 1), the values obtained are not
expressive enough. The value of 0.8% increase in the inner race of
bearing IGUS 6005, and the 1.25% increase in bearing 6001 cannot
be considered outstanding, but this actual increase can affect
installation technology to a large extent.
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6. Summary
As a result of the research work to date a new research method
was created which can assist in examining non-metallic rollingelement bearings in process fluids. A target device was designed
and constructed for the created research method which device can
also be installed with a climatic cabinet for bearing tests.
During the tests performed so far a conclusion was drawn
regarding the changes in physical and geometrical parameters
impacting the operation of bearings, due to the effect of process
fluids. The main objective of the near future will be the itemized
confirmation of the received partial results. In addition to the
changes in physical and geometrical parameters due to the effect of
process fluids, the relationship between the revolution and the inner
temperature of the bearing was determined.

7. References
1. C. Morillo, E. C. Santos et al. (2013), Comparative
Evaluation Of Metal And Polymer Ball Bearings, In Journal Wear,
pp. 1499-1505
2. Hitonobu Koike et al. (2013), Observation Of Wear On
PEEK-PTFE Hybrid Radial Bearings, In Journal Advanced
Materials Research, pp. 683
3. J. Sukumaran, V. Rodriguez, P. De Baets, Y. Perez et al.,
(2012), A Review On Water Lubrication Of Polymers, Presented A
Review In Ghent University and Catholic University Of Leuven,
K.U. Leuven
4. K. Kida et al., (2012), Self-Lubrication Of PEEK Polymer
Bearing In Rolling Contact Fatigue, In Journal Tribology
International, pp. 30-38
5. R. G. Mirzojev (1974), Gépelemek műanyagból, Műszaki
Tankönyvkiadó, Budapest, 95-99 o.
6. Szendrő Péter (2007), Gépelemek, Mezőgazda Kiadó,
Budapest
7. Dr. Sváb János (1967), Biometriai módszerek a
mezőgazdasági kutatásban, Mezőgazdasági Kiadó, Budapest, 368376 o.
8. Gárdonyi P., Kátai L., Szabó I., (2015) Az ékszíjtárcsa
átmérők és az ékszíjak melegedési viszonyainak kapcsolata, Fiatal
Műszakiak Tudományos ülésszaka, XX, Kolozsvár, 26-29. o., ISSN
2067-6808
9. Kátai L., Szabó I., Gárdonyi P. (2013), Az ékszíjak
melegedés viszonyainak vizsgálata, A Gépipari Tudományos
Egyesület Műszaki Folyóirata, LXIV. évf. 6. szám, Miskolc, p. 5861., ISSN 0016-8572

33
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Abstract: The efficiency of V-belt drives is determined by several factors collectively: the slip occurring during drive transmission, the
external friction occurring when the belt enters and exits the pulley as well as the hysteresis loss resulting from inner friction. Main objective
of this paper is analyzing the temperature conditions of V-belt by infrared thermal camera depending on various belt pulley parallel and
angle misalignment. A certain V-belt cross section was analyzed on a self developed test equipment in various belt pulley parallel and angle
misalignment. It was stated that the temperature increase of V-belt is influenced by the geometrical misalignment. In this study an
experimental method was developed to define the V-belt temperature increase in function of belt pulley parallel and angle misalignment. On
the bases of the test results optimal parameters can be calculated that serve as beneficial references for designing and tuning V-belt drives.
Keywords: V-belt, infrared thermal analysis, belt misalignment, temperature conditions

efficiency. The location and angular displacements of the pulleys
relative to each other can originate from the uncertainty of assembly
– from that of plate design -, and from the frame deformation
occurring during operation.

1. Introduction, Objective
V-belt drives are widely used on agricultural machinery due to
their beneficial properties. Relatively complicated drive
arrangements can be realized, large shaft spacing can be bridged,
they can be used with parallel and out-of-line shafts, and the
construction of the drive does not require complex structural
elements. The reliability and planned maintenance of these drives is
essential for efficient agricultural production.

The assumption that in many cases the V-belt pulleys of
agricultural equipment are not located in the medium plane of the
drive is supported by our measurements. Figure 1 shows the V-belt
drive arrangement of the thresher unit of a crop harvester machine
with the mounted laser V-belt pulley adjustment measuring device.
In the case of most of the studied drives 3 times the permissible
error was measured and according to our studies as a result of
terrain driving because of dynamic load these errors further
increased from the deformation of the frame structure.

For V-belt drive sizing standardized calculation methods as well
as experimental factors and design factors supported by laboratory
experiments are utilized, which are valid for properly adjusted
drives and normal operating conditions. The service life of V-belt
drives created in this way, typical of agricultural machines and
operating in extreme conditions will not be adequate and
predictable and will not provide clear information for maintenance
planning. As an example, the V-belt drives of mixing equipment
used on crop dryers operate in rather extreme conditions, where it is
essential to maintain a constant revolution for optimal mixing [5].
In such cases the results of our own service life tests conducted
under the given circumstances can be relied on, which are rather
expensive and take a long time.

The objective of our experiments is to determine the
relationship between the adjustment errors of the pulleys of V-belt
drives and losses. During the tests the temperature of the belt sides
and the revolution differences of the shafts were measured, based
on which the different adjustments were compared.

2. V-belt
temperature

drive

adjustment

error

and

belt

During the power transmission of belt drives the warming of the
belt is basically the result of two effects. The heat generated by the
macroscopic friction of the contact surfaces and the proportion of
hysteresis loss occurring due to the repeated us of the belt which is
transformed into heat. A V-belt drive, like any machine, operates
with certain efficiency, which is the ratio of useful and introduced
power. The difference of these gives the power loss, most of which
is transformed into heat. If the steady operating temperature of the
V-belt is tested as loss intensity, the efficiency of the belt drive can
be deducted from it. A higher belt temperature leads to the
degradation of polymer molecule chains, to the aging of the rubber,
thereby significantly affecting the service life of the V-belt.
Temperatures rising above 70°C result in a strong decrease in
service life. Figure 2 shows that with an increase of 10°C service
life is decreased to about half.
Fig. 1 The V-belt drive arrangement of a crop harvester with the measuring
device

The belt drives used on agricultural machines can only be
adjusted with a certain accuracy since it is usually a large piece of
equipment whose frame structure is made up of plate elements. The
distance between the shafts involved in the drive and their angular
displacements are within a relatively large tolerance, which in the
case of large pulley diameters can even exceed the error limit.
Although V-belt drives operate properly even in such
circumstances, these errors are unfavourable from the point of view
of belt service life, and they also result in a decrease in drive

Fig. 2 Correlation between temperature and service life [1]
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The engagement of the V-belt and the pulley, elementary slips
(relative movements) are affected by several factors in addition to
drive parameters, such as operating conditions, the polluted
environment, temperature and relative humidity as well as drive
adjustment errors. These macroscopic slips cause belt wear, and
heat is generated by friction. Taking the whole system into account
they affect the smooth power transmission and its efficiency. In the
case of adjusting pulleys with parallel misalignment, the effect of
radial belt movements on the section of belt lead-in was studied by
Moon and Wickert. Figure 3 shows an enlarged picture of the stickslip frictional movement of the V-belt in the groove, as a result of
which the heat generation is also intensified. [3]

Fig. 5 The arrangement of the test bench to test belt drives

Narrow V-belts were used for the measurements in two sizes.
When SPA V-belts were measured the drive was examined without
load, so only the geometry of V-belt drive, adjustment errors as well
as the material properties of the V-belt played a role. In the case of
SPZ V-belts, with the drive under medium load, the temperature of
the tense belt side and the revolution of the pulleys were also
monitored.
The temperature of the V-belt is determined by the equilibrium
of the generated heat and heat loss. This is affected by several not
easily controllable factors, such as air temperature, humidity, the
temperature and heat capacity of the contacting parts, etc. During
the experiments the mentioned not easily controllable factors were
considered constant as the measurements were taken under the same
circumstances. The temperature rise of the V-belt was chosen as the
test parameter, which means the power loss between the two
equilibria – between the steady state of the workshop temperature
and operating temperature.

Fig. 3 Measurements of a single cycle of stick-slip excitation [3]

The permissible largest differences regarding V-belt drive
adjustments are given as value X by V-belt manufacturers as a
function of pulley diameter as shown in Figure 4. The permissible
largest difference can come from the parallel misalignment of
pulleys or the angular misalignment of shafts. In both cases the
straight belt sides of the V-belt suffer extra bending, the sidewalls
suffer higher friction when running up and down the pulley. In the
case of parallel misalignment friction increases on both sidewalls, in
the case of angular misalignment only one sidewall gets more
strain. Here a strained and an unstrained side was explained.
Fig. 6 The test arrangement

The test arrangement can be seen in Figure 6, where images
were taken with a high-resolution infrared camera at 0.2 Hz
frequency for a 10-minute period. During our experiments the
sidewalls of the belt coming in contact with the groove were tested,
which contained more information about the operation of the drive.
Data regarding the temperature were obtained from the thermal
images taken of the active surface of the V-belt after the images
were processed.

Fig. 4 Understanding the adjustment errors of pulleys
a) parallel misalignment; b) angular misalignment

3. Material and method
The tests were performed on a universal test bench designed by
PhD students doing research in the Department of Machine
Construction. Due to the design of the test bench it is possible to
test a wide range of mechanical drives and clutches. The drive and
brake units located on the grooved table of the test bench offer
many opportunities. The drive parameters of motor units can be
measured accurately with the transmitters shown in Figure 5. For
the belt tests the drive unit is equipped with a tensioning unit guided
by a linear bearing. The pretension of the belt can be adjusted with a
screw spindle, whose line of action coincides with that of the shaft
pulling force. This arrangement is used to measure the shaft pulling
force directly.

Fig. 7 Thermal camera image and its evaluation
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i.e. the frequency of the bending strain of the belt is directly
proportional to warming. No differences in temperature were
experienced between the belt sides and temperature distribution is
also uniform along the belt length.

The average temperature of the marked area in Figure 7 was
used for the evaluation, which shows the temperature change of the
belt if it is illustrated according to time. The warming of the V-belt
is described by the Baule-Mitscherlich saturation function (Figure
8), in which the measured parameters change along a decreasing
gradient going toward the saturation maximum. The steady
operational temperature was accurately estimated through the
mathematical model. This was necessary because each adjustment
converged to different saturation during different times, and the
duration of the experiments was decided to be 10 minutes.

Fig. 10 Temperature increase of the belt sides as a function of the bending
frequency

However, it can be observed when running the V-belt drive that
the lower side of the belt warms up more intensively than the upper
side. This difference and the previously mentioned temperature
increase occurring as a function of belt bending is caused by the socalled hysteresis loss due to repetitive strain. The neutral cord of the
belt cross-section is situated nearer the top side, the lower cords are
more subject to bending, therefore as a result of the inner friction
more heat is generated going towards the lower side.

Fig. 8 Measurement data and the saturation function

The general equation of the saturation function
𝑌 = 𝐴 ∙ (1 − 𝑒 𝑧+𝑐∙𝑋 ).

(1)

𝑌 = 𝐴 ∙ (1 − 𝑚),

(2)

The simplified form

where 𝐴 is the upper limit of the saturation function. The
𝑚 = 𝑒 𝑧+𝑐∙𝑋 is the relative unsaturation, i.e. distance of value 𝑌
from 𝐴 maximum, with respect to 𝐴 maximum:
𝑚=1−

𝑌 𝐴−𝑌
=
.
𝐴
𝐴

(3)

Fig. 11 The heat generated as a consequence of the parallel misalignment of
V-belt pulleys as a function of bending frequency ( SPA; d1 = 112 mm; i = 1;
Ld = 1207; f0 =5,6 - 23,1 s-1; M1 = 0 Nm)

Fig. 9 Linear regression of 𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍

The fitting of the test data on the saturation function was
confirmed by the linear regression of 𝑙𝑜𝑔 𝑚 (Figure 9) [4]. Out of
the function parameters 𝐴 gives the stead-state temperature of the
V-belt, 𝑐 gives the speed of warming and 𝑧 gives the temperature
of the belt at the beginning of the measurement.

In the case of the parallel misalignment of pulleys, due to the
adjustment error the V-belts reached the steady state at a higher
temperature (Figure 11), i.e. they worked with higher loss. The
parallel misalignment errors of the V-belt pulleys increased the
temperature of the belt with a constant value independent of belt
frequency, i.e. this excess heat does not come from the inner friction
of the material of the V-belt. The heat load generated by the
adjustment errors of the pulleys is caused by the changed friction

4. The results of the tests
First the experiments were conducted with SPA profile V-belts
without load. Figure 10 shows that the relationship of the belt
frequency and temperature increase is linear in the studied range,
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conditions. The largest error set up during the experiments resulted
in 10% temperature increase at each belt bending frequency.

The load was not changed for the different test settings,
therefore the circumferential belt slips along the overlap had to be
the same. The differences in revolution were caused by the
adjustment errors. It is assumed that the differences on the belt runup section of the driving and driven pulleys could have been caused
by the change in the effective radius. Further experiments are
needed to explain this phenomenon accurately.

In the other experiments SPZ V-belts were used, where the
pulleys were set in the plane of the drive, at the recommended error
limit, at a value one order of magnitude larger, and at double that
value. The position of the pulleys relative to each other was created
with parallel alignment and the angular alignment of the shafts.

5. Summary
In this study the losses of V-belt drives were studied through
experiments in relation to the adjustment errors of pulleys. The
temperature increase of the belt was chosen as the test parameter.
Basically the warming of the V-belt is the result of two effects: the
heat generated due to the macroscopic friction of the contact
surfaces; and the proportion of hysteresis loss occurring due to the
repeated strain of the belt which is transformed to heat.
The increased friction conditions, which cause a decrease in
efficiency and service life, play a significant role in the temperature
increase of V-belts originating from the adjustment errors of pulleys
The major conclusions of V-belt warming tests are the
following:
a)

The distribution of the temperature is uniform along the
belt length, but the temperature is inhomogeneous in the
cross-section of the belt, which is caused by inner friction
when the belt is being bent repeatedly.

b)

The relationship of belt frequency and temperature
increase is linear in the studied range.

c)

Within the error required by the manufacturers no
significant differences can be experienced in temperature
increase.

d)

In the case of the angular misalignment of shafts the
sidewalls of the V-belt converge to different temperatures,
which is caused by the different frictional conditions of the
active sidewalls of the V-belt.

e)

The increased frictional conditions play a role in the
temperature increase of the V-belt originating from the
adjustment errors of the pulleys.

f)

The adjustment errors of the pulleys affect the revolution
of the driven shaft.

g)

Within the permissible limits the adjustment error of the
pulleys has a favourable effect on the operation of the
drive.

