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KOMTNEKCEH MATEMATWYEH MOLEN HA PYAHWYHA NOOEMHA YPE[BA

WN3CNEOBAHE ®AKTOPUTE, BNNAELLWM BbPXY ENIEKTPO3AXPAHBAHETO HA
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THERMAL STREAMS AT USE OF A CUTTING TOOL WITH WEAR-PROOF COATING

Rustam Akhmetshin, Mars Migranov

Ufa State Aviation Technical University, “St. K.Marks”,12 Ufa, Russian Federation, e-mail: ahmetshin@bk.ru

ABSTRACT. Productivity of metal cutting operations can be increased by means of processing speed increase. At that, a limiting factor is the decrease in wear
resistance of the cutting tool. Software «<DeForm3D» has been used for simulation of the cutting, which makes possible to vary in heat-physical parameters and
tribological properties of a contact zone, simulating characteristics of wear-proof coatings on border "tool-detail". Such a parameter can be not only heat conductivity
of the coating, but also entry conditions of a pre-contact zone (for example, friction factor) which in turn influences formation of sources of heat and their intensity. In
order the influence degree of the specified factors on efficiency of process of cutting to be assessed, the following experimental researches have been carried on:
Analysis of tribo-technical characteristics at various temperatures which is made on an adhesion measuring instrument at use spherical indenters from High-Speed
Steel without a covering and with coverings (TiCr)N and (TiCr)N, and also indenters from High-Alloy Steel with coverings TiN, (TiCr)N, (TIAIN, (AITi)N, (TIAICr)N,
(AITIC)N. In quality of pair a friction special samples from a Constructional Steel with hardness 20 HRC are used. As a result of researches, the role of the
arrangement of the various coating layers of the multilayered architecture, synthesized at use of thermochemical processes CVD is defined. It is revealed, that the
greatest temperature of cutting corresponds to processing by the tool without a coating. The maximum decrease in intensity of thermal streams in system "tool-
preparation" is provided with the coatings having multilayered architecture, and intensity of a thermal stream considerably depends on sequence of making layers of a
multilayered coating.

TEMMNEPATYPHM MOTOLM NPY U3MON3BAHE HA PEXELL UHCTPYMEHT C U3HOCOYCTONYUBO NOKPUTUE
Pycmam Akmemuiud, Mapc Muzparos

Yepumeku ObpxageH asuayloHeH mexHudecku yHusepcumem, yn. K. Mapkce” 12, Yepa, Pycka cpedepayus,

e-mail: ahmetshin@bk.ru

PE3IOME. [Mpou3BoauTenHocTTa Ha MeTanopexeLLunTe onepaLum Moxe fja ce yBenuyaea ypes yBenuyaBaHe Ha ckopocTTa npu obpaboTka. Mpyu ToBa orpaHuyaBaLy
hakTop e HamansiBaHeTo Ha W3HOCOYCTOMYMBOCTTA Ha pexelnst MHCTpyMeHT. CodtyepbT «DeForm3D» e u3nonssaH 3a cUMynaums Ha psisaHe, KOeTo Mo3BoMsBa
TOMNWHHO-PU3NYHNTE NapameTpu 1 TpUOOMOTMYHWTE CBOWCTBA Ha KOHTaKTHaTa 30Ha fAa 6GbaaT M3MEHsHM NMpu CUMynauusTa Ha XapakTepucTukuTe Ha
M3HOCOYCTOYMBOTO NOKPUTWE Ha rpaHuLaTa MHCTPYMeHT-aeTain. Takbe napameTbp Moxe Aa 6bae He camo TOMMonpoBOAMMOCTTA Ha MOKPUTMETO, HO ChLLO W
HayanHuTe yCroBUS Ha [OKOHTAKTHaTa 30Ha (Hanpumep KOeWLMEHTBLT Ha TPUEHE), KOUTO OT CBOSI CTPaHa ONpeAensT W3TOYHULMTE Ha TOMMWHA W TAXHaTa
WHTEH3MBHOCT. AHaNM3bT Ha TPUBO-TEXHNIECKUTE XapaKTEPUCTUKM € HanpaBeH 3a PasnuyHK TeMNepaTypy, kato ca W3non3BaHu aaXxe3voHeH 1amepBaTeneH ypes 1
cchepuyHu MHAEHTOPM OT Gbp3opexelya ctomaHa 6e3 nokputue u ¢ nokputus ot (TiCr)N u (TiCr)N, a cbllo 1 OT BuUCOKOMerMpaHa cTomaHa ¢ nokputus ot TiN,
(TIiCr)N, (TIADN, (AIT)N, (TIAICK)N, (AITICr)N. KaTo gBoitka ca n3nonasaHu cnewuaniy prKLUOHHA MOCTPU OT KOHCTPYKLMOHHA cTomaHa ¢ TBbpaocT 20 HRC. Kato
pe3ynTaT OT U3cnefBaHusiTa € OnpefeneHa ponsita Ha NoLpeXAaHeTo Ha pasnuyHUTE CMOeBe Ha MOKPUTMETO B MHOTOCHOMHATA CTPYKTYpa, CUHTE3upaHa ype3
Tepmoxummunus CVD npouec. YcTaHoBeHO e, Ye Hail-BicokaTa TemnepaTtypa npu psidaHe CbOTBETCTBA Ha obpaboTka ¢ MHCTpymeHT Be3 nokputue. MakcumanHo
HamarsiBaHe Ha MHTEH3WBHOCTTA Ha TeMNepaTypHWUTe NOTOUW B cCUCTEMATa ,MHCTPYMEHT-NOArOTOBKA” Ce OCUrypsiBa OT MOKPUTME C MHOTrOCHONHA CTPYKTypa W
WHTEH3MBHOCTTa Ha TeMMnepaTypHUs MOTOK 3aBUCK 3HAYUTENHO OT NOCNENOBATENHOCTTA HA CMOEBETE B MHOTOCMONHOTO NOKPUTHE.

1. Introduction

Productivity of metal cutting operations can be increased by
means of processing speed increase. Limiting factor thus is
decrease in wear resistance of the cutting tool. Therefore it is
important to understand the factors influencing destruction of a
tool material to create such conditions at which the given
factors influenced in the least image wear of the cutting tool
[1, 2]. Most important of such factors are thermal influence on
cutting tool and a thermal condition in the course of cutting
[2,3,4]

Simulation of cutting process can essentially reduce terms of
working out of technology in connection with manufacture
preparation, especially at use of innovative tool materials [5].
There is a requirement for the mathematical models
authentically describing the thermomechanical phenomena,
accompanying cutting process, and allowing to predict

properties of materials cutting, and also wear resistance of the
tool already at the stage of technological preparation of
manufacture.

In the course of cutting practically all mechanical energy
turns to thermal energy. Thus resistibility of the tool to wear
process is in many respects defined by temperature conditions
of cutting system. For pair the tool-detail irrespective of cutting
modes exists optimum temperature of cutting, which
corresponds to the minimum wear of the tool. It means, that if
in the course of processing cutting temperature less optimum it
is necessary to increase it. If temperature of cutting more
optimum, it is necessary to create conditions of its decrease.
Management in temperature of cutting and maintenance at the
set level excludes the factor of negative influence of
temperature on wear of the tool. Such management can be
reached at the expense of regulation by thermal streams in
system «the tool - preparation - a shaving - environment».



Coverings of the cutting tool, possess dual functions as can
strongly enough change superficial characteristics of a tool
material (frictional properties, heat conductivity, propensity of a
tool material to physical and chemical interaction with a
processed material etc.), and simultaneously influence contact
processes. Thus, multifunctionality of the intermediate
technological environment what the covering is, allows to
predict possibility of the directed management in temperature
of cutting [1, 6].

On the one hand the covering is capable to lower essentially
friction factor in system "tool-preparation" and to reduce
capacity of frictional sources of heat. On the other hand, the
covering possesses shielding function and is capable to reduce
essentially intensity of thermal streams in cutting wedge of the
tool and to increase, thus, a temperature threshold of the
beginning of adhesive interaction in system "preparation-tool"
and to lower intensity of diffusion between them [6].

In the course of cutting under the influence of temperature
there are structurally-phase transformations into blankets of
the tool materials and preparation that means change of
physicomechanical properties of boundary layers of contacting
surfaces. As a result conditions of formation of contact
temperatures and maintenance of optimum temperature of
cutting change. Therefore the important problem at designing
of functional coverings for the cutting tool is forecasting of
changing contact conditions.

Decision of the coverings creation problem taking into
account the specified factor is application of multilayered
architecture of a covering in which each layer will carry out
strictly certain functions answering to certain conditions of tool
functioning.

2. Technique of researches

Software «DeForm3D» were used for cutting simulation.
Thus movements it is informed the rigid body simulating cutting
tool, and to preparation it is put only forces, therefore the tool
moves concerning preparation. Using reference processing it
was set the basic conditions of cutting: processing modes, tool
and preparation geometry, parametres of tool coverings etc.
Preparation geometry set in the form of the cylinder with a
diameter 120 mm. Cutting modes corresponded to following
parameters: spindle rotation speed 1600 rpm, feed rate 0.11
mm/rev, cutting depth 0.7 mm. A material of tool substratum is
High-Alloy Steel.

Applying computer simulation it is possible to vary in heat-
physical parametres and tribological properties of a contact
zone, simulating characteristics of wearproof coverings on
border "tool-detail". As such parametre can be not only heat
conductivity of the covering, but also entry conditions of a pre-
contact zone (for example, friction factor) which in tumn
influence formation of sources of warmth and their intensity.
On fig. 1 results of calculations in a software «DeForm 3D» are
shown at use various wearproof coverings both on a chemical
compound, and on a thickness of a layer.

For an estimation of influence degree specified above factors
on efficiency of process of cutting following experimental
researches are executed. The analysis of tribo-technical
characteristics at various temperatures which made on an
adhesion measuring instrument at use spherical indenters from

High-Speed Steel without a covering and with coverings
(TiCr)N and (TiCr)N, and also indenters from High-Alloy Steel
with coverings TiN, (TiCr)N, (TiAIN, (AITi)N, (TIAICK)N,
(AITiCr)N. In quality of pair a friction special samples from a
Constructional Steel with hardness 20 HRC used.

(@) (b)

Fig. 1 Calculation of temperature fields at the cutting in the software
«DeForm 3D»

(a) - without a covering;

(b) - TiN in the thickness 5 um;

(c) - TiCN in the thickness 5 um;

(d) - TiN in the thickness 5 um and Al,0; in the thickness 5 um;

(e) - Al203 in the thickness 5 um and TiCN in the thickness 5 um and TiN
in the thickness 5 um;

(f) - A0 in the thickness 5 um and TiN in the thickness 5 pm.

3. RESULTS AND DISCUSSION

In experiments at milling and turning investigated wear of the
tool on a back surface, temperature and force of cutting, a
roughness of the processed surface. On fig.2 results both
settlement, and experimental values of temperature of cutting
for various conditions of processing by the tool with a covering
at the turning are resulted. Cutting modes corresponded to
following parameters: cutting speed 450 m/min, feed rate 0.11
mm/rev, cutting depth 0.5 mm.

Tests were conducted at milling on vertically-milling machine
tool HECKERT of Constructional Steel and Stainless Steel by
end mills (d=12 mm, z=4) and face mills (d=90 mm, z=1) with
replaceable tetrahedral plates from High-Alloy Steel without
coverings and High-Alloy Steel with covering TiN, (TiCr)N,
(TIADN,  (AITIN, (TIAICrN, (AITiICr)N, having various
percentage of each of elements with the general thickness to
15 um. Milling modes: spindle rotation speed 500-900 rpm;
feed 60-100 mm/min; cutting depth of 1-3 mm;



Coverings on tools have been received on the process
equipment of the basic manufacturers of the tool with a
covering («Balcers», «Sandvik Caromant», «Carbide»,
«Rimet») on factory technologies about use of processes CVD
and PVD, and also with use of filtered.

The fig. 2 shows good enough coincidence of experimental
and settlement data, and also the most effective role of
coverings on the basis of system Ti-Al-N, received at use of
filtering processes.

—— Experimental line

= = = Settlement line

°C

900

-

860 1

Temperature
without a covenng

TiIN
(TiCr)N
(TIADN |1
(AITi)N

(TiAICT)N
(AITICr)N

820 ¢+

Coverings
Fig. 2 Influence of a covering on cutting temperature at the turning

4. CONCLUSION

As a result of researches the role of an arrangement of
various layers of coverings of the multilayered architecture
synthesised at use of thermochemical processes CVD is
defined. It has been revealed, that the greatest temperature of
cutting corresponds to processing by the tool without a
covering. The maximum decrease in intensity of thermal
streams in system "tool-preparation” is provided with the
coverings having multilayered architecture, and intensity of a
thermal stream considerably depends on sequence of making
layers of a multilayered covering. In particular more favorable
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thermal condition of a cutting wedge of the tool the two-layer
system of a covering provides a «substratum of alloy -
Al203 (5 um) - TIN (5 um)» in comparison with two-layer
system «an alloy-TiN substratum (5 pum) - Al203 (5 um)».

The maximum improvement of a thermal condition of a
cutting wedge of the High-Alloy tool three-layer system
provides an «alloy substratum - Al203 (5 um) - TiCN (5um) -
TiN (5 pum)», that the combination of layers of a multilayered
covering is caused favorable. In particular, at such covering the
top layer TiN provides the maximum decrease in adhesive
activity of a substrate in relation to a processed material.
Transitive layer TiCN carries out strong adhesion between top
TiN and bottom Al20s layers, and bottom layer Al.Os3 effectively
shields action of a thermal stream from a frictional source of
heat on forward and back contacting surfaces of the tool.
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WEAR RESISTANCE OF THE MODIFIED SURFACE OF THE CUTTING TOOL

Mars Migranov, Leva Shuster

Ufa State Aviation Technical University, “St. K.Marks”, 12 Ufa, migmars@mail.ru

ABSTRACT. A way to improve cutting tools is a new kind of multilayered coatings that combine wear resistance and antifriction properties to be developed. The
objective of the present work is to study effects of antifrictional sublayer composition on the life of cutters with these engineered coatings and to finding scientific basis
for developing multilayered coatings with programmable change of properties, providing each layer of the coating to fulfill a given function at a certain stage of wear.
The 'triplex' multilayered coatings are studied. The coating was deposited using three units. Used as the base, the high-speed steel (HSS) was previously nitrided in
the glow discharge. Then the tool surface was modified by ion doping prior to applying the hard coating. Finally, the modified layer was deposited with the (Ti, Cr)N O
coating by the PVD method. Researches show that the mixing of antifrictional alloys, that is widely used to improve conditions of sliding friction, allows to increase the
tool life not more than two times. This way of the tool life increase, reduces the shear strength of adhesion bonds developed between the tool and the workpiece does
not seem to be the most efficient one for the multilayered coating under analysis. For almost all studied antifrictional materials, the adhesion of the coating to the
modified surface was rather low. This precludes their practical application due to technological reasons. Implanting the chemical elements makes possible better
results to be obtained. Such elements as indium, silver and nitrogen enhance the tool life by 2 — 3 times under different cutting conditions (with and without cooling).
The obtained results can be regarded as regular. Indium and silver are the least interactive ones with ferrum, and they can be used as metal lubricants. They promote
a crushed chip forming at cutting using coating under the study. lon modification of the tool surface with other studied elements exhibits unstable or negative effects,
i.e. reduction of tool life and failure to provide high adhesion between the hard coating and the substrate.

