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RECOVERY THROUGH SURFACE-WELDING OF TOOTHED GEARS OF DRUM MILLS

Ivan Minin

University of Mining and Geology ,St. Ivan Rilski”, 1700 Sofia, E-mail: minin_ivan@abv.bg

ABSTRACT. The majority of the drum mills used in the mining industry have peripheral drive of the drum. This determines the presence of large-sized toothed gears
with considerable size, weight and cost. After 8 to 10 years of service, the cog-wheels wear out on the one side of the teeth (depending on the direction of drum
rotation), which results in deterioration of the teeth pair operational mode and risk of fracture and failure of the mill unit. Therefore, after expiration of the term of
service, they are scrapped or recovered. This article shows a technology for recovery of worn out toothed gears through welding. The method for determining the
electrical parameters of the electric arc welding is also explained, as an example it is applied to a gear of a mill type MLLIL| 4,5 x 6. All other concomitant technological
operations related to the restoration of toothed gears with parameters similar to a new one are also shown here.

Keywords: toothed gear, mill, surface-welding, electric arc

BBb3CTAHOBABAHE HA 3bB5HW BEHLIM HA BAPABAHHWU MEJNTHULX YPE3 HABAPABAHE
Uean MuHuH
MunHo-2eonoxxu yHugepcumem ,Cs. MeaH Puncku”, 1700 Cocpusi, E-mail: minin_ivan@abv.bg

PE3IOME. lonsma yact ot 6apabaHHUTe MenHULM, U3MoM3BaH1 B MUHHOAOBMBHATA NPOMULLNIEHOCT, ca C nepudepHo 3aaBuxBaHe Ha bapabaHa. Tosa 0bycnass
Hannune Ha egporabapuTHM 3bOHIM BEHLW CbC 3HAUMTENHN pasmepw, Terno u ueHa. Cnep 8-10 roanHu cnyxba 3bOHUTe BEHLM Ce M3HOCBAT OT eAHaTa CTpaHa Ha
3b0uTe - B 3aBMCMMOCT OT NOCOKATa Ha BbpTeHe Ha BapabaHa, KoeTo BOAY [0 BoLIaBaHe pexima Ha paboTa Ha 3bbHaTa [BOIiKa M [JO OMACHOCT OT CYyrBaHe v
0TKa3 Ha MenHW4HWA arperat. [opaau ToBa, cnep U3TMYaHe Ha cpoka UM Ha cnyxba, Te 6uBaT GpakyBaHM UK Bb3CTaHOBABAHW. B HacTosLaTa CTaTis € nokasaHa
TeXHomorusiTa 3a Bb3CTaHOBSBaHE Ha M3HOCEHW 3bOHM BeHLYW ypes HaBapsiBaHe. OOsicHeHa € 1 MeTofukaTa 3a OnpefensHe Ha enekTpUYeckUTe napameTpy Ha
€NTeKTPOALIOBOTO HaBapsBaHe, kaTo 3a NpUMep T e NpunoxeHa Ha 3bOeH BeHel oT MenHuua Tvn MLLL| 4,5 x 6. Moka3saHu ca CbLyo 1 BCUYKU ApYTY CbTTCTBALLM

TEXHOJI0rMYHK onepaumn 40 nony4aBaHETO Ha Bb3CTaHOBEH 3b0eH BEHel CbC CX0AHUTE NapameTpu Ha HOB.

KntouoBm pymu: 3b6eH BeHeL, MenHuLia, HaBapsiBaHe, ENEKTPOLbIOBO.

Introduction

The toothed gears of the mills wear out one-sidedly by
reducing the thickness of the tooth. Three methods are used
for the gear's restoration:

- replacement with a new one;

- recovery of the gear through surface-welding;

- correction of the toothed gear via the method of "Negative
height correction”.

The following has to be summarized about the recovery of
toothed gears:

- it is advisable to create a stand with automatic surface-
welding devices for worn teeth;

- an electrode or wire consumption is necessary, e.g.its
quantity for a toothed gear of drum mill MLL| 4,5x6 exceeds
1000kg;

- high electricity consumption, associated with the surface-
welding of teeth;

- undetermined mechanical properties of the teeth, different
from those of the main metal;

- difficulty in the mechanicl treatment (lathing and teeth-
cutting) of the welded teeth, leading to further operation,
namely temperature recovery in a furnace after the welding;

- thermal tensions between the weld layer and the base
metal of the gear, resulting in a decrease of the teeth

mechanical properties, variation in their geometric shapes,
microcracks and lower reliability and term of service of the
toothed gear.

To apply the "Negative Height Correction” method, we need
to have the following prerequisites:

- the presence of a residual thick bandage of the toothed
gear, allowing a negative height correction (pitting of the
cutting contour at the teeth-cutting) without affecting the solidity
and deformation characteristics of the gear;

- the possibility of displacement of the center-to-center
distance of the gear.

The technology of toothed gear recovery through a "Negative
height correction" has the following advantages:

- the geometrical and kinematic characteristics of the
reconstructed gear are equivalent to the normal features of a
new one;

- the teeth are made entirely of the gear’'s main metal;

- the mechanical treatment (lathing and teeth-cutting) is
several times smaller in volume, than when making a new
toothed gear;

- the exact calculation of the height correction allows very
rapid and good recovery of the gear;

- the installation works, when replacing a repaired gear, are
with lower labor costs than during the installation of a new
toothed gear;
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- the technology including a height correction can not be
used in mills, where it is not possible to displace the center-to-
center distance or there is a thin bandage.

The main question that may be set in the present study is
about the possibility to recover a toothed gear through the
surface-welding method and its economical justification.

Summary

The aim of the present study is to describe the activities of a
vast recovery of large-scale toothed gears through surface-
welding and to prove the quality of this technology.

Technology and equipment for toothed gears recovery
through surface-welding. On the basis of what has been
mentioned above and having in mind that the technology
includng a height correction can not be used in all mills, a
technology for recovery through surface-welding is proposed.
This repairing technology covers a number of activities carried
out in the following order:

Identification of the toothed gear. After removing it from the
mill, the gear is stored in two or four parts (Fig. 1). The next
step is testing after thoroughly cleaning of all contact surfaces
(A1, A2) and the gear parts. The cleaning is performed with a
metal brush and sandpaper in order to remove all mechanical
contaminants and metal oxides on the co-mounting surfaces.

Fig. 1. One fourth of a toothed gear

The trial installation aims to establish the compliance and the
affiliation of the separate parts of the gear. After that, the gear
is separated and transported to the machine factories for a
mechanical processing.

Preparation of a gear for surface-welding. When worn out
parts are recovered, the place to be welded (the worn out part
of the tooth) must be cleaned to a metallic gloss. This is done
by sandblasting, technical brushes attached to a mechanized
hand tool or by grinding with a DASH disk driven by an angle

grinder. Regardless of the chosen mode, the cleaning should
cover the welding area and in addition, 10-15mm around it.

During the recovering of the worn out part of the gear it is
necessary to remove the top layer of metal from the working
surface due to the danger of old cracks and other defects that
can develop in depth of the part or in the welded layer. For this
reason, these areas with defects are taken off in depth until
they completely disappear. The area of the gear that is meant
to be welded should not have sharp edges, so there should be
made roundings with a radius over 3-4mm. Occasionally, when
welding details with more complex shapes, a special bending
(bed) for the welded metal is made, which takes into account
the required thickness of the layer and the addition for the
mechanical treatment, as well as the conditions for more
convenient surface-welding.

When welding the toothed gear, the basic metal must be in
inversely heated condition to have sufficiently high plasticity to
absorb stresses and deformations.

The cleaning is done with metal brushes, sandpapers and
sandblasting apparatus in order to remove all mechanical
contaminants and metal oxides on the main metal onto which
the surface-welded layer will be placed (Fig. 2).

In order to achieve a better quality of the coated layer and
fewer defects, it is recommended the sectors of the toothed
gear to be heated up to 150 degrees prior to the teeth welding.

Fig. 2. A layer intended for surface-welding

Technological parameters of welding. The main parameters,
determining the technological mode of welding are: the type of
grease coating and the thickness of the electrode or electrode
wire; the amperage, voltage and polarity; the length of the arc
and the speed of movement of the electrode or the handle.
These parameters determine the size and quality of the
surface - welded layer as well as the character of the heat
influenced area.

The welding should be done with a minimal arc length and
without any interruptions. In order to avoid defects, the
excitation as well as the break of the arc are as far away as
possible from the welded layer. The surface-welding should be
performed insuch a way that each subsequent transition
overlaps from 1/3 to 1/2 of the previous one. The toothed
sectors of the gear are placed in such a manner that the
manual arc welding to be horizontal and comfortable for the
welder (Fig. 3).