Fig. 12 The temperature increase of the V-belt drive due to geometrical
adjustment errors as a function of the extent of the error ( SPZ; d1 = 150
mm; i = 1; Ld = 1207; f0 =15 s-1; M1 = 8 Nm; FH = 119 N)

Due to the adjustment errors of the pulleys the V-belt drives
operate at a higher temperature, thereby the efficiency of the drive
becomes worse and the service life of the V-belt decreases. Figure
12 shows that in addition to the extent of the adjustment error the
temperature increase of the V-belt is also affected by the nature of
the error. The angular misalignment of the pulleys results in
different warming on the sidewalls of the belt, which is caused by
the previously mentioned different friction influence on the active
sidewalls of the V-belt. Heat generation is more intensive on the
strained sidewalls, however the temperature of the unstrained side
could be lower than the values within the error limits.
Within the error limits given by the manufacturers no
significant difference can be experienced between the temperature
increase of the V-belts. Exceeding the permissible error value the
V-belts converge to different temperatures..
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Abstract: PHP is one of the most popular programming languages for web applications backend development. In order to quickly
develop an application, many companies have created their own frameworks. Today, there are hundreds of frameworks in PHP, but all are
not equally popular. Only a few of them stand on top of the most popular frameworks (Zend, Codeigniter, Yii, CakePHP, Symfony, Laravel).
Each of these frameworks has its own advantage over others, some are faster in database operations, other are better in security, or allow
rapid application development. The choice of which framework will be used for development depends from application needs. One of the
most important aspects when we are choosing framework is speed, no one wants to wait long for loading some web page. Even Google have
clearly stated that all those sites which needs more than 2 seconds to load will be rated negative. In this article we elaborated three of the
most used PHP frameworks (Yii, Zend and Codeigniter) and we test them how quickly will retrieve data from database.
Keywords: PHP FRAMEWORK, BENCHMARK, YII FRAMEWORK, CODEIGNITER, ZEND

1. Introduction
PHP [8] is used in almost 82% of all internet web sites as a
backend programming language. PHP frameworks are used in 40%
of all web sites [1]. There are many frameworks in PHP [16], some
created for companies needs, others for general use. But all of them
have the same goal: to speed up the process of application
development and to increase the security level.

•

Apache server, version 2.2.22

•

MySQL database, version 5.6.21

•

PHP version 5.3.10

Framework versions are:

With increasing security mechanisms the speed of application is
reduced, and this directly affects the interest of visitors. Nobody
wants to wait longer than 2-3 seconds to read some information.

•

Yii version 1.1.15

•

Zend version 1.11.11

•

Codeigniter version 2.2.0

This is one of the reasons why is necessary to make an
appropriate balance between all of these factors. Mostly used
frameworks [11] [15] succeed to achieve this balance. Here we will
point out three of them which are more and more used. These are
Zend [2], Yii[4] and Codeigniter[3].

This is one of the reasons why is necessary to make an
appropriate balance between all of these factors. Mostly used
frameworks [11] [15] succeed to achieve this balance. Here we will
point out three of them which are more and more used. These are
Zend [2] [7], Yii [4] [5] and Codeigniter [3] [6].

Tables are with following sizes:

On the Internet you can find more speed benchmarks [13] [14]
[17] [18], but much less common are those who make analyzing
speed with database.

•

s_post – 10 000 records

•

m_post – 100 000 records

•

l_post – 300 000 records

Almost all web applications use database, which means it is
very important how quickly some framework can communicate
with the database. Every framework has their own classes and
methods for extracting data from database. These classes are also
called Active Record classes. They have embedded security
mechanisms (filters) and some other methods, thereby reduced the
speed of data extraction.

All tests were done with disable caches on server. Operation
environment is completely same in everyone.

To develop this benchmark we have created application where
we have tested every method from all frameworks for extracting
data on same database. Application can be found on the following
link http:/www.SiMYan.info/performance-benchmark.

Each method has run 900 seconds or 300 seconds on each table.
For example, we tested how many times method findAll() in Yii
will be performed in 300 seconds on each table.

As auxiliary tools are used Xdebug [9] for errors detecting,
NetBeans editor [12], GitHub [10]. Code can be downloaded from
the following link https://github.com/mile-janev/frameworks.git.

All information displayed further will be expressed in number
of executions of the method in one minute.

The project has clearly defined two objectives:
•

•

The first is to make internal comparison of all methods in
given framework and to determine the fastest method for
selecting data from database.

3. Methods Description
Every method in each framework has its own purpose why is
there, although sometimes more methods may be used for the same
purpose. Some methods are faster, some easier to create dynamic
queries. Programmer should always choose the right method
according to the needs. You should always choose the method that
will be able to complete the required task but in same time will be
the fastest one.

The other is to determine which of these frameworks is the
fastest.

2. Test Environment
All tests are made on local machine on LAMP server, Linux
Ubuntu operating system. Hardware and software specifications are
the following:
•

Processor: Intel Core i5-2430M (2 Cores, 4 Threads,
2.4GHz)

•

RAM memory: 6GB

•

Operating system: Linux Ubuntu 12.04 LTS, 32-bit

All frameworks have user guides on his web pages. User guide
for Yii can be found on http://www.yiiframework.com/doc/guide/,
for
Zend
on
http://framework.zend.com/manual/1.12/en/reference.html,
while
for Codeigniter the link is http://www.codeigniter.com/user_guide/.
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In this chapter we will briefly explain every function for
selecting database record in each framework individually, what
parameters they receive and what is returned as result.

where “key” is column name and “value” is our condition.
Third and fourth parameters are limit and offset, and they
are not mandatory.
•

get() – Partial query.

Yii has eight methods for extracting data from the database.
Four of them select one entry from the base, and four select all
records that will meet the specified requirement.

•

query() – Manually defined query in string format ready
for direct execution in the database.

Methods containing abbreviation "All" in its name return an
array of objects that satisfy the given condition, while those that do
not contain return one row from database mapped into object.

4. Results and Discussion

3.1 Yii

In testing process all server caches were completely disabled.
Finally, complete content and organizational editing before
formatting. Please take note of the following items when
proofreading spelling and grammar:

The methods are:
•

find() – Accept an object from class CDbCriteria as
parameter.

•

findByPk() – Accept an integer (database primary key for
the record) as parameter.

•

findByAttributes() – Accept an array in format
“key”=>“value” as parameter, where “key” is column
name and “value” is the given condition.

•

findBySql() – Accept one or two parameters. The first is
manually defined query in which all conditions should be
replaced with some strings, while the second one is an
array where on each string will be given some value. For
example, findBySql(“SELECT * FROM s_post WHERE id
= :id”, array(“:id”=>5).

•

findAll() – Accept one parameter or not receive parameters.
If parameter is not given all records will be returned. If you
like to add some condition (parameters) should be an
object from class CDbCriteria.

•

findAllByPk() – Accept an array of integers (primary keys
for records in database) as parameter.

•

findAllByAttributes() – Accept an array in format
“key”=>“value”, where “key” is the column name from
database, and “value” is the given condition.

•

findAllBySql() – Accept one or two parameters. The first is
manually defined query in which all conditions should be
replaced with some strings, while the second one is an
array where on each string will be given some value. For
example, findBySql(“SELECT * FROM s_post WHERE id
= :id”, array(“:id”=>5).

4.1 Yii
The diagram on Figure 1 shows all methods in Yii with number
of executed operations in one minute, grouped by table size.
From the diagram we can note that the fastest method is
findBySql() and findAllBySql(), while the slowest is findAll().
With increasing the content in tables positions of methods are not
changed, findBySql() remains on top and findAll is slowest.
The advantage of findAll() and higher usage than findBySql()
and other methods is that he receives an object from class
CDbCriteria as parameter, who allows creating partial queries,
while findBySql() and findAllBySql() accepts only manually
created query in string format.
On figure 2 is shown a diagram where are represented only
methods who return one record. On this diagram grouping by
columns is made by one method on different table size, and it is
easier to distinguish the execution speed on some method when the
number of records in table size is increased.

Fig. 1 Number of queries performed in one minute on small, medium and
large database table in Yii

3.2 Zend
Zend have four ways of extracting data from database. Two of
them (find and fetchRow) return one result, while two (fetchAll and
Zend_Db_Select) return all records that satisfy the given condition.
These methods are:
•

Fig. 2 Number of queries performed in one minute grouped by same method
on different table, only with methods who return one record in Yii

find() – Accept an integer (primary key) or array of
integers as parameter. Returns an object from class
Zend_Db_Table_Rowset_Abstract.

•

fetchRow() – Accept a string as query condition (example:
“id=”.$id).
Returns
an
object
from
class
Zend_Db_Table_Row.

•

fetchAll() – Accept a string as query condition (example:
“id=”.$id).
Returns
an
object
from
class
Zend_Db_Table_Rowset_Abstract.

•

Zend_Db_Select – Represents a SQL SELECT condition in
query. Class has methods for partial adding parameters to
query.

The biggest difference in deceleration when number of records
in table are increased is in find() method. For table with 10 000
records method is performed 11,377 times per minute, while for
table with 100,000 records 6,265 times or almost in half. But with
further increasing records in table we can notice that speed is
stabilized again, and for 300,000 records we have 5,873 executions.
The situation is similar in other methods too, which means that
bigger difference is between small and medium table than medium
and large. Most stable method is findBySql() where is noted
slightest difference when records in table will be increased.
We must underline that in our case the difference between the
smallest and the largest table is around 300,000 records so the
difference is not very large, but if it would be a few million, then
the difference will be much higher.

3.3 Codeigniter
In Codeigniter all methods return an object from class
CI_DB_mysql_result.
•

The methods that return more records grouped by methods are
presented in Figure 3. The results are similar to the methods for
selecting one record. Method findAll() with 6,602 average

get_where() – Accept four parameters. First is table name
(string), the second is array in format “key”=>“value”,
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executions in one minute is the slowest one, and findAllBySql()
with 42,674 is the fastest.

Fig. 7 Number of queries performed in one minute grouped by same method
on different table in Codeigniter

4.4 All Frameworks Comparation

Fig. 3 Number of queries performed in one minute grouped by same method
on different table, only with methods who return multiple record in Yii

To make a general comparison between all frameworks, we
make a group of all execution times in each framework and then we
found average execution time. This is showed on Figure 8, where
each bar represents a number of selection made in one minute on
small, medium and large table, while the green line showing the
average number of executions on all tables together.

4.2 Zend
Similar as in Yii, in Zend also will be represented two images
with diagrams, where in the first diagram methods will be presented
regarding to the execution speed on one table, and in the second
will be grouped by method so will be easier to distinguish the
execution speed on some method when the number of records in
table size is increased.

From Figure 8 we can conclude that Codeigniter is the fastest
framework, followed by Yii, and Zend is last.

In the first case, in Figure 4 we see that the fastest method is
fetchAll(), while the slowest is selecting records with
Zend_Db_Select. With increasing the number of records in table
position of methods is not changed.

Fig. 8 Comparation of all methods in Yii, Zend and Codeigniter

Fig. 4 Number of queries performed in one minute on small, medium and
large database table in Zend
Fig. 9 Selecting all records from table without conditions

Another conclusion that we can bring is that while in Zend
almost performance degradation cannot be noted when data in
database is increased, in Yii and Codeigniter we can see slightly
better performances in smaller tables.
Fig. 5 Number of queries performed in one minute grouped by same method
on different table in Zend

The number of executions when all data from one table is
selected is presented in Figure 9. From here we can note that in all
frameworks has performance degradation when data is increased,
but Codeigniter is fastest again, followed this time by Zend, and Yii
is last.

Figure 5 presents the second case, where we can see an
interesting situation in which almost is no difference in the speed of
method no matter the number on records has been increased. This
means that Zend can great handle with large databases, and is
suitable for large projects. We can note some cases when some
methods are quickly performed in large table, but this difference is
very small and insignificant, probably caused probably because
processor had other processes in that time.

Figure 10 shows a line diagram where is presented by one
method from all frameworks which is used for selecting multiple
records from database. Those methods are findAll() in Yii,
fetchAll() in Zend and get() in Codeigniter, who are aslo the most
used methods among developers.

4.3 Codeigniter

Codeginiter with get() won the battle again, Zend with
fetchAll() is second and findAll() in Yii is slowest.

In figure 6 we have presented all methods grouped regarding
the execution speed on small, medium and large table. From the
diagram we can easily conclude that the fastest method is query(),
followed by get_where() and the slowest one is get().
From Figure 7 where we make grouping by method, some
minimal difference in all methods can be noted between small and
medium table, while the difference between medium and large table
is minimal, which means that Codeigniter is equally suitable for
small and large projects.

Fig. 10 Selecting all records for given condition

Fig. 11 Selecting one record

Figure 11 shows a diagram where is represented by one method
from all frameworks which is used for selecting one record from
database. Yii and Zend have methods that return exactly one record,
while in Codeigniter is no such method but we took as his

Fig. 6 Number of queries performed in one minute on small, medium and
large database table in Codeigniter
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representative get_where(), because is logical for this situations to
be used this method. In Yii there are several methods that return one
result, but we took find() as commonly used, while Zend
representative is fetchRow().

[11] Sitepoint - Best PHP Frameworks for 2014. (n.d.). Retrieved

10 26, 2014, from Sitepoint: http://www.sitepoint.com/bestphp-frameworks-2014/
[12] NetBeans IDE (n.d.). Retrieved 10 20, 2014, from Netbeans

The conclusion is that get_where() in Codeigniter is fastest,
followed by fetchRow() in Zend and find() in Yii.

IDE: https://netbeans.org/downloads/index.html
[13] System Architect – Performance benchmark of popular PHP

frameworks (n.d.). Retrieved 10 17, 2014, from System
Architect: http://systemsarchitect.net/performance-benchmarkof-popular-php-frameworks/

5. Conclusion
Driven by the need to increase the development speed and
security in applications, some PHP communities and companies
created their own frameworks. Qualities that are offered in each of
them bring them to the top. In this text we have processed three of
the most popular frameworks: Yii [4], Zend [2] and Codeigniter [3].

[14] Yii PHP Framework | Performance (n.d.). Retrieved 10 18,

2014,
from
Yii
PHP
http://www.yiiframework.com/performance/

Framework:

Considering the fact that every framework has safety filters,
speed of selecting data is one of the main aspects that need to be
taken, because now almost every application has database.

[15] CodeGeekz (n.d.). Retrieved 10 18, 2014, from CodeGeekz:

From our analyses and tests we can bring a few conclusions.

[16] PHP Frameworks (n.d.). Retrieved 10 15, 2014, from PHP

http://codegeekz.com/20-best-php-frameworks-developersaugust-2014/
Frameworks: http://phpframeworks.com/

Best methods from the aspect of performances in Yii are
findBySql() and findAllBySql(), followed by findByPk() and
findAllByPk(), findByAttributes() and findAllByAttributes(), and at
the end find() and findAll(). In Zend order is as follows: fetchAll(),
fetchRow(), find(), Zend_Db_Select. In Codeigniter: query(),
get_where(), get(). If you want to improve the performance in your
application, it is recommended to follow the specified order and use
those methods ahead of the list which will be able to finish the
required task.