M3HOCOYCTOWYMBOCT HA MOOUOULIMPAHATA NMOBBLPXHOCT HA PEXELLUMA MUHCTPYMEHT
Mapc Muepanose, Jlboea LLlycmep

Yepumeku ObpxageH asuayoHeH mexHudecku yHusepcumem, yn. K. Mapkce” 12, Yepa, Pycka cpedepayus,
e-mail: migmars@mail.ru

PE3IOME. HaunH 3a nopobpsiBaHe Ha pexeluTe WHCTPYMEHTM e pa3paboTBaHETO Ha MHOTOCMOWHM MOKPUTMS, KOUTO KOMOGMHMPAT WM3HOCOYCTOWMYMBOCT U
aHTUPUKLMOHHK cBoiicTBa. Llen Ha HacToswata paboTa e u3cneABaHeTo Ha BMMSHWETO HA AHTUPUKLMOHHWS MOACNON BbPXY EKCMNoaTaLMOHHMS CPOK Ha
WHCTPYMEHTUTE C TakuBa MOKPUTUS M fia Cb3Aajle HayyHa OCHOBA 3a pa3paboTBaHe Ha MHOFOCMOMHM MOKPUTMS C MporpamMupaHa CMsiHa Ha CBOWCTBaTa Taka, Ye
BCEKM CrOW OT MOKPUTMETO [a M3MbiHABa OnpedeneHa (byHKUMS Ha AafeH etan Ha u3HocBaHeTo. MacnedBaHW ca ,TPUNEKCOBUTE” MHOMOCTOMHW MOKPUTUS.
[MonaraHeTo Ha MOKPUTUETO Ce M3BBLPLLBA Ha TpW eTana. Manon3saHaTa 3a ocHoBa Gbp3opexelya ctomaHa (HSS) npenBapuTenHo ce asoTupa C TneeLy paspsg.
Criepn ToBa, NpeSy HaHACSHETO Ha TBbPAOTO MOKPUTME, NOBBbPXHOCTTA Ha MHCTPYMeHTa ce MoanduLmpa Ype3 AobassiHe Ha MoHM. Hakpas, BbpXy MoguduLmpaHaTa
nosbpxHocT no PVD meTog ce otnara (Ti, Cr)N nokputueto. MacnenBaHusita nokaseat, Ye KOMOMHMPAHETO Ha aHTU(PUKLMOHHY CMNaBM, LIMPOKO W3MON3BaHo 3a
nogobpsiBaHe Ha ycnoBusTa Ha TpueHe, MO3BONSIBAT YAbIkKaBaHe Ha EKCMNoaTaLMOHHMSI CPOK Ha WHCTPYMEHTa C He MoBeYe OT [Ba MbTW. TO3W HaYMH Ha
yAbKaBaHe Ha eKkcrnoaTaLyMoHHUs CPOK HaMansiBa sKOCTTa Ha CPsi3BaHE Ha afIXe3MOHHUTE BPb3KY MEXIY MHCTPYMEHTA M 3aroToBKaTa W He e Hal-eeKTUBHUS npu
aHanuaupaHoTe MHOTOCMONHO MokpuTue. [pu MOuTW BCWYKM M3CTedBaHM aHTU(PUKLMOHHM MaTepuany, agxesusita Ha MOKPUTUETO KbM MoauduuMpaHaTa
MOBBPXHOCT € [0CTa Marka, KOeTO MpaKTUYecKu MpaBW MPUIOXEHUETO UM HEBB3MOXHO MO TEXHOMOMMYHU MPUYMHW. BHEApSIBAHETO HAa XMMWYECKM EnemMeHTH
no3BonsiBa NocTUraHeTo Ha no-gobpu pesyntatu. EnemeHTi kato MHANIA, cpebpo 1 a30T yobmKaBaT ekCnnoaTaLUMOHHUAT CPOK 2-3 MbTK, NPU Pa3nu4HM YCNOBMS Ha
psizaHe (c v 6e3 oxnaxpaaHe). MonyyeHuTe peayntatv MoraT Aa ce pasrnexaat kato cTabunhu. MHanst n cpebpoTo B3anmoaeincTeat Hai-cnabo ¢ xens3oTo 1 morat
pa 6baT u3nonasaHu kato MeTanHu nybpukaHTK. Ype3 3non3saHeTo UM B U3CNEABAHUTE NOKPUTUS, Te cioMaraT 3a 0bpa3yBaHeTo Ha eneMeHToobpasHa CTpykka
B Npolieca HapsizaHe. VIoHHOTO MoautuLMpaHe Ha NMOBBPXHOCTTA Ha MHCTPYMEHTA C ApYrA enemMeHT Noka3sa HecTabWMHM MW OTpULATENHN pesynTaTi, T. e.
HamarisiBaHe Ha eKCrnoaTaLUMoHHNs CPOK U HEBB3MOXHOCT [1a Ce OCUrypi aixe3aunst Mexay TBbpLOTO NOKPUTUE U OCHOBHUS MaTepuan.

1. Introduction stage of normal friction, however, is quite feasible. This is
achieved by applying an additional sublayer in the multilayered
One way to improve cutting tools is it to develop a new coatings onto the surface of tool base. The layer can combine
kind of multilayered coatings that combine wear resistance and antifrictional properties and abilty to generate the protective
antifriction properties (Such coatings appeared quite recently. secondary structures at the coating substrate interface.
The reason of keen interest in such coatings is well grounded. The objective of the present work is to study effects of
It is known that high wear resistance of hard coating tools is  antifrictional sublayer composition on the tool life of cutters with
determined by their acting as a shield to contact surfaces of a  these engineered coatings and to finding scientific basis for
tool, thus, protecting them from external effects at cutting. developing multilayered coatings with programmable change of
Mostly this happens during the stationary stage of wear (phase properties, providing to each layer of the coating fulfiling a
of normal wear). Yet the inevitable wear of a coating leads to given function at a certain stage of wear.

the exposure of a base material whose frictional properties are
considerably worse than those of a coating. Consequently, tool
wear quickly enters its catastrophic stage. Prolongation the
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2. Experimental materials and techniques

In this work, we have studied 'triplex' multilayered coatings.
The coating was deposited using three units. Used as the
base, the high-speed steel (HSS) was previously nitrided in the
glow discharge [1]. Then the tool surface was modified by ion
doping prior to applying the hard coating. Finally, the modified
layer was deposited with the (Ti, Cr)N O coating by the PVD
method.

lon nitriding of the HSS substrate was produced in a special
ion nitriding unit with combined heating. The technological
parameters were as follows: glow discharge current density, 3
A/m2; time of nitriding, 0.5 h; gas pressure 266 Pa; gas
composition, 25% N2 + 75% H2 (dissociated ammonia);
temperature, 500°C.

Hard coating was deposited by the cathode arc plasma
deposition process (CAPDP). Parameters of deposition were
as follows: gas-reagent (nitrogen) pressure, 3:10-1 Pa; arc
current, 100 A; bias voltage, 200 V; focusing coil current, 0.2 A;
deposition temperature, 500°C.

Before applying the PVD coating, the common set of the
samples was implanted with ions of 16 various elements by
using a high-energy ion implanter with energy of approximately
60 keV at the room temperature. Typical doses to be used
were 4:-1017 ions per cm2. Prior to ion implantation of the
studied elements surface etching by argon ions was
performed. To minimize surface contamination, a cold trap was
used during implantation to maintain a low background
pressure of about 2:106 Torr. The base HSS was of M2 type
(AISI) and it contained 0.8-0.88% C; 5.0-5.5% W; 5.0-5.5%
Mo; 3.8-4.2% Cr; 1.7-2.1 % V; Fe-balance, wt.%.

The atomic concentration of the implanted elements was
analyzed by the X-ray microanalysis using the scanning
electron microscope JSM-U3 equipped with a double crystal
wave dispersive spectrometer. These concentrations were
about 1.0-1.5 at.%.

Chemical composition of secondary phases emerging on the
tool surface at cutting was studied by means of secondary ion
mass spectroscopy (SIMS). This was carried out with the aid of
an ESCALAB MK2 (VG) electron spectrometer equipped with
an SQ300 ion analyzer of quadrupole type and AG-61
scanning ion gun, which allows the flow of argon primary ions
with energy up to 5 keV to be focused on a spot up to 0.5 Im in
diameter on the surface of a sample. lon etching speed was in
the order of 0.2 monolayer per min; the analysis was carried
out in the static mode. We studied the average chemical
composition of the wear zone of the coating out of the build-up.

The 16 chemical elements preselected for this work were
applied for ion modification of the surface. The elements can
be grouped as follows:

1. high oxidizing capacity elements creating dynamic stable
protective surface films at friction, e.g. O, N, J and Cl;

2. nonmetals able to create compounds of high tribotechnical
properties (B, C, Si) when interacting with base materials and
environment elements;

3. metals including:

3.1 low-melting ones (in particular In, Mg, Sn, Ga) used as
lubricants or antifriction materials;
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3.2 Co-type metals with a hexagonal lattice and antifrictional
properties [3, 4];

3.3 metals (Al, Cr) able to form oxide-like films, stable at
cutting, with good antifrictional properties, and a low coefficient
of thermal conductivity;

3.4 metals with a low coefficient of friction when in contact
with principle machined materials (steel, nickel and titanium
alloys), those are Ag and Cu.

Selecting metal materials, we took into account the well-
known research on tribological compatibility of contacting
elements. The chosen for analysis were elements least
compatible in tribocouples with ferrum, nickel, and titanium, i.e.
with metals found in the composition of low alloyed, heat-
resistant and non-corrosive steels as well as titanium alloys
widely used in machining. Moreover, the surface was
subjected to mixing with four types of antifriction alloys often
used to improve conditions of sliding friction, in particular the
zinc-based alloy Zn + Al (9%) + Cu (2%); the copper-based
alloy Cu + Pb (12%) + Sn (8%); the lead-based alloy Pb + Sn
(1%) + Cu (3%); and the aluminum-based alloy Al + Sn (20%)
+ Cu (1%) + Si (0.5%).

Wear of coatings was studied while tuming carbon steels
containing 0.45% of carbon. The cutting speed being 270
m/min, cutting depth 0.5 mm, feed 0.28 mm/rev. Cutting was
made both with and without a coolant. Impact of ion
modification of the surface on tool durability was determined by
comparing the cutting time for tools with proposed multilayered
coatings (surface engineered coatings + ion modification) and
for that with surface engineered coatings without additional ion
modification. The durability coefficient of a tool was determined
from the ratio of the time necessary for cutting to a specified
wear value in a multilayered coating tool (surface engineered
coatings ion modification) and that in a surface engineered
coating tool ((Ti, Cr)N+ ion nitriding) whose durability
coefficient was adopted as a unit. Not less than eight cutting
tests were performed for each kind of surface modification (two
tetragonal inserts were studied). The scatter the of tool life
measurements was near 10%.

Friction coefficients were determined with the aid of a special
design adhesiometer [2]. Inside the above-mentioned
adhesiometer, a rotating sample with coatings under
investigation was placed between two polished specimens
made of low-alloyed steel containing 0.45% of carbon. To
simulate tool friction conditions, the specimens were heated by
the electrocontact method in the temperature range from 150
to 550°C. The standard force comprised 2400 N, this providing
for plastic strain in the contact zone. To evaluate antifrictional
properties of a layer, we used the adhesion component of the
friction coefficient. This component is mainly responsible for
HSS-tool catastrophic wear stage intensity (when the seizing
phenomenon occurs). It was determined as the ratio of the
shear strength induced by adhesion bonds between the tool
and the work-piece to the normal contact stress developing on
the contact surface at the test temperatures (Tnn/Pm).

As it can be seen, ion modification of the cutting tool surface
significantly affects the tool life. In our opinion, the increase in
tool life is caused by a complex combination of numerous
interacting factors. Here, belong the factors, which make it
possible:



to form liquid and gaseous phases or low-melting eutectics
which act as lubricants;

to develop amorphous oxygen-containing films with low
coefficients of friction and thermal conductivity;

to reduce sticking of the tool surface to the processed
material and, at the same time, to increase adhesion of the
hard PVD-coating to the modified base.

3. Results and discussion

Data from Table 1 show that the mixing of antifrictional
alloys, that is widely used to improve conditions of sliding
friction [3], allows to increase the tool life not more than by two
times. This way of the tool life increasing, reduce the shear
strength of adhesion bonds developed between a tool and a
workpiece does not seem to be the most efficient one for the
multilayered coating under analysis. For the almost all studied
antifrictional materials, the adhesion of the coating to the
modified surface was rather low. This precludes their practical
application due to technological reasons (possibility of coating
peeling).

Implanting the chemical elements makes it possible to gain
better results. Such elements as indium, silver and nitrogen
enhance the tool life by 2 — 3 times (see Table 1) under
different cutting conditions (with and without cooling). The
obtained results can be regarded as regular. Indium and silver
are the least interactive ones with ferrum, and they can be
used as metal lubricants. They promote a crushed chip forming
at cutting using coating under the study. lon modification of the
tool surface with other studied elements exhibits unstable or
negative effects, i.e. reduction of tool life and failure to provide
high adhesion between the hard coating and the substrate.

Table 1
Number tables in a consecutive order (10-p., italic)
Coefficient of |~ Durability
Materia | Element | PVD-coating coefficient
No (subgroups) | PO adhesion to | at cutting
sition modified |Without| With
surface base | coolant | coolant
Surface modified by ion implantation
Elements 0 0.25 0.9 1.25
1 with high N 041 2.0 1.83
"| oxidation I 0.7-0.8 3.2 0.7
power Cl 1.8
B 0.6 1.2 | 065
2.| Nonmetals C 0.6 1.7 0.83
Si 0.7 0.6
3.| Metals
In 0.6 2.4 2.1
a | Low-melting Mg L] 30 0.08
Sn 0.6 0.8 0.7
Ga 2.0
With
b | hexagonal Co 0.5 1.8 | 013
lattice
c Forming Al 04 0.15 1.3
stable oxides Cr 0.6 0.2 1.2
With low Cu 0.55 1.0 2.5
d| coefficient
of friction Ag 0.4 3.1 27
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Surface modified by antifriction materials (mixing)

BT
' (9%) + 0.4 198 | -
21437-75 +Cu (2%)
(Russia) °
Cu+Pb
Bronze 8-12 | (11%) + 04 0.95 -
+Sn (9%)
4 | Babbitt BK2
GOST 1320- F(’1b ;,2;‘ 035 | 06 | -
74 (Russia) '
Al-Sn-Cu Al + Sn
AO20-1 | (20%) +
GOST +Cu (1%) 0.3 0.4 -
14113-69 + Si
(Russia) (0.5%)

From our point of view, the most preferable, with regard to
the complex of properties, is coating with an implanted layer of
In that does allow to increase the tool life up to the maximal
one, independently being it with or without a coolant (Table 1).
At the same time, adhesion between the coating and the base
surface modified with indium is also sufficiently high, this
attesting the reliability of the coating as a whole.

Examination of the temperature dependence of the friction
coefficient for specimens with the modified surface
demonstrated that In improves the frictional properties of HSS
(Fig. 1). Acting as a lubricant, In mainly reduces the shear
strength (Inn) of adhesion bonds developed in tribocouples.
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Fig. 1 Impact of test temperature on the frictional properties of the
surface modified HSS

This, however, is insufficient to account for more than two-
fold growth of tool life in cutters with the In-modified surface.
As is shown by the mass-spectrometric analysis of the wear
zone, the impact of In is more complicated. Apart from a metal



indium, the wear zone reveals the presence of the indium
oxide, resulting from both In and In-N dissociated upon heating
at friction.

Optimizing the technology of implantation and mixing, we
possibly can augment the positive impact of ion modification on
tool wear. We also can predict the advisability of combining the
ion implantation and the PVD-processing within a unified
technological cycle and single multipurpose equipment for
application of coatings.

4. Conclusion

This work considered some ways improving the surface
engineered coatings developed through double step hardening
of the tool surface layer: by diffusion saturation with nitrogen
(ion nitriding of HSS) and by applying a wear-resistant coating
with complexly alloyed nitrides (Ti, Cr)N using the cathode arc
plasma deposition process (CAPDP). The coating includes an
additional modified sublayer applied while ion doping the
surface of the high-speed steel previously nitrided in the
glowing discharge. Such multilayered coating allows to
significantly increase the tool life due to the increased stage of
normal wear.

Investigated were effects on the HSS tool life of 16 chemical
elements implanted into the base surface and those of four
antifrictional materials. The optimal combination of high
durability and reliability (characterized by a high adhesion of
the coating to the base) is exhibited by the multilayered coating
with an In-enriched sublayer. This element is present in the
sublayer both in metal and bound (In-N) states.

Recommended for publication
of Editorial board
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Positive effects of In implantation on tool life was explained
by complex processes. Acting as a liquid metal lubricant at
cutting temperatures, indium encourages reduction of the
friction coefficient. Besides, when a cutting tool is heated under
friction, the oxygen-containing phases are developed on wear
surface, that protects the tool, delaying the transition from
normal to avalanche-like wear. This allows to increase the
stage of normal wear and considerably increases the toal life.
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PHYSICAL AND TECHNOLOGICAL PRINCIPLES FOR OBTAINING A NANOMETRIC
RELIEF OF THE SURFACE AT THE PROCESSING OF HARD BRITTLE MATERIALS
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ABSTRACT. Hard brittle materials, including the minerals diamond and leikosapphire are used in microelectronics for printed microcircuit substrates. The quasi-
plastic grinding allows a surface of high quality with roughness 1 - 10 nm to be modeled without polishing. The acoustics oscillations generated of the blank at the
processing could be used to control of the processing process and quality of the processed surface of the materials used in electronics.