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 60, Part Ill, Mechanization, electrification and automation in mines, 2017

Fig. 3. mthod of placing the ger at the welding

Selection of electrodes or wire for welding. Generally, the
electrodes are selected with a basic thick grease coating, and
the choice of electrodes and wire is determined by the
chemical composition of the main material. In this case the rule
is that the chemical composition of the electrode or wire
corresponds as much as possible to the basic material.
However, when it is necessary to increase the wear resistance
of the parts, it is recommended to use alloyed materials, for
example with a high content of manganese or chromium.
Generally, the welding technology must be pursuant to the
features of the basic material so that no structural changes
occur in the part under the influence of the thermal welding
mode.

At the manual welding, the electrode quality is of a great
importance.

When there is a large difference in the compositions and
properties of the base and the welded material, defects (cracks
or flakes of the coated layer) may occur, so it is necessary to
use the so-called intermediate layers.

Once an electrode or a wire is selected for welding according
to their mechanical properties and chemical composition, the
next step is the selection of the diameter of the electrode rod or
the wire. This choice is determined by the required thickness of
the welding layer and for this purpose the information
presented in Table 1 is recommended.

Table 1.
Diameter of the electrode, mm 3 4-5 5-6
Thickness of the welded layer, Up to Upto5 | over5
mm 1.5
Number of welded layers 1 2 2and
more

When determining the overall thickness of the surface-
welded layer, it is also necessary to provide an addition (2-3
mm), because subsequent mechanical processing is required.

Determination of the electrical parameters of the welding.
The selection of amperages depending on the diameter of the
electrode is based on the constant current loading of the
electrode rod cross-section. The approximate amperage for
electrodes with a diameter of 3 to 5 mm is determined by the
formula:

I=kd,A (1)

d

where: is the diameter of the electrode;

k. coefficient varying in the ranges from 30 to 50,
proportional to the diameter of the electrode.

More precisely, the amperage, depending on the diameter of
the electrode, is determined by the empirical formulas:

I=(20+6.4)d,A 2)

1=(20-25)d" A 3)

Based on the formulas 2 and 3, the indicative values of the
current are calculated, depending on the standard diameters of
the electrodes (Table 2).

Table 2.

Diameter of the electrode, mm | 2.5 [3.25| 4 5 6

Current amperage, A 60 | 100 | 150 | 200 | 340

The data from Table 2 is indicative because the optimum
values of the current depends, althought to a lesser extent, on
the chemical composition of the electrode, the type of grease
coating, the length of the arc, the welding rate and other
factors. When using wire feeders, only the diameter of the wire
is set and the current is automatically determined by the
welding machine.

A selection of the welding mode. It is recommended to be
performed at a short arc, without interruptions and with minimal
melting of the base material. The arc must be excited and
interrupted, if possible, outside the working part of the welded
layer. Table 3 shows the mode procedure at the surface-
welding of a toothed gear of a mill type MLLUL, 4,5 x 6.

Table 3.
ElLd oo | LA UV |t L V.
mm ol ’ ’ 'S mm mm.s_l
5 | " 20| 22 | 46 | 500 | 3242
riverse

Technique of manual arc welding of the toothed gear. It
differs from the welding mainly by the movement and
inclination of the electrode or handle of the wire-feeding
apparatus. The welding begins by tapping the electrode
(vertically) onto the gear, causing the arc to ignite, then the
electrode quickly retracts at a distance of 2-3mm and inclines
at an angle of 20-30° to the vertical direction towards the
direction of motion. With such an inclination, the drops of
molten metal from the electrode fall into the melted area of the
part.

In vertical position of the electrode (which should not be
allowed) or if it is inclined to the vertical, but moves in the
opposite direction of the abowve-described situation, it is
possible the molten metal drops to fall on the surface of the
detail, that is not yet melted, which is a prerequisite for weak
bonding of the welded layer with the main metal of the part.
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When welding, it is considered that the optimal depth of the
molten area of the part should be about 30% of the total
thickness of the welded layer. In the case of a larger molten
area, carbon and other alloying elements of the part are
burned, thereby reducing the mechanical properties of the
base of the welded layer with the basic metal.

Welding should be performed in such a manner that each
subsequent welding layer (transition) should overlap from 1/3
to 1/2 the previous one (Fig. 4a). Otherwise, slag inclusions
may remain between the passages (Fig. 4b) and in case of
multi-layer welding the quality of the welding may be coarsed.
Fig. 5 shows a planar suface as the large-scaled toothed gear
could be accepted for, because of its enormous radius. The
welding often occurs without the oscillating movement of the
electrode, which is characteristic of the joint-welding.

1/2-1/3b

Fig. 4. Technique of surface-welding, used for recovery of a toothed gear

Apart from the above-described, the welding of planar
surfaces can be done by a combined method, known as
alternation of narrow and wide strips as shown at Figure 5. In
this method, narrow strips without the oscillating movement of
the electrode (3-5 times the diameter of the electrode) are
initially welded, and then the intermediate distances are filled
with oscillating motions of the electrode. The wide inter-layers
should overlap from 1/3 to 1/2 of the narrow strips.

Fig. 5. Welding with narrow and wide strips

In the multi-strip welding of the surfaces of the gear, the
welding of the next (upper) layers should be done after the
surfaces of the lower ones are cleaned from the slag to a
metallic gloss. In addition, each next (upper layer) is placed
perpendicular to the lower one.

Assembly and annealing of the gear. The assembling is
carried out in the company in which the thermal and
mechanical processing of the toothed gear will be done.

The annealing is necessary due to the high hardness of the
welded layer, that would result from the self-hardening, caused
by the large mass of the bandage, leading to therapid cooling
of the welded layer. This is done after the gear is assembled in
a gas furnace. An exmplary thermal characteristic is shown on
Figure 6.

Fig. 6. Annealing characterisctics

Lathing of the toothed gear. The gear is placed on the
planner rigger of the carousel lathe. In order to ensure a good
result of the teeth-cutting, the lathing operation must be
performed under conditions which ensure reliable setting and
measurement bases. These bases are the internal diameter
Dg.mm of the gear (setting) and the outer diameter D, mm

(measuring). Thus, the accurate operation of the front and
cylindrical surfaces is ensured and minimal radial and front
beatings are guaranteed on them.

As the surface of the processed diameter serves as the basis
for the alignment, this is done through an indicator clock with a
sensitivity of §=0,01mm . In the case of available ellepticity
on the centering (setting) diameter, the center of the planner
rigger has to coincide with the geometric center of the gear.
This is achieved if the measuring clock nozzle, attached to the
spindle of the carousel lathe, describes a circle with a radius
where a and b are relatively the both half-axes of the ellipse in
the diameter hole.

The centering on the toothed gear front surface is also done
with an indicator clock with a sensitivity of & =0,01mm . This
centering follows the front beating, measured on the surface at
both ends of two mutually perpendicular diameters of the
toothed gear, and divides symmetrically (as divided into two)
with respect to the horizontal plane.

The accuracy at the lathering of the outer diameter shall be
of the seventh rate, where the tolerance for this diameter does
not exceed 0.8 mm, and the beating of this diameter and the
forehead with respect to the setting - not more than 0.08 mm.

All the base surfaces are processed to a roughness class not
exceeding R, =20um(A5).

The obtaining of the new diameter of the repaired gear is
achieved with a radial feed of the knife equal to  (Fig. 7).

Fig. 7. Scheme of lathering

It is appropriate for the removal of the addition to happen in
one transition at a rate of submission v =0,8mm/min.
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The recommended speed for this typical continuous cut-off
mode is from 30 to 90 m/min. It is assumed for it to be about
Vp =60m/min.

Teeth-cutting of the gear. The teeth-cutting of the gear can
be performed on a worm gear hob by the touring method. The
axial profile of the cutting section of the worm hob practically
does not differ from the toothed gear, and therefore the cutting
of the teeth with a worm gear hob can be represented as a
splitting of an edge with a toothed wheel.

The working motion is ensured by the rotation of the hob 4
(Fig. 8). To ensure touring, the rotary movement of the worm
hob and the toothed gear 3 must be coordinated in the same
way, as the splitting of the worm 1 and worm gear 2. The
rotation rate of the table with the gear must be less than the
rotation rate of the hob, as the number of teeth of the toothed
gear is greater than the number of hob cuts (in a single-cut hob
the table rotates z times slowly than the hob).