[17] PHP Framework MVC Benchmark (n.d.). Retrieved 11 25,

2014,
from
PHP
Framework
MVC
Benchmark:
http://www.ruilog.com/blog/view/b6f0e42cf705.html
[18] PHP Framework Comparison (n.d.). Retrieved 11 27, 2014,

from
PHP
Framework
Comparison:
http://www.livingwithphp.com/php-framework-comparison2014/

In Codeigniter average speed is raised by query() method which
is not very useful, taking the fact that receive manually defined
query as parameter. Unlike Codeigniter, in Yii and Zend are
methods which are quite faster than the average and are very
favorable to use, such as findByPk() or findByAttributes() in Yii
and the increased use of these methods can accelerate application
largely. However, the objective analysis shows that average
execution of methods in Codeigniter is fastest, so we proclaim
Codeigniter as the winner.
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ADAPTATION OF LATHE CHUCKS CLAMPING ELEMENTS TO THE CLAMPING
SURFACE
АДАПТАЦИЯ ЗАЖИМНЫХ ЭЛЕМЕНТОВ ТОКАРНЫХ ПАТРОНОВ К ПОВЕРХНОСТИ ЗАЖИМА
Рrof. Dr. eng. Lutsiv I., Ph.D. Voloshyn V., Bytsa R.
Metal cutting tools and system department – Ternopil Ivan Puluj national technical university, Ukraine
Abstract: The scientific paper deals with the theoretical investigations of turning clamping chucks adaptive clamping elements made by
intentional imposition of deformation zones in their design. The estimation of clamping conditions in the contact zone between adaptive
clamping elements and clamping surface was carried out with a help of CAD/CAE systems. The stress state of the given clamping jaw
adaptive zone was analyzed.
KEYWORDS: LATHE CHUCK, ADAPTIVE CLAMPING ELEMENT, CLAMPING SURFACE, LATHE, FLEXIBLE, SIMULATION

diameter and the clamping diameter of clamping elements the high
surface pressures result at the contact zone, which could damage
the surface on which the clamp performs. Therefore, adaptation of
clamping elements to the clamping surface with different diameters
is a very actual scientific problem of lathe chucks flexibility
increasing.

1. Introduction
The problem of engineering level increasing of modern
automatic lathes and automatic metal cutting systems in a multiple
production as well as high speed and high precision processing
requires performance improvement of machine tools main
mechanisms and components, one of which is clamping
mechanisms.
Setting the workpiece and its holding during the work
processing is accompanied by the set of the following physical
effects: elastic deformations in the clamping mechanism (CM)
drive and in the system chuck-workpiece; elastic and residual
deformation of workpieces and joints and physical connections
damage between them; thermal and other phenomena. CM abilities
to perform work functions during the change of work conditions
depend significantly on their adaptation possibility to variable
external influence [1, 2]. Therefore the development and research of
the clamping mechanism that could adapt to the workpiece
characteristics as well as loading and dynamic effects is a very
actual scientific problem.
One of the most important adaptation trends is CM adaptation
to the workpiece diameters. The traditional mechanical lathe
chucks with clamping elements sets are used for different clamping
diameters. At the same time in automated flexible production
conditions the need for equipments to their accumulation and quick
interchange arises. These all impacts on the cost of changeovers.
A lot of scientific papers of scientists in the field of mechanical
engineering and metal processing deals with the CM adaptation to
different clamping diameters. For example, the papers [1-5] lay the
scientific basis of creation of self-adjusting, wide-range, quickadjusting and multifunctional CM and the differentialmorphological method of structural-schematic synthesis is
proposed. It allows creating the new structure of clamping chucks
expending technological possibilities of automated devices for
turning and machine modules based on it. The papers [4, 5] deal
with the clamping problem of rod workpieces in a wide range of
diameters. These investigations theoretically substantiate and
experimentally prove of the wide range collet clamping principle
and the principle of a number of transmitting-amplifying units in
the CM use. It allows clamping rod workpieces in a small
diameters range. The papers [1-3] show that in a wide range
clamping it is advisable to implement CM structure with discretecontinuous schemes for coverage of clamping diameters. It leads to
the clamping elements number reduction as well as time decrease
for readjustment. The papers [6, 7] deal with the problem of
creating and researching of clamping chucks for single workpiece
clamping in a wide range of diameters. They estimate the design of
flexible clamping elements with cross section circular shape, which
can self-adjust to the workpiece surface in the diametric section.
These clamping elements have rather complex structure and high
cost.
At the same time the problematic issue is at the root of the fact
that if there is the discrepancy between the clamping surface

2. Preconditions and means for resolving the
problem
Existing methods for diameter workpieces coverage via
clamping chucks in automated equipment for turning and modules
based on it are implemented in the three main schemes [3]: discrete;
continuous; discrete-continuous. In these coverage schemes
implementing the cross-sectional geometry of clamping element is
made under a certain clamping diameter. The clamp on the
cylindrical surface of larger or smaller diameter leads to the fact
that adjoining of the clamping element does not perform on the
entire surface of the clamp. When clamping the workpiece on the
rough bases such phenomena is acceptable, but when clamping on
the finishing bases during the final operations of manufacturing
process it can damage the surface of the clamp reducing the
accuracy and rigidity of clamping.
The only important solution to the problem of the clamping
elements adaptation to the clamping surface in a certain range of
workpieces diameters is the creation of new designs of clamping
elements on the basis of the deliberate deformation zones
introduction into their design. This will ensure adjoining of the
clamping element contacting surface to the clamping workpiece
surface of different diameter.

3. The solution considered problem
3.1. Development of the adaptive clamping elements
design schemes
Lathe clamping chuck as a technical system should provide the
main function - workpiece basing and fixing. This basic function is
divided into a number of subordinate functions, which are
implemented by particular functional subsystems [1, 3]. One of
these subsystems is a subsystem of direct influence on the fixing
object. Structurally, the system of direct influence is made in the
form of the clamping elements system which interacts for
clamping force transfer with kinematic subsystem of the lathe chuck
(transfer-amplifying units), and are in certain way located in the
case of the chuck.
When implementing typical kinematic structures of clamping
chucks with discrete-continuous schemes of wrapping workpieces
in order to create a clamping elements system with adaptation to the
clamping surface the new approaches are required. Kinematic
structures carry information about of the kinematic members
location sequence and their numbers, transmission ratio and also
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the number of clamping elements and the readjustment number [1,
3].
Clamping chuck kinematic structure with discrete-continuous
scheme of a range of diameters coverage (fig.1) is realized through
continuous coverage of a narrow range of diameter ΔD and transfer
to the desired dimensional range by clamping elements or their
sets manipulation (replacement or repositioning) [1, 3]. Coverage of
range ΔD is carried out due to the such lathe chuck parameters as
the working stroke length of the input member XT=XTmax-XTmin and
transmission ratio of transmitting-amplifying units it.

by incomplete partition of their clamping part. Clamping jaws with
ring segments capable of deformation are shown in fig.3,d,e.
Based on the structural scheme (fig.3,a) the adaptive jaws
designs were developed and prototype model was manufactured to
equip the lathe wedge clamping chuck with a housing diameter of
150 mm (fig.4).

Dmax
CJn

Di

ΔDC

а)

ΔD

ypmin

ypmax

ΔD

CJn-1

хтmin

хтmax

it

b)

c)

CJ2
CJ1

Dmin

Fig 1. Kinematic structure of clamping chuck with discretecontinuous scheme of coverage with one kinematic chain: XTmax,
XTmin – max and min working stroke of the input units; it –
transmission ratio of transmitting-amplifying units; yPmax, yPmin max and min working stroke of the clamping elements; CJ1-CJn –
clamping elements; ΔD – clamping range without clamping
elements interchange; Dmax, Dmin – max and min clamping
diameters; ΔDC – range of clamp workpieces via clamping chuck
When using a clamping element with "rigid" cross-sectional
geometry in the ΔD range the following options of contact with a
workpiece are possible (fig.2): full contact (Rз=Rк); incomplete
contact (Rз<Rк); contact by edges (Rз>Rк). Therefore to provide the
full contact the clamping elements CJ1, CJ2, ..., CJn (fig.1) must
adapt to the clamping surface exactly in the range ΔD.

d)
e)
Fig 3. The structure schemes of synthesized adaptive clamping
elements

а)

Fig 2. Options for the jaw contacting with a smooth cylindrical
surface: RCJ –radius of a jaw clamping surface; RW – radius of
workpiece clamping surface, T – clamping jaw force
The principle approach of clamping elements adaptation in the
ΔD range is proposed, which lies in the deliberate deformation
zones introduction into their design. It provides adjoining of
contacting surface of the clamping element to the workpiece
clamping surface. These zones can be created using heuristic
methods by complete and incomplete partition of clamping
elements, making voids in the clamping element material, using
ring segments capable of deformation and others. Fig.3 depicts a
clamping jaw synthesized by removing material from the solid jaw
as a ring groove, and fig.3,b and fig.3,c - clamping jaws synthesized

b)
Fig 4. Lathe wedge chuck with adaptive clamping elements:
а - CAD-model; b – prototype model
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3.2. Computer
adaptation zone

simulation

of

clamping

elements

4. Discussion of results
As a result of the simulation the equivalent stress values were
found in regard to the adaptive clamping elements for different
clamping diameters, loaded with different clamping forces. These
stress values were calculated according to the Richard von Mises
changing the shape energy hypothesis and displacement. As an
example, fig.6 shows the picture of the stress condition of
adaptation zone of clamping element for clamping diameter of
65mm with jaw clamping force of 500 N.

Due to the complex geometry of the synthesized clamping
elements the analytical study of the clamping conditions in the
contact zone between clamping element and clamping surface and
also the evaluation of the stress-strain state was performed and the
CAD / CAE-system was applied. Simulation cycle using CAD /
CAE-system includes the following steps [3]:
1) clamping element and workpiece geometry model
development;
2) finite elements types selection and their parameters data
input as well as the clamping element and the workpiece partition
on the finite elements;
3) formulating of boundary conditions, including that
modeling contact zone and the loads system formation;
4) finite elements model verification;
5) contact conditions and adaptive clamping elements stressstrain mode simulation;
6) visualization and analysis of simulation results.
To study efficiency of adaptive clamping elements for
equipment of three jaws mechanical wedge chuck with a housing
diameter of 150 mm the simulation of a stress-strain mode was
carried out. Fig.5 illustrates the automatically generated finiteelement mesh, boundary conditions, system of loads applied and the
zone of workpiece contact with the adaptive jaw, that correspond to
the real operating conditions during the clamp process. The
geometry of the workpiece and the jaw is described as tetrahedral
finite elements.
Clamping force applied to the jaw varies in the range from 500
to 5000 N. This corresponds to the total clamping force of jaws of
lathe clamping chuck respectively: 1500 - 15000 N. During the
simulation the workpieces clamp in ΔD=10 mm range was imitated.
The design parameters of the given lathe chuck size define this
range.

а)

b)
Fig 6. Pictures of the stress conditions in the zone of jaw adaptation
during workpiece clamp by the clamping force of 500 N, a - with a
diameter of 65 mm; b - with a diameter of 75 mm
As the result of computer simulations it was appeared that the
stress-strain modes for other workpieces clamping diameters and
clamping forces are similar.
The stress distribution picture analysis in the jaw adaptation
zone size shows that the greatest stresses occur in the central and
outer zones of the jaw where the clamping ring part connects with
the body of the jaw.
As a result of the computer modeling the maximum equivalent
stress in the adaptation zone of clamping jaw under various
clamping force and clamping diameters are shown in fig.7.
The results of simulation show that together with clamping
force increasing per one jaw from minimum to maximum (ie 10
times), the maximum equivalent stress also increases almost in 10
times. So the directly proportional linear relationship between the
load and maximum equivalent stress is observed.
Herewith higher stress is typical for smaller clamping
diameters. This is due to a smaller contact zone of the small
diameter workpieces and their contact conditions, that are caused by
greater radial deformation of adaptive clamping jaw. With
increasing clamping diameter from 65 to 73 mm, maximum
equivalent stress at maximum jaw clamping force decreases in 1.28
times. This can be explained by the increasing of contact zone

а)

b)
Fig 5. Boundary conditions (a), generated by finite-element
mesh with contact zone of workpiece and jaw, and the applied load
system (b)
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during the larger diameter workpieces clamp. In full contact of
workpiece with the clamping part of jaw (d = 75mm) the
adaptation zone is not working, and therefore stress in the contact
zone is much smaller. Analysis of simulation results showed that
the clamping part of the adaptive jaw with clamping force loads in
a range of 500 ... 5000 N works in the area of elastic deformation
and ensures its full contact with the workpiece in a given diameters
range during the clamp.

adaptive clamping elements were developed, which include
deformation zones, and are based on standard clamping elements.
Using CAD / CAE-system the clamping conditions in the contact
zone between adaptive clamping elements and clamping surface
were evaluated. The stress zone status of adapting clamping jaws of
the proposed design was analyzed. It showes that clamping part of
the jaw operates in a zone of elastic deformation in a given range of
clamping force and provides in a given range of diameters its full
contact with the workpiece during the clamp.
In the future we plan to carry out theoretical and experimental
study of the influences of contact zones stiffness on the distribution
of contact pressure on the clamping surface in statics, steady
rotation mode and in the turning process. The contact stiffness of
the following joints are to be discussed: a)of adaptive jaw with a
basic jaw; b)of a basic jaw with the guides of the lathe chuck
housing. The experimental studies of clamp accuracy in regard to
workpieces and lathe chucks with adaptive clamping elements will
be also conducted.

σe, N/mm2
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Fig 7. The dependence of the maximum equivalent stress σe in the
jaw adaptation zone from clamping force T and clamping diameter
d

3. Conclusion
Analyzing the foregoing, we can make the following
conclusions.
Operation analysis of the lathe chuck with clamping elements
with defined geometry of the cross section has showed that their
contact process with the workpiece with incomplete contact and
contact on the edges leads to the heterogeneity of the surface
pressure between the workpiece and, in some cases, damage of the
clamping surface. To avoid such effects a new principle of adaptive
clamping elements creation was proposed. The essence of this
principle lies in the deliberate introduction into the clamping
elements design the deformation zones allowing full adjoining of
clamping element contacting surface to the workpiece clamping
surface. Based on the proposed principles design schemes of
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Abstract: This article discusses some of the issues of regionalization of engineering education in the Urals. An urgent task is to prepare the
technical colleges of engineers, competitive on regional labor markets. The article describes the two major manifestations of the
regionalization of the Urals: a) the process of distribution of graduates after graduation; b) the process of obtaining a degree in a technical
college. Conclusions and suggestions are based on the author's survey conducted in 2014 using a content analysis of autobiographical
information.
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He personally met with graduates of the Faculty of ATtraveled and many regions of Russia, as well as the author
connects with alumni who work in car factories and car repair
Belarus, Ukraine, Georgia, Kazakhstan, the USA, Canada,
Israel, Germany and others.
Encyclopedia contains historical chronicle of the Faculty
from 1942, article about the graduates, teachers, eminent
scientists autotractor faculty, as well as the various enterprises
of machine-building industry.
Further analysis of regionalization of professional
engineering education, using the biographical method was
selected and formed the following blocks and parameters.
1. Categories/groups
- gender ;
- age;
- years of study at the university.
2. Education
- form of education;
- training in the branch of South Ural State University;
- a diploma "with distinction";
- received a specialty;
- post-graduate studies;
- availability of scientific degrees and titles;
- additional education;
- obtaining secondary education;
- professional interests.
3. Employment
- getting jobs on the distribution of the university;
- place of work after graduation;
- the last place of work;
- scope (s) of activity;
- there are several places of work.
4. The work and achievements
- the availability of career development;
- specialization of engineering work;
- stage of career development;
- steps and jumps on the steps of a career;
- period of time until the maximum improvement;
- development and innovation;
- especially working career.
5. Merit
- awards and distinctions;
- work part-time;
- hobbies;
- doing business;
- military service;
- marital status;
- the presence of children;
- the presence of family dynasties.