®OU3NYECKUA N TEXHOJIOTMYHKU NMPUHLIMIMA 3A NONYYABAHE HA HAHOMETPUYEH PENE® HA MOBBPXHOCTTA MNMPU

OBPABOTKATA HA TBbPOW KPEXKU MATEPUATA
Uzop Mukoe?, TamsaHa Tennoea’, Henu CmeghaHoesa?
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PE3IOME. TE!'bp,ElI/I KPEexKku Matepuanu, BKIKOYUTENHO AWamMaHTu K J'IeI;IKOCEI'I(*)MpM Ce u3non3esat B MWKPOENeKTpOHMKaTa 3a MNPOM3BOACTBO Ha nnaTku.
KBasunnacTniHoTo LLIJ'II/Id)OBaHe nosgonABa MoAenupaHeTo Ha NOBBPXHOCTU OT BMCOKO Ka4yeCTBO C rpanaBoCT 1-10nm, Ge3 nonupaxe. AKyCTVNHVITe konebaHus,
reHepupaHu OT 3araToBkaTa npu 06pa60TKa, morat fa 6bAaT u3nonasaHu 3a KOHTPON Ha npoueca 1 Ka4eCTBOTO Ha oGpaGOTeHaTa NOBBPXHOCT Ha MatepuanuTe 3a

€NEeKTPOHHAaTa TeXHUKa.

A traditional method for processing of hard brittle materials is
mechanical grinding with free or connected abrasives. The
roughness of the obtained surface after such a processing is
about 200 nm and the subsurface layer is broken. In order
lower roughness to be obtained (0,2 — 10 nm depending of the
area of application of the microcircuit bases), the blank is
usually polished in attacking medium, which is labor-
consuming and unproductive.

An alternative and perspective method of the mechanical
processing of hard crystal materials is the grinding in regime of
quasi-plasticity (Tennosa T. b., 2005). The quasi-plasticity has
to be understood as revealing the plastic properties of the
surface layer of the hard brittle materials at certain conditions
of processing. The technology is based on the mechanical
action on the surface subjected to processing at the tool feed
of a part of the micron. A decrease in the brittle destruction has
been observed at a decrease in the mechanical action
intensity, in the surface layer (SL) of the hard materials.

Processing in a regime of quasi-plasticity can be obtained at
provision of rigidity of the construction of the elastic processing
system (EPS) and a relative isolation against external
disturbances. As a result, the blanks from brittle materials
could be mechanically processed in an adjustable regime to
obtaining of processed surfaces with nanometric relief.

T. G. Bifano and T. A. Dow have made researches in the
processing in the regime of quasi-plasticity on equipment
PEGASUS (Bifano. T.G., Blake. P., Dow, T.A., and
Scattergood, R.O., June.1988).

As a result of the researches carried on a big quantity of
amorphous glasses, monocrystals and modern ceramic
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materials by the authors has been formulated a hypothesis for
the processing in regime of quasi-plasticity, which main point
consists in the fact that if the feed is enough small, all the
materials, regardless of their hardness and brittleness during
the mechanical surface processing go through a transition of
brittle to quasi-plastic destruction regime.

In order the task to be solved, the CNC machine module
AH12f4  (KoHbwun A.C., CunbueHko O0.b., Choy bB.0.,
27.04.2001 r) has been developed. It is with a sufficient rigidity
at the cutting-in feeds providing grinding of the hard brittle
materials in a regime of quasi-plasticity. The main
technological parameters of the machine module are
presented in Table 1. The machine module realizes a dynamic
pulse action of the grains of the rotating tool on the surface of
the crystal, subjected to processing, which is a result of the
composition of two vectors: the vector of the compressive
stress, determined by the potential compression energy and
the vector of the tangential stress, determined by the kinetic
energy.

The main point in the process of quasi-plastic destruction of
the processing material surface layer could be explained by the
physical mesomechanis developed by the academician V. E.
Panin (Manu+ B.E., 1998) of Russian Academy of Sciences. It
relates the dislocations on a micro-scale level to the integral
mechanical characteristics of the processes occurring on
macro-scale level, taking into consideration the composition of
the material, its texture and loading conditions. In the papers in
mesomechanics it has been grounded that during the process
of quasi-plastic destruction, on mesolevel the loaded material



forms structures able to realize quasi-plastic deformation “slip-
tuming”. A model of dimensions-adjustable and non-defect
processing of hard texture materials by cutting is suggested on
the basis of the theories of academician V. E. Panin and the
papers by O. B. Silchenko (Konbwun A.C., Cunbyerko O.B.,
CHoy B.0., 27.04.2001 r). The main point in the model is as
follows. The deformed rigid body is a multilevel, self organizing
system, in which the micro-, meso- and macro- levels are
mutually related. At external action of a rhythmic field in the
elastic processing system on micro-level occurs action of the
cutting tool grain on a point of the processed surface. On
mesolevel occurs swinging of the mesovolume steadily
disturbing it slipping stability. The out-breaking of the surface
section occurs on macro-level.

Table 1.
No PARAMETER QUANTITY
1 | Number of the controllable axes 6
2 | Number of the positions for 3
mounting of the cutting tool and
control and measuring means
(revolving head)
3 | Number of spindles 3
4 | Digital set and realization of 0.05
movement
o Axes X,Y, um; 0.05
o Axis Z, um; 0.0001
o Axes A, B, grad
5 | Maximal value of movement
e Linear axis X, mm; 1000
e Linearaxis Y, mm; 300
e Linear axis Z, mm; 10
o Circular axis A, grad; ,90,
e Circular axis B, grad; unlimited
6 | Range of working feed, mm/min 0.06 +4500
7 | Range of the spindle rotating 3000 + 6000
frequency, rpm
8 | Number of the places in the 15
changeable cassete
9 | Number of the simultaneously 5
processed products
10 | Roughness of the processed 0.032 +0.05
surface Rz, ym
11 | Diameter of the diamond tool, mm 250
12 | Total power, kW 7

A regime of quasi-plastic surface processing of brittle
materials could be provided by a special choice of such
parameters as pressure force and speed of the tool movement
in parallel to the surface of the crystal, subjected to mechanical
action. At certain values of the contact stresses, in the surface
layer appears a state of strain different of the energy needed
for a brittle destruction. The regime of quasi-plastic destruction
has to be in the range of energies exceeding the elastic energy
corresponding to the limit of Payerls and to be less than the
energy value corresponding to the stresses of brittle
destruction. At the surface processing prevailing becomes not
the brittle, but the quasi-plastic flow.

During the process of the surface grinding, the processing
material heats and the thermal expansion value could become
commensurable to the value of the tool feed, which can cause
brittle destruction of the processing blank. Apart from that,
thermal-elastic stresses appear in the material, which are
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conducive to the defects distribution and to the possible
material destruction. If the temperature distribution into the
sample and dependence of the thermal expansion of the
material of the processing blank on the temperature alteration
are known, the integral thermal expansion of the sample could
be determined, compared with the deformation of the elastic
processing system and the pressing force could be adjusted so
that the out-break with two free surfaces of the sample surface
subjected to processing to be averted. This way, at
consideration of the heat processes accompanying the
processing in regime of quasi-plasticity is possible to be
formulated thermal criteria dependencies determining the
conditions under which the processing process will not turn
from quasi-plastic cutting into a brittle destruction. In particular,
the criterion of brittle thermal destruction characterizes the
material resistance to brittle thermal failure. The stresses
emerging during the material processing under the action of
the normal component of the cutting force should not exceed
the limit of the slip strength of the material, which
mathematically could be expressed as follows:

2
O process — i : |:AT + k-AT :| <7
2-(1-p) 2

(1)

where Gprocess — Stresses appearing during the process of the
material processing as a result of the action of the normal and
tangential component of the cutting force of the processing

tool; 1s - limit of the slip strength; £ - Poisson’s ratio; E -
Yung's modulus, Pa; AT =T —T,; T - temperature of the
sample, K ; T, - medium temperature, °K; 3, -

coefficient of linear thermal expansion at 20° C . Here the
dependence of the coefficient of linear thermal expansion on
the temperature is taken into consideration. On first

approximation 8 = /3, (1+ KAT ), where k is the factor of

proportionality, reflecting the alteration of the thermal-
expansion coefficient of the material caused by the
temperature.

At the surface processing of a material is necessary the
operational regime to be chosen in such a way as the
temperature in the processing area not to exceed the
calculated value of the limit temperature. There are
dependencies determining the allowable ranges of temperature
alterations at processing in quasi-plasticity regime of different
materials. It is possible processed surfaces with nano-metric
roughness without macroscopic defects to be obtained if
rational regimes of surface processing at quasi-plasticity
regime are chosen.

Photos of processed surfaces of diamond and leikosapphire
are presented in fig. 1. There could be seen the quality of the
processed surface of a diamond sample (fig. 1a, Rz = 8nm)
and leikosapphire (fig. 1b, Rz = 2nm on separate surface
areas) and R; = 20nm (fig. 1c). Fig. 1d and fig.1e show a
grinded surface of a natural diamond with diamond inclusions
in counter.

In order the processing in regime of quasi-plasticity to be
realized, after obtaining a full contact of the blank and the
grinding tool, the contact stresses have to be kept constant in
the limits (0.1+10)105, Pa depending on the properties of
material (elasticity coefficient, Poisson’s ratio, coefficient of



thermal conductivity), conditions of heat abstraction, type of the
machine and rigidity of the system “tool-blank”.

Unprocessed surface

Processed surface

Fig. 1a

Fig. 1b
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Fig. 1c

Fig. 1d

Fig. 1e
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PROCESSING OF SUPERHARD AND BRITTLE MATERIALS AND MONOCRYSTALS IN
REGIME OF QUASI-PLASTIC DEFORMATION OF THE MATERIAL BY THE METHOD OF
DIMENSIONAL MICROGRINDING ON CNC MACHINE
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ABSTRACT. By theoretical and experimental researches, it has been found out that in certain conditions at mechanical action the brittle hard materials show plastic
properties. It become possible the brittle materials to be processed in a way, at which the prevalent mechanism is not the destruction, but the plastic flow. The
theoretical model of dimension-adjustable and non-defect processing of minerals with hard structure by cutting has been developed on the basis of the physical
mesomechanics.

The physical mesomechanics of the materials is based on a new paradigm - the conception of the structural levels of the hard bodies’ deformation. The regime of
plastic surface processing of brittle minerals and materials could be provided at a special choice of processing parameters.

OBPABOTKA HA CBPBXTBBPU N KPEXKU MATEPUAIU B PEXXUM HA NNACTUYHO JE®OPMUPAHE HA MATEPUATA
Mo METOOA HA PASMEPHOTO MUKPOLLTA®OBAHE HA MALLVHU C LU®POBO-NPOrPAMHO YNPABJEHUE
MNaop Mukoe?, Onee pudun?, Onea CunyeHko!, Henu CmeghaHoea?, UpuHa KpueyeHkosa’

T Mockoscku ObpxageH MUHeH yHusepcumem, Pycus, igmikov@yandex.ru
2 MurHo-eeonoxku yHusepcumem ,Ca. MeaH Puncku” — Copusi, bvreapus, nistefanova@gmail.com

PE3IOME. Ypes TEOPETUYHN M EKCMEPUMEHTANHN M3CMEeABaHNs € YCTAHOBEHO, Ye B OMPEAENEHU YCMOBMS, NP MEXaHUYHO Bb3LeiCTBUE, Kpexkute TBbpaM
matepuani nposiBsiBaT NNacTUYHN CBOWCTBA. Bb3MOXHO e Kpexkute MaTepuanu Aa 6baat o6paboTBaHyu Taka, Ye npeobnagaBaluuaT MexaHusbM Aa Gbae He
pa3pyLUeHue a NnacTUyHoO NpoTuyaHe. TeOpeTUYHUAT MOAEN Ha pasMepHo-perynupyemata u 6eanedekTHa o6paboTka Ha MUHepanuTe ¢ TBbpAa CTPYKTYpa ype3
psidaHe, € ChafafeH Ha 6asata Ha (huandyeckaTa ME3oMexaHuKa, B YUSITO OCHOBA NEXW HOBA NapajmurMa — KOHLEnUusiTa 3a CTPYKTYpHUTE HUBa Ha fedopmaLus Ha
TBbPAUTE Tena. PexuM Ha nnacTyHa NoBbPXHOCTHa 06paboTka Ha MUHEpPanuTe U MaTepuanuTe, Moxe Aa Gbae ocUrypeH npu cneymaniH nogbop Ha napameTpuTe
Ha obpaboTkaTa.

Currently, attention is paid to the establishment and The theory of dislocations, developed on this basis allows a
development in Russia to the diamond complex, based on the physical interpretation of many regularities of the hard body’s
use of Russian diamond resources for production of new behavior in different load conditions to be given.

articles for microelectronics, aircraft technologies, medicine
and jewelries. Attempts have been made for solution of the
problems of non-defect diamond processing, including in *hard”
direction with regard to abrasion in crystal lattice. At that, the
quality of the processed diamond surface is of great

A stage of the nature of plasticity and strength of the hard
bodies of principle importance is related to the development of
physical mesomechanics of the materials. Its main task is the
quantitative relation of the dislocations movement on
microscale level to the integral mechanical characteristics on

importance. . . e
macroscale level depending on the material composition, it

Due to the achievements in mesomechanics, it has become internal  structure and load conditions. The physical
possible the brittle materials to be processed in a way, at which mesomechanics of the materials is based on a new paradigm -
the prevalent mechanism is not the destruction, but the plastic the conception of the structural levels of the hard bodies’

flow. At such a grinding of the brittle materials in regime of deformation. It has been theoretically grounded and
plasticity, the properties of surface obtained are as after experimentally confirmed that the slip researched in microlevel
polishing or lapping. as an elementary act of plastic flow is accompanied by
rotational oscillations with natural frequency of the deformation
on a higher mesoscopic scale level. The rotational oscillations
with natural frequency involve in a self-harmonized
deformation the whole hierarchy of structural levels of the
loaded medium. During the plastic flow, the loaded material
forms dissipative structures on mesolevel, able to realize

The plasticity of brittle materials appears at small loads and
movements of the processing tool. The success in electronic
microscopy of deformed materials and alloys allows the
fundamental regularities of the appearance of the movement
and self organization of the basic type of the deformational
defects — the dislocation to be researched on microscale level.
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plastic deformation in the scheme “slip +rotation”. This way, the
hard body subjected to deformation is a multilevel hierarchic
self-organizing system, in which the micro-, meso- and macro-
levels are interconnected.

So, the achievements in the field of physical
mesomechanics have revealed new possibilities for processing
of brittle materials in regime of quasi-plasticity. Apart from that,
it has been found out that the appearance of the area of plastic
deformations is not only related to the material nature (brittle or
plastic, solid or soft, amorphous or crystal), but to the cutting
depth as well. At that condition, formation of similar plastically
deformed areas is observed at processing of various ceramic
materials and also glasses and crystals (KoHbwuH A.C.,
Cunbuenko O.B., Tennosa T.b., 2002.).

At external action of a rhythmic field in elastic processing
system (EPS) on microlevel there is an action of a grain of the
cutting tool on a point of the processed surface. Oscillations of
the mesovolume appear on mesolevel gradually disturbing its

P
A
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!
|

—QE

——

slide resistance. Break of the surface section happens on
macrolevel (fig. 1).

On the basis of the data of hard materials grinding in plastic
regime it has been find out that in order a visible brittle break to
be avoided at glass grinding, the gradation of accuracy
adjustment of the cutting-in feed per a rotation of the abrasive
disk should not be less than 5 nm. Such a level of accuracy
could has been rarely found in grinding practice because of the
extremely rigid constructional connections needed in order a
considerable mutual movements of the processed detail and
the abrasive disk under the influence of disturbances of
different types not to be allowed. The equipment PEGASUS,
developed by T. G. Bifano and T. A. Dow (Bifano. T.G., Blake.
P., Dow, T.A,, and Scattergood, R.O. June.1988.) has been
used in the task solution. The equipment design is based on
the fact that grinding in regime of plasticity needs combination
of high rigidity (in order precision to be provided) and small
speeds of cross feed (providing the material separation in
accordance with the plastic flow model (fig. 2)).

breakout with two
TR T ITTIN AT 1f:1 - free
1“ 'H‘ M ‘,‘ {\3 | surfaces
stal | ‘ I' ’\ H

e —

[

Fig. 1. Experimental oscillogram of alteration of the cutting force normal component. 1 - section of the stressing (tightening) accumulation ; 2 - section of
the transient process ; 3 — section of stationary regime; P, — normal component of the cutting force; i - number of the working paths.