When setting up the machine, the following operations are
used: tuning of the machine's kinematic chains — gears lyra,
feeding, dividing, differential; the toothed gear is put into place
and centered, the hob is set to a specified cutting depth and
the automatic cut-off or switching stops are set.

The machine has a differential mechanism that provides
additional rotation of the gear when cutting the teeth because
they are inclined.

Before the teeth-cutting, the toothed gear is adjusted to the
front surface and the outer diameter.

—

Fig. 7. Principle of operation of teeth-cutting hobs

The following rules must be observed when operating:

1. When attaching the toothed gear, gently clean all the
centring and supporting surfaces from raspings and dirt.

2. Periodically check the radial beating of the work
(centering) mandrel on the table.

3. Periodically check the front beating of the supporting
bases of the setting device.

4. Place and screw up the toothed gear not to deform at
the strongest tightenings, the screws are evenly tightened.

5. Check the radial and front beating of the gear before and
after the machine is attached.

6. Due to the large sizes of the toothed gear, in order to
reduce the internal stresses it is recommended to loosen the
clamping screws after the rough machining process, re-tighten
them prior to the clean processing and check the beating.

The outer surface of the gear ring serves as the base for
adjusting the depth of hobbing. After switching on, the hob
approaches the gear until its touching. In this position of the
table and the stands, the linear or circular scale is reset to
zero. The cutting-machine support is then lifted while the hob is
over the toothed gear and then an additional radial alignment
of the hob and the gear is performed to obtain the required
cutting depth. The movement is detected with a ruler, a circle
scale, or a measuring clock.

The sensitivity is checked with an indicator measuring clock
with a sensitivity of 6 = 0,01mm , in the same way as at the

lathing operation.

Full tooth processing should be done for no more than 2-3
passes. Toothed gears of 7t rate of precision are cut into a
slot-shaped modular hob and two clean passes with a worm
gear hob.

The gear of 8t rate of precision are cut into a slot-shaped
modular milling cutter and a single worm gear pass.

The cutting rate depends on the hardness of the material and
it is selected as follows:

v =18m / min at HB = 160;
v =15m/min at HB = 190;
v =12m / min atHB = 220.

Due to the fact that a large part of the intermediate space is
formed during the initial cutting of the gear, the removal of the
basic amount of metal takes place through a drafting pass. Its
depth should be determined in such a way so as to ensure that
the worm hob is operated at the cleaning pass only with the
side cutting edges. Therefore, it will only shape the evolvent
profile of the working surfaces of the teeth, with minimal wear
on the back surface of the teeth of the hob.

The control of the final phase of teeth-cutting can be done by
measuring the total norm or by measuring the thickness of the
tooth in different sections.

After the cutting, the gear is also controlled. This includes a
profile error measurement. Deviations of the profile from the
theoretical ones are recorded with a measuring clock or
footprint. The universal evolvent-meter allows the profile of the
tooth to be checked in different sections along its right and left
sides without changing the position of the gear.

In addition, the basic step is also controlled, for example by a
stationary universal tooth measuring device bB-5060.

Conclusions

In conclusion, it can be stated that the chosen technology in
this report is suitable for the recovery of the toothed gears of
drum mills for ore grinding.

A new toothed gear is priced and available in the market at
costs from 300 000 to 450 000 EUR, while the cost of the
surface-welding recovery operations is no more than 50 000
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EUR, which proves the great economic effect of the
implementation of this technology. In addition, the material of
the old restored gear is well trained and has better
exploitational properties and fewer internal defects than these
of a new one.

The qualitative performance of this technology can be
increased considerably if a mechanical stand for automatic
surface-welding of worn out teeth is designed and
manufactured.
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DETERMINATION OF THE FUNCTION OF RELIABILITY AND THE POSSIBILITY OF
FAILURE-FREE OPERATION OF A JAW CRUSHER TYPE CJ615:01
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ABSTRACT. The distribution of failures of an element or a machine from a specific technological line is an attempt for a mathematical description of their lifetime. The
distribution mode affects the analytical form of this distribution. In the present study an attempt was made to determine the distribution of failures of the basic elements
of a jaw crusher with complex swinging of the mobile jaw used for coarse crushing and to determine the probability of a faultless operation of the machine. In this
case, the chosen crusher has six elements and in case of failure of any of them, its operation stops for repair works for its replacement. That is why, it is natural to
consider the crusher as a system of six elements, connected in a series. This means, that if any of its components is damaged, there is a failure. The required number
of statistic data has been collected and processed, which, after using some elements of the reliability theory, describes the behavior in regard to the reliability of its
individual elements and the crusher as a whole. The possibility of failure-free operation of the whole crusher for a given quantity of processed ore is determined by the
probability multiplication theorem, thus allowing the forecast of machine failures and the amount of spare lining plates necessary for the next year. The obtained
results after the processing of the statistics unambiguously prove the correct choice of the jaw crusher under its conditions of operation.

Keywords: crusher, jaw, lining, reliability, failure.

ONPEAENAHE HA ®YHKUWATA HA HAOEXXOHOCTTA U BEPOATHOCTTA 3A BE3OTKA3HA PABOTA HA YENIOCTHA
TPOLLAYKA TWUMN CJ615:01

Uean Munun', Qumumbp Mumes?

"MuHHo-2eonoxku yHusepcumem ,Ce. eaH Purncku”, 1700 Cogpusi, e-mail: minin_ivan@abv.bg

2MunHo-2eonoxku yHugepcumem ,Cs. MeaH Puncku”, 1700 Cogpus, e-mail: dimitar_i_radi@abv.bg

PE3IOME. Pa3snpegeneHueto Ha OTKaauTe Ha €QMH eNeMeHT UMW edHa MallvHa OT JafeHa TEeXHOMOrMYHa NWHMS e OMWUT Ja Ce OMWlle MaTemaTuyecki
NPOLBITKUTENHOCTTA UM Ha XMBOT. HauMHbT Ha pasnpedeneHueTo ce OTpa3siBa Ha aHanWTMYHUS BUA HA TOBa pasnpefeneHve. B HacToswara paspabotka e
HanpaBeH onUT Aa Obge onpefeneHo pasnpeaeneHneTo Ha OTKasWTe Ha OCHOBHUTE ENEMEHTW Ha YemnCTHa TpoLlayka ChbC CIOXHO fiofeeHe Ha MopaBuXHaTa
4erniocT W3nonaeaHa 3a efpo TpoLLeHe W fa 6bae onpefeneHa BEPOSTHOCTTa 3a 6e30TkasHa paboTa Ha MalwmHaTa. B HacTosiwus cnyyai usbpaHata Tpoladkata
“Ma LIECT eNeMeHTa, KaTo Mpy MoBpefa Ha BCEkW efuH OT TaX - cvpa Aa paboTu 1 3anoyBaT PEMOHTHW AEMHOCTM No nogMsiHata My. ETo 3allo e ecTecTBeHO
Tpolaykata Aa 6bae pasrnexaaHa kato cucTema OT LIECT eneMeHTa, KoMTo ca MocnefoBaTeNHO CBbp3aHu. ToBa 03HayaBa, Ye KOWTO M OT eNnemMeHTUTe W Ja ce
noBpeau, UMa Hanmume Ha otka3. CbOpaHu ca u ca 06paboTeHn HeobxomumMusaT GpoN CTaTUCTUYECKU LaHHW, KOUTO CMEA M3NON3BaHe Ha HAKOW eneMeHTW OT
TEOopUsiTa Ha HaAEXAHOCTTa, ONUCBAT NOBEAEHUETO MO OTHOLIEHWE HA HAAEXKAHOCTTA Ha OTAENHUTE il ENEMEHTM U Ha TpolaykaTa B CbBKYNHOCT. BeposiTHocTTa 3a
6esoTkasHa paboTa Ha LsnaTa Tpolayka 3a AafeHo KonnyecTBo npepaboTeHa pyaa e onpeneneHa oT TeopeMaTta 3a YMHOXEHUE Ha BEPOSITHOCTUTE, KaTo Mo TO3u
Ha4uH mMorat Aa 6baaT NporHo3vpaHu 0TkasuTe Ha MaluMHaTa W KONMMYECTBOTO Ha Pe3epBHUTE OBNMLIOBBYHM MNoYM, HeoBXoaMMM 3a roguHa Hanpeg. onyyenuTe
pesyntaTu cnep obpaboTkata Ha CTaTUCTUYECKUTE AaHHWN HEeLJBYCMUCNEHO A0Ka3BaT NpaBUIHUS M3BOp Ha YentocTHaTa TpoLlayka 3a yCroBusTa 1 Ha exkcrinoaTawms.