1. Introduction
In the current crisis the socio-economic conditions of the
Russian government with increased attention a complex of
measures on development, modernization of engineering
education, raising the prestige of the profession of engineering
focus and quality of training of technicians.
Russia has always respected, and people are serious about the
engineering profession. The importance and the need for its
economy, industry and agribusiness in our country too to
explain. As noted by VV Putin, now an engineer - a "high
professional level, which not only provides the sophisticated
equipment not only constructs modern equipment and
machines, but, in fact, forms the surrounding reality" [1].
The priority in the development of complex programs on
modernization of engineering education began to use the
regional educational and industrial structure, creating their own
educational systems, which do not contradict nationwide, with
its structures, systems of financing and management, to fulfill
specific social goals. The main task of the regional programs in
the preparation of technical experts is the maximum
approximation of vocational training to the real production by
identifying and improving the most relevant demanded
directions that form a new technological structure of the
country. [2]

2. Preconditions and means for resolving the
problem
In this paper, as an example, using the results of the
sociological research "Engineer SUSU" conducted in 2014
using a content analysis of information autobiographical 1000
graduate of the Faculty of Automobile and Tractor (AP)
South Ural State University (SUSU), I would like to consider
the characteristics of regionalization professional engineering
education. The University is one of the largest universities of
the Urals, one of the founders, which was the Kirov
Chelyabinsk Tank Factory. Home University of the existence
of two faculties (tank-AT and technology-MT) was initiated
in time of war. South Ural State University awarded the status
of "National Research University. For 70 years (1943-2013
gg.) AT-faculty trained over 13 thousand. Engineers who
work and lead the largest machine-building plants [3].
When the procedure of content analysis used a brief
biography of the graduates of the Faculty of AT-collected
Valentin Putin engineer automaker, Ph.D. (1987), Honorary
Worker of vocational education. In 2013, the 70th anniversary
of the Faculty of Automobile and Tractor SUSU they have
been prepared and published encyclopedia "Autotractor
faculty." The author worked on the book for four years
without interruption from work on holidays and weekends.
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Law
enforcement/
legal activities

3. Results and discussion
The process of regionalization of professional education,
especially engineering and technical focus, characterized by
both negative and positive traits. The positive - it can be noted
that the region is sufficient to effectively solve the problem of
the preparation of specialists in demand on the real
enterprises. Taking into account the needs of industrial
companies, educational institutions and the possibility of
jointly developing a set of measures for the training of
engineers. Negative same time, you can select the quality of
the graduates, formed under the influence of socio-economic
change in the country.
In this article, we focus attention on the two main forms of
regionalization of professional education in the process of
training engineers.
1. The process of obtaining a degree at the university
Scientific and technological progress does not stand still: the
introduction of new technologies and the use of automated
labor provide new directions for training engineers.
Technical institutes have to produce competitive
professionals in regional labor markets that have high-quality
education, professional skills, creativity and mobility.
Modern companies impose on the employee a number of
specific requirements, following which you must not only be
active, competent, successful, it is important to be
professional and mobile: confident, stand on your feet, be
easily trained and professionally relevant. The largest deficit
in the training of young professionals, experts today are
qualities such as possession of office equipment ("deficit" 75%), possession of practical skills (55%), independence
(45%), honesty (45%), organizational skills (40%),
communication skills (35%), and others. [2]
After an in-depth analysis of the study data "Engineer
SUSU" were isolated events / activities in which graduates of
the Faculty of AT participated in addition to the main areas of
engineering. Next, the data were grouped into blocks and
each block allocated indicators (Table 1.).
Table 1.
Interests/hobbies autotractor engineering faculty
Activities

Engineering
activities

Wellness/
Fitness
Managerial/entr
epreneurial
skills/abilities

Political
activity

Scientific
activity

The ability to
transfer their
experience and
education/
mentoring

Literary
literacy/ability
to speak and
write/creative
needs

- The presence of rank in the police, the
Federal Security Service; MIA (3%).
- Work in the field of science and
education (15%);
- Availability of scientific publications
(15%);
- Writing a book/monograph (5%);
- Membership in the Academy
IAAS/RANS (4%).
- Conducting training sessions for
students of universities (16%);
- The presence of the status of associate
professor (11%);
- The presence status of a professor
(6%);
- PhD leadership/membership in the
dissertation councils (2%);
- Work in high school and academic
lab/office (1%);
- Work as a mentor (1%).
- Membership in the Union of
Journalists/photoartists (2%);
- Membership of the editorial board
(Scientific and Technical) (1%);
- Participation in the initiative of the
enterprise (1%);
- Passion for literature/publications
(1%);
- Work in the media (newspapers, radio)
(1%).

By expanding the range of interests in the training of
engineers, applying the principles mezhditsiplinarnogo
approach can be possible to reach a new level of preparation.
We need to create educational and methodological program
demanded in actual production based on learning specific
skills.
"So, for the comprehensive training of engineers of all types,
taking into account the specifics of the regional industry may
be important forms of training network, bringing together
under the aegis of the leading technical universities in the
potentials and competences of universities of different
profiles, with necessarily involving research institutes and
leading industrial companies, distributed by regions of the
country" - based on the verbatim report of the meeting of the
Presidential Council for Science and Education, June 23,
2014 [1].
2. The process of distribution of graduates after graduation
Graduates are sent to work for the company on the
distribution of the university (47%) and only 6% are
employed on their own, 4-5 course or begin work after
graduating from college and getting parallel to the diploma of
higher education.
Geographically distributed engineering faculty AT analyze
data on the following (% of the total number of respondents 1,000 people.) (Fig. 1):

Measures/Indicators
- Participation in the development and
production of new products (30%);
- Availability of innovative proposals,
copyright certificates (17%);
- Development of training courses,
techniques, engineering programs, and
TS (10%);
Participating
in
the
testing
devices/systems (8%);
- The existence of patents (7%);
Performances
at
international
congresses, conferences, scientific and
technical areas (2%);
- Passion for sports (3%);
Achieving
levels
of
the
candidate/master of sports (2%);
- To achieve the title of champion in the
sport (2%).
- Doing business (6%);
- The organization of competitions/
schools/sections/(sports, car, etc.) (1%).
- Active work in the public, industrial
life of the enterprise (17%);
- Participation in exhibitions/contests/
competitions (4%);
- Membership in unions/associations/
boards (8%);
- Work as an MP (3%);
- Participation in the social/charity work
(1%).

12%

7% 4% 1%

Chelyabinsk city
Sverdlovsk region
Chelyabinsk region

13%
63%

Russian Federation
(except the Urals)
Ural (other areas)
CIS countries (except the
Russian Federation)

Fig. 1.
Workplace AT-graduate faculty after graduation
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As a result, after graduation and employment at the company
81% of engineers are working in the city, which were sent to
the university.
The study allows to allocate 22 areas in which employ
graduates of the Faculty of Motor Transport, throughout his
professional career 11 fields of activity for production
purposes and 11 fields of activity of social orientation. The
most common and actively influence the life of engineers are
the following (% of the total number of respondents - 1,000
people.):
A. labor in the production of:
- Mechanical engineering and metal – 61,
- Defense production (MIC) – 15,
- Transport and communications – 13.
B. Work in the social sphere:
- Science and scientific services – 29,
- Education – 26,
- Governance, security agencies – 12.
Specificity of the Ural region is that the presence of
industrial agglomerations, with a concentration manufactures
motor, metallurgical, power nature, which are combined into
Clusters, allows engineers to be professionally mobile and
change jobs / company without much damage (Figure 2).

engineering education in the regions it is advisable to develop
a set of complementary activities (programs) for training
engineers since pre-school and school education. Engineers
should be prepared "from the cradle", identifying the most
capable and talented children. If, during the start planting the
child skills with technology and gradually deepening,
complicating the development of the program, you can create
groups, classes with engineering and technical bias. [4]
To maximize the influx of engineering staff directly to the
industrial enterprises in the region - it is necessary to develop
methods of adaptation, incentives, motivation, social security
engineers, as well as to form an expanded program of targeted
distribution. It would not be amiss to develop programs /
projects for the development of large state-owned companies
and regions with the inclusion of these programs / projects the
need for technical personnel in the short term of 5-7 years,
and long-term horizons of up to 20 years.

5. Conclusion
In conclusion, we note that today the Russian society to seek
to form a new socio-economic formation - a society of
knowledge, which can not be imagined without high-tech
production, and social and intellectual development of mobile
young professionals with the ability to effectively use and
distribution of scientific knowledge and technology.
"Today, leaders of global development, said the President of
Russia - are the countries that are able to create breakthrough
technologies, and based on them to form their own strong
industrial base. The quality of engineering staff is becoming a
key factor in the competitiveness of the state and that it is
essential, as a basis for its technological, economic
independence".
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Fig. 2.
Changing jobs Engineers AT Faculty
When the process of upgrading the quality of engineering
education and technical training in the region is the problem
of attracting practitioners of domestic and foreign large
industrial companies, with the aim of teaching for students.
According to our data, 11% of the Ural engineers
concurrently with the main work in the industrial sector prefer
to look for jobs in scientific and educational spheres, in
particular universities and research institutions. It was also
found that 21% of engineers prefer to expand the range of
professional competencies, by changing the production sector
activities in research and education or, conversely, of science
and education back into production.
It should ensure the maximum influx of engineering staff
directly to industrial enterprises - to develop ways to adapt,
incentive, motivation, social security engineers, as well as to
form an expanded program of targeted distribution.

4. Solution of the examined problem
In recent years, the President of the Russian Federation has
repeatedly drawn attention to the need to modernize the
system of engineering education and training of technical
personnel. The complex of measures to improve the social
prestige of the engineering profession: stronger domestic
engineering schools, establish national research universities,
earmarked funds are invested in the development of material
base of faculties of engineering, developed the scheme
interaction of secondary and higher vocational education and
specific industries; improved system of training and the
development of the student body and faculty; is detected
(determined) the need for engineering staff in the medium and
long term by sectors, regions and major employers.
Currently, social scientists concerned with the reproduction
of the human potential, believe that to improve the system of
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the hydraulic cylinders of the main blade suspension (Fig. 1) there
were accepted the following assumptions and simplifications: the
deformation of the metal construction is negligible; the working
fluid is incompressible; connecting hoses are not deformed; there
are no gaps, counting of efforts is conducted for the construction
preloaded by its curb weight.

1. Introduction
One of the most widely used machines in road-building is the
motor-grader. Due to the specialized work attachment - the main
blade, the grader can perform a great number of work operations.
The distinctive feature of the machine is that the work attachment is
controlled by means of space system of three cylinders, each of
them having its individual drive (Fig.1).

To estimate the load of hydraulic cylinders in the space scheme
Cartesian coordinate system Oxyz with the origin in the center of
the spherical hinge connecting the drawbar and the main frame was
used. In such geometric interpretation the whole system has three
degrees of freedom and its position is unequivocally determined by
angles of rotation of the drawbar in the horizontal plane α, β, and γ.

The complex hydraulic suspension of the main blade at different
modes of external loading in some cases can cause decreasing
reliability index of the control system, premature failure of its
elements.

At moving forward rods of the hydraulic cylinders, the position
of the drawbar as to the coordinate origin (point О) changes and,
consequently, coordinates of fixing the cylinders to the drawbar
change as well, which results in changing of levers of axle loads in
hydraulic cylinders relative to the coordinate axes. The rotation of
axes is determined by the rotation matrices.

2. Analysis of publications
The known technologies of motor-grader design include
simplified approaches to calculation of the main attachment
hydraulic drive [1]. For example, calculation and choice of
hydraulic cylinders are made on the basis of static estimated
positions corresponding either to average level of normal work
effort at digging soil or loss of the machine stability as a result of its
front axle losing the contact with the support surface.

0
0
 1



M α  0 co s(α ) − sin(α )  ;
=
 0 sin(α ) co s(α ) 



Despite of the fact that the blade lift and drawbar shift cylinders
are arranged into asymmetric space construction, there considered
two-dimensional design models not taking into account distribution
of forces among them.

 co s( β ) 0 sin( β ) 


Mβ =  0
1
0
;
 − sin( β ) 0 co s( β ) 



With the purpose of simplifying the calculations the authors
accept that the blade lift hydraulic cylinders are positioned
vertically when the drawbar shift ones are positioned horizontally.
The latter does not correspond to real constructions. Furthermore,
for swing hydraulic cylinders the angle of their rotation in the
horizontal plane has a significant impact on the axle load [2]. In the
case of the main grader blade suspension, changing the length of
only one of the cylinders leads to a change in the rotation angle of
the other two ones and therefore to a change in the axle loads.

(1)

 co s(γ ) − sin(γ ) 0 


M γ =  sin(γ ) co s(γ )
0 .
 0
0
1 


All the above mentioned confirms the discrepancy between the
existing calculation methods of the blade control hydraulic drive of
a motor-grader and the real space pattern of its loading.

If the initial coordinates of fixing points of hydraulic cylinders
  
to the drawbar are determined by vectors T01 , T02 , T03 as a result of
the rotation they will change and be equal to

The work objective

T11 = M α ⋅ M β ⋅ M γ ⋅ T01;

The purpose of the article is determining patterns of loading the
blade control hydraulic cylinders of a motor- grader taking into
account their interaction and angle of alignment in relation to the
working attachment.

T21 = M α ⋅ M β ⋅ M γ ⋅ T02 ;
T31 = M α ⋅ M β ⋅ M γ ⋅ T03 .

The research results
In drawing up the design scheme of application to the working
attachment of digging forces Fx , Fy , Fz and axle loads R1, R 2, R3 in
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(2)

Fig. 1 3-dementional scheme of applying forces to the motor-grader working attachment




where ( M ) = M R1 + M R 2 + M R 3

(

The preset point K ( K x , K y , K z ) of digging effort after the
drawbar rotation will have the coordinates

( K1) = ( M x ) ( M y ) ( M z )( K )

) (

)

 R1 
 
R =  R2 
 R3 
 

(3)

The drawbar equilibrium is described by the equation of the
digging effort moment and vectors of moments of efforts
R1, R 2, R3 in the hydraulic cylinders:
   
(4)
M R1 + M R 2 + M R 3 =
MF

Solving the equations (5) we obtain values of efforts in the
hydraulic cylinders.
The proposed method was applied to estimate the loading of
hydraulic cylinders of the main blade suspension of a real motorgrader DZk-251. When making calculations the external resistance
to soil digging was simulated by three unit forces corresponding to
the components Fx , Fy , Fz of the total resistance. To reveal patterns

R1
R1 
 R1
 

where M R1 =  T 1x
T1y
T 1z 
 cos1x cos1 y cos1z 



of loading the blade control hydraulic cylinders, when calculating
there were used various coordinates of the point of application of
unit forces to the cutting edge from 2 m to -2 m and the capture
angle ϕ , which varied within limits of 60° clockwise to -60°
anticlockwise relative to the initial position of the blade. As the
external loads were simulated by the unit forces, solving the system
of equations resulted in obtaining reactions in the hydraulic
cylinders, considered to be force factors and can be reduced to
values corresponding to the actual loading conditions by standard
methods. The calculation results are presented in Fig. 2 – 4.

cos1x,cos1 y,cos1z – directional cosines of the effort vector in
the left hydraulic cylinder.