Fig. 2. Diagram of PEGASUS. 1 —-work fixture; 2 - abrasive disk; 3 — spindle; 4 - dovetail slide.

This way, all the materials regardless of their hardness and
brittleness during the mechanical processing, if the feed is
small enough, undergo transition from brittle regime of material
separation to plastic. The existence of such a transitional feed
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speed has been demonstrated by the abovementioned
equipment in a series of experiments.

The task set has been solved and realized by special
equipment.



The suggested method for dimensional plastic microgrinding
of superhard and brittle materials and monocrystals is realized
on a CNC machine (fig. 3) and allows products of high optical
classes of cleanness at surfaces with complex profiles to be
obtained.

The suggested method (KoHbwwuH A.C., CunbueHko O.B.,
BpaitH xoH CHoy. MateHT RU 2165837 C1. - Mocksa, 2001r)

of dimensional microgrinding of articles mainly from superhard
and brittle materials becomes realizable by application of
elastic processing system with certain amplitude-phase
frequency characteristics of the grinding CNC machine with a
tool consisting of connected cutting grains.

Fig. 3 Machine for dimensional microgrinding with three cutting tools.

1 - motor; 2 - cutting tool fixture; 3 - stop; 4 - frame; 5 - slide; 6- cutting tool; 7 - cutting tool fixture; 8 - drive of rotation.

The mathematical package for determination of the
technological parameters includes the introduction of elasticity
limit under compression, set dimensions of the finished article,
set height of the microroughnesses of the processed surface of
the finished article, calculation parameters of the taking down
intensity. At each crossing of every indicated contact point of
the processed surface and the specified point of the cutting
grain the static and dynamic component of the cutting force are
continuously measured and the results are used for continuous
determination of the static and dynamic component of the
elastic deformation of the processing system for each indicated
point. During the process of the specified measurements is
determined the moment of appearance of the periodically
steady dynamic component of the cutting force, corresponding
to the moment of the machine control system outcome to a
controllable grinding regime, at which a correction is made on
the smaller value of one of the parameters of the intensity of
the allowance taking down, in such a way that in every
indicated contact point the dynamic component of the elastic
deformation of the processing system not to exceed the preset
height of microroughnesses on the processed surface of the
finished article and the sum of the static and dynamic
components of the elastic deformations of the machine
processing system not to exceed the preset limit of
compression elasticity of this system.

Before grinding the machine has to be dimensionally
adjusted. In order this to be done all its basing members such
as processing tools and the processed articles, and the
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mechanisms for the executive displacements of these
members toward each other are adjusted in a way allowing
theoretically an article with the preset dimensions to be
obtained.

The drives of coordinate movements along the axes x, y and
Z allow the longitudinal and cross feeds to be adjusted by the
CNC system in a wide speed range on a various laws. These
constructional special features allow articles with complex
profile to be made such as ingenious types of facets with
protruding elliptic walls.
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ABSTRACT. In the paper has been given theoretical layout of the device for induction heating of the metals. Practical results on realized device show that the device
can be used for regenerate of used metals, and for melting the copper concentrate with quality bigger than 60%. The results are procured on copper concentrate

procured with extraction in the mine Bucim in Macedonia and Asarel in Bulgaria.
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PE3IOME. B cratusta ce npeanara TEOPETMYHO pa3paboTeH MpOEKT Ha MpubOp 3a MHAYKLUMOHHO HarpsiBaHe Ha MeTanu. [pakTudyeckute pesynTati oT
eKcnepuMeHTanHHus obpasel; Ha npubopa, Noka3saT Ye TOI MOXeE Aa Ce U3NOM3yBa 3a ToneHe Ha MefieH KOHLEHTPAT C KauecTBO (ChAbpkaHMe Ha Mef) Haf 60%.
EkcnepumeHTMTe ca NpoBefieHn ¢ MeAeH KOHLEHTPAT JOCTaBeH OT pyaHuuuTe bauum, Makegorus 1 Acapen, Bbarapus.

1. INTRODUCTION

All IH (induction heating) applied systems are developed
using electromagnetic induction which was first discovered by
Michael Faraday in 1831. Electromagnetic induction refers to
the phenomenon by which electric current is generated in a
closed circuit by the fluctuation of current in another circuit
placed next to it. The basic principle of induction heating, which
is an applied form of Faraday's discovery, is the fact that AC
current flowing through a circuit affects the magnetic
movement of a secondary circuit located near it. The
fluctuation of current inside the primary circuit provided the
answer as to how the mysterious current is generated in the
neighboring secondary circuit. Faraday’s discovery led to the
development of electric motors, generators, transformers, and
wireless communications devices. Its application, however, has
not been flawless. Heat loss, which occurs during the induction
heating process, was a major headache undermining the
overall functionality of a system. Researchers sought to
minimize heat loss by laminating the magnetic frames placed
inside the motor or transformer. Faraday's Law was followed
by a series of more advanced discoveries such as Lentz's Law.
This law explains the fact that inductive current flows inverse to
the direction of changes in induction magnetic movement. Heat
loss, occurring in the process of electromagnetic induction,
could be turned into productive heat energy in an electric
heating system by applying this law. Many industries have
benefited from this new breakthrough by implementing
induction heating for furnacing, quenching, and welding.

In these applications, induction heating has made it easier to
set the heating parameters without the need of an additional
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external power source. This substantially reduces heat loss
while maintaining a more convenient working environment.
Absence of any physical contact to heating devices precludes
unpleasant electrical accidents. High energy density is
achieved by generating sufficient heat energy within a
relatively short period of time.

The demand for better quality, safe and less energy
consuming products is rising. Products using IH include
electronic rice cookers and pans. Safe, efficient and quick
heating appliances attract more customers. This document
describes induction heating, power systems, and IH
applications.

2. BASICS OF INDUCTION HEATING

Induction heating is comprised of three basic factors:
electromagnetic induction, the skin effect, and heat transfer.
The fundamental theory of IH, however, is similar to that of a
transformer. Electromagnetic induction and the skin effect are
described in this section. Figure 2-1 illustrates a very basic
system, consisting of inductive heating coils and current, to
explain electromagnetic induction and the skin effect. Figure 2-
1-a shows the simplest form of a transformer, where the
secondary current is in direct proportion to the primary current
according to the turn ratio. The primary and secondary losses
are caused by the resistance of windings and the link
coefficient between the two circuits is 1. Magnetic current
leakage is ignored here. When the coil of the secondary is
turned only once and short-circuited, there is a substantial heat
loss due to the increased load current (secondary current).
This is demonstrated in Figure 2-1-b.



Figure 2-1-c shows a system where the energy supplied
from the source is of the same amount as the combined loss of
the primary and secondary. In these figures, the inductive coil
of the primary has many turns while the secondary is turned
only once and short-circuited. The inductive heating coil and
the load are insulated from each other by a small aperture. The
next phase of the skin effect occurring under high frequency is
presented in Section 2-2. As the primary purpose of induction
heating is to maximize the heat energy generated in the
secondary, the aperture of the inductive heating coil is
designed to be as small as possible and the secondary is
made with a substance featuring low resistance and high
permeability. Nonferrous metals undermine energy efficiency
because of their properties of high resistance and low
permeability.

2-1. Electromagnetic Induction

As shown in Figure 2-1, when the AC current enters a coil, a
magnetic field is formed around the coil according to Ampere’s
Law.

[HdI = Ni (2-1)

An object put into the magnetic field causes a change in the
velocity of the magnetic movement. The density of the
magnetic field wanes as the object gets closer to the center
from the surface. According to Faraday’'s Law, the current
generated on the surface of a conductive object has an inverse
relationship with the current on the inducting circuit as
described in Formula 2-2. The current

on the surface of the object generates an eddy current.
E= _de (2-2)
dt

As a result, the electric energy caused by the induced
current and eddy current is converted to heat energy as shown
in Formula 2-3.

_E2_12
R R

P (2-3)
Here, resistance is determined by the resistivity (p) and
permeability (u) of the conductive object.

Current is determined by the intensity of the magnetic field.
Heat energy is in an inverse relationship with skin depth which
is described in Section 2-2.If an object has conductive
properties like iron, additional heat energy is generated due to
magnetic hysteresis. The amount of heat energy created by
hysteresis is in proportion to the size of the hysteresis. In this
document, this additional energy is ignored because it is far
smaller (less than 10%) than the energy generated by
induction current.

2-2. Skin Effect

The higher the frequency of the current administered to the
coil, the more intensive is the induced current flowing around
the surface of the load. The density of the induced current
diminishes when flowing closer to the center as shown in
Formula 2-4 and 2-5 below. This is called the skin effect or
kelvin effect. From this effect, one can easily infer that the heat
energy converted from electric energy is concentrated on the
skin depth (surface of the object).
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_x
Ix=ig do (2-4)
where,

ix: distance from the skin (surface) of the object, current
density at x.

lo: current density on skin depth (x=0)

do: a constant determined by the frequency (current
penetration depth or skin depth)

w: Frequency of the current flowing through the object

Formula 2-5 states that the skin thickness is determined by
the resistivity, permeability, and frequency of the object.

1 12=11(N1N2) )| 12=HN1
QM 1ggNz ;RL N éﬁ s
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Fig. 2-1: Basics of Induction Heating

do=2 2_p
\I o)

where,

(2-5)

p: resistivity
u: permeability of the object
w; Frequency of the current flowing through the object

Formula 2-5 states that the skin thickness is determined by
the resistivity, permeability, and frequency of the object.

3. TOPOLOGY OF POWER SYSTEM

Generally, semiconductor switching devices operate in Hard
Switch Mode in various types of PWM DC/DC converters and
DC/AC inverter topology employed in a power system. This
process results in switching loss. The higher the frequency the
more the switching loss, which obstructs efforts to raise the
frequency. Switching loss can be calculated in a simple way as
shown in Formula 3-1 below. Switching also causes an EMI
problem, because a large amount of di/dt and dv/dt is
generated in the process.

PSW=%VSWISWfS (ton+tof)  (3-1)

where,

Psw : switching loss [W]



Vsw : switching voltage [V]
Isw : switching current [A]

fs : switching frequency [kHz]
ton : switch turn-on time [s]
toff : switch turn-off time [s]

By raising the switching frequency, you can reduce the size
of a transformer and filter, which helps build a smaller and
lighter converter with high power density. But as presented
earlier, switching loss undermines the efficiency of the entire
power system in converting energy, as more losses are
generated at a higher frequency. Switching loss can be partly
avoided by connecting a simple snubber circuit parallel to the
switching circuit. However, the total amount of switching loss
generated in the system remains the same. The loss avoided,
has in fact, just moved to the snubber circuit. Higher energy
conversion efficiency at high frequency switching can be
obtained by manipulating the voltage or current at the moment
of switching to become zero. This is called “Soft Switching”,
which can be subcategorized into two methods: Zero-voltage
switching and Zero-current switching. Zero-voltage switching
refers to eliminating the turn-on switching loss by having the
voltage of the switching circuit set to zero right before the
circuit is turned on. Zero-current switching is to avoid the tum-
off switching loss by allowing no current to flow through the
circuit right before turning it off. The voltage or current
administered to the switching circuit can be made zero by
using the resonance created by an L-C resonant circuit. This
topology is named a “resonant converter.” In Zero-current
switching, the existing inductance is absorbed into the
resonant circuit, eliminatin the surge in voltage in a turn-off
situation. A voltage surge resulting from an electric discharge
of junction capacitance, which occurs upon turning on the
switching circuit, cannot be avoided. This method has a defect
of causing switching loss (0.5CV2f). Zero-voltage switching,
however, is free from such a defect by making both the existing
inductance and capacitance to be absorbed by the resonant
circuit. This eliminates any chance of causing a surge in
current both at turn-off (caused by inductance) or turn-on (by
capacitance) conditions. Zero-voltage switching enables
switching with less loss while substantially reducing the
problem of EMI at high frequency. This difference in features
make Zero-voltage switching more desirable than Zero-current
switching.

3.1 Resonant Converter

The resonant circuit of a resonant converter consists of a
capacitor, an inductor, and resistance. Two types of resonant
converters are generally used: a series resonant circuit and a
parallel resonant circuit. For resonant frequency of the amount
of energy stored in the capacitor to be sent to the inductor.
Resonance occurs while the inductor and the capacitor
exchange the energy. The total amount of energy stored in the
circuit during resonance remains unchanged. This total amount
is the same as the amount of energy stored at peak in the
conductor or capacitor. Fig. 3-1 is full bridge converter for
induction heating.

Fundamental principle that in the de sign of a small - sized
electrical equipment, the voltage and current in the circuit must
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be operated with a high frequency. This can be achieved by
operating the switching device of the circuit with a switching
frequency of the level of tens or hundreds of kilohertz. By this
method, there will be some power loss in the circuit in terms of
switching loss that tends to increase with the switching
frequency. To eliminate the switching loss with high switching
frequency, the conventional circuit with hard switching
operation will be replaced by a resonant circuit with soft
switching or zero voltage switching operation (ZVS). In some
applications, the output power control can be achieved by
controlling the pulse width of the square wave output voltage,
using the phase-shift control between the gate signal of each
branch of a single-phase full-bridge inverter. In case of an ideal
MOSFET switching device without stray capacitance (Coss ),
during increase of phase shift for reducing output power, the
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Fig 3-1. Full-bridge inverter-fed induction heating.

switching frequency must always be slightly increased in order
that the phase angle of output current never leads both the
positive and negative front edges of the output voltage
waveform], but the phase angle must always lag the front
edges so as to allow the regenerative mode to occur or the
body diode of the next-coming turn-ON ideal MOSFET switch
to conduct before the powering mode of circuit operation;
otherwise, the inverter circuit will be driven away from the
condition of ZVS (NON-ZVS). For the practical switching
device with Coss, the switching frequency must be increased
slightly further when compared with the case of the
aforementioned ideal switching device in order to still maintain
the operating condition of ZVS by making a complete
discharge from Coss before the next-coming turn-ON time of
the same switching device. The detailed analysis to explain the
internal operating mechanism of the circuit during the charge—
discharge process of the four switch capacitors (Coss ) of the
full-bridge inverter, both by mathematical calculation and
experimental verification, has not been presented. So, how to
analyze the circuit operation during the charge—discharge
process by calculation with experimental verification is the aim
of this research. In order to solve this problem, the single-
phase full-bridge series resonant inverter with a load of
induction heating has been developed in our laboratory, as
shown in Fig.3-1, to verify the principle proposed in this paper
by experimental results.

In case of an ideal switching device without Coss , there will
be only one region of phase-shift control angle (0 < &), while
reducing the output power from its maximum value; but in the
practical case with a certain value of Coss , the phase-shift
control angle (0 < ¢) will be divided into two different operating
regions. In the first region, where the phase shift @ lies over the



range of gm in < @ (hereinafter referred to as the conventional
phase shift), the charge-discharge will occur in each of the two
branches between the upper and lower capacitors, as

indicated by and [3]' [5] in the upper waveform of

Fig. 3-2(a) and (b). For the second region, with the control
range of phase shift 0 < ¢ < dm in, the charge—discharge
process becomes quite different from that of the first region.
The circuit operation over this region is under a changing
condition of mode of circuit operation from the conventional
phase shift to zero phase shift (hereinafter referred to as the
transition phase shift). For the phase shift with control angle
over the range of 0 < ¢ < ¢dm in , the charge—discharge
process will be mixed with both the case of one-branch
charge—discharge process for two short time durations, as

indicated by and [3]'[5] in the lower waveform of

Fig. 3-2(c) and also with only the case of the two-branch
charge—discharge process for one short time duration, as

indicated by and " nd in the lower waveform of the

same figure. At the end point of phase-shift control angle,
which is the position of zero phase shift ( ¢ = 0), there will be
the case of only the two-branch charge—discharge process, as
shown in Fig.3- 2(d). The minimum phase shift (¢min) in Fig.
3-2(a)—(d) is the boundary position between the conventional
phase-shift and the transition phase-shift control regions. The
output voltage waveform at this position of minimum phase-
shift control ( ¢min ) can be shown in Fig.3- 2(b).  The
principle proposed can be applied to the series resonant
inverter using the principle of phase shift for output power
control. In this application, the circuit designer must consider
correctly the relationship between the phase-shift angle ( ¢)
and the operating frequency (fs ); especially in case of higher
rating of MOSFET power switching device that has a higher
value of Coss , the switching frequency must be designed to
be higher than for the case of lower rating of power switching
device, when considering at the same phase-shift angle or
same output power level, in order to maintain the circuit to
operate under the same operating condition of ZVS and to
protect all the switching devices from not being damaged.
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Fig. 3-2. Analyze the charge transfer process of the inverter switches
under two different operating regions of phase shift ¢ : (a) and (b) for the
first region of phase shift ¢min < ¢, and (b)-(d) for the second region
of phase shift 0 < ¢ < dmin .