Kniouosu AyMu: Tpowayka, YencTHa, 06]'IVIL|OBKa, HafexXaHOCT, 0TKas.

Introduction the stationary one, leading to the grinding of the material in the
crushing area, as well as the high quality of the design and

The object of the study is a jaw crusher type SANDVIK  Production of the machine.

CJ615:01. The investigated jaw crusher has a complex
swinging of the mobile jaw and works under extreme external
conditions - high humidity and temperature underground in
“Chelopech” mine. The sectional view of the 3D model of the
machine, showing the main crusher nodes, is presented on
Figure 1. The main elements and nodes that lead to the
crusher outages (refusals) are: the mobile jaw lining 1, the
stationary jaw lining 2, the lower lining plate on the left side 3, The companies that exploit such machines are restocked
respectively the lower lining plate on the right side, the top with spare parts due to the fact that these machines are single
lining plate on the left side 4, respectively - the top lining plate and they determine the productivity of the whole enterprise in
on the right side. This is due to the high abrasion of the ore order to reduce the outages for the repairs. The mode of
and the relative vertical movement of the moving jaw towards forecasting is brought to the arithmetic average of the required

The main question that may be set in the present study is if
there is a possibility to describe the behavior of a machine for
the disclosure of mineral beads (jaw crusher) and to make a
forecast of its failures for the planning of the necessary spare
parts and upcoming repairs through the methods of the theory
of probability and reliability.

11
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number of input nodes and elements based on a previous
year.

Fig. 1. A section of a jaw crusher type CJ615:01

The best solution in this case is to determine the parameters
of the crusher's operational safety based on the reliability
theory. A major problem for such a survey would appear during
the statistics collection when the machine is supplied with
spare parts and nodes from different manufacturers and of
different quality. In the present study this problem is avoided.

It can be expected the present study to prove that the
reliability theory can also be used to solve similar engineering
tasks in the mining industry.

Summary

The aim of the present study is to investigate the regularities
of altering the quality indicators over time by examining the
effect of external and internal impacts on the operation of a
machine for the disclosure of mineral beads - a jaw crusher, to
create methods and means for forecasting the technical
condition and to increase the reliability of such machines under
operational modes.

Hypothesis of the research. In the present study are
used some elements of the reliability theory to describe the
behavior of the crusher in terms of the reliability of its separate
elements.

In most cases in the literature the operational time without
stops is accepted as an argument. Here, however, it is
considered that it is more appropriate to choose the quantity of
processed ore, indicated with =0 as an argument.

An element starts working at a zero initial quantity of
processed ore and works until some quantity of ore is treated.
Once a randomly selected quantity of ore is processed, a
refusal occurs. It is assumed that the quantity of processed ore
is a random variable, characterized by its distributional function

Q(q)=P(x<q). The probability of reliable operation of an

element is expressed by the function P(q)=1-Q(q). It is

12

called a function of reliability and expresses the probability
(within a range of quantities of processed ore) not to occur a
refusal P(q)=1-—Q(q) . The graph of the probability of reliable

operation is a monotonically decreasing function. Its boundary
values are P(0) =1, P(wx0) =

The density of the distribution function will look like this.

fy (q) = 26~ (1)

The function of distribution itself iS'

J. fy (s)ds = fo (s)ds = jle ASds =

. - )
- _J-e_’lsd(—;ts) = —(e_’iq _e A0 ) —1-e 4 ¢>0
0

The mathematical expectation (the first initial moment) of the
random magnitude is:

a0 [o0] [e 0]
= _[ sfy (s)ds = J'sfx(s)d's = J.sie_’lsds =
—o0 0 0

o0 © 0
~[se e *5d(~As)= jsd( ’15) —se"ls‘o + je_ﬂsds =
0 0

» lim e"lq -1
= J. e_ﬂsds = _—q—)oo =—
] Pl A

3)
The second initial moment is:
o0 o0 0]

M(x?)= j s2 fy (s)ds = sz Iy (s)ds = j 2 ae S s =

—® 0
0

= J‘sze
0

o0 o0
= +2J.se_ﬂsds = —zj.sde_/ls =
A
0 0

/1Sd

0 e—/ls
© 2 f _
+_Ie j’sdsz_g—ozi
0o A A

0

—As

Then the dispersion and the mean squared deviation are
respectively: D(X):M(XZ)—M2 (x)=£2_i2=i2;
A5 A

1

=00 =/

In this case, the crusher has six elements, and in case of
failure of any of them the machine stops working. Therefore, it
is natural for the crusher to be considered as a system of six

A
-
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elements that are bonded in a series. This means that if any of
its components fails, the entire machine stops to operate.
Therefore, the probability of faultless operation of the entire
crusher for a given quantity of processed ore is determined by
the probability multiplication theorem:

6

Pr(9) =Pi(@)P2(q)P3(q).-Ps(@) =] [ P (9)
k=1

()

where Py (q) is the probability of faultiess operation of the k-
th element.

Further, the exponential distribution is perceived. In the case
of exponential distribution law, the following expressions are
used:

6
_q A
P]— (q) — e_ﬂ’lqe_ﬂQqe_ﬂﬁqe_ﬂ4qe_l5qe_ﬂﬁq =e ; ‘ (6)

For the statistical evaluation of each of the numbers
according to the law of large numbers the arithmetic average of
the measurements of failures of each detail of the crusher is
used:

(k=12,....6) is the number of measurements for the k-th
element of the jaw crusher.

Methodology used in processing the collected statistical
information. The collected statistical data includes the
quantity of processed ore up to the refusal of the relevant
element and are shown in tables for each element separately.
The recovery time is not taken into account, because it does
not affect the parameters of the technological scheme in which
the jaw crusher is included (the productivity of the crusher
significantly exceeds that of the subsequent machine).

A new table is created for each element, where the following
parameters are calculated:
X - quantity of processed ore;
f i — frequencies of failures;

P; = %— probability in the selected range;

C; = Y11 f:i - commutative frequencies;
F,(q) P, = P,_1*p, - distribution function of the
number of failures.

Finally, the mean squared processings of the relevant

n —
defected element ZX are calculated and its frequency of
i=1
1 — . The function of the failures distribution
~3 X
n&i=1

is then shown graphically.

failure 4; =

13

Results

Table 1.

Processing to failure of the lining of the mobile jaw, t
260000 2588282 4751942
430000 2716170 4884806
741000 2853338 5040704
946000 3000961 5149226
1155000 3279603 5384500
1288222 3393323 5428150
1634000 3508533 5612515
1780400 3672893 5747326
1906672 3880059 5877240
2016404 3391411 5986908
2151443 4122638 6153689
2292018 4385294 6471889
2398073 4542166

Table 2.

Processing of the data on the mobile jaw lining

= F P =
S 0 I 1 N
up to 100
thousands
tones 0 0 0 0
100 -300 1 0.066667 1 0.026316
300 - 500 1 0.066667 2 0.052632
500 -700 0 0 2 0.052632
700 - 900 1 0.066667 3 0.078947
900 - 1100 1 0.066667 4 0.105263
1100-1300 | 2 0.133333 6 0.157895
1300-1500 | O 0 6 0.157895
1500 - 1700 1 0.066667 7 0.184211
1700 - 1900 1 0.066667 8 0.210526
1900-2100 | 2 0.133333 10 | 0.263158
2100-2300 | 2 0.133333 12 | 0.315789
2300 - 2500 1 0.066667 13 | 0.342105
2500 - 2700 1 0.066667 14 | 0.368421
2700-2900 | 2 0.133333 16 | 0.421053
2900 - 3100 1 0.066667 17 | 0.447368
3100 - 3300 1 0.066667 18 | 0.473684
3300 - 3500 1 0.066667 19 05
3500-3700 | 2 0.133333 21 | 0.552632
3700 - 3900 1 0.066667 22 | 0578947
3900 - 4100 1 0.066667 23 | 0.605263
4100 - 4300 1 0.066667 24 | 0.631579
4300 - 4500 1 0.066667 25| 0.657895
4500 - 4700 1 0.066667 26 | 0.684211
4700 -4900 2 0.133333 28 | 0.736842
4900 - 5100 1 0.066667 29 | 0.763158
5100 - 5300 1 0.066667 30 | 0.789474
5300-5500 | 2 0.133333 32 | 0.842105
5500 - 5700 1 0.066667 33 | 0.868421
5700-5900 | 2 0.133333 35 | 0.921053
5900 - 6100 1 0.066667 36 | 0.947368
6100 - 6300 1 0.066667 37 | 0.973684
6300 - 6500 1 0.066667 38 1
over 6500 0 0 38 1
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The mean squared processing of the lining of the mobile jaw
is determined according to the expression:

n —_—
ZX1 = 3289588t

i=1

The frequency of failures of the mobile jaw lining
determined according to the expression:

1

1

A

1,2

12(1_? 3289588
n <=1

=0,00000030399

(8)

is

©)

) 10 20 30 40
q.t.10°

Fig. 2. Function of the failures distribution of the mobile jaw lining

Table 3.