The moments of efforts in the right cylinder ( R 2 ) and the


cylinder of the drawbar shift ( R3 ) M R 2 and M R 3 .
In the matrix form the equilibrium state of the drawbar can be
written as follows:

(M ) ( R) =
(MF )

) (

(5)
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The data obtained at performing calculations unequivocally
confirm the pronounced asymmetry of loading of three control
cylinders. In the process of changing the capture angle and point of
application of digging resistance forces both piston (with the plussign «+») and rod end of the hydraulic cylinders (with the minussign «-») will be loaded. At that the blade lift hydraulic cylinders
are loaded asymmetrically: if with the left hydraulic cylinder its
head end is loaded, while with the right one its rod end is loaded
and vice versa. Limits of the changes in reactions emerging in the
blade control hydraulic cylinders are very broad and do not coincide
due to asymmetry in the suspension construction. So the force
factor for the left hydraulic cylinder varies from 60.7 to -94.3, for
the right one – from -240.6 to 192.5, for the hydraulic cylinder of
the drawbar shift. The minimal values of force factors correspond to
the points of application of external resistance to digging nearest to
the central part of the blade, when it is positioned at right angles to
the direction of the grader movement.

Fig. 4 The graphic of changing the force in the hydraulic
cylinder of the drawbar shift depending on the angle of the blade
position in the plane and the point of applying unit forces.

The built graphs correspond to curved surfaces of alternatingsign curvature, which allows approximating them with the
polynoms of the third degree.

Conclusions
The proposed method of estimating the loading of the main
blade control hydraulic cylinders allows taking into consideration
not only asymmetry of applying the external resistance forces but
variation of geometrical parameters of the suspension as well,
which has not been considered by any existent calculation methods.
The obtained calculation results prove a pronounced
nonlinearity and the uneven distribution of efforts between the
hydraulic cylinders, consideration of which allows designing the
main blade control system of a motor-grader more reasonably.
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ROAD-HOLDING ABILITY
Cand. Eng. Sc., Associate Professor V. Shevchenko1, Post-graduate student O. Chaplygina1, Senior Lecturer Zh. Beztsennaya2
Department of Construction and Road Machines – Ukraine, Kharkiv National Automobile and Highway University 1
Department of Foreign Languages – Ukraine, Kharkiv National Automobile and Highway University 2
kaf_ptsdmo@mail.ru
Abstract: Performance of work operations by a motor-grader is accompanied by action of asymmetrically applied external loading. As
dissipative forces act between the wheels and the support surface, this force action leads to the grader deviation from the set trajectory of
movement. The experimentally developed model of the vehicle behavior at performing work operations allows estimating indexes of roadholding ability depending on soil characteristics, geometric and kinematic parameters of the machine.
Keywords: MOTOR-GRADER, LOADING, INDEXES OF ROAD-HOLDING ABILITY, ASYMMETRIC LOADING, LATERAL
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the process of the machine movement at making a turn;
gravitational component, arising at movement on the support
surface with a transverse gradient; the lateral component of the
resistance resultant on the working attachment.

1. Introduction
The main working operations of a motor-grader are blading
and grading of the road bed, handling and distribution of soil and
construction materials. When performing the mentioned operations,
depending on working conditions, it is recommended to position the
main blade of the grader at the working angle of 90º – 45º (at
digging drain ditches of about 40º – 20º) and the angle of obliquity
in the vertical plane of 0º – 18º (at slope levelling — up to 60º) [1].

The problem of road holding ability was considered more
thoroughly in respect of the machine movement at making a turn[25].
In agricultural mechanical engineering mainly operation of
the machine on a slope has been studied [6-8]. Basically, all the
indexes of the road-holding ability depend on the machine weight,
the angle between the horizontal plane and the plane of the slope
where the machine is located.

Such positioning of the blade with respect to the main path
of the machine motion results in formation of a complex spatial
scheme of its loading. In particular, except for the longitudinal
horizontal component of digging resistance there arise additional
lateral and vertical forces. Influence of the latter results in the
motor-grader deviation from the straight-line trajectory in the
course of the working operation implementation.

A number of scientific researches are devoted to theoretical
analysis of the wheel motion under the impact of lateral force [9,
10, 14].

In practice, to ensure the road-holding ability the operator
should continually adjust the machine position. Nevertheless, loss
of the road-holding ability results in decreasing the performance
indexes of the working operations, the need to make additional
trips. Ultimately, this leads to a drop in productivity, increase in
cost of the work performed and the specific fuel consumption.

A number of authors [11] believe that at describing a
machine with a steering frame, parameters characterizing the roadholding ability are insignificant.
Researches conducted in the field of earth-moving
equipment allow stating that coefficients characterizing the roadholding ability directly depend on ultimate loads acting on the blade
cutting edge at loss of stability [12, 1].

2. Analysis of publications

For tracked vehicles this coefficient is characterized by the
ratio of the moment of keeping the machine from turning to the
moment of its turning. [13].

A whole series of developments has been devoted to the
problem of road holding ability of earth-moving machines. Their
distinctive feature is analysis of the machine path of motion under
the impact of lateral loadings such as centrifugal force, arising in

Figure 1: Area of analizing the road-holding ability parameter
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Summing up the result, it is possible to determine three
main areas of mechanical engineering, where much attention is paid
to research of the machine road-holding ability: transport
equipment, agricultural and earth-moving machinery, which in their
turn have own specifics in approaches to estimation of the roadholding ability parameters (see Fig.1).

In the course of the experiments it was noticed that loss of the
motor-grader road-holding ability results from the rear axle slipping
(Fig. 2). At this the machine path of motion consists of straightways
and the section where the motor-grader turning takes place.
Table 1. Levels of the factors variation.

Purpose and tasks of the research

Variable
values

The research purpose is experimental estimation of impact
of the motor-grader working process parameters on the roadholding ability parameters.

Sym
bol

Unit
of
measure
ment

Levels
of the
factor
variation
45º

Research of the motor-grader road-holdng
ability parameters

The angle
of the blade
positioning in
the plane

To achieve the set purpose in conditions of the Testing
ground of Kharkiv National Automobile and Highway University
there were prepared and conducted field researches with the motorgrader ДЗK – 251. At carrying out the tests the process of cutting
soil of category II with the main blade end in the form of crosssection cut layer. The relative degree of the soil humidity was about
19 – 25%. In order to obtain more information on the impact of
various factors on the parameters of the grader road-holding ability
it was decided to carry out the experiment in two stages. At the first
stage the test was conducted according to the classic scheme. The
initial speed of the motor-grader and the blade angular displacement
in the plane were chosen as variable parameters (Table 1).

α

gr.

90º
135º
1.01

The
machine
velocity

V

m/sec

1.4
1.57

The parameters of the factors were set on the basis of the
values recommended for main working modes of the motor-grader.

Fig.2 The motion trajectory of one of the grader leading side.
Measuring the lateral displacement and turning angle with
respect to the machine's longitudinal axis were made according to
the scheme (Fig. 3.)

Table 2: Parameters characterizing the motor-grader roadholding ability
Experimental
dα, gr. V,
/
1.01
45
1.4
1.57
1.01
90
1.4
1.57
1.01
135
1.4
1.57

Point А designates the blade edge, by which the soil cutting
is performed. The data of measurements corresponding to the
coordinate system are presented in Table 2.
The experimental data analysis shows that on the face
length of 20 m limiting lateral displacements of the front axle make
3.5 m and of the rear axle – 2.6 m. The angle of turning of the
machine’s longitudinal axis correspondingly equals 20º–65º.
Cutting with the leading blade end results in the machine
displacement and turning to the side of the applied load. In the case
when cutting is performed with the back blade end, results in the
machine displacement and turning to the opposite direction.
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Displacement, m
h1 – front h1 – rear
h 3.471
l
h 2.575
l
0.339
0.764
0.160
0.228
0.339
0.299
1.454
1.352
2.411
2.306
1.427
1.329
0.937
0.674
0.287
1.567

β –angle
of
the
machine
47°44'
22°26'
3°57'
2º17'
6°4'
6°5'
5°50'
17°6'
65°31'

Fig.5 The curve of regression equation at the working angle
of α=90°

Fig. 3 The scheme of measuring the parameters
characterizing the motor-grader road-holding ability
Processing of the obtained data with the help of MATLAB
software allowed receiving a number of regressional relationships
presented in Table 3.
Graphic interpretation of the obtained results is presented in
Figures 4–6 in the form of the machine path of motion at
changeable factors.
Fig.6. The curve of regression equation at the working
angle of α=135°

The analysis of the results showed that the second-degree
regression equation gives the most accurate description of the
machine motion. Thus, at increasing the speed from 1.01 to 1.57
m/sec the lateral displacement had a random character, in some
cases there was observed its growth proportionally to the speed, in
other cases at low rates of speed the value of displacement rose.
There were not observed any strict regularities of changes in the
motor-grader road holding ability in relation to changes in the
machine speed. High values of the experimental data can be
explained by high humidity of the surface layer of soil, low
coefficient of adhesion of the propelling device with the ground,
high slip coefficient.

At the second stage of the field research on the basis of
methods of planning a series of tests, which allowed estimating the
degree of influence on the road-holding ability of the whole group
of additional factors that characterize the conditions of performance
of working operations by the grader was conducted.
The experimental data demonstrated that at the first stage of
the research, the greatest influence on the formation of road-holding
ability parameters have the numerical value and coordinates of
application of the resultant vector of external resistance to the
working attachment. At a less degree there was studied a complex
impact on the grader road-holding ability of such factors as the
transverse grade of the working site, the ratio of the longitudinal
and lateral grip of the propelling devices with the supporting
surface, the angle of rotation of the front steering wheels in the
vertical and horizontal planes. To determine the regularities we are
concerned in, it was decided to carry out the second stage of the
field research based on the realization of the factorial experiment in
conditions of the Testing ground of Kharkiv National Automobile
and Highway University with the ДЗК-251 motor-grader.

Fig.4 The curve of regression equation at the working angle of
α=45°
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Table 3: Parameters characterizing the motor-grader path of motion
Displacement value, m
Angle of the
blade adjustment

Velocity,
m/sec

0

2

4

6

8

10

12

14

16

18

20

0
0

0.09
0

0.55
-0.06

0.28
0.21

0.45
0.23

0.51
0.45

0.69
0.37

0.7
0.52

0.69
0.71

0.73
0.91

0.84
1

0
0
0

-0.4
0.23
0.2

-0,2
0.43
0,36

0.6
0.73
0.4

0.8
1
0.35

0.9
1.23
0.2

1.1
1.43
0.25

1.3
1.63
0.23

15
1.91
0

1.7
2.18
0.01

1.7
2.43
0.12

1.4

0
0
0

0.12
0.09
-0.12

0.25
0.02
-0,26

0.33 0.59 0.74 0.75 0.75 0.66 0.7
0.7
-0.03 -0.19 -0.31 -0.57 -0.72 -0.83 -1.03 -1.04
-0.48 -0.66 -0.81 -0.76 -0.83 -0.87 -0.83 -0.88

1.57

0

-0.05

-0,13

-0.3

1.01
90°

1.4
1.57
1.01

45°

1.4
1.57
1.01

135°

-0.42 -0.6

-0.79 -0.99 -1

-1.23 -1.4

Table 3 (continuation) Parameters characterizing the motor-grader path of motion
Angle of the blade adjustment

90°

Velocity, m/sec

Regression equation

1.01

R=
−0.0014 +0.0664 S + 0.0406 S 2     

1.4

R =0.0016 +0.0210 S − 0.0410 S 2

1.57

R=
−0.0010 +0.1206 S − 0.2193S 2

=
R 0.1210 −0.0100 S

1.01
45°

135°

1.4

R=
−0.0076  0.2509
+
S

1.57

R=
−0.0033 +0.1032 S − 0.0576 S 2

1.01

R=
−0.0017 − 0.0287 S + 0.1121S 2

1.4

R =0.0032 −0.1088S + 0.0495S 2     

1.57

R=
−0.0009 − 0.0561S +0.0517 S 2

The full factorial experiment was designed as a plan-matrix
of the 24 type [15, 16]. To neutralize the impact of the application of
the coordinates and the resultant vector of resistance on the working
attachment in the process of conducting the experiment the position
of the main grader blade in each test remained the same. Cutting the
soil of category II was made from the pit with the digging face of 20
meters. In the process of conducting the experiment the physical
and mechanical parameters of the soil did not change.

Table 4. Values and coding of the factors levels
Independent factors
Variability interval

At compiling the table of levels and varying intervals the
standard techniques of experimental design were used (see Table 4).
The factorial experiment is designed to use three levels - the upper
(+1), the basic (0) and lower (-1) presented in a coded form:

x1,
deg.

x2

x3,
deg.

x4,
deg.

Lower (-1)

0

0.4

0

0

Medium (0)

4

0.6

5

7.5

Upper (+1)

8

0.8

10

15

Variability interval
(δi)

4

0,2

5

7,5

х1= ϕ , deg., — transverse gradient of the surface;
 for the grader lateral displacement:

х2= k — coefficient of traction on the sides;
х3= γ , deg., — angle of the front wheels rotation in the
horizontal plane;

H ( x1 , x2 , x3 , x4 ) =
−1,0375 − 0, 27x1 − 0,126x2 − 2,011x3 − 0,835x4 +
+0,6813x1 x3 + 0,5225x1 x4 + 0, 2475x2 x3 − 0,5738x2 x4 −

х4= ρ , deg., — angle of the front wheels tilt in the vertical
plane.

−0,3563x3 x4 − 0, 2325x1 x2 x3 + 0,19625x1 x2 x4 − 0,15375x1 x3 x4 −
−0,3975x2 x3 x4 − 0,3725x1 x2 x3 x4 .