4.CONCLUSION

The inverter circuit operation with two regions of
conventional phase shift and transition phase shift under ZVS
and NON-ZVS conditions for induction heating can be
concluded as follows.

1) In case of an ideal MOSFET switching device without
stray capacitance (Coss ), during phase-shift control, the
switching frequency must always be slightly increased in order
that the phase angle of output current never leads both the
positive and negative front edges of the output voltage
waveform; otherwise, the inverter circuit will be driven away
from the condition of ZVS (NON-ZVS). For the practical
switching device with Coss , the switching frequency must be
increased slightly further when compared with the case of the
aforementioned ideal switching device in order to still maintain
the operating conditon of ZVS by making a complete
discharge from Coss before the next-coming turn-ON time of
the same switching device.

2) In the control range of the transition phase shift with ¢ <
¢min, the charge transfer occurs in both one-branch and two-
branch switch capacitors, while in the control range of
conventional phase shift with gmin < ¢ , the charge transfer of
two-switch capacitors occurs only in one branch of the switch
capacitor. Although, the charge transfer process in these two
regions of phase shift ¢ is quite different, the continuous



characteristic curves of the four critical parameters between
these two cases can still be obtained, as shown in the graphs.

3) In the control range of conventional phase shift domin < d,
where charge transfer occurs only in one branch, each
capacitor voltage changes between 0 and+Vd , and the output
voltage changes between 0 and +Vd and also between 0 and
-Vd , which results in the same rate of change of output
voltage as that of the capacitor voltage. On the other side of
the phase-shift control range, ¢ < ¢ min, which is the region
of transition phase shift, where the two branch charge transfer
occurs and the rate of change of the output voltage becomes
twice that of the capacitor voltage.

4) For the variable region of phase shift 0 < ¢, the beginning
and ending points of the charge transfer for each pair of switch
capacitors in the same branch will not be at the same time, but
will depend on the time instant the turn-OFF signal is initiated.
In this case, the turn-OFF signal of the second branch is
initiated before the first branch; therefore, the charge transfer
in the second branch will terminate before the first branch.
Consequently, the switches in the first branch will be damaged
in case the NON-ZVS operating condition occurs in the circuit
[see Fig. 2(a)~(d)]. Without phase-shift control (¢ = 0) or in
case of a conventional square wave, the turn-ON and turn-OFF
signals will be initiated at the same time instant; therefore, the
beginning and ending points of charge transfer will be at the
same time, and consequently, all the switches in both
branches will be damaged due to NON-ZVS operation in the
circuit.

5) In the paper has been given theoretical layout of the
device for induction heating of the metals. Practical results on
realized device is in power of 60kW and melting 100kg copper.
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Also the device can be used for regenerate of used metals,
and for melting the copper concentrate with quality bigger than
60%. The results are procured on copper concentrate procured
with extraction in the mine Bucim in Macedonia and Asarel in
Bulgaria. With this metod we obtain copper with 99.9% Cu
quality. 6) The results from this paper can be used for
constraction on devices for induction heating with power from
500kW.
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ABSTRACT. The mining equipment of type 4K4016 at OKD, a.s., Ostrava is delivered by CKD Praha. In the region of cyclic stressing 5.107 cycles it is necessary to

repair the welding parts. The article brings the solution of design.

ABNrOTPAMHOCT HA 3ABAPEHU TPUELLW CE QUCKOBE TWM 4K4016 NPOM3BEREHN B PENYBINUKA YEXUA
XatiHek lpeyex, 3deHek ®onma, 3deHek MoHcma, Mupocnae Tebpdu
TexHuvecku yHugepcumem, Ocmpasa, 708 33 Ocmpaga-llopyba, Penybnuka Yexus

PE3IOME. MunHoTo obopyasaHe Tun 4K4016 pabotelo B MunHo-o6oratuteneH komnnekc rp. OcTpaBa ce AOCTaBs OT MALUMHOCTPOUTENHO NPeAnpUsiTue B rp.
MMpara ¢ gbaroTpaitHocT 5.107 paboTHU LuKbNa, Ceq KOeTo e HeoBXoaUMO Aa Ce Bb3CTaHOBAT 3aBapkuTe B AeTaina. B ctatusaTa ce npeanara HOBO KOHCTPYKTUBHO

peLleHne, npu KOeTo e NoBuLLeHa JJ,'bJ'IFOTpaVIHOCTTa Ha AeTanna.

1. Introduction

For the coal mining in OKD, a.s., Ostrava we use the haisting
machines (HM) of the type 4K5016 and 4K4016. We are
always speaking about the main skip HM. With regards to the
mining intensification it is necessary to innovate the friction
discs after the distinct time.

2. Parameters of the 4K4016

The friction disc @4m
The width of disc 1,6 m
Number of

lifting ropes 4

Ropes . @40 mm
Lifting capacity 1185 kN
Depth of mining 900 m
Movement rate 16 m.s-
Loading 210 kN

3. The friction discs

Delivery and assembly is secured by CKD PRAHA. The
delivered discs were always divided on two parts and on the
site, after placing them on the shaft, they have been welded
together. The drawing of the assembly of disc is designated 0
HOR 512 61, the static calculation is designated 4HOR 2312
P. The base of the disc is the steel mantle from the plate of
thickness t = 28 mm (the material CSN 11425.1) of outer
diameter 3740 mm. The side walls are doubled, t1 = 12 mm,
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t2 = 6 mm (internal). On both sides of discs are situated twice
the brake coils of 280 mm width for the shoe swinging brakes.

4. Operation details

Since the year 1970 are working in OKD, a.s., the following
HM:

Mine CSM

Mine CSA

Mine Stafi¢

Mine ZbySov u Brna
Mine Mosténica (Poland)

NAA'\)N

By these machines, after 5 x 107 loading cycles, microcracks
and then macrocracks were observed in weldments of either
mantle or the side walls of discs.

There have been elaborated the matemathical computed
methods by using the method of finite elements (FEM). Al
these calculations were confoming the mining rule 12/82,
including the public notice CBU ¢&. 415/2003 Sb. But even after
such repaires the micro and macrocracks reappeared. The
most extensive calculations and structure design changes
have been carried out by the INCO engineering, s. r. o. It
concerns the strength and fatigue life calculations of the friction
disc and the main shaft, both for the original state and the state
after the modification, i. e. for HM 3/1 and HM 3/2, air shaft No.
3, OKD, a.s., Mine CSA and Mine CSM. For those HM also
exist the professional evaluation of friction disc after the
designed modification from the point of view of fatigue life at
the dynamic loading (2/2001). Also in the document about the
evaluation of the driving barrel of HM 4K4016 and the results



of tensometric measurements from the VITKOVICE, Institute of
Applied Mechanics Bmo, s.r.0., 6/2001.

The modified discs (the welded parts) displayed again the
micro and macro-cracks after some 5 x 106 cycles. The new
structure using the FEM method of calculation and the newest
knowledge from the design of large shell units has limited the
solution to the elimination of weldments in the divided plane,
but the holding is done by matching screws including the
mock-up HYDROCAM SKF.

At the same time the shoe brake is replaced by disc brake
with the hydraulic regulation of the individual brake aggregates
including the reconstruction of the engineer desk. The hoisting
machines are working at the coal mining completely
automatically.

5. Conclusion

The sequential innovation of friction discs and the
replacement of shoe brakes by the disc brakes brings the
possibility of further mining form the depth 1000 m and more at
the time of existence of underground reserve of coal for further
20 - 25 years.
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ABSTRACT. Paper deals with life-cycle assessment of steel constructions in Czech Republic. We survey the flow between its particular stages (raw materials mining,
processing, production of raw iron, production of raw steel, production of semi-finished products, production of steel constructions, consumption and disposal) and
environment. Very detailed information was obtained about inputs and outputs. Better accuracy of information is gained by presentation methodology. Conversion and
recalculation of data from production of raw steel and production of semi-finished products according specific standards are mentioned. Specific standards are
deriving from structure prefabricated elements, which are used for production of steel constructions in monitored company.

OLIEHKA HA XXW3HEHWA LUMKBbJ1 HA CTOMAHEHW KOHCTPYKLIUW B YELLIKATA PENYBITUKA
AHa Kodumoea
TexHuyecku yHusepcumem, Ocmpaea, 17. Cenmemspu 15, 70800 Ocmpasa-llopy6a, jana.kodymova@vsb.cz

PE3IOME. B ctatusita ce nNpaBy OLeHKa Ha XM3HEHMS LWKbIT HA CTOMaHEHM KOHCTPYKLMM B YelukaTta Peny6nuka. Mpu HanpaBeHOTO NpoyyBaHe e NomyyeHa MHOro
JeTaiifHa MH(OpMaLMs Ha BXoAa M M3Xofa 3a Bpb3kuTe MeXay OTAENHWUTE XM3HEHW eTanu (CypoBMHa, A06WB, mpepaboTka, MPOM3BOACTBO Ha XENs3o,
NpOM3BOACTBO Ha CypoBa CTOMaHa, NPOM3BOACTBO Ha NONYroToBY NPOAYKTW, MPOM3BOACTBO HA MeTasHW KOHCTPYKLMK, NOTpeBeHe U NNAcMEHT) U OKONHaTa cpeaa.
MpefcTaBeHa e METOAONONMATA Ype3 KOSTO Ce MoMyyaBa No-TouHa WHcopMauus. CromeHaTuTe npeobpasyBaHi U NPen34uCenm JaHHM OTHOCHO NpOAYKUMsTa Ha
CypoBa CTOMaHa ¥ NPOM3BOACTBOTO Ha MONMYroTOBK MPOAYKTM Ca CbIMacyBaHW CbC CneuuduuHuTe cTaHaapTu. CneuucuyHnTe CTaHgapTh, npoustyaTt oT
CTpYKTypaTa Ha crnobsiemute enemMeHTH, KOUTO Ce U3Non3BaT 3a NPOWU3BOACTBO Ha CTOMaHEHW KOHCTPYKLMM B HabNoAaBaHUTE [pYXeCTBa.

Introduction life-cycle of steel structures. There was created following
If we want to make the good decisions, we must have simple life-cycles:
good-quality information. For that reason Life-cycle of steel e electric energy and thermal energy producing
structures was created from most detailed information, and is e crude oil mining, transport and processing
also adhered to principle of maximum transparence of used e natural gas mining and transport
information” s correction and calculation. The Life-cycle of e  black and brown coal mining and preparation
steel structures was created in conformity with European e uranium ore mining and preparation
Union legislations (ISO 14 000), and all obligate stages of e coke and coke-oven gas producing
product’s life-cycle assessment were done (definition of the e lime stone mining and lime producing
purpose and the immensit.y, inventory analyses, analyses of e mediums (oxygen, nitrogen, argon, compressed air,
environmental impact and interpretation). producer gas, acetylene and demineralized water)
producing
Creation of life-cycle of steel structures e clay mining and ovenware producing
Life-cycle has the following stages: e aggregates (ferroalloys, calcium carbide) producing
e iron ore mining and preparation, sinter and iron e organic and inorganic materials producing
production,  steel  production, ~ rolled  stock Descriptions of life cycle creating have detailed
production, steel structure production,  steel characterizing in author's thesis. Main attention has been
structure servicing and repairing, steel structure paid to life-cycle of fundamental materials (electric and
disposal. thermal energy, crude oil, natural gas, black and brown coal).
Life cycle was created from primary information, which had From information obtained by inventory analyze 2 inventory
been given to author by main producers of iron and steel in matrixes were created:
Czech Republic, and from secondary information. Secondary e inventory matrix of environmental impacts
information was taken from information databases of Czech participation of particular stages of production

Environmental Department (IRZ and EIA databases),
information databases of Czech Trade and Industry
Department (IPPC database) and information databases of In the first final matrix environmental impacts of particular

European Union (BREFF documents). o stages of production were quantitatively appointed. In the
Due to maintaining detailed information of creating life- second matrix there was made sum total of all impacts in
cycle was created all life-cycles of external products in the particular stages, where impacts from all previous stages are
same way. External products are products, which input to included. Results of the secondary matrix could apply very
good in technical practice, because they give the summary of

e inventory matrix of total environmental impacts of
particular stages of production

31



weighted system

structures too.

perunetn teentt 1 oeeet

total impacts linked with producing in particular stages
There was created detailed graphic figure of life-cycle of steel
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Fig. 1: Detailed figure of life-cycle of steel structures

In agreement with European legislative Life-cycle
environmental impact analyses (LCIA) of steel structures
were made. On the basis of the first matrix results have been
assessing the following primary environmental impacts:
mineral raw material and water consumption

e waste production

e contributing to climate changes owing to radiation-
active gases emissions (so-called greenhouse
effect)

e contributing to origin of acid dry and wet
atmospheric depositions (so-called acid rain)
contributing to water eutrophization
contributing to increases in environmental toxicity
(air toxicity, which damage human health, and
toxicity of water environment)

During the 1t steel structural production is used:

e 4,06 t mineral raw materials (black coal, brown
coal, crude oil, matural gas, uranium ore, lime,
clay, iron ore, other ores, other raw materials)
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e 70,790 t water and is produced 20,298 t waste
water
During the 1t steel structural production is produced:
6,935 t wastes (was valued 3 fundamental groups: inert,
dangerous and other wastes)

o 3,806 t greenhouse gases (CO2, methane,
hydrochlorofluorohydrocarbons), ~ which ~ was
aggregated through the CO2- equivalent

o 9,596 kg gases, which are conducive to acid rains
(nitrogen oxides, sulfur oxides and ammonia),
which was aggregated through the SO2- equivalent

e 1,705 kg matter, which are conducive to water
eutrophization (total nitrogen and phosphorus,
nitrogen oxides and nitrogen, which is bound to
ammonia), which was aggregated through the
PO4-3 - equivalent

e 19,296 kg matter, which are conducive to air
toxicity (arsenic, benzene, benzopyrene, ammonia,
chlorine, chrome, cadmium, copper, nickel, lead,
mercury, vanadium, zinc, gauze), which is bound to
ammonia), which was aggregated through the Pb -
equivalent

o 19,296 kg matter, which are conducive to water
toxicity (arsenic, chrome, cadmium, copper, nickel,
lead, mercury, zinc), , which is bound to ammonia),
which was aggregated through the PNEC-
equivalent

During LCIA was detected that most of impact is the cause
of energy production (electric and thermal energy). Those
impacts were the cause of 2 processes:

e outright producing (energy-intensive consumption
through particular stage producing)

e energy-intensive products consumption

Producing pollution was produced by iron and steel

productions (by steel production has been producing the
most of air toxicity, and iron production has been producing
the most of greenhouse gases and acidification).
There was done data verification. The purpose of verification
was done in order to control the information from producers
(information, from which has been formed life-cycle of steel
structures. The second level of verification was controlled by
LCIA (results of LCIA were compared with comparable data
from GEMIS database).
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Conclusion

There was done life-cycle of steel structures, which was
done in Czech Republic, and its environmental impacts were
considered. Within inventory analyzing from data of Czech
iron and steel producer inventory matrix was formed. From
inventory matrix quantification weighted environmental
impacts were done (mineral raw material and  water
consumption, waste production, contributing to climate
changes owing to radiation-active gases emissions (so-called
greenhouse effect), contributing to origin of acid dry and wet
atmospheric depositions (so-called acid rain), contributing to
water eutrophization, contributing to increases in
environmental toxicity). By obtained and calculated data
verification was created.
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ADAPTATION OF THE ADVANCE SYSTEM FOR KS-3M SHEARER ADAPTED

FOR 295-842 RYBNIK CONVEYER
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ABSTRACT. The paper presents technical solutions to correlate the function of KS-3M shearer with Rybnik 295/842 conveyer in order to observe Occupational

Health and Safety requirements.

These machines, alongside of CMA-5H powered support make up a powered face complex used to extract coal in panel 4/seam 3/block VI in Paroseni Mine.