Processing to failure of the stationary jaw lining, t
100000 2431687 4900638
170000 2507385 5009915
291000 2583882 5053807
390000 2653345 5074524
460000 2853338 5149226
600000 2938659 5223573
741000 3010407 5283548
831000 3183316 5360643
920000 3243216 5418268
998000 3307835 5486365
1088000 3367021 5543771
1155000 3424785 5603909
1222199 3496647 5671541
1288222 3551239 5723326
1380000 3632654 5797534
1453000 3704199 5859750
1520100 3787659 5223573
1589222 3875345 5903612
1653032 3959052 5956928
1734904 4038317 6020321
1823087 4122638 6074115
1901672 4203058 6145988
1922872 4279537 6208227
2016404 4347190 6348133
2071144 4439932 6377159
2134132 4502920 6440220
2193903 4578009 6499980
2262885 4658993 6567663
2321950 4746682
2370520 4826970
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Table 4.
Processing of the data on the stationary jaw lining

v Fy (Q) P, =

X fl Pi Ci Pn—1+pn
Upt0 100000 | 4| g 091414111 |1 | 0.011111111
tones
100 -300 2 | 0.022222222 | 3 | 0.033333333
300 - 500 2 | 0.022222222 |5 | 0.055555556
500 -700 1 0.011111111 | 6 | 0.066666667
700 - 900 2 | 0.022222222 | 8 | 0.088888889
900 - 1100 3 ] 0.033333333 | 11 | 0.122222222
1100 - 1300 3 ] 0.033333333 | 14 | 0.155555556
1300 - 1500 2 | 0.022222222 | 16 | 0.177777778
1500 - 1700 3 ] 0.033333333 | 19 | 0.211111111
1700 - 1900 3 ] 0.033333333 | 22 | 0.244444444
1900 - 2100 4 | 0.044444444 | 26 | 0.288888889
2100 - 2300 3 ] 0.033333333 | 29 | 0.322222222
2300 - 2500 3 ] 0.033333333 | 32 | 0.355555556
2500 - 2700 3 ] 0.033333333 | 35 | 0.388888889
2700 - 2900 3 ] 0.033333333 | 38 | 0.422222222
2900 - 3100 2 | 0.022222222 | 40 | 0.444444444
3100 - 3300 2 | 0.022222222 | 42 | 0.466666667
3300 - 3500 4 | 0.044444444 | 46 | 0.511111111
3500 - 3700 2 |0.022222222 | 48 | 0.533333333
3700 - 3900 3 ]10.033333333 | 51 | 0.566666667
3900 - 4100 2 | 0.022222222 | 53 | 0.588888889
4100 - 4300 3 ] 0.033333333 | 56 | 0.622222222
4300 - 4500 2 | 0.022222222 | 58 | 0.644444444
4500 - 4700 3 ] 0.033333333 | 61 | 0.677777778
4700 -4900 3 10.033333333 | 64 | 0.711111111
4900 - 5100 3 | 0.033333333 | 67 | 0.744444444
5100 - 5300 3 10.033333333 | 70 | 0.777777778
5300 - 5500 3 10.033333333 | 73 | 0.811111111
5500 - 5700 3 10.033333333 | 76 | 0.844444444
5700 - 5900 3 ] 0.033333333 | 79 | 0.877777778
5900 - 6100 4 | 0.044444444 | 83 | 0.922222222
6100 - 6300 2 | 0.022222222 | 85 | 0.944444444
6300 - 6500 4 | 0.044444444 | 89 | 0.988888889
over 6500 1 0.011111111 | 90 | 1

The mean squared processing of the stationary jaw lining is
determined according to the expression:

n —_—
3" Xy = 34509521
i=1

(10)

The frequency of failures of the stationary jaw lining is
determined according to the expression:

1 1

A= = =0,00000029 (11)
1zn X 3450952
n I:1

Table 5.

Processing until failure of the lower lining plate on the left side,t
330000 2016404 4077326
741000 2398073 4578009
1033000 2853338 5149226
1288222 32796103 5612515
1734904 3704199 6020321
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Table 6. Table 8.
Processing of the data on lower lining plate on the left side Processing of the data on lower lining plate on the right side
v Fx(‘l) P, = v Fx(q) P, =
X Ji P G Py—1tPn X Ji i G Py—1tpn
up to100 up 0100
thousands thousands
tones 0 0] 0 0 tones 0 0] 0 0
100 -300 0 0] 0 0 100 -300 0 0] 0 0
300 - 500 1 0.0666667 | 1 0.066667 300 - 500 1 0.0666667 | 1 0.066667
500 -700 0 0 1 0.066667 500 -700 0 0] 1 0.066667
700 - 900 1 0.0666667 | 2 0.133333 700 - 900 1 0.0666667 | 2 0.133333
900 - 1100 1 0.0666667 | 3 0.2 900 - 1100 1 0.0666667 | 3 0.2
1100 - 1300 1 0.0666667 | 4 0.266667 1100 - 1300 1 0.0666667 | 4 0.266667
1300 - 1500 0 0| 4 0.266667 1300 - 1500 0 0| 4 0.266667
1500 - 1700 0 0| 4 0.266667 1500 - 1700 0 0| 4 0.266667
1700 - 1900 0 0| 4 0.266667 1700 - 1900 0 0| 4 0.266667
1900 - 2100 1 0.0666667 | 5 0.333333 1900 - 2100 1 0.0666667 | 5 0.333333
2100 - 2300 0 0| 5 0.333333 2100 - 2300 0 0] 5 0.333333
2300 - 2500 1 0.0666667 | 6 0.4 2300 - 2500 1 0.0666667 | 6 0.4
2500 - 2700 0 0| 6 0.4 2500 - 2700 0 0] 6 0.4
2700 - 2900 1 0.0666667 | 7 0.466667 2700 - 2900 1 0.0666667 | 7 0.466667
2900 - 3100 0 0| 7 0.466667 2900 - 3100 0 0] 7 0.466667
3100 - 3300 1 0.0666667 | 8 0.533333 3100 - 3300 1 0.0666667 | 8 0.533333
3300 - 3500 0 0| 8 0.533333 3300 - 3500 0 0| 8 0.533333
3500 - 3700 0 0| 8 0.533333 3500 - 3700 0 0| 8 0.533333
3700 - 3900 1 0.0666667 | 9 0.6 3700 - 3900 1 0.0666667 | 9 0.6
3900 - 4100 1 0.0666667 | 10 0.666667 3900 - 4100 1 0.0666667 | 10 0.666667
4100 - 4300 0 010 0.666667 4100 - 4300 0 0] 10 0.666667
4300 - 4500 0 010 0.666667 4300 - 4500 0 0] 10 0.666667
4500 - 4700 1 0.0666667 | 11 0.733333 4500 - 4700 1 0.0666667 | 11 0.733333
4700 -4900 0 011 0.733333 4700 -4900 0 0] 11 0.733333
4900 - 5100 0 0| M 0.733333 4900 - 5100 0 0] 1 0.733333
5100 - 5300 1 0.0666667 | 12 0.8 5100 - 5300 1 0.0666667 | 12 0.8
5300 - 5500 0 0112 0.8 5300 - 5500 0 0112 0.8
5500 - 5700 1 0.0666667 | 13 0.866667 5500 - 5700 1 0.0666667 | 13 0.866667
5700 - 5900 0 0113 0.866667 5700 - 5900 0 0] 13 0.866667
5900 - 6100 1 0.0666667 | 14 0.933333 5900 - 6100 1 0.0666667 | 14 0.933333
6100 - 6300 0 0| 14 0.933333 6100 - 6300 0 0] 14 0.933333
6300 - 6500 1 0.0666667 | 15 1 6300 - 6500 1 0.0666667 | 15 1
over 6500 0 01]15 1 over 6500 0 0] 15 1

The mean squared processing of the lining of the lower lining
plate on the left side is determined according to the
expression:

n —_—
D X1 =29877743t
i=1

(12)

The frequency of failures of the lower lining plate on the left
side is determined according to the expression:
1 1

A= = =0,000000335 (13)
1zn X 29877743
n I=1

Table 7.