By the well-known formulas the regression coefficients
were determined. To calculate the reproducibility, adequacy and
significance of the coefficients of regression equations standard
techniques were used [15, 16]

 angle of rotation in relation to the longitudinal axle:

β ( x1 , x2 , x3 , x4 ) =
−4,6875 − 6,75x3 − 2,375x4 − 0,5625x1 x2 +
+2,9375x1 x3 + 0,9375x1 x4 − 0,6875x2 x4 − 1,6875x3 x4 − 1,375x1 x2 x3 +

After analyzing the coefficients of the regression equations
for adequacy and significance, the following regression equations
were obtained:

+1, 25x1 x2 x4 + 0,75x1 x3 x4 − 2,125x2 x3 x4 − 1,8125x1 x2 x3 x4 .
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b6 (ϕ , γ ) = 2,9375

In the process of generating the regression equations the
significance of the factors on Student criterion was analyzed (Table
5).

displaced to the left from the planned motion path;
– the tilt angle of the front wheels in the vertical plane

To describe the grader road-holding ability in the process of
digging the soil two indicators should be used: the lateral
displacement of the machine in relation to the planned straight path
of motion and rotation angle in relation to the longitudinal axis of
the machine with respect to the same path. It is for these indicators
that on the basis of the conducted experiments the regression
equations were generated. At that a linear model was considered. In
the process of calculations evaluation of the significance of
influence of each factor and their complex on values of the above
indicators was made.

b4 ( ρ ) = 2,375

where

bi

Sy
n

with the displacement value of 6.5˚, the

motion path was displaced to the right from the planned path of
motion;
Changing of the rotation angle of the machine longitudinal
axle is not influenced by the surface gradient

b1 (ϕ ) = 0,125

the traction coefficient under the machine sides

b2 ( k ) = 0, 25 ,

b8 ( k , γ ) = 0, 4375 .

(1)
Table 5. The signification coefficients for addends in the
regression equations.

– the regression coefficient at the process

reproducibility;
The machine lateral
displacement - Н

∆bi – Student criterion

t (0.05; f y ) – table value of Student criterion at 5% point of

Parameter

distribution with f y degrees of freedom;

The
signification
coefficient
value

S y – experimental error,
which value for the given experiment made up: 0.126 for
the lateral displacement ( ∆bi ( H ) ) and 0.558 for the rotation angle

Signifi
cation

The rotation angle of
the machine
longitudinal axle in
relation to the planned
motion path - ρ
The
signification
coefficient
value

Signifi
cation

b1 (ϕ )

0, 27

+

0,125

-

in relation to the path of motion (∆bi ( β )) .

b2 ( k )

0,126

+

0, 25

-

In Table 5 the significant factors are marked with the sign
«+», and not significant with the sign «-».

b3 ( γ )

2,011

+

6,75

+

The machine lateral displacement is mostly influenced by:

b4 ( ρ )

0,835

+

2,375

+

– the angle of the front wheels rotation in the horizontal
plane b3 ( γ ) = 2,011 , which displacement value made up – 3.1 m,

b5 (ϕ , k )

0,0013

-

0,5625

+

the motion path in this case was displaced to the left from the
planned straight path of motion;

b6 (ϕ , γ )

0,6813

+

2,9375

+

– angle of the front wheels tilt in the vertical plane
b4 ( ρ ) = 0,835 with the displacement value of 2.2 m, the motion

b7 (ϕ , ρ )

0,5225

+

0,9375

+

b8 ( k , γ )

0, 2475

+

0, 4375

-

b9 ( k , ρ )

0,5738

+

0,6875

+

b10 ( γ , ρ )

0,3563

+

1,6875

+

b11 (ϕ , k , γ )

0, 2325

+

1,375

+

b12 (ϕ , k , ρ )

0,19625

+

1,25

+

b13 (ϕ , γ , ρ )

0,15375

+

0,75

+

b14 ( k , γ , ρ )

0,3975

+

2,125

+

b15 (ϕ , k , γ , ρ )

0,3725

+

1,8125

+

b0

1,0375

+

4,6875

+

path was displaced to the right from the planned straight path of
motion;
– the complex impact of coefficients of traction of the
driving wheels with the support surface under the right and left
sides of the machine ant the angle of the front wheels tilt in the
horizontal plane

b6 (ϕ , γ ) = 0, 6813

,

as well as the complex impact of the coefficient of traction under
the machine sides and the wheels rotation in the horizontal plane

The evaluation is performed with the help of Student
criterion:
bi ≥ ∆bi =t (0.05; f y )

with the angle of 7˚ and the motion path

with the displacement

value of 3.14 м, the path of motion was displaced to the left from
the planned straight path of motion;
The machine lateral displacement is not influenced by the
complex impact of the surface gradient and the coefficient of
traction on the sides b5 (ϕ , k ) = 0,0013 .
The greatest impact on changing the rotation angle of the
longitudinal axis in relation to the planned path of motion is made
by:
– the rotation angle of the front wheels in the horizontal
plane b3 ( γ ) = 6,75 , which value accounted for 12˚, the motion
path was displaced to the left from the planned math of motion;

The regression equation in its ordinary look after the code
conversion and consideration of the signification is as follows:

– the complex impact of the gradient of the machine surface
and the rotation angle of the front wheels in the horizontal plane
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H (ϕ , k , γ , ρ ) =
2,6589 − 0,1538ϕ +0,7015k − 0,80095γ +
+0,1441ρ − 0,4219ϕ k + 0,0208ϕγ − 0,0343ϕρ + 0,505kγ −
−0,4967k ρ − 0,0343γρ + 0,035ϕ kγ + 0,0948ϕ k ρ +
+0,0064ϕγρ − 0,0033kγρ − 0,0124ϕ kγρ .

2 Устойчивость колесных машин при заносе и способы
ее повышения / [Подригало М.А., Волков В.П., Доброгорский
М.В., Степанов В.Ю.]. . – Харьков: Изд-во ХНАДУ, 2006. – 335
с.

β (ϕ , k , γ , =
ρ ) 3,6875 + 0,875ϕ + 5k − 2, 2γ + 0,5333ρ −
−2,8125ϕ k + 0,04375ϕγ + 0,3ϕρ + 1, 25kγ − 1,0833k ρ −
−0,04γρ + 0,1094ϕ kγ + 0,5104ϕ k ρ + 0,0413ϕγρ −
−0,0417 kγρ − 0,0604ϕ kγρ .

4
Литвинов
А.С.
Автомобиль:
Теория
эксплуатационных свойств [учебник для вузов]/Литвинов А. С,
Фаробин Я.Е — М.: Машиностроение, 1989. – 240 с.

3 Теория устойчивости автомобиля / Певзнер Я.М. —
М.: Машгиз, 1947, 156 с.

5 Работа автомобильной шины / Под ред. В. И. Кнороза
. — М. : Транспорт, 1976. — С. 137–150.

Conclusions
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On the basis of the review we can argue that main reasons
for the machine loss of its road-holding ability and deviation from
the specified path of motion are lateral forces arising at performing
working operations: centrifugal forces and gravitational components
applied to the machine mass center, as well as impact of an
eccentrically applied resistance resultant on the working implement.

7 Цыганков Т.В. Поперечная устойчивость самоходной
машины с балансирной подвеской / Т.В.Цыганков // Тракторы
и сельхозмашины. – 1991. – № 1 – С. 22 – 23.

On the basis of the field research we can conclude that for
the most accurate description of road-holding ability parameters of
earth-moving machinery, namely a motor-grader, it is expedient to
use two parameters: lateral displacement and angle of the machine
turning with respect to the longitudinal axis.

8 Донцов И.Е Повышение курсовой устойчивости
машинно-тракторного агрегата с фронтальным орудием
(ФМТА) / И.Е Донцов // Вестник КрасГАУ. – 2008. – № 2 – С.
209 – 215.
9 Гуськов В.В. Вопросы качения, тягового и
мощностного баланса колеса / В.В.Гуськов, И.П.Ксеневич //
Тракторы и сельхозмашины. – 1986. – № 8 – С. 22 – 25.

The motor-grader speed has insignificant influence on
formation of its course stability. During the experiment there were
not observed any strict regularities of changing in the road-holding
ability parameters in relation to changing in the machine speed.

10 Петров А.В Узловые вопросы теории качения
пневматического колеса / В.А.Петров // Тракторы и
сельхозмашины. – 1986. – № 8 – С. 18 – 22.

The most considerable influence on the motor-grader
parameters of road-holding ability has the coordinate of application
of the resultant vector of external resistance, which is determined by
the angle of the blade position in the plane. Cutting with the leading
or back ends of the blade results in changing the direction of lateral
displacement, which are within the limits: at cutting with the
leading end 0.12 – 2.43 m; at cutting with the back end 0.8 – 1.4 m;
at the working angle 90º the eccentric application of the rolling
resistance causes the lateral displacement of 0.8 – 1.7 m at the face
length of 20 m.

11 Брянский Ю.А. Кинематика поворота машин с
шарнирно сочлененной рамой / Ю.А.Брянский, М.И.Грифф,
А.В.Наумов, А.И.Скокан // Строительные и дорожные машины.
– 1970. – № 2 – С. 15 – 17.
12 Дорожные машины. Машины для земляных работ /
[Алексеева Т.В., Артемьев К.А., Бромберг А.А. и др.]; [Изд. 3е, перераб. и доп.]. — М.: Машиностроение, 1972. — 504с.

All the determined additional factors also influence the
parameters of the grader road-holding ability, the rotation angle of
the front wheels in the horizontal plane most, the tilt angle of the
front wheels in the vertical plane less and the surface gradient and
the traction coefficient on the sides least of all. Besides, the
considerable effect is made by the complex impact of the factors of
coefficients of traction of the driving wheels with the support
surface under the right and left side of the machine, the rotation
angle of the front wheels in the horizontal plane, the effect of the
machine surface gradient and the rotation angle of the front wheels
in the horizontal plane.

13 Коваль А.Б. Визначення умов забезпечення курсової
стійкості універсальних землерийних машин : автореф. дис. на
здобуття наук. ступеня канд. техн. наук : спец. 05.05.04
«Машини для земляних, дорожніх і лісотехнічних робіт» / А.Б.
Коваль. – Дніпропетровськ, 2014. – 21 с.
14 Малиновский Е.Ю Синтез уравнений движения и
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The conducted field research allows determining the
characteristics of the mathematical model describing the motion of
the grader at performing work operations.
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WАTER SAVING TECHNOLOGY OF THE IRRIGATION OF RICE ON AKDALINSKY
RICE IRRIGATING SYSTEM OF THE BASIN OF THE RIVER YLLE
Academician Nan RK Rau A.G., Professor Sarkynov E.S., Professor Kalybekova E.M Phd Olzhabayev A.O. doctoral candidate
Kazakh national agricultural university

Abstract: Production of rice on the irrigated lands of Kazakhstan is the traditional direction of development of agrarian sector.
The management now is on a threshold of a new stage which has to provide its effective development in the conditions of open economy and
world system of agricultural production. Therefore the logic of further economic transformations demands transition to new quality of
growth in agrarian sector by water saving and increase of level of agrotechnologies. The recommended irrigation mode (permanent flooding
with water) provide resource-saving when using irrigation waters on an irrigation of crops, and also high ecological stability of massifs of
an irrigation.
KEYWORDS: IRRIGATION, WATER SAVING, AGROTECHNOLOGY, PERMANENT FLOODING, RESOURCE-SAVING,
AN ARRAY
Pro-accuracy and dumpings of water on such checks
weren't made during all irrigating period. On checks, where daily
decrease in water level lower than 20 mm were observed a water
mineralization in rice checks: at achievement of a mineralization
of water higher than 2,5 g/l change of water in checks was made.
At water change water outlets from an irrigation canal in rice
checks are closed and water outlets from the check to drainage
and waste canals open. After full dumping of water outlets from
the check to drainage and waste canals were closed and water
outlets from an irrigation canal in the rice check opened, flooding
of the check and maintenance of water level of 10 - 15 cm was
made, water pro-accuracy in checks was created during the
irrigating period.
Formation of structural elements of productivity of rice
and size of productivity depend on water filtration size from rice
checks. At norm of seeding of rice of a grade of "Regul" of 680
seeds on 1 sq.m, shoots of rice make and at a water filtration of
rice checks less than 10 mm/days – 178 pieces/sq.m, 10-15
mm/days 218 pieces/sq.m, 15-20 mm/days – 222 pieces/sq.m,
more than 20 mm/days – 201 pieces/sq.m. The quantity of shoots
from the sowed seeds of rice makes, respectively 29%, 32,9%,
33,4%, 31,4%. Before tillering of plants of rice the percent of an
thinning out of shoots of plants of rice makes: at a filtration less
than 10 mm/days – 10,2%, 10-15 mm/days – 2,7%, 15-20
mm/days – 3,5%, more than 20 mm/days – 9,1% (table 1).

1. Introduction
Water supply of branches of economy is an important
problem which decision is necessary for successful development
of Kazakhstan. In this regard, improvement of a control system
of water resources, introduction of the progressive water
preserving technologies in the irrigated agriculture for an
exception of an aggravation of the problems connected with
reduction of a river drain and ecological disruption in river
ecosystems and adjacent to them to reservoirs is a problem of
paramount importance on which decision social, ecological and
economic wellbeing of the state will depend.

2. Prerequisites and means for the solution
of a task:
Studying and development of the water preserving
technologies of an irrigation of crops, increase of water security
of norms of an irrigation on irrigating systems in the basin of the
river Il. The water preserving technology of an irrigation of rice
was studied on Akdalinsky rice system under production
conditions on meadow and marsh and sierozemic soils, three
skilled and production sites of 100-115 hectares. The second
culture is the irreplaceable predecessor of rice – a lucerne. As
integumentary cultures are cultivated also wheat and barley.
Technical condition of Akdalinsky rice system can be estimated
as satisfactory. Coefficient of land use 0,35-0,85, efficiency of
the main channels - 0,66-0,80; intraeconomic channels - 0,600,80; intraeconomic channels-0,6-0,7. A condition of the irrigated
lands on Akdalinsky rice system it is possible to characterize as
satisfactory, from 29 thousand. the hectare of unsuccessful lands
of 1625 hectares or 3,5% in comparison with Kyzylorda rice
system of unsuccessful lands makes 12,5%.
Big losses of water in an irrigating network and the
overestimated norms of watering form unjustified dumpings of
water in a drainage and waste network, conduct to an excessive
consumption of irrigation water. Therefore studying and
introduction of the water preserving technology of watering of
rice conducting cultures in Akdalinsky rice system, a task it is
very actual and resolves issues of economy of water resources,
improvements social and ecologo-economic problems of this
region.

Table 1-Influence of a Filtration of Water of rice checks
for density of shoots rice plant
Quantity of plants of rice on 1 sq.m
During emergence During full of
of shoots
shoots
FiltrationQuantity
Qu
% to
Qu Thinnin
al drain,
sowed of
anti
vysyanny
anti g out %
mm/days
seeds
ty,
ty,
pie
pie
ces
ces
Less 10
680
198
29,0
178
10,2
10 - 15
680
224
32,9
218
2,7
15 - 20
680
230
33,4
222
3,5
More 20
680
221
31,4
201
9,1
Productivity of rice depends on the size of a daily
filtration of water from rice checks, at a water filtration less than
10 mm/days productivity of rice makes 43,1-48,1 c/hectare, at a
water filtration from rice checks of 10-15 mm/days productivity
of rice increases to 64,8-72,1 c/hectare, the filtration of 15-20
mm/days and more reduces productivity of rice to 37,0-57,2
c/hectare

3. The solution of the studied problem:
At a sheet of water in the rice check of 10 - 15 cm after
20 days of initial flooding, and then monthly at the closed water
outlets from an irrigation canal in the rice check and from the
check in a drainage and waste network. Within 3 days were
observed decrease in water level in checks on water-measuring
laths. At average daily decrease in water level in checks to 20
mm and more of which evaporation and a transpiration make 10
mm/days, a water filtration in soil - 10 mm/days and more which
provides water exchange in the check, carrying out of salts and
harmful connections from the root of the inhabited layer of earth
in ground waters and to drainage and waste canals.