Key words: shearer, conveyer, correlation

NPUCNOCOBABAHE HA CUCTEMATA 3A HAMPEABAHE HA YHUBEPCAITHA MOAKOMNHA MALLMHA KS-3M, 3A
CbBMECTHA PABOTA C TPAHCMOPTbOP PUBHUK 295-842
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PE3IOME. Cratvsita npefcTaBsi TEXHUYECKO PELUEHWe OTHOCHO CbBMECTSBAHETO Ha (PYHKLMWUTE Ha yHWBepcanHa nogkonHa MawwHa KS-3M u TpaHcnopTsop
PubHuk 295/842, ¢ Len cnassaHe Ha W3uckBaHWs 3a GesonacHocT W 3apase npu pabota. Tean MaLMHW 3aefHO ¢ MexaHuaupaHus kpenex CMA-5H cbctaBnsieaT
3aboiiHaTa TexHuKa, 13non3BaHa 3a U33emMBaHe Ha BbrnuwaTa B naHen 4, nnact 3, 6ok VI B MuHa MapoceHu.

1. INTRODUCTION

KS-3M shearer alongside of Rybnik 295/842 conveyer,
together with CMA-5H powered support make up a powered
face complex used to extract coal in panel 4/seam3/block VI in
Paroseni Mine.

The shearer's and conveyer's technical characteristics, as
designed by the producers were not correlated, considering
that they are of different make and come from different
countries. Nevertheless, the two machines show some
compatibility: the shearer's cutting capacity can be supported
by the scraper conveyer; dimension wise, the shearer can be
mounted on the conveyer, by suitable modifications, with no
essential changes that might lead to diminishing their
resistance characteristics; the conveyer's robust structure
resists to approximately 24 tons weight of the shearer;.

The main lack of correlation between the two lies in the fact
that the conveyer is equipped with a for the guidance part,
requiring a feed mechanism on the shearer with vertical driving
gear (rack feed system), while the shearer is equipped with a
calibrated chain feed mechanism, where the driving gear is
horizontally mounted.

Moreover, at the driving and return ends of the conveyer the
traction chain can not be fixed.

Therefore, the principal technical characteristics of the feed
system had to be modified. The paper presents the technical
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solution of adapting the KS-3M shearer feed system to the
295/842 Rybnik conveyer.

2. ADAPTING SHEARER’S FEED SYSTEM TO SCRAPER
CONVEYER RYBNIK 295/842

Adaptation of the shearer feed system to the scraper
conveyer, according to Fig. 1 lies in:

- design of captive guides, position 7 and 3. Guides are
mounted on the shearer's reduction, that is the feed
mechanism, towards the powered support (mined out space).
This involves substitution of existing sliding captive guides on
the shearer. The recently adopted solution does not require
modification of the rack on the conveyer, therefore the solution
of the producer is not modified, it being the path for the roller of
the guidance;

- replacement of hydraulic cylinders (jacks) of the guidance
skids from the face side with fixed elements, position 2,
mounted on the reducer and position 4, mounted on the feed
mechanism. The use of fixed elements removes the associated
hydraulic circuit, the general hydraulic layout on the shearer is
simplified, and the possibility of defaults is eliminated;

- design of traction chain fastening elements, at the two ends
of the conveyer, position 5 at the end of the return end and
position 6 at the driving end. This is necessary, since the
conveyer, designed for a rack feed system, has no such
elements.



Shearer KS-3M LA

Calibrated chain @26x92-D2

Scraper conveyer Rybnik 295/842

Fig.1. KS-3M feed system for Rybnik 295/842 conveyer

The overall design solution mounted on the shearer reducer the guide, the roller with its associated elements for mounting
towards the mined out space is given in Fig. 2. The main and sealing the rolling bearing.
components of the guide are the roller support, the roller bolt,

14,15
11 9,10 8

Fig.2. Overall solution for roller guide mounted on the reducer

The entire structure of the guide is mounted on the body of principal reducer is concentrated and of the drving reducers of
the principal reducer of the shearer by the roller, position 1, the drums.
and fifteen M24x1000 screws and of Grower disks, positions The guide components are assembled with a @95 bolt,
14 and 15. The roller support is a welded structure allowing its position 2, ensured by the disk, position 71, an M45x3 nut,
fastening to the reducer by one hundred M24 screws vertically position 12, and a blocking wire of the nut, position 13. Due to
mounted from the downside of the shearer and five screws the mounting conditions of the bearing, position 6, and spacer
horizontally mounted from the lateral side of the reducer. The collar, the outside of the bolt is in k7 field of tolerance. The bolt

use of 15 screws for fastening the guide is explained by the rests on a the guide roller by a F8/k7 adjustment, position 3,
fact that it is mounted in the area where the larger weight of the
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providing in the same time a captive guide, guiding the shearer
on the conveyer.

The roller, position 4, representing the essential element in
the structure of the guide, is equipped in the inside, by its
cover, position 5, with a spacer, position 7, M12x30 screws
and associated Grower disks, positions 9 and 10, oscillating

14,15

ball series 22319, position 6, and sleeve B110140, providing
the lubricating room of the ball.

The overall design solution of the roller guide mounted on
the feed mechanism of the shearer, towards the mined out
space is shown in Fig. 3.

Fig.3. Overall solution for the roller guide mounted on the feed mechanism

The construction solution of the guide is identical to that of
the roller guide mounted on the reducer, with two differences.

The first is connected to its fastening to the feed mechanism
which has an other configuration and requires an other support
type for the roller, position 1.

The support is fastened to the feed mechanism with ten M24
x 100 screws.

The second difference relates to the equipping of the guide
with a click, position 16, mounted by a bolt, position 17, to the
body of the guide, with safety role in the movement of the
shearer.

a)

Skid components at the face side, mounted to the shearer
reducer, are presented in Fig. 4.a.

Modification of this movement system lied in replacing the
two hydraulic cylinders (jacks) with two fixed linking plates,
position 1, two types of spacers, positions 2 and 3, to make the
structure rigid.

The other components of the system were kept, that is the
reducer support, position 6, skids, position 7, @50 and @70
diameter bolts, positions 8 and 9, for which blocking wires were
provided, positions 4 and 5.

Fig. 4.b gives the overall solution for the skid mounted to the
feed mechanism.

Fig.4. Modifications in the structure of the skid at the front mounted on the reducer and the feed mechanism

Fig. 5.a shows the overall solution for the modifications
made at the connection between the feed mechanism chain
and the metal structure of the return station of the conveyer.

The connection solution for the connection of the chain to
TR-TA conveyer, position 1, verified in practice, is kept, but the
linking plate was provided, position 2, mounted through two
M36x200 screws, nuts and Grower disks, positions 3, 4 and 5,
on the metal structure of the return station.
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The element supporting the chain and ensuring change of
direction is coupled with the linking plate through @74 bolt,
position 6, provided by a blocking wire, position 7.

The overall solution of modifications made at the connection
between the feed mechanism chain and the metal structure of
the conveyer driving station is given in Fig. 5.b.



Fig.5. Design solution to link feed mechanism chain to conveyer driving station and conveyer return station

3. VERIFICATION OF THE SLIDE SUPPORT, ROLLER
SLIDE AND BOLT ASSEMBLY

Feeding system elements were geometrically modeled by
Solid Edge soft and analyzed by numerical method of finite
element with COSMOS Design STAR soft, as it follows.
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Fig.6. Verification of the slide support, roller slide and ®95 bolt

Detaliu B

Fig.6 shows discretization, fixing and loading the assembly
made up of slide support, which is fixed on the body of the
shearer's reducer, roller slide and @ 95 bolt, making the roller
support and the positioning of the latter and of the slide to

the support.
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The analysis was made for emergency, when the slide is
blocked on the rack.

In this modelling, the bolt is tightened, therefore it takes over
the transmission forces from the slide to the support, having in
the bearing area a maximum pressure of 572,1 MPa (Detail A),
and in the area of bearing - support a maximum pressure of
303,77 MPa (Detail B). These pressure values are not higher
than resistances to tear.

4. CONCLUSIONS

The following conclusions resulted from the solutions
developed to modify KS-3M shearer feed mechanism adapted
to Rybnik 295/842 conveyer, used in Paroseni Mine face,
panel 4, seam 3, block VI, slice 1, meeting occupational health
and safety requirements:

- the feed system applied did not modify the technological
operating and deployment parameters of K$-3M shearer and
Rybnik 295/842 conveyer;

- the technical solutions meet
requirements;

- replacement of sliding captive guides at the mined out
space, applied for TR-7A conveyer with roller captive guides
reduced friction in the guides and improved the power
coefficient of the shearer used to cut coal;

- replacement of skid hydraulic jacks at the face side with
fixed elements resulted in lower adjustment possibilities of the
shearer position as to the conveyer, but it increased in the
same time the reliability of the sliding skid movement system;

- the use of three sliding skids instead of two, as in the
former feed system, contact pressure value between the skid
and the , and the wear and shearer traction force, respectively,
reduced;

health and safety

Recommended for publication
of Editorial board

41

- tension value in the component elements of the roller guide
assembly of the KS-3M shearer feed system adapted to
Rybnik 295/842 conveyer are no higher than tear resistance
values.

The following design improvements are suggested,
analyzing the technical solution found:

- roller without guide bed to remove double guidance on the
rack (both by rollers and by captive guide);

- to improve mounting conditions for the roller in guidance
and support, instead of the two spacer collars, a roller wide
sleeve should be used where a radial-axial ball should be
mounted, with 23222 barrel rollers, of higher dynamic capacity
than the present ones;

- a centering bed should be implemented on the guide
sleeve and a seating on the vertical plate to improve the
positioning of the two elements and the way of force
transmission from the roller guide to the support fixed to the
shearer;

- welding some teeth to the periphery of the feed guide roller
to clean the rack
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OTHOCHO XMAPOABPA3MBHOTO U3HOCBAHE HA EJIEMEHTU OT MEXAHU3ALIUATA
3A XUOPOTPAHCIOPT HA OTNAOBYEH Nynn OT O6OrATUTENTHUTE ®ABPUKA

Unus Uoyee

“Pydmeman” ALl , 4960 ep. Pydosem

PE3IOME. B pfoknaga e u3cneaBaH MexaHuama Ha XVIJJ,pOGGpaSVIBHOTO u3HocBaHe. Ha 6a3a Ha M3BECTHW aHaMUTUYHK U €KCNepuMeHTanHn 3aBnUCUMOCTK Ca
onpegenexHun (*)aKTOpVITe BNuAeLL BbpXY TO3M BUA U3HOCBAHE. |/|3B'prUeHI/I Ca eKCnepuMeHTH B peanHu NPOMULLINEHN YCNOBUA Ha cUCTeMaTa 3a XMapOTPaHCNOPT Ha
XBOCTOXpaHunuiie ,,Pyp,oseM -2 Paspa60TeH W BHE[PEH € BapuaHT 3a yBenuyaBaHe Ha TEXHUYECKUA pecypcC Ha 4YacTu OT MexaHu3auuaTa.

ABOUT HYDROABRASIVE DETERIORATION OF ELEMENTS OF MECHANISATION OF SYSTEMS FOR HYDROTRANSPORT

OF A WASTE OF CONCENTRATING FACTORIES
llia lochev
‘Rudmetal” AD, 4960 Rudozem, Bulgaria

ABSTRACT. In the report the mechanism of hydroabrasive deterioration is surveyed. On base known analytical and experimental dependences, are defined factors
which influence on hydroabrasive deterioration. Experiments and supervision in real industrial conditions on system for hydrotransport finding on storehouse for a
waste of enrichment of minerals ,Rudozem 2" are made. The variant for increase to a technical resource of the cores has been developed and introduced are

frequent mechanisation.

YBoa

X1OpOTPaHCNOPTLT € NPOLec, NpW KOMTO BOAEH MOTOK MM
MOTOK Ha CMEC Hocu cbe cebe cu B TpbOONPOBOS NPOAYKTH C
mManka eapvHa. B noeevyeTo cryyait TpaHCMOPTMpaHETo ce
W3BbPLIBA YPE3 HAarHETsIBAHE Ha XOMOreHHaTa cMec. Toau
BML TPAHCMOPT HamMMpa LUMPOKO MPUNOXKEHWE NMPU TpaHCNOpT
Ha NoNesHW uakonaemu (BbriuLa, HedT, NSCbK, pa3TROpM Ha
COMM U MHOTO ApYru) OT MACTOTO Ha JobuBaHe KbM TOBA Ha
npepaboTBaHe MK CKNagupaHe Ha OTNagbuHK CYCMEH3UN OT
oboraturenHute habpukw, cryponenenHu oTnagbLm oT Tonmo-
enekTpuYeck1Te LieHTpanu u ap. Cpeaarta, KosTo ce npeHacs
npeacTaBnsiBa CMec OT Boga (UMM ApyrM TEYHW cpeau) M
JUCTeprUpaHi  YacTuUM Ha  MUHepanHu MpoaykTM  Wiu
HaCUTHEHW TBBbPAM WNM BNaKHECTU MaTepuany C opraHuyeH
WUNW HeOpraHU4eH NPOU3Xoa.

PeanuaupaHeTo Ha XuapoTpaHCNopTHa CXeMa € Bb3MOXHO W
npu ronemu pascrosHus — go Hag 400 km (Camapko
Bpasunus) n macosa npoussogutentoct 12 000 000 t/roga.

B MWHHO—OGOraTUTEnHUTE NpeanpusaTUs  TpaHcropTHaTa
AbITKNHA OBMKHOBEHO € HSIKOMKO AECETKM MEeTpa.

Tosu BWA TPaHCMOPT MpuUTEXaBa CheaHUTe  OCHOBHU
npeaumcTea npef OCTaHanuTe BULOBE:
e  CPaBHUTENHO HUCKA CeGECTOMHOCT Ha TpaHcnop-
TUpaHe;
e MO-Markv KanutanHu pasxoau 3a NocTposiBaHe Ha
cucTemara;
e  BbL3MOXHOCT 3a MNOCTUraHe Ha MbfHa aBTOMATH-
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3auust 1 HeNpPeKbLCBAEMOCT Ha NPOLIECa;
MaJTbk OpOM Ha exkcnnoaTaLWoHHUS NepCoHart;
fMnca  Ha  OTpULATENHO  Bb3AEWCTBME  BbPXY
OKOMHaTa cpefa Mopagy HEBL3MOXHOCT 3a pas-
CUMBaHE UNK pasnpallaBaHe Ha TPaHCMopTUpaHuTe
NpoayKTH;
e  De3LWyMHOCT v BUCOKA €(PEKTUBHOCT;
e  MWHMMAmHa 3aeMaHa TepUTOpHs 3a U3rpaxaaHe.
EanH OT OCHOBHWTE HeJoCTaTbLUM Ha XMApOTPaHchopTa e
CbLLECTBEHOTO M3HOCBAHE Ha OTAEMHWUTE ENEMEHTU — MOMMK,
TpbbonpoBogn, TpbbHa apmatrypa u gp. OcBeH TOBa
CbLLECTBYBA OMACHOCT OT yTasBaHe Ha NPEHACAHUTE YacTULM,
KOETO BOAW [0 3aTNiayBaHe Ha TpLOONPOBOAA.

lMpoLechT Ha U3HOCBAHE Ha XWAPOTPAHCMOpPTHAaTa CUCTEMa €
MHOTO WHTEH3WBEH Korato Ce TPaHCMopTWpaT OTNagbyHu
nynnose oT oboratutenHuTe abpukin nopagu HanMuMeTo Ha
KBApLIOBM 4aCTULW, KOUTO NpuTEXaBaT BMCOKa abpasvBHOCT.
B nogobHu crnyyam ce Hanara ynotpebarta Ha 06mmuoBkn OT
ryma, MOMWypeTaH Wnu Opyru enactomepu unv GpoHn ot
TBbPAM Cnnasu unu 6a3anToBu NpogykTu. Tesn matepuanu
npenoTBPaTABAT B 3HAYUMTENHA CTENeH U3HOCBAHETO.

MogobHu npobnemu CbluecTByBaT B MpoLeca Ha drotaums
Ha nomnesHu u3konaemu. BbnpocbT 3a HamansBaHe Ha
pasxoauTe 3a pabOTHM OpraHM Ha oDOoraTUTENHUTE MaLLUHY,
KakTo M 3a NogMsHa Ha EenemMeHTM Ha cucTemara 3a
XMOPOTPAHCNOPT Ha OTMafbYHMTE MyNNoOBE € NOCTOSHHA
3afjaya npef; MUHHO-0BoraTUTENHUTE ApyxecTea. Pasxogute
3a NoAMSHA Ha M3HOCEeHUTE YacTy gocTurat o 50% ot Beuykn



eKcnoaTaumoHHn pasxogu. MogobHu gaHHM ca nybnukysaHm
B pasnuyHm n3touHuum (Cmongabipes 1 CadpoHos 1989) v ap.