Processing until failure of the lower plate on the right side, t
330000 2016404 3704199 5612515
741000 2398073 4077326 6020321
1033000 2853338 4578009 6359732
1288222 3279603 5149226
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The mean squared processing of the lining of the lower lining
plate on the right side is determined according to the
expression:

n —_—
Z X1 =3396065¢
i=1

The frequency of failures of the lower lining plate on the right
side is determined according to the expression:

1 1
12(17 x 3396065
n&~i=1

(14)

A =0,000000294 (15)

Table 9.
Processing until failure of the upper lining plate on the left side,
t

741000
1653032
2398073

3279603
4077326
5149226

6020321
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Table 10. Table 12.
Processing of the data on the upper lining plate on the left side Processing of the data on the upper lining plate on the right
3 £ P, C, F.(@) B, = side

Py-1*py X fi P, C Fr(@) P, =
Up to 100 ) ! ! P,_1tp,
thousands Up to 100
tones 0 0] 0 0 thousands
100 -300 0 0] 0 0 tones 0 0] © 0
300 - 500 0 0] 0 0 100 -300 0 0] © 0
500 -700 0 0] 0 0 300 - 500 0 0] © 0
700 - 900 1 0.142857 | 1 0.142857 500 -700 0 0] © 0
900 - 1100 0 0] 1 0.142857 700 - 900 1 0.142857 | 1 0.142857
1100 - 1300 0 0] 1 0.142857 900 - 1100 0 0] 1 0.142857
1300 - 1500 0 0] 1 0.142857 1100 - 1300 0 0] 1 0.142857
1500 - 1700 1 0.142857 | 2 0.285714 1300 - 1500 0 0] 1 0.142857
1700 - 1900 0 0] 2 0.285714 1500 - 1700 1 0.142857 | 2 0.285714
1900 - 2100 0 0] 2 0.285714 1700 - 1900 0 0] 2 0.285714
2100 - 2300 0 0] 2 0.285714 1900 - 2100 0 0] 2 0.285714
2300 - 2500 1 0.142857 | 3 0.428571 2100 - 2300 0 0] 2 0.285714
2500 - 2700 0 0] 3 0.428571 2300 - 2500 1 0.142857 | 3 0.428571
2700 - 2900 0 0] 3 0.428571 2500 - 2700 0 0] 3 0.428571
2900 - 3100 0 0] 3 0.428571 2700 - 2900 0 0] 3 0.428571
3100 - 3300 1 0.142857 | 4 0.571429 2900 - 3100 0 0] 3 0.428571
3300 - 3500 0 0] 4 0.571429 3100 - 3300 1 0.142857 | 4 0.571429
3500 - 3700 0 0] 4 0.571429 3300 - 3500 0 0] 4 0.571429
3700 - 3900 0 0] 4 0.571429 3500 - 3700 0 0] 4 0.571429
3900 - 4100 1 0.142857 | 5 0.714286 3700 - 3900 0 0] 4 0.571429
4100 - 4300 0 0] 5 0.714286 3900 - 4100 1 0.142857 | 5 0.714286
4300 - 4500 0 0] 5 0.714286 4100 - 4300 0 0] 5 0.714286
4500 - 4700 0 0] 5 0.714286 4300 - 4500 0 0] 5 0.714286
4700 -4900 0 0] 5 0.714286 4500 - 4700 0 0] 5 0.714286
4900 - 5100 0 0] 5 0.714286 4700 -4900 0 0] 5 0.714286
5100 - 5300 1 0.142857 | 6 0.857143 4900 - 5100 0 0] 5 0.714286
5300 - 5500 0 0] 6 0.857143 5100 - 5300 1 0.142857 | 6 0.857143
5500 - 5700 0 0] 6 0.857143 5300 - 5500 0 0] 6 0.857143
5700 - 5900 0 0] 6 0.857143 5500 - 5700 0 0] 6 0.857143
5900 - 6100 1 0.142857 | 7 5700 - 5900 0 0] 6 0.857143
6100 - 6300 0 0] 7 1 5900 - 6100 1 0.142857 | 7
6300 - 6500 0 0] 7 1 6100 - 6300 0 0] 7 1
over 6500 0 0] 7 1 6300 - 6500 0 0] 7 1

over 6500 0 0] 7 1

The mean squared processing of the lining of the upper lining
plate on the left side is determined according to the
expression:

n —
ZX1 = 333127t
i=1
The frequency of failures of the upper lining plate on the left
side is determined according to the expression:
1 1

12()_? 333127
n <=1

(16)

Jj =0,0000003 (17)

Table 11.
Processing until failure of the upper lining plate on the right
side, t

741000 3279603 6020321
1653032 4077326
2398073 5149226

16

The mean squared processing of the lining of the upper lining
plate on the right side is determined according to the
expression:

n —
3" X1 = 3331226t (18)

i=1

The frequency of failures of the upper lining plate on the right
side is determined according to the expression:

_ 1 1
12(1_ x 3331226
n“~i=1

Jj —0,0000003 (19)

Determination of the probability of failure of the jaw
crusher. The probability of faultless operation of the entire
crusher for a given quantity of processed ore is determined by
the multiplication probability theorem:



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 60, Part Ill, Mechanization, electrification and automation in mines, 2017

PT (q) — e_qﬂ'] e_q/lQ e_qﬂﬁ le_qﬂ’4 e_qﬂf) e_qﬂ‘ﬁ =

(20)
6
_ e_qZk:/Ik

Therefore, there is obtained:

—q(0,00000034-+-0,00000029+-0,00000335+

Pr ( q) — ¢+0.000000294+0,0000003+0,0000003)  _ e—q(0,0000001823)

(21)
The probability of failure of the entire jaw crusher in the
average work until failure of the examined elements:

n —
ZX i =3297800¢ - the processed ore equals to:
i=1

—-3297800(0,00000034+0,00000029+0,00000335+
Pr (q) — ¢+0,000000294-+0,0000003+0,0000003)

_ ¢3297800(0,0000001823) _ ) 545
(22)

Conclusions

In conclusion, it can be said that through the methods of the
theory of probability and reliability the behavior of machines for
the disclosure of mineral beads (in this case jaw crusher) can
be expressed, and the failures for planning of the necessary
spare parts and upcoming repairs can be predicted.

From the last parameter it can be concluded that the
probability of the crusher to fail in its annual operating is about
50%.

17

All this leads to the conclusion that this machine is very
reliable and with high operational safety parameters and two
sets of spare parts are necessary per year.

As a further task, heuristic algorithms and computer
programs for analyzing and accumulating data, characterizing
the life cycle of machines and systems used in the mining
industry can be created.
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SPECIFYING THE METHODOLOGY FOR THE CALCULATION OF VIBRATORY FEEDERS

Hristo Sheiretov

University of Mining and Geology “St.Ivan Rilski” Sofia, sheiretov@abv.bg

ABSTRACT. A methodology for the calculation of vibratory feeders is developed. The frequency of the vibrations, the dimensions of the discharge section of the bin,
the length of the feeder's chute, the width and the height of the feeder's chute, the material velocity, and the amplitude of the vibrations are determined. Motor-
vibrators are chosen for feeder's drive. On the basis of the developed methodology a concrete example is solved.

The developed methodology may be useful for the students, and also for the specialists, working in the mining and processing industry.

Keywords: chute, vibration, frequency, amplitude, motor-vibrator

YTOYHABAHE HA METOOMKATA 3A U3YUCNABAHE HA BUBPALIMOHHW 3AXPAHBAYU
Xpucmo Lllelipemos
MurHo-eeonoxku yHusepcumem ,Ce.Mear Puncku”, 1700 Cocbus, sheiretov@abv.bg

PE3IOME. PaspaboTeHa e MeToavKa 3a U3uucnsaBaHe Ha BUBpaLmMoHH 3axpaHBadn. OnpenensT ce YecToTata Ha TPenTeHUsTa, pasMepuTe Ha pasToBapHaTa 4act
Ha ByHKepa 1 [bITKMHATA Ha yrest Ha 3axpaHBaya, WWPMHATA W BUCOYMHATA Ha Yriest Ha 3axpaHBaya, CKOpOCTTa Ha TPaHCTOPTMPaHe Ha MaTepuarna v amMniuTyaata
Ha TpenTeHusTa. M3bupar ce MoTop-BUGpaTOpY 3a 3aBIKBAHE Ha 3axpaHBada. Ha Ga3ata Ha paspaboTeHaTa METOAMKA € PeLleH KOHKpETEH MpUMep.
PaspafoteHaTa MeToauMka MOXe [a Ce M3NON3yBa kakTo OT CTyAEHTUTE, Taka M OT crieupanicTuTe, kouto paboTar B MuHHoJOBMBHATA M NpepaboTeaTenHata
MPOMULLIEHOCT.