4. Results and their discussion:
On crude of the gidromorfnykh soils the irrigating norm,
productivity of rice also depend on water filtration size from rice
checks. At a water filtration less than 10 mm/days the irrigating
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norm makes 12,8-20,6 thousand m3/hectare of rice checks,
productivity of rice 37-64tsga 15 of mm/days respectively 20,626,6 thousand m3/hectare and 57,6-72,1ц/га, 15-20 mm/days –
53,2 c/hectare, more a 20mm/sut=47,1-44,0ts/ga (table 2).

6. Links
1 The concept of transition of the Republic of Kazakhstan
to a sustainable development for 2007-2024 - Astana, 2007. – 69
pages.
2 Dostay of Zh.D. Management of a hydroecosystem of
the basin of Lake Balkhash. – Almaty, 2009. - page 236
3 Schulz V.L.Reki of Central Asia. Part I and II. – L.:
Gidrometeoizdat.1961. - page 681
4 Resources of a surface water of the USSR. Volume 13.
Central and the Southern Kazakhstan. Vyp.2. Basin of the lake
Balkhash. - Leningrad: Gidrometeoizdat, 1970.-646 pages.
5. Construction Norms and Regulations 2.01.14-83.
Definition of hydrological characteristics – M: Stroyizdat, 1985.
– 36 pages.
6. Workshop on a hydrology, hydrometry and regulation
of a drain. / Under. Edition of E.E.Ovcharov. – M.:
Agropromizdat, 1988. – 224 pages.

Table 2-Productivity of Rice on the water preserving technology
of an irrigation
Water filtration from
rice checks, mm/days

Less 10
10-15
15-20
More 20

Irrigating norm
of rice, one
thousand
m3/hectare
17,6-20,6
21,6-26,6
25,4-32,6
35,6-38,2

Productivity of
rice, c/hectare

37,0-69,8
57,6-72,1
53,2-59,1
48,1-47,1

Influence of size of a filtration of water from rice checks
for productivity of rice and irrigating norm is shown in figure 1.

Figure 1- Influence of size of a filtration of water from rice
checks for irrigating norm and productivity of ric
By the researches executed on Akdalinsky rice system in
Agrofirme Birlik LLP it is established that the irrigating norm
and productivity of rice depend on filtrational properties of soil
and the irrigating norm from 21,0 thousand m3/hectare to 24,2
thousand m3/hectare from 66,5 rice to 44,3 c/hectare changes in
considerable limits.
5. Conclusions
On a skilled and production site of Birlik Agricultural
firm where rice was cultivated without dumpings and proaccuracy, the average irrigating norm made 20158 m3/hectare,
including: soil saturation - 1280m3/hectare, a filtrational drain 9714 m3/hectare, evotranspiration - 9800 m3/hectare.
At observance of the recommended water preserving
technology a rice irrigation under production conditions the
irrigating norm of rice will be reduced by 5166 m3/hectare or for
29%, and productivity of rice will increase by 15-16%.

59

ОБОСНОВАНИЕ РАБОЧЕГО ОРГАНА РАЗБРАСЫВАТЕЛЯ УДОБРЕНИЙ
ЦЕНТРОБЕЖНОГО ТИПА
УДК 631.333
А.С. Кобец, Н.Н. Науменко, Н.А. Пономаренко
Днепропетровский государственный аграрно-экономический университет
Г. Днепропетровск, Украина
плотное засевания по краям полосы захвата. Для улучшения
равномерности
предложена
конструктивная
схема,
обеспечивающая разные начальные условия вылета гранул из
каждого из трех ребер, размещенных на четырех лопастях
диска.

Неравномерность
распределения
питательных
веществ по поверхности поля влияет на урожайность
сельскохозяйственных культур. Развитие машин для внесения
удобрений благоприятно, в первую очередь, в направлении
повышения эффективности применения удобрений путем
улучшения качества их распределения по поверхности почвы.
Более 90% современных машин для внесения удобрений
оборудуют
центробежными
рассеивающими
рабочими
органами, которые успешно вносят гранулированные и
мелкокристаллические удобрения и химмелиоранты. Машины
для внесения минеральных удобрений должны достаточно
точно (равномерно) их вносить. На сегодня некоторые
параметры внесения велики, так неравномерность по ширине
захвата у машин отечественного производства достигает 6080%, что приводит к снижению эффективности удобрений.
Таким образом, обоснование конструкции и параметров
центробежного рабочего органа машины для внесения
минеральных удобрений является актуальной задачей [3-4].

В соответствии с принятой конструкцией диска схема
рассеивания предусматривает, что ширина обрабатываемого
участка, на которую вносится удобрение, разбивается на три
части. Каждое ребро на лопасти должно вносить удобрения на
отведенную ему территорию. Для того чтобы это происходило
необходимо определить длину каждого ребра, а также
положение его на лопасти. Будем считать, что цель будет
достигнута, если гранулы на среднем ребре приобретают
скорость вылета достаточную для засева участка захвата
шириной 2/3В, а на коротком ребре - 1/3В. Для определения
скорости вылета туков с ребра, начинается на произвольном
расстоянии, а от центра диска используется теорема сложения
скоростей.

Как показал анализ процесса внесения удобрений [1],
разбрасыватели центробежного типа могут обеспечивать более
(1)
𝑉� = 𝑉�𝑟 + 𝑉�𝑒 ,
где 𝑉�𝑟 - относительная скорость, вдоль направляющего ребра;

𝑉�𝑒 - переносная скорость, для туков, которые сходят с диска, определяется известной угловой скорости диска ω и длины ребра l как

𝑉�𝑒 = 𝜔 · √𝑙2 𝑐𝑜𝑠 2 𝛼 + 𝑎 2 .
Относительная скорость может быть найденной по теореме об изменении кинетической энергии в относительном движении по
формуле [1]
𝑚𝑉 2

𝑚𝑉 2

− 0 = 𝐴(𝐹𝑒 ) + 𝐴(𝐹тл ) + 𝐴�𝐹тр � + 𝐴(𝑃)
(2)
2
2
где 𝐴(𝐹𝑒 )- работа переносной силы инерции 𝐹𝑒 на перемещены вдоль ребра; 𝐴(𝐹тл )- работа силы трения, которая возникает на
поверхности лопасти в результаты действия силы 𝐹𝑒 и веса туки Р; A 𝐴�𝐹тр � - работа силы трения, которая возникает на
поверхности вертикального ребра от силы инерции Кориолиса 𝐹𝑐 и переносной силы 𝐹𝑒 ; 𝐴(𝑃)- работа силы тяжести; 𝑉0 - начальная
относительная скорость.
Работа переносной силы инерции на перемещении l определяется как
1

𝐴(𝐹𝑒ін ) = 𝑚𝜔2 (𝑅к2 −𝑎2 )
(3)
2
Сила трения на поверхности лопасти 𝐹тл определяется через нормальную реакцию N1, которая обусловлена весом туки Р и
переносной силой инерции 𝐹𝑒ін , тоесть

𝑁1 = Рcos 𝛼 + 𝐹𝑒ін sin 𝜓 sin 𝛼.
Тогда 𝐹тл = 𝑓 �𝑚𝑔 cos 𝛼 + 𝑚𝜔2 𝑟 · cos𝛼sin 𝛼� = 𝑓𝑚(𝑔 cos 𝛼 + 𝜔2 𝑥cos𝛼 sin 𝛼),
𝑟
где f - коэффициент трения.
𝑥

Работа силы трения на поверхности лопасти 𝐴(𝐹тл ) определяется как
1

𝐴(𝐹тл ) = −𝑓𝑚𝑔�𝑅к2 −𝑎2 − 𝑓𝑚𝜔2 · (𝑅к2 −𝑎2 ) sin 𝛼 /cos𝛼
(4)
2
Сила трения на поверхности ребра определяется определяется как
𝐹тр = 𝑓(2𝑚𝜔𝑉𝑟 cos 𝛼 − 𝑚𝜔2 𝑎)
Работа этой силы определяется как
𝑙

(5)

𝑙

𝐴�𝐹тр � = − ∫0 2𝑓𝑚𝜔𝑉𝑟 cos 𝛼 𝑑𝑥 + ∫0 𝑓𝑚𝜔2 𝑎𝑑𝑥
(6)
Принимая, что начальная относительная скорость 𝑉0 = 𝜔𝑎 cos 𝛼, для 𝐴�𝐹тр � получим
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𝐴�𝐹тр � = −𝑓𝑚𝜔(𝜔𝑎 cos 𝛼 + 𝑉)�𝑅к2 −𝑎2 + 𝑓𝑚𝜔2 𝑎�𝑅к2 −𝑎2 / cos 𝛼
Работа силы тяжести Р определяется как

(7)

𝐴(𝑃) = −𝑚𝑔𝑙к sin 𝛼 .
(8)
Подставляя выражения (3), (4), (7), (8) в формулу (2) получим

𝑚𝑉 2 𝑚𝑉02 1
−
= 𝑚𝜔2 (𝑅к2 −𝑎2 ) − 𝑓𝑚𝑔�𝑅к2 −𝑎2 −
2
2
2
1 2 2
2
−𝑓𝑚𝜔 · (𝑅к −𝑎 ) sin 𝛼 / cos 𝛼 − 𝑓𝑚𝜔(𝜔𝑎 cos 𝛼 + 𝑉)�𝑅к2 −𝑎2 +
2
(9)
+𝑓𝑚𝜔2 𝑎�𝑅к2 −𝑎2 / cos 𝛼 − 𝑚𝑔𝑙к sin 𝛼
Если в последнее выражение подставить расстояние от центра до первого ребра (a = a_1), то можно получить

1
1
𝑚𝑉 2 𝑚 2 2
− 𝜔 𝑎1 𝑐𝑜𝑠 2 𝛼 == 𝑚𝜔2 (𝑅к2 −𝑎12 ) − 𝑓𝑚𝑔�𝑅к2 −𝑎12 − 𝑓𝑚𝜔2 · (𝑅к2 −𝑎12 ) sin 𝛼 / cos 𝛼 −
2
2
2
2
2 𝑎 �𝑅 2 −𝑎 2
𝑓𝑚𝜔
1
к
1
2
2
2
−𝑓𝑚𝜔 𝑎1 cos 𝛼 �𝑅к2 −𝑎1 − 𝑓𝑚𝑉�𝑅к2 −𝑎1 +
−
𝑐𝑜𝑠𝛼
−𝑚𝑔𝑙к sin 𝛼.
Откуда для относительной скорости на вылете из длинного ребра можно получить

𝑉 = −𝑐1 + �𝑐12 + 𝑐2
(10)
Тогда определения абсолютной скорости приведены
𝑉𝑎 = �(𝑉𝑎 𝑐𝑜𝑠𝛼0 )2 + (𝑉𝑟 𝑠𝑖𝑛𝛼)2 ,
(11)
где 𝛼0 - угол вылета туки; 𝑉𝑎 𝑐𝑜𝑠𝛼0 - проекция скорости вылета на горизонтальную плоскость; 𝑉𝑟 𝑠𝑖𝑛𝛼 - проекция скорости вылета на
вертикальную плоскость.
Тогда для угла вылета можно получить

𝛼0 = 𝑎𝑟𝑐𝑐𝑜𝑠�(𝑉𝑟 𝑐𝑜𝑠𝛼)2 + 𝑉𝑒2 + 2𝑉𝑒 𝑉𝑟 𝑐𝑜𝑠𝛼𝑐𝑜𝑠𝛾/𝑉𝑎 .

(12)
направляющие ребра 16. Один из секторов питателя закрыт
сверху (рис., заштрихован). Площади секторов назначаются
пропорциональными расходу материала приходится на каждое
ребро. Материал, попадая к секторам, сходит на
горизонтальную поверхность диска, с которой, двигаясь между
криволинейными участками ребер, попадает на наклонные
лопатки.

Приведенные формулы позволяют обосновать
некоторые конструкционные характеристики рассеивателя.
Анализ возможных вариантов конструкций центробежного
рабочего органа для внесения минеральных удобрений
позволил принять схему разбрасывателя, конструкция которого
предусматривает формирование расположения потоков гранул
при загрузке. Для выполнения поставленной задачи
предложена схема рабочего органа.

Относительно неравномерности распределения гранул
в пределах одной полосы можно заметить, что приведенная
картина распределения идеализированная и предусматривает:
все гранулы «залетают», при работе равно одного из ребер на
одну и ту же расстояние. Реальность заключается в том, что
гранулы не одинаковы по форме и объему. Они имеют
различные
аэродинамические
характеристики,
что
обеспечивает различную дальность полета и улучшает
равномерность распределения, которое может быть опытно.

Разбрасыватель состоит из диска 17 (рис. 1) четырех лопастей
(секторов 11-14), каждая из которых образуется двумя
лопатками в которых боковые стенки образуются
вертикальными ребрами, а днища наклонены под углами α1 и
α2 к горизонтальной поверхности диска. Каждое ребро (1-3)
перпендикулярно к общей линии пересечения днищ лопаток и
плоскости диска (на рис. 1 направление каждого ребра
обозначен углами γ1, γ2, γ3 соответственно). В центре диска
находится питатель 4 конической формы, внутреннее
пространство которого разделено на отдельные сектора
радиальными вертикальными пластинами (6-10). Каждая
пластина в нижней части выходит за пределы питателя на
высоту ребра и нижним краем присоединяется к
горизонтальной центральной части диска. Боковой край
выступающей из питателя (конической формы) части
соединяется с криволинейной участком ребра 2, размещенной
на горизонтальной плоскости диска. Таким же образом ребро 3
соединяется с выступающим боковым краем пластины 8, а
ребро 1 - с 9. В каждой четвертые центробежного рабочего
органа, где находится рабочая лопасть, питатель разбивается
пластинами на четыре сектора. Три из них рабочие, через два
туки падают на верхней диск, причем на второй сектор
приходится 53,6% объема удобрений от первого, а на
последней - третьей - наименьший 11,24% того же объема. С
этого сектора удобрения попадают на диск 15, который
расположен ниже на 60 мм от верхнего, что обеспечивается
втулкой 5, на котором размещены перпендикулярно друг другу

ВЫВОДЫ
Предложенная конструкция разбрасывателя, который
может реализовать более равномерное рассеивание при
условии обеспечения отдельного питания каждого из трех
вылетающих с диска потоков гранул.
Выведены, достаточно просты для инженерного
применения
формулы,
позволяющие
обосновывать
конструкцию дискового разбрасывателя удобрений, который
гарантированно улучшает рассеивание.
Полученные формулы позволяют определять
абсолютную скорость вылета туков с диска и угол вылета,
которые необходимы для определения ширины захвата
разбрасывателя.
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VIRTUAL LABORATORY OF ROBOTICS
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Abstract:
In frame of the project KEGA 027STU-4/2014 at our institute, we are building a virtual laboratory of robotics. The main objective is to build
a laboratory together with a set of training modules in the field of automation and industrial robotics that will serve to teach the principles of
automatic control of manipulation and programming of industrial robots, which are now increasingly implemented in production practice.
Built laboratory will develop the knowledge and expertise of students in the field of automated and robotic systems, application of innovative
educational program and methodology of using modern technologies, including CA and e-learning.
KEYWORDS: VIRTUAL LABORATORY, ROBOTICS, TEACHING, PROFESSIONAL COMPETENCIES

1.

teaching process of subjects belonging to our study branch such as
manufacturing devices and systems (industrial robots, automation
and mechanization, automate theory, and so on…). Students which
will go through courses in these kind of laboratory will receive
required professional skills and competences.
These competences and skills will strengthen their abilities which
are very important for designing processes of such devices. The
students will also learn the methodology of creating several types of
systems, which will lead to increase of their value at the labour
market.