CbLLHOCT Ha npoueca Ha xw.qpoa6pa3v|BHo
M3HOCBaHe

Moa n3HocBaHe B TeXHWKaTa ce pasbupa NOCTENEHHOTO
W3MEHEHWe Ha TeOMEeTPUYHUTE pasMepu Ha [deTannure B
pesynTaT Ha [OeiCTBMETO Ha CUNUTE Ha TPUEHe, KOeTo ce
CbMbTCTBA C OTAENSHE Ha Matepuan OT Tpuelwara ce
MOBbpXHUHA U (Mnu) € octaTbyHa Aedopmaums (Mbpxos,
1991).

3a petaitnu paboTelum B cpefa Ha abpasuBHa XWAPOCMEC,
OCHOBHaTa MpU4YMHa 3a JOCTUraHe Ha rpaHUYHO CbCTOSIHUE €
MEXaHWYHOTO M MO-TOYHO abpasuBHOTO W3HOCBAHe 6Oes
3abenexmmo Bn1siHUe Ha [pYriTe BUAOBE M3HOCBAHE.

ABpasMBHOTO M3HOCBAHE € TakbB MPOLEC, KOWTO Cce
Npeau3BMKBa NpK B3aUMOAENCTBME Ha OMpedeneH AeTann u
TBbpAM abpasvBHM YacTuuM, B pesynTaT Ha KOeTo Mo
MOBBPXHOCTTA Ha AeTaina ce obpasyBaT [packOTUHM, PE3KM
u ap. OBUKHOBEHO YacTULMTE UMaT MUHeparneH npousxog —
CKarHM KbcYeTa NoNe3Ho 13konaemo u ap. BramoxHo e obaue
TBbpAUTE abpasvBHM YacTMUM Ja ce mnonyyaT U Ypes
OTAeNsiHe Ha MMKPOOBEMM OT TBLPAM HaKMenHu YacTuum ot
TpvelmMTe ce [AEeTalnm WNW Aa ca NpOAyKTU OT PasnuyHu
okcuayn, obpasyBaHu npu u3HocBaHeto. OT MuMHepanHuTe
abpasnBHM YacTULW Hal-ronsma TBbPLOCT MMAT KBapLOBUTE 1
nopagyu Tasv MpuYMHA Te MNpPeansBuUKBaT Hal-MHTEH3WBHO
M3HOCBaHe.

Pasrnexgaikm  npoueca Ha  B3auMMOAENCTBME  Ha
M3HOCBALLATa Ce MOBBLPXHOCT W TBbpAMUTE yactuuyw, M. M.
TeHeHOaym npuema, 4Ye 3a ENEMEHTUTE Ha  Xuapo-
TpaHCnopTHaTa CUCTEMAa € XapaKTepeH MexaHu3bM Ha
KOHTaKT, BCTIEACTBUE HA KOETO CE NOsBSiIBA XvapoabpasnBHO
n3HocBaHe. [py TOBA MHTEH3MBHOCTTA Ha MPOLECA CUITHO Ce
BNMSie OT XUAPaBMUYHUTE XapaKTEPUCTUKM Ha  TEYEHMETO,
(PM3nKO-MeXaHNYHUTE CBOMCTBA Ha abpasvBHUTE YacTMLM W
W3HOCBaHaTa NOBbPXHOCT, KAaKTO 1 OT AMHaMMUKaTa Ha TSXHOTO
B3aumopenctaue (TeHeHbaym, 1976).

XnopoabpasvBHOTO M3HOCBAHE CMOPEL MHTEH3WBHOCTTA Ha
npoTu4aHeTo Guea 00Lwo 1 MecTHO. OBLLOTO XuapoabpasneHO
W3HOCBaHe Ce XapaKTepuaupa C OTHOCUTENHA [MafKocT Ha
W3HOCBaHaTa MOBLPXHOCT, JOKATO MECTHOTO Ce pa3sBiBa KaTo
MWUKPOHEPABHOCTM C MOCMEBalOTO UM NpeobpasyBaHe B
OTBOPM C Hemanku pasmepy — 1 - 5 cm. O6woTo
XMOp0abpas3nBHO W3HOCBAHE, CMOPes  MHTEH3MBHOCTTA, €
HSIKOMKO MbTYW NO-cabo OT MeCTHOTO.

Pasrnexgaikn  MexaHMsMa  Ha  XuapoabpasvBHOTO
M3HOCBaHe Ha AeTannu pabotewy B MOTOK C  abpasuBHM
yactium, B Hail-o0wms cnyyair  TpabBa ga ce oryeTar
nposiBaTa Ha CnegHuTe BUAOBE ,4UCTO” U3HOCBAHE:

e pas3pyLLaBaHETO Ha MeTarna Ype3 Cpsi3BaHe;

e  pas3pyLLaBaHeTo B pe3ynTaT Ha MOBTOpHA MiacTyHa
aecopmanms;

e  pa3pyLlaBaHeTo
MaTtepuana;

BCneaocTesnMe Ha ymopa Ha
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e paspyllaBaHeTO B Pe3ynTaT Ha KPEXKOCT Ha
matepuara.

Pa3BATMETO Ha paspyluaBaHe B pe3ynTaT Ha KpexkocT Ha
maTepuana ce Cpella MHOro psiko Mpu XuapoabpasvBHOTO
W3HOCBaHe, MOHEXe HopManHaTa cuna Ha B3auMOAENCTBHE Ha
TBBPANUTE YacTULM CbC CTEHUTE Ha [eTaiina € HeaocTaTbyHa
3a nosiBa Ha paspylaBalja fAedopMalns NpeBuLIaBaLLa
rpaHuLaTa Ha npoBnaysaHe Ha Matepuana ( a He Ha oTAeNHu
MUKPOCTPYKTOPH).

O6uKHOBEHO He Ce pa3BiMBa M pa3pyLLaBaHETO B pesynTaT Ha
yMOpa Ha MaTtepuana nopagu BWUCOKATA WHTEH3WUBHOCT Ha
npoTUyaHe Ha Apyrute BuOoBe M3HOCBaHe. 10 TO3N HauwH
crefsa Aa Ce OTYMTaT OCHOBHO [Ba BAAA paspyluaBaHe —
4pe3 MUKPOCTPYXKM W Ype3 OTdensiHe Ha  OTAENHM
MWUKPOCTPYKTOPU B PesynTaT Ha MbpBMYHA MMM MOBTOPHA
nnactuyHa pecdopmaumus. B Ham-obwmst cnyyan pgarta
OCHOBHW BWZA M3HOCBaHe NPOTUYaT €OHOBPEMEHHO.

WHTEH3MBHOCTTAa Ha pas3BMTMETO Ha Mpoueca Ha
X1apoabpasvBHO WM3HOCBaHe Cce ompedenst OT Macata U
CKOpOCTTa Ha abpasvBHUTE YacTMLM, @ CbLUO W OT brbna Nog
KOWTO Te aTaKyBaT U3HOCBaHATa MOBbPXHOCT.

BbpXy WHTEH3WMBHOCTTA Ha Mpoueca BRMSAT CbLIO Taka
W3HOCOYCTOMYMBOCTTA Ha MaTepuana Ha M3HOCBaHaTa
MOBbPXHOCT W abpasvBHOCTTa Ha TBbLPAMTE  YaCTUMLW.
AHanUTUYHOTO ONpedensHe Ha CTOMHOCTUTE Ha Te3n ARa
cdaktopa  noHacTosieM e  TpygHo.  CwbluecTByBart
3aBMCUMOCTH, KOWTO [aBaT CaMO KayeCTBEHU PesynTat, HO
He 1 konnyecTeeHn. ETo 3allo onpenensHeTo Ha CTOAHOCTUTE
Ha Tesn napameTpu Ce W3BbpLUBA NO eKCrEePUMEHTANEH MbT.
MopoGHu paHHM ca nybnukyBaHm B FounTawwsmnm u gp. (1984).
CblUo B TO3M M3TOYHUK € U3MoXeHa dhopmyna, Ypes KosTo ce
ONpeaens UHTEH3WBHOCTTA HA U3HOCBAHETO Ha MOBbPXHOCTTA,
T.6. 3arybata Ha Maca Ha MeTan OT eguHMLa M3HOCBaHa
MOBBbPXHOCT 3a eauHuLa BpeMe, NpeansBukBaHa OT N-6pon
yactuum:

A=pviS(1-S)d.

.[fl(sin 20 — 2 usin za)+ f,sin’ “]a kg/m?.s (1)

KbOETO L7 € MNbTHOCTTA Ha TBbpaaTa hasa, kg/ims,

V-|— - CKOpOCTTa Ha TBbpauTe YacTtuuy B MOMEHTa Ha

yAapa UM ¢ U3HoCBaHaTa NoBbPXHOCT, M/s;
S - obemHaTa KOHLEHTpauWs Ha nynna;
d- AnamMeTbpbT Ha TBbPAUTE YacTuLmTe,m;
f1 n f2— KOEULMEHTUTE OTUMTALLM SKOCTHUTE
kayecTBa Ha M3HOCBAHMS MaTepuan u
abpa3nBHUTE CBOICTBA Ha YacTuumTe,s?m3 ;
Q - BIbITbT MEXaY BEKTOpa Ha CKopocTTa Ha
TBbpAAaTa YacTuLa 1 U3HOCBaHaTa NOBLPXHOCT, 9
ML - KOEULMEHTBT Ha TPUEHE NP Mbp3ansHe

Mexay abpasuBa u M3HOCBaHaTa NOBLPXHOCT.

BbBe chopmyna (1) cToitHocTuTE Ha koedmumeHTuTe f1 = foi/4
n f2 = fgos/2 ce ONPemensaT ONUTHO Ha CTPYWHO-yAapHa
ycTaHoBKa. Teau KoedULMEHTH Ca MOCTOSHHK 3a onpefeneHa
B3aMMOAENCTBalla [ABoiika (abpasuB M MOBbPXHUHA) CbC



CbOTBETHN (bI/I3I/IKOMeX3HI/ILIHI/I CBOMCTBA.

HoctoBepHocTTa Ha 3aBucumocT (1) e npoBepeHa
eKCMepUMEHTarnHo Kato pasnukata B eKcrnepUMEHTanHuTe u
aHanNUTUYHUTE pPesynTaTh € B rpaHuuuTe mexay 2 u 14%. Ha
¢ur. 1 n 2 ca n3obpaseHn ekcnepuMeHTanH1Te 3aBUCUMOCTH
ny6nukysanu B MounTtawsmny v gp. (1984).

XuapoabpasvBHaTa M3HOCBALLA CMIOCOBHOCT Ha TBbPAUTE
YacTMUM € Bb3NpUeTo fa Ce MNpeAcTaBs 4pe3 T.Hap.
KOE(MUMEHT Ha OTHOCUTENHA XWApPOabpasuBHOCT. To3W
MoKa3aTen 3HAYUTESTHO Ce MPOMEHS B 3aBUCMMOCT OT brba,
noa KOWTO ce aTakyBa fafieHa MOBbLPXHOCT. 3aToBa Mpu
onpeaensHe Ha CTOMHOCTUTE HA OTHOCUTENHaTa xuapoabpa-
3MBHOCT 3a pasNUyHM MaTtepuanu e Heobxoaumo da ce
cbbniogaBa paBeHCTBO Ha  brmuTe  oBpasyBaHn  OT
HanpaBMEHNETO Ha [BUXEHME Ha MOTOKA OT XMOPOCMEC U
MOBBLPXHOCTTA, KOSTO Ce M3HOCBA.

fo1. 10'10,
s?/m3 fg01.10°%0,

s?/m3

50 e

40 10

0 ) 75

20 5

10 5

0
o 7 7 3 dmm

®ur. 1. 3aBUCUMOCTH Ha aBpa3uBHUTE CMOCOOHOCTM Ha YacTLUTe OT
TAXHaTa egpuHa. Kpuea 1- usHocsaH matepuan Ct3, abpasus kBapLoB
nacbK, Vt=6.5m/s, $=0.06, a=12°.KpmBa 2 - usHocBaH matepuan 40X,
abpasuB KBapuoB nAckK, Vt=6.5m/s, $=0.06, a=90°
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®ur. 2. 3aBMCUMOCTN Ha UHTEH3UBHOCTTA HA XWAPO0abpasUBHOTO
M3HOCBaHe OT ckopocTTa (KpuBa 1), brbna Ha aTaka Ha YyacTuuuTe (KpuBa
2), egpuHaTa Ha yacTuuuTe (KpuUBa 3) M KOHLEHT-paLusTa Ha cMecTa
(kpuBa 4)

B Tabn. 1 ca papeHu CTOMHOCTMTE Ha KoedmuMeHTa Ha
OTHOCUTENHA XMapoabpasnBHOCT (NybnukyBaHu B [oumMTaLLBY-
nm 1980) 3a pasnuyHN CTPOUTENHW W OTMAABYHN MaTepuani,
TpaHcnopTupaHu no  Tpbbonposogu.  CToiHOCTUTE  Cca
ycpeaHeHu 3a gecetkm oborotutentn chabpuku, TELL-oBe,
MWHHO-0BOraTUTENHN  KOMOMHATK, Kapuepu 3a MHEPTHM
Matepuani v ap.

Tabnuua 1.KoepuyueHmu Ha omHocumenHa
xudpoabpasusHocm Ha pasnu4Hu abpasusHu mamepuanu K

Ne koeu-
no | BugHa abpasvBHus matepuan €HT.
pea K
1 | T9CbK 3a M3NUTBaHE Ha LMMEHTU - ETasOH 1.00
2 | PeyeH nscek 0-5mm 2.05
3 | Yakbn 5-20mm 3,90
4 | CureH nscbk 0.8mm 2,50
5 | HatpoleHa wnaka TevHa 1.20
6 | HatpoweHa wnaka TBbpaa 0.50
7 | MNenen 0.40
8 | LWnakonenen 20% TeyHa wnaka + 80% 0.80
nenen
9 | Wnakonenen 20% Tebpaa wnaka + 80% 0.50
nenen
10 | OTtnagbk oT oboratutenHa dhabpuka 3a 0.40-0.90
BbIMLLA
11 | Otnagbk ot oboratutenHa dhabpuka 3a 0.15-1.40
pyna




KoeuumeHTbT Ha  M3HOCOYCTOMYMBOCT € NapameTsp,
XapaKTepuanpaly cnocobHOCTTa Ha MaTtepuana, OT KOWTO e
n3paboTeHa U3HOCBALLATa NOBLPXHOCT fa Ce NPOTMBOMNOCTaBS
Ha Bb3eNCTBNETO Ha abpasvBHUTE YacTWLM, OBWXKELMN Ce B
TeyHa cpega. KomkoTo e no-BuCOKa CTOMHOCTTa Ha TO3W
KOeULMEHT, TOMNKOBA € MO - YCTOWYMB ONPeAerneH maTepuar.
[aHHK 3a koedUUMEHTa Ha M3HOCOYCTONYMBOCT Ha PasnnyHU
KOHCTPYKLIMOHHW MaTepuanu ca nybnukysaHu B MounTawwsmunm
(1980) v npencrasenu B Tabn. 2. Mpu n3bop Ha maTepuan 3a
JEeTalinM MOANOXEHW Ha XuapoabpasvBHO W3HOCBaHE €
Heobxogumo fa Gbaar nopbpaHu Takuea C Bb3MOXHO Hal-
BMCOK KOEHULIMEHT.

Bbpxy xvopoabpas3vBHOTO M3HOCBaHE OKasBa BMMSIHWE W
ObIKUHATA, Ha KOATO Ce TpaHcriopTupa Matepuana. B
npoueca Ha ABWKEHMETO Ha Mynna (nmb3raHe W TbpKansHe)
Ce W3MeHAT ¢opmatra 1M efpuHata Ha vacTuuute. Tosa
onpegens 3HaJMTENHOTO HamansBaHe Ha abpasuBHaTa
CnocobHOCT C yBenn4yaBaHe Ha TPAHCMOPTHOTO Pa3CTOsHUE.
Taka Hanpumep, npu yBenWuyaBaHe Ha TpPaHCMOpTHaTa
avmkuHa ot 0 go 20 km oTHocuTenHata xwapoabpasueHoCT
Ha vacTuuuTe (3a KBapLOB NSCbK, KaKbBTO € OCHOBHMS
oTnagbk oT oboratutenHure abpuku) Hamansiea C OKOMO
40%. lMpn oTnagbk OT KaMEHHM BBbIMMLIA TO3M MOKasaTen
Hamansea ¢ okono 80%, a Npu HATPOLLEH BapOBMK — C OKOMO
60%. MogoBHu gaHHu ca nybnukysaHu B MounTawwsunm (1980),
KaTo W3CneABaHWsTa Ca W3BBLPLUEHN B cpeaa OT XMMUYECKM
HeyTpanHa Boga.