Kniouosu AyMu: yneﬁ, TpenTeHe, YeCToTa, aMnnTyda, MOTOp-BMGpaTOp

Introduction plants - for feeding limestone to the belt conveyors; in power
stations - for feeding gypsum and slag to the crushers.

The vibratory feeder (fig.1) is an inclined chute, hanged on The advantages of the vibratory feeders are the simple and
springs under the unloading outlet of the bin. The chute is light construction, the small energy consumption and the small
carried out in remprocat.mg motion with the help of a ylpra_ltor. wearing out of the chute. The disadvantages are difficult
The material loaded in the chute accomplishes infinitely transportation of wet, stick and dust materials and the transfer
follgvy|ng one after another short movemgnts forward with a of the vibratory loads to the supporting structure.
definite velocity. The particles of the material move away from
the bottom of the chute and move with micro jumps. Since the vibratory feeders are vibratory conveyors with

) ) ) small length, the methodologies for the calculation of the

The vibratory feeders are driven by an electromechanical or yipratory conveyors are used for their calculation. But the
electromagnetic vibrator, situated under the bottom of the calculation of the vibratory feeders has some peculiarities.
chute, or by two synchronized motor-vibrators, attached to the
both sides of the chute (Fig.1). In order to ensure the The methodologies for the calculation of the vibratory
movement of the material in a definite direction the vibrators conveyors are given in the literature, referring the mining
are mounted in such a way, so that the line of action of the transport and the transport machines with continuous action.
excitation force is directed at a definite acute angle a toward However, a methodology for the calculation of vibratory
the longitudinal axis of the chute. feeders is not given. In some company manuals are given

, , , recommendations for the dimensioning and choice of some

The wbratory feeders are used for unloading the bins and elements of the vibratory feeders.
uniformly feeding the material to crushers and belt conveyors
(of dry, both fine and coarse materials); in the loading points of In Jost vibratory feeders and Syntron heavy industry feeders
the open pit mines, the concentration and floatation plants - for are given the technical characteristics of the vibratory feeders,
feeding rock, ore and coal to the crushers and from the designed for tough work conditions in the mining and
crushers to the belt conveyors; in the concrete stations - for processing industry, schemes for determination of the
feeding sand and gravel to the belt conveyors; in cement dimensions of the unloading section of the bins and guides for

the choice of the velocity of transportation.
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Fig.1. Scheme for the calculation of the vibratory feeder
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L - length of the chute; B - width of the chute; h - height of the chute; a, a' - lengths of the sides of the bin's outlet; H - height of the
outlet of the transitional section of the bin; T - height of the outlet of the transitional section of the bin; & - angle of repose of the
material; 8 - angle of inclination of the feeder; a - angle between the line of action of the excitation force and the longitudinal axis of

the ¢

bottom of the chute
1 - shutter for opening and closing the bin; 2 - shutter for regulating the thickness of the layer of the material; 3 - motor-vibrator

i n = 3000 min™
v’ [m/s]
1 1 1 1 1 oy
I 1 I I I -
0,1 0,2 0,3

hdte; x - distance between the front end of the chute and the material; y - distance between the back wall of the chute and the

Fig. 2. Graphs for determination of the amplitude of the vibrations of the vibratory
feeders

A - amplitude of the vibrations;

v'- velocity of material;

n - frequency of the vibrations;

a - angle between the line of action of the excitation force and the
longitudinal axis of the chute
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In ltalvibras are given the technical characteristics of motor-
vibrators and a methodology for their choice.

In Spivakovskii (1983) is given the theory of determination of
the working regime (subresonant and overresonant) of the
vibratory conveyors and a methodology for their calculation.

The aim of the present work is, on the basis of these
references, a complete methodology for the calculation of
vibratory feeders to be developed. A concrete example for a
vibratory feeder with two motor-vibrators is solved.

Input data

The input data for the feeder's calculation is:
- Kind of the transporting material - crushed bauxite, sized;
- Density of the material p = 1.3 t/m3;
- Angle of repose of the material 6o= 30°;
- Maximum size of the materials particles amax= 75mm;
- Angle of inclination of the feeder §=-8° (8 =-5 + -10°);

y is recommended to be chosen (Jost vibratory feeders):
ymin=30mm npu n=3000min-!; ymin=40mm npu n=1500min-";
Ymin=60mm npu n=1000min-!; ymi»=80mm npu n = 750min-. For
the calculated example it is accepted that y=ymin=60mm;

- The minimum length of the chute is determined
Lmin=L"+x=1440+300=1740mm=1.74m, where L'is the distance
between the intersection point of the line of the bottom of the
chute and the line of material and the point, corresponding to
the end of the bin's back wall. The distance L' is obtained
graphically according to the scheme on Fig.1. The distance x is
accepted to be x=300mm = 150mm;

- A check is made T/H=560/490 = 1.14 = 0.7+1.25. The height
of the outlet H = 490mm is obtained according to the scheme
on Fig. 1. A standard length of the chute is accepted from
Table 2 L =2m > Lyin=1.74m.

Table 2.

Chute's dimensions and mass of the vibratory feeders
(Jost vibratory feeders)

With two electromechanical motor-vibrators (L = 1+2.5m)

- Necessary output of the feeder Q' = 650 t/h; B [m] 04 05 06 08
- Bin's outlet dimensions a = a'= 950mm = 0.95m. hm] 015 015 02 02
. . L [m] 1;1.5;2 1;1.5;2 1;1.5;2 1;1.5;2
Frequency of the vibrations mikg] | 155;190; | 165;205; | 180;250: | 650 760:
250 280 300 1140
The frequency of the vibrations n is chosen from Table 1 B[m] 1 12 14 16
according to the size of the material. h [m] 02 0.2 0.2 0.2
L [m] 1;2,25 | 152,25 | 1.5;2;25 2,25
Table 1. - . 730,1010; | 810;1130; | 1340, | 1730;
Recommended frequency of the vibrations of the vibratory m [kg] 1150 1380 1750: 1920:
feeders (Syntron heavy-industry feeders) 1960 2350
Maximum size of the particles | <10 | 10-100 | >100
of the material @max [mm] With two electromechanical motor-vibrators (L = 3+6m)
Frequency of the vibrations 1500; | 1000; 750; B[m] 0.4 0.5 0.6 0.8
n [min-1] 3000 | 1500 1000 hm] 0.25 0.25 0.25 0.25
Llm] | 3;4;5;6 3;4;5;6 3;4;5;6 3;4;5;6
Length of the chute of the feeder mlkg] | 365;525; | 470;635; | 505;680; | 650;770;
750; 855 | 800;890 | 855; 1090 1090;
The length of the chute L is determined graphically by the 1245
scheme, showed in Fig.1, according to the angle of repose & B[m] 1 1.2 1.4
and the height of the outlet H of the transitional section of the h[m] 0.25 0.25 0.25
bin. The height H is dependent on the size of the bin's outlet a. L [m] 3;4,5,6 3,4,5,6 3;4,5,6
The drawing is done in the following sequence (according to m [kg] 725; 1040; 800; 1150; 1140; 1590;
Jost and Syntron): 1235; 1390 1365; 1810 1890; 2400
- The size ¢=(0.3+0.6).a=0.56.950=530mm is determined and ) o
a vertical line is passed on the distance ¢ from the beginning of With an electromagnetic vibrator (L = 0.75+2.5m
the bin's outlet; Bm] 0.2 0.4 0.6
- An inclined line is produced at an angle 60° toward the hm] 0.2 0.2 0.2
horizontal line to the intersection with the vertical line. An Lim] 0.75; 1; 1;1.25;1.5;1.75 1.25;1.5;
intercept is obtained, which refers to the bin's back wall; 1.25,1.5 1.75,2
- A vertical intercept is produced from the end point of the bin's mlkg] | 82;110; 125; 185; 195,205 | 210; 300;
outlet to a point, which is at a distance T from the bin's back 115; 125 315; 330
wall, where T=560mm 2 4.ama=4.75=300mm for sized material B[m] 0.8 1 1.2
and T2 2.amax for unsized material; h[m] 0.25 0.25 0.25
- From the end point of the vertical intercept an inclined line is Lim] | 1.51.75;2; 1.5;2;2.25;2.5 1.5;2; 2.25;
produced at an angle &=30°. This line determines the position 2.25 2.5
of the material; mlkg] | 355;395; 390; 675; 710; 735 660; 775;
- An inclined line is produced, which is at an angle $=8° to the 420; 670 1440; 1490

horizontal line, and is at a distance y from the point,
corresponding to the end of the bin's back wall. This line
corresponds to the bottom of the chute. The minimum distance