INTRODUCTION

In these days globalization, social, political and economical
situation create special environment in which only the best can
survive.
Important requirement of potential employers is a right relationship
between professional competences and key competences.
Key competences can be represented as universal complex skills
which overreach level of specific professional knowledge and skills.
Key competences are skills which inform how will particular person
behave accordingly to the situation. While professional
competences are very important for high skilled work, key
competences are helping to put better use of professional
competences to practice.
 Professional competences ensure good managing of
working tasks
 Key competences are widely usable skills such as decide
ability, ability of solving problems, team working,
communication in foreign language, ability to learn,
information working ability, etc
The aim of whole project is creating a virtual laboratory of robotics
which would be used to learn designing of creation of robotized
workplaces and their simulation.
Creation of such laboratory will lead to the quality increase of

2.

VIRTUAL LABORATORY OF ROBOTICS

New created virtual laboratory of robotics will be used for teaching
of robotized workstation design principles. Various manufacturing
systems can be implemented based on robotized workstation.
In virtual laboratory, the students will create the virtual models of
robotized manufacturing systems and they will also be able to
simulate the function of such device (Fig. 1). Students will be able
to create their own virtual robotized workstation systems as well as
to test them. Based on this fact they will be able to verify the proper
function of the system by using of the simulation. Students with
help of such laboratory will be able to create projects from various
kinds of subjects while operating on the robotized system.

Fig. 1: Simulation of industrial robot working cycle

Virtual laboratory equipment will be composed of 10 PCs, each
having a function of single workstation. Then network server will
be installed in the laboratory, it's functions will be access to the
internet and licensing of program on various PC devices. The
environment of laboratory should include high quality data

projector with silver screen and interactive board. All this
equipment will contribute to the use of modern teaching methods.
Those tasks and exercises, which will be optimized and simulated in
the virtual laboratory will be performed in real laboratory of
industrial robots situated at our departments. (Fig. 2) That means
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the real laboratory will increase the number of tasks and it's
teaching effectiveness. The teaching process will be more effective
and thanks to the virtual laboratory, there will be less mistakes and
possible dangerous collisions between the robot and other devices.
Such collisions could lead to the damage of devices installed in the
laboratory. Based on fact that time consuming part of laboratory
work will be concentrated only to the correct solutions, the students
will have more time for realization of their examples.
Expected contribution of realization of this project can be seen in
these steps:
 Education process enhancement
 Education process will be more attractive for the students
 Student will improve their technical knowledge and skills








Before the real realization all practical tasks and examples
will be simulated in virtual laboratory and only correct
task wills be realized in real laboratory
Costs reduction in real laboratory, because non correct
tasks will not be realized
More students can work in the same time
Virtual laboratory will be accessible for the students
through internet, which makes the use possible for
external students,
Work in the virtual laboratory will increase professional
skills and competences of technicians
The labour market's price of our graduate will grow

Fig. 2: Industrial robot at our laboratory of robotics

3.

methods of classical and e-learning education style. Also in areas in
which is personal contact with teacher necessary, the students can
be study before the class through electronic system. Then the
students will be coming to the lectures with new amount of
information and questions. After such process teacher is able to
speak only about interesting or difficult fields of study. Also the
time of lectures can be reduced.
A convenient combination of „classical“ and electronic education
(e-learning) creates new possibilities to implement ideas of the
teacher and demands on students. This is a new look on university
education method in which proficiency and experience of the
teacher unite with advantages of information communication
technologies. The result of their bilateral action consists not only in
human activity improvement but makes the education process more
interesting, effective and more addressed.
E-learning brings many communication ways such as emails, video
conferences, which allows teacher to individual access to individual
students. Following to the backward information about the lectures,
teacher has exact information about the student. Information such
as: how good were the students in single lectures, how many points
did students reach in single fields of study or how much time does it
take to understand for students. Thanks to the number of
communication ways, the teacher is able to communicate with his
students more intensively than before by typical classes.
Instead of constant repeating of the same information in the
lectures, teacher will be able to work more intensively on
preparation of new lectures or he can update lectures.
E-learning gives to the teacher new useful tools which can be used
for simple and rapid transfer of his/her own knowledge and skills in
to the form which will make these information more accessible for
everyone who needs them.
E-learning is a solution designated for education process, but is

E-LEARNING AND VIRTUAL LABORATORY

Information and communication technologies present new
dimensions in education at all levels. Education becomes the
primary factor of national prosperity. New education technologies
offer a wide space for further learning and life-long learning;
remove barriers and ruin national frontiers, supporting at the same
time advisability of learning with the main emphasis on utilization
in practice and global way of thinking.
E-learning, as a new didactic method, facilitates distance learning
and provides new possibilities for other education forms. Teachers
become authors of educational, instructional documents with
a specific mission – to transform the quality of all attendance forms
of study into rationally configured documents in electronic form.
Computers and other facilities gave rise to world wide
communication network – internet. In present time internet
represents the most extensive and most massive information and
communication technology that enables both general and addressed
bidirectional communication.
If we are looking to the e-learning as to the effective using of
information technologies in education process, we can say that we
are talking about two new possibilities, which can be used in
education process.
Classical teaching leaded by a teacher is realized from the
beginning of history. This type of teaching in not possible to
change, for some kinds of teaching. Educating only with help of a
teacher has many disadvantages.
E-learning is created for improvement of these disadvantages and it
is an optimal solution for complex education. To create interesting,
address, individual and interactive education process which can be
integrated in to the everyday life, we have to combine proper
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•
•

shows education in other context. E-learning is not restricted only
for student education, but it is also a method of information passing
and sharing. Such sharing and passing of information is important
in field of whole life education process which is very important for
technician. Classical information technologies and systems are
dealing with information searching and searching in the exact time.
E-learning gives emphasis on kind of information passing.
Today not only reaching of the information in exact time is
important, but it is also very important to understand the
information and give this information in wide coherences. And
these accomplishments are coming with e-learning.
E-education as a new progressive way of education and it brings
new possibilities. This education form can be used in all degrees of
formal education and can be also used in whole life education
process.
Content of e-lerning is showed at Fig. 3

Takes full advantage of IKT: real time,
Makes use of several education methods: a virtual
classroom, simulations, interactive texts
•
Includes also supporting administrative functions:
tutoring, evaluation, testing, registration, payments,
records
E-learning Structure for Distant Education:
•
Basic information about the course (teacher,
annotation, syllabus,...)
•
Respective education materials (text, pictures,
diagrams, graphs, animations, audio-video,..)
•
Students´activation (tests, tasks, homeworks,...)
•
Communication – synchronous
(chat,...) and
asynchronous (e-mail,...)

•

Feed-back (delivery of solved tasks, questionnaires,
inquiry,...)

3.3. Manuals and learning materials
Manuals will be created within the frame of this project and they
will be accessible through the internet. Solved tasks will start with
simple layouts and will end with more complex tasks. Every task
will include detail device function description and standard
connection scheme. These descriptions will serve as supplementary
study literature for students of internal and also distant study form.
Experiences gained by creating of such teaching system will be
implemented into the distant study system by help of e-learning.

4.

CONCLUSION

Researches of employers' requests and also researches of students'
opinions about the university preparation are indicating that there is
small connection between university education schedules and
practice requirements. There is a number of competences,
knowledges and skills which have to be learned by universities. Key
competences are very important and integrating category, which
influence to the quality student requirements. Such requirements are
very important in the price of graduated on the labour marked. Most
preferred employers' requirements are for example, solving
problem's ability, determine ability, team working, team leading
ability, etc.
Amongst the most important requirements influencing the future
employees (technical engineers) belongs:
 Creativity
 Foreign language skills
 Independence
 Computer working skill
 Responsibility
 Flexibility
 Knowledge of actual trends in the branch
 Willingness of other education
 Communication
All these competences can be achieved by the students working in
virtual and real laboratory of robotics.
Graduates of study gets the needed skills, experiences and they will
have knowledges about a methodology of robotized manufacturing
systems design. They can simulate the working of designed devices.
For simulation realization will be installed specialized software at
out intranet. By this software we can supervising every parts of
designed manufacturing system. This system include only real
industrial parts (PLC, stepper driver, servo driver, sensors and
other...).
Systems and their functions which are thought in virtual laboratory
can be found in real industrial environment. Knowledge and skills
with those systems are highly reputable and are also demanded by
wide number or employers, like huge international technical
industries and concerns such as PSA, KIA, Volkswagen, and others.
In last phases of laboratory building we would like to create internet
access to this laboratory, because we would like to allow work in
laboratory also for students of distant forms. We would like to allow
the access to laboratory not only during classes so student will be

Fi
g 3: Content of e-learning

3.1. Asynchronous Education
Under the term „asynchronous education“ we understand all tools
and procedures without „face-to-face“ communication between the
teacher and the student that means without direct contact in any
way. Asynchronous education involves e.g. individual courses, selfstudy of materials, preparation of specifications, participation in
conference and e-mailing.

3.2. Synchronous Education
Under the term „synchronous education“ we understand all methods
including direct contact of the student with other students and the
teacher, e.g. chat, audio/video conference, application sharing,
common board.
For instance, students can be electronically „pre-trained“ also for
areas where the personal contact with the teacher is considered to be
inevitable. Such students come then to the teacher with a lot of
information and questions and the teacher can deal only with the
interesting or difficult parts of education and to shorten so the
training time significantly.
E-learning brings along a lot of communication tools starting with
e-mails up to video-conferences enabling teachers to work with
individual students. Based on feed-back the teacher is exactly
informed about student´s progress in individual lessons, the place
and number of points achieved and time spent in individual
education fields. Thanks to many communication channels the
cooperation with the student can be more intensive compared with
the classical education lessons.
E-learning standards describe plenty of areas from hardware, via
communication interface, up to didactics and meta-data. Standards
are created by each organizer individually.
E-learning:
•
Is aimed at the student´s needs,
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able to fulfill their tasks not only in reserved time.
Knowledge acquired by process of creating of this kind of virtual
laboratory will be also used in other projects and will be also used
by creating of new modern kind of teaching process by e-learning.
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Abstract: This paper presents complementing general algorithm for solving the design task. Added steps in
designing a ready solution of coaxial gearbox.
Keywords: CONSTRUCTION, COAXIAL GEARBOX, ENGINEERING DESIN

1.Introduction
The design process of modern technical solutions quickly
changed in recent years methods by which study the problems
and tools by which decisions are implemented.
Modern design process includes traditional methods of
design and modern tools of automated and computerized
information processing.
Thus to the traditional science of engineering design have
created new stages corresponding to the modern requirements
designed.
The present study shows how to the traditional methodology
for the design of coaxial gearboxes worked up new stages with
specific tasks corresponding to the modern view of science
methodological fundamentals of engineering design.

2. A method for design of coaxial gearboxes.
In the second half of the last century and the beginning of
this century appeared publications that outline the theoretical
aspects of modern science to design technical systems.
Although the results into account that the methods for
system design using very limited in practice. When developing
new technical products in practice the manufacturers rely
primarily on the rich production experience and skilled research
samples.
In its analysis of the problems in transferring the design
methods into practice K.Wallace found that between theory and
practice was formed " no man's land ."
A number of specialists in the design recommended methods
for CAD to be used depending on practical tasks that can be
solved by them.
This approach also requires the creation of a method to
determine what practical problems can be solved by it. On that
basis and the various classifications and systematizing the tasks
of design is adopted general model for designing new technical
system.
In practical work of companies is clear that solve basically
four types of design tasks - adjusting ready solution for work in
new conditions , improving ready solution , combining the
device with prefabricated elements and create new decision .
Coherence and synergies at all stages of the design of the
technical system under these conditions are shown in Figure 1 .
[1,5,6]

Fig.1. General algorithm for solving the design task.

Using this general model , complementing it to solve
practical problems . Has placed the following task : to improve
the existing structure when designing a family of coaxial
reducers Bulgarian machine-building company "Modul".
Summaries of model used tab - improving ready solution
. At this stage complement the concrete steps that have to do
with the improvement of the design of the gearbox.
Initially it is necessary to analyze the existing technical
solution. Analyzed existing families coaxial gearboxes - ДРЦ ,
ДРЦСМ . Analysis is performed in two main directions:
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- Analysis of construction and sizes;
-Analysis of materials for gears and body.
The next steps are to determine the parameters for
optimization , the most significant are:
-Size.
-Materials
- The gearbox ratio (u).
- Mass (m, kg.) - in the catalogs of the manufacturers for
each standard size gives a generalized value of the mass,
because there is little effect of different size and mass of gears
in gearboxes to produce different ratios, and practically is not
reported by any manufacturer.
- Volume (V, m3) - volume of the gearbox- this characteristic
is obtained using the dimensions of the gearbox (height, width,
length).
To assess the outcome of the optimization is done
comparative analysis of relative indicators of coaxial
gearboxes. (Кмт , КМР , КVT). [2,3,4]
- Relative mass per unit torque.

-

𝑚

, 𝑘𝑔/𝑁𝑚

(1)

𝑚

, 𝑘𝑔/𝑊

(2)

, 𝑚3 /𝑁𝑚

(3)

𝐾𝑀𝑇 =

𝑇изх

𝐾𝑀𝑃 =

𝑃вх

Relative mass per unit power.

- Relative volume per unit torque.
𝐾𝑉𝑇 =

𝑉

𝑇изх

The conducted comparative study did not use all known
indicators, but only those which allow the most reasonable
assessment of the construction, design, use of metal, and the
technology used for the production of gearboxes.
These factors influence the most the cost and
competitiveness of the products. The construction design of the
developed family of gearboxes is used in the study represents
two-stage coaxial gearbox with a solid cast body.
The direct comparison of absolute values of the technical
indicators is not enough for proper evaluation. This can be
incorrect under certain conditions. Therefore, for comparative
analysis in the gearbox manufacturing it is adopted to use also
the „relative indicators”
Figure 2 presented the algorithm for solving engineering task
to improve the existing structure of coaxial gearboxes .[5].

Figure 2. Algorithm for solving engineering task to improve
the existing structure of coaxial gearboxes.

3.Conclusion.
The presented algorithm steps supplemented with specific
requirements for the design of coaxial gearboxes can be used for
improvement of existing structures reducers. Algorithm
corresponds to the structural requirements of modern science
methodology for the design of the technical systems.
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