BaxeH chaktop, onpepensi, oTHocuTenHaTa abpasvBHOCT
Ha JyacTuuuTe e TsAXHaTa NbTHOCT. To3n hakTop Ce yBenuya-
Ba C yBENM4YaBaHe Ha NITbTHOCTTa UM.

Tabnuua 2. KoegpuuyueHmu Ha U3HOCOyCcmOU4UBOCM Ha
pasuUYHU KOHCMPYKYUOHHU Mamepuanu Ku

Ne koeduyn-
no Bug Ha maTepuana EHT.

peq Kun

1 Ct 3 eTanoH 1
2 Cr5 1.10-1.15
3 CromaHa 20 1.00-1.10
4 CtomaHa 40 1.30
5 CromaHa 40X 1.35
6 CtomaHa 25?2 1.35
7 CromaHa 3X13 1,13
8 Ctomana 30XI'CA 1.50
9 CtomaHa 551 1.08
10 | Cms yyryH Cy 28-48 0.50
11 XpommonubaeHos YyryH MYX16MT 3.30
12 | TexHuyecku nopuenaH 6.50
13 | basant 6.50
14 MepeH wnak 10.00
15 | Wnepnnat 1.00
16 | TepmoycTOMYMBO CTHKMO 10.00
17 | lNonuypeTaH 3.00-8.00
18 | l'yma 3.00-6.00
19 | CTbKknoBnakHo 2.90
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HamansiBaHe Ha cTeneHTa Ha XuapPoabpa3uBHO
M3HOCBaHe 3a KOHKPEeTeH 06eKT

O6wio onncaHue Ha obekTa

KakTo Gelle cnomeHaTo, Ha MexaHu3Ma Ha XuapoabpasvBHO
W3HOCBAHE OKa3BaT KOMMNEKCHO BNWSHUE  MHOXeECTBO
(hakTOpK, OnpefeneHn oT KOHKPETHUTe YcroBust Ha pabota.
/acnenBaHeTo Ha TO3M MexaHu3bM B NabopaTopHM yCroBust
BOAW A0 NpUONM3MTENHO BEPHM PesynTath U e TpyaHo
npunoxmmn 3a pgageH obekt. ETo 3awo e nogxogsiio
npobremute CBbP3aHM C XWapoabpasvBHO W3HOCBaHE Ha
enemMeHTH 3a XMIPOTPAHCMOPT Aa Ce peLlaBaT B NPOMULLIIEHN
YCNOBUSI 33 BCEKM KOHKPETEH Cryyail.

Ha cur. 3 e n3obpaseHa cuctemata 3a XugpoTPaHCMopT Ha
OTNafbyeH Mnynn Ha XBOCTOXpaHunuwe ,Pydosem - 2°.
OtnagbkbT OT oboraTUTENHUS MPOAYKT AOCTUAra rpaBUTavyHO
no GeTOHOB KkaHan ga aBaHkamepata 1 c¢ obem 2500m3.
MocpencTBoM [Ba NMoMneHu arperata (paboTeH M pe3epBeH)
BCEKW eAVH BKIIoYBaLY ABa 6pos eAHOCTbMANHW LEHTPOBEXHM
OpoHupanu nomnu paboTely B nocrnegoBaTenHa Cxema.
Momnute ca ¢ npousogutenHoct 1250m3/h. lomnexnTe
arperatu OCbLLECTBABAT CyMapeH Hanop (reodesnyeH nikc
CbMPOTUBINEHNETO Ha Tpbbonposoga) 92m. Yectotata Ha
BbpTEHE Ha MOMNUTE OT BTOpa CTEMEH Ce perynupar
nocpeacTsom TypbocheauHuten. BpoHupaHuTe  WKMOBPHK
KpaHoBe 3 chnyxaT 3a MNpeBknuYBaHe Ha paboTHWUA K
pe3epBHUS arperar, KakTo 1 3a CeKLWoHUpaHe Ha paboTHus 4
(basanTupaH) ¥ pesepBHM 5  (CTOMaHEH) HamopeH
TpbbonpoBod. [Mo-HaTaTbk NyNMbT NOCTLNBA B M3MNMBHATA
LaxTa 6, OTKbAETO NOCPEACTBOM DETOHOB KaHan ce OTBeXAa
[0 CTEHaTa Ha XBOCTOXPaHUMNLLETO.

OcHoBeH npobriem mpu ekcnnoatauusTa Ha nomnure e
BMCOKAaTa CTeneH Ha XuapoabpasvBHO WM3HOCBAHE Ha
cnegHuTe enemeHTu (cur. 4):

e MNiova npegHa;
e MNova 3afHa;
e KOMMNEHCATOP BXOZEH U U3XOAEH.

Ha cunHO u3HOCBaHe Ca noAnoXeHn M OpOHWpaHuTe
WKOBbPHK KpaHoBe — ¢omr. 5 .

BpoHMTE Ha MOMNMTE MbpBOHAYanHO ca NMpoW3BedeHN OT
nonuypetaH, a LWnbbpute ca W3paboTeHW OT CTOMaHa C
TBbPAOCMIIABHO NOKPUTHE.

BucokaTa cTeneH Ha U3HOCBAHE Ha COMEHATUTE ENIEMEHTH
BOoAM OO 4ecTata MM NOAMAHA, KOATO € CBbp3aHa CbC
3Ha4YUTENHU pasxodun.



72 2 3

®ur. 3. Cxema 3a XWAPOTPAHCNOPT Ha OTNAagbyeH Mynn Ha
XBOCTOXpaHunuiie ,Pynosem-2”: 1- aBaHkamepa, 2- GpoHMpaHKU nomnu,
3- GpoHUpaHH WKBBPK, 4 — paboTeH 6asanTMpaH HanopeH TpLGoNPoBoA,
5- pesepBeH CTOMaHeH HanopeH Tpb6onpoBog, 6 — 3NKUBHA LWaxTa.

PSRN APEa—

®ur. 4. BpoHupaHa LeHTpoGexHa egHoCTbManHa nomna: 1- nnova
npepHa, 2- nnoya 3agHa, 3 — KOMNEHcaTop BXoAeH (u3xoneH), 4 — koneno
pa6oTHo.

47

®ur. 5. lobpe M3paseHO XMAPoabpa3MBHO M3HOCBAHE Ha GPOHMpaHM
TANO (rope) M nnoya npeaHa (mony) Ha LeHTpobexHa eAHOCTbNANHa
nomna.

W3cnenBaHe Ha Bb3MOXHOCTUTE 3a HaMarnsBaHe Ha
MHTEH3MBHOCTTA Ha XMAPOoabpPasMBHOTO U3HOCBaHE Ha
OCHOBHUWTE efleMEeHTW Ha MoMNuMTe OT cUcTemMara 3a
XMOPOTPaAHCNOPT Ha XBOCTOXpaHunuLe ,,Pyaosem 2”

BbB BPpb3Ka C W3NOXeHUTe no-rope aHanUTU4HNn 1n
Fpa(*)l/l‘-IHI/I 3aBUCUMOCTU 3a WHTEH3MBHOCTTA Ha
XnApoabpa3nBHOTO W3HOCBAHE € WM3BbPLUEH aHanu3 U ca
HanpaBeHW CregHUTE M3BOOM 3@ Bb3MOXHOCTUTE 3a BINSHME
BbPXY OCHOBHMTE (hakTopu onpedenswym npoueca (1):

e MAbTHOCTTAa Ha TBbpgata ¢pasa — ocTasa
OTHOCWTENHO  MOCTOSHHA  3a  OMpeaerneH
TEXHOMOMNYEH PEXUM;

e  CKOpOCTTA Ha TBBPAWTE YacTUUM — BbPXYy TO3M
(hakTop He MOXe Aa Ce Oka3Ba BMWSHWE B MOMEHT
Ha ekcnnoatauMsi Ha CbOPBXEHWETO U npu
onpegeneH 4ebuT Ha OTNagbYHNs mynm;

e ofemHara KOHUEHTpauus Ha nynna — BbpxXy TO3u
(aKTop CblIO He CblUecTByBa Bb3MOXHOCT 34
Bb3eicTBME;

e  [vaMeTbpbT Ha TBbpOWTE YacTULM — Onpedens ce ot
TEXHOMOMATa Ha 0BOraTUTENHNS NPOLIEC;

e  bIbLTbT HAa BEKTOPa Ha CKOPOCTTa Ha Yactiuute M
aTakyBaHaTa NoBbPXHOCT — Ofpedens ce OT TeyeHusTa
W BUXPUTE B CbOPbXEHMSTA. HsMa Bb3MOXHOCT 3a
Bb3[ENCTBUE,;

e  KOeMLMEHTBT HA TPWEHE MPU MITb3raHe — He MOXe da
CE V3MeHs;

e SKOCTHUTE Ka4yecTBa Ha MaTepuarna Ha U3HOCBaLLuTe ce
MOBBPXHOCTM — BbPXY TO3W MapameTbp MOXe fa ce
BrMsie, KaTo Ce MPOMEHs BWda Ha marepuana wmm
kayecTBara my.

3a HamansiBaHe Ha M3HOCBAHETO € pelleHne 3a u3paboTeaHe
Ha OpOHV 33 NOMMUTE, KaKTO 1 pa3paboTBaHe Ha HOB LWINOBLP C
OpoHn oT ryma. 3a B3eMaHeTO Ha TOBa pELeHVe criomara
o0cToATeNCTBOTO, Y& B  HerocpedctBeHa  GrmsocT [0
XBOCTOXpaHWnMLLe ,Pyaosem 2° ce Hamupa 3aBOf 3a KayuyKoBw
cmecn v usgenust — Xesest KUM” rp. MagaH. Taka ¢ nomoLyta Ha
creuuanmcTy OT TO3W 3aBOf ca paspalboTeHn ABa Bua kayuyk
(ycnoHo HapeueHu K1 u K2) ¢ pasnmyeH XumudeH CbCTas.



W3paboteHn ca mMaTpuum 3a Hail — W3HOCBALLMTE Ce YacTW Ha
MOMMNMTE, KakTo 1 € 13paboTeH LWMBbLP ¢ OPOHMpPaHK M3HOCBALLM
ce yacTu. Bendku 6poHn ca uapaboTeHn oT ABaTa Baa KayyykoBw
cmecy. B npoabrkeHne Ha TPW roaMHW Tesu OPOHMW, KakTo W
OpUrMHaNHUTE TakvMBa Ca MOANIOKEHM Ha M3NUTaHWs B
MpOM3BOACTBEHM YCroBus. BpoHUTe OT OajeH Bug Kayuyk ce
3anaraT Ha €OvH MOMMEH arperar, Kato 3a enuMMUHMPaHe Ha
KaKBWTO U [a@ e pasnuyus B YCMOBMSITA HA  eKkcnroatauys, npes
LeCT Mecewia BpoHNUTE OT JafieH BIL KaydyK CMEHSIT MSCTOTO CH
Ha MOHTaX BbpXy CbOTBETHUS MOMMeEH arperat. PaboTHute
YacoBe CTPUKTHO Ce OTYWTaT OT anaparyparta 3a yrpasrneHue Ha
nomneHaTa CTaHLus.

Peaynratu ot ekcnepumeHTUTE

B 1abn. 3 ca 0bobLeHn pesyntatute OT U3CeABaHUATa KaTo
Ca NoCoYEHI M OTPABOTEHUTE YACoBE 3a OCHOBHUTE eNeMEHTU Ha
noMnuTe Npeay BHeAPSBaHe Ha ryMeHuTe GPOHM.

Tabnmua 3. Peaynmmamu om ekcnepumeHmume npu eHedpsieare
Ha 2yMmupaHu pabomHU opaaHu Ha noMnume

OtpaboteHn vacose Ao

Ne nogmsiHa,h

no HaumeHoBaH1e ©

per Ha peTaitna E 8 < 8o
S = Z x Z x
22| 53 | 53
O © 2 O ¥ ©

1 lnova npegHa 1005 1000 1800

2 Mnoya 3agHa 1835 1900 2100

3 KomneHcatop 1920 | 2000 2520

OT HanpaBeHuTe eKCNepPUMEHTM CrieaBaT U3BOAUTE:

®  EKCTOoaTaLUMOHHUAT CPOK Ha OpuruHanHute 6poHu
u3paboTeHn OT MOMMypeTaH € He3adoBONUTENHO
KpaTbK, MMaiiki NpesBia TAXHaTa LigHa;

o  OpoHuTe M3pabOTEHN OT eKCriepUMEHTarHa Kayyykosa
cmec K1 wumar  cxopeH C  OpurvHanHuTe
€KCNoaTaLmMoHeH CpOK, HO LieHaTa UM € OKOro neT
MbTY MO - HUCKS;

e  OpoHuTe M3pabOTEHN OT eKCriepUMEHTarHa Kaydykosa
cmec K2 umat 3HaYMTenHo No-ObIThr EKCNoaTaLmMoHeH
CPOK OT OPUrMHAITHITE MPU LieHa OKOIO YETUPW MbTH Mo
— HICKa;

®  pauMOHarHO €  peLLEHMETO 33 OKOHYaTemnHo
npemMuWHaBaHe KbM  M3paboTBaHe Ha OpoHn ot
kay4ykoBa cMeC K2, WniATo XMmn4eH CbCTaB e NokasaH B
T1abn. 4. /apaboTBaHeTo Ha OpoHuTe 1 Heobxogumara
3a TOBa MHCTPYMEHTarHa EKMNMPOBKa CTaBa U3LAMO B

®  DEMOHTHO-MEXaHW4HMs  LEeX Ha  [PYXecTBOTO
COBCTBEHMK Ha XBOCTOXpaHUnmLLE ,Pyao3em 2"

Heobxogumo € Ja ce nogyeptae, Ye C BHEOPSBAHETO Ha
kayyykoBuTe OpOHM € MOCTWUTHAT 3HAYMTENEH WKOHOMUHECKM
echexT.

OcHoBHaTa pasnka MeXIy XMMUYHWS ChCTaB Ha BbanpueTara
KayJykoBa CMEC CTpsiMO APYTY TakvBa € BUCOKOTO ChAbpaHie Ha
€CTECTBEH KayuyyK, KOTO MpuaaBa 3HauuTenHa enacTU4HOCT U
abpa3vBoyCTONUMBOCT Ha U3aenusTA.

[penopwbyana 3a nybnukysaHe
om kamedpa ,Mexarusauus Ha MmuHume”, MEM®
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Tabnuua 4. XumudeH cbcmas Ha Kay4yykosa cmec K2

Ne Bup Ha cbeTaBkuTe TernosHa

EZA yacr, kg
1 |EcTectBeH Kayyyk 105.000
2 |Caxam noncku akTUBHU 47.000
3 |Uunksaic 5.200
4  |CreapuH 1.570
5  |MuporeH 3.200
6 |Acdant 1.500
7 |Masyt 4.000
8 [HeosoH [’ 1.260
9  |Byrkaumr "L" 0.840
10 | OudbeqnnryanmumH Jor" 0.210
11 |Csapa 2.300
12 |MBU 0.430
13 | Tebpgoct no LLop 65-70

N3soau

Bceku eavH KOHKpETEH Cryyaii Ha XuapoabpasuBHO U3HOCBaHE
CE XapaKTepuaupa C KOMMIEKCHO BNMSIHME HA MHOXECTBO
chakTopM 1 € HeobXoAMMO fa Ce M3CneaBa OTAENHO.

3a [1aneHo MSCTO, Bb3MOXHOCTUTE 3a Bb3OENCTBME BbpXy
MexaHuamMa 1 CTereHTa Ha XuopoaBpasvBHOTO W3HOCBaHE Ca
MUHVAMATHW. EQVH OT Bb3MOXHUTE BapuaHTVl e 13on3BaHeTo Ha
MaTepuank ¢ BUCOKA YCTOMYMBOCT Ha M3HOCBaHE.

13non3BaHEeTo Ha rymmpaHu paboTHW OpraHi Ha enemMeHTUTe ot
XUOPOTPAHCMOPTHATE CACTEMM € MPUNOKMO B PEMOHTHUTE
LiexoBe Ha oboraTUTENHUTe APYKECTBA, KaTo MO TO3N HauMH €
Bb3MOXHO MOCTUraHe Ha BICOK MKOHOMIYECKM ediekT onpeaeneH
OT HMCKAaTAa LieHa Ha pesepBHATE YacT, MO Abnrute
EKCTINoaTaLMOHEH M MEXYPEMOHTEH CPOK.
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