20

B - width of the chute; h - height of the chute; L - length of the
chute; m - mass of the feeder including the mass of the
vibrator.
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Width and height of the chute of the feeder

The width of the chute B=1.2m and the height of the chute h
=0.2m are chosen from Table 2. The following conditions must
be satisfied:

B=1200mm 2 a'+y =950 + 60 = 1110 mm (1)

Q=3600.v.0.y.ks.Bh= Q , th 2)

Q=3600.0,23.1,3.2.1,3.1,20,2=670 th> Q = 650 th,

where: v [m/s] - velocity of transportation of the material for a
horizontal chute (it is chosen from Table 3; when amax = 75mm
and a drive with two motor-vibrators it is accepted v=0.23m/s);
w - chute filling coefficient (y=2; it is assumed, that the height
of the material's layer is two times greater than the height of
the chute);

ks - coefficient, which refers to the increasing of the
transportation velocity with the increasing of the inclination of
the chute (it is accepted from Table 4; (Spivakovskii, 1983)
when 8 =-8° ks=1.3).

Table 3.

Recommended velocities for transportation of the material on a
horizontal chute v [m/s] for the vibratory feeders (Syntron
heavy-industry feeders)

Maximum size of the pieces of the | <10 | 10- >100
material amax [mm] 100

For an electromagnetic vibrator 015 | 0.13 0.11

For an electromechanical vibrator

or two electromechanical motor- 025 | 0.23 0.19

vibrators

Table 4.

Coefficient, which refers to the increase of the output of the
feeder with the increase of the angle of inclination
(Spivakovskii)

B[] -5 -8 -10 12

1.2 1.3 14 1.5

ks 1

Amplitude of vibrations

The amplitude of vibrations A [mm] is determined from the
graphs shown on Fig.2 depending on the frequency of the
vibrations n [min] and the velocity of transportation
v' = vkg = 0,23.1,3 = 0,3m/s. When n = 1000min-' and
v'=0.3m/s A =5.5mm.

The graphs are drawn at an angle between the line of action
of the excitation force and the longitudinal axis of the feeder
a = 25°. Itis recommended for bin feeders to take a = 25°, and
for screens — a = 35 or 45° (Italvibras).

21

Choice of motor-vibrators

The motor-vibrators are chosen from Table 5 according to
the frequency of vibrations n [min-'] and the necessary kinetic
moment M [kg.mm]:

M, =0,5.m.A=0,5.1130.5,5 = 3110 kg.mm, (3)
where: m [kg] - mass of the feeder (it is given in Table 2 for the
chosen dimensions of the chute; when B = 1.2m, h = 0.2m and
L =2m the mass is m = 1130kg).

Motor-vibrators are chosen with the following parameters:
frequency of the vibrations (synchronous frequency of rotation
of the electric motor) n = 1000min-'; kinetic moment My =
5838kg.mm > Mk = 3110kg.mm; power of the electric motor
Poe= 4.3kW.

Table 5.
Characteristics of the motor-vibrators (ltalvibras)

n=3000min' | Mk 153; 179; 205; 230; 344; 387,
[kg.mm] | 515; 895
Pos [KW] | 1.4;2;2.2;2.2;4;4;5;9.3
n=1500mint | Mk 163; 219; 286; 415; 561; 715;
[kg.mm] | 958; 962; 1507; 1526; 1990;
2598; 3260; 2246; 4544
Pas [kW] | 0.3; 0.3; 0.525; 0.55; 0.9; 1.1; 1.6;
1.6;2.2;2.2;3.6;6;7,7.5,10
M 163; 286; 457; 723; 1012; 1443;
n=1000min"' | [kg.mm] | 1464; 2309; 2326; 3422; 2658;
5838; 6083; 7197; 7752; 8673;
10996; 12662; 15500; 20025
Pas [kW] | 0.18; 0.35; 0.35; 0.68; 0.75; 1.1;
1.1;1.96; 1.96; 2.5; 3.8; 4.3; 5; 7;
7.5;7.6;9;10.6; 13; 19
M 163; 286; 458; 722; 1012; 1443;
n=750mint | [kg.mm] | 1464; 2309; 2326; 3421; 4658;
5838; 7197; 12390; 13816;
17946; 21337, 28633
Pas [kW] | 0.23; 0.28; 0.35; 0.4; 0.4; 0.95;
0.95; 1.5;1.5; 2, 2.8; 4; 3.9; 6.8;
7.6;9.2;104;12.5

n - frequency of the vibrations (synchronous frequency of
rotation of the electric motor); Mx - kinetic moment; Pos - power
of the electric motor.

Conclusions

In the present paper, a methodology for the calculation of
vibratory feeders is developed, based on several references,
which consider the vibratory conveyors and the vibratory
feeders.

The developed methodology may be useful for the students,
and also for the specialists, working in the mining and
processing industry.
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CALCULATION OF THE MECHANISM FOR THE STRETCHING AND RETRACTING OF
THE BOOM OF A TRUCK MOUNTED CRANE

Hristo Sheiretov

University of Mining and Geology “St.Ivan Rilski” Sofia, sheiretov@abv.bg

ABSTRACT. A methodology for the calculation of the mechanism for the stretching and retracting of the telescopic boom of a truck mounted crane is developed. The
necessary force of the piston rod of the hydraulic cylinder for the stretching of the boom is determined using the principle of mechanics for the possible displacements
of the telescopic boom with the load. Two cases are considered - at maximum and minimum angle of inclination of the boom, and at maximum angle a greater force is
obtained. At first the problem is solved when the friction forces between the separate sections of the boom and the resistance in the rollers of the lifting polyspasts are
ignored, and after that the obtained forces are corrected by the relevant coefficients. The necessary diameter of the piston and the necessary displacement of the
hydraulic cylinder for the stretching and retracting of the boom are determined, and after that a hydraulic cylinder is chosen. The working liquid consumption of the
hydraulic cylinder is determined. The maximum forces in the ropes of the polyspasts for the stretching and retracting of the upper section of the boom are determined
and ropes are chosen.

On the basis of the developed methodology a concrete example is solved for the crane KC-45717, mounted on the truck chassis KamAZ.

Keywords: telescopic boom, tackle block, hydraulic cylinder, cable

U34YUCNABAHE HA MEXAHU3MA 3A PA3IMBbBAHE U MPUBUPAHE HA CTPEJTATA HA ABTOMOBUIEH KPAH
Xpucmo Llleiipemos
MunHo-2eonoxku yHugepcumem ,Ce.Mean Puncku”, 1700 Cogpusi, sheiretov@abv.bg

PE3IOME. Pa3paboTeHa e MeToauKa 3a U34UCrsBaHE Ha MexaHu3Ma 3a pasmbBaHe W NpubupaHe Ha TeneckonnyHata cTpena Ha asTomobuneH kpaH. Onpegenexa e
Heobxoaumata cuna Ha ByTamHus MPbT Ha XMAPOLUMIMHOBPA 32 PasMbBaHETO Ha CTpenaTta, kaTo Ce M3XOoXaa OT MPUHMLMNA Ha MeXaHukata 3a Bb3MOXHUTE
NpeMecTBaHNS Ha TeneckonuyHaTa cTpena ¢ Toapa. Pasrnefanu ca fBa crydyas - Mpyu MakcuMarneH v Npy MUHMManeH brbi Ha HaKMoH Ha CTpenara, kaTo no-
ronsMa cuna ce nonyyasa Nnpu MakcUManeH brbf Ha HaknoH. [TbpBoHayanHo 3afayata e pelueHa kato ce npeHebpersaT cunnTe Ha TpUEHe MEXAY OTAenHuTe
CeKUMW Ha CTpenaTta M CbNPOTUBIIEHNETO NPY BLPTEHETO HA POMKWTE OT MOLEMHMS MONMCNACT, CNied KOETO MOMyYeHUTe CUMKM Ce KOpUrpaT Ype3 CbOTBETHUTE
koecuumenTn. Onpegenenn ca HeobXxoauMUsT AnameTbp Ha ByTanoTo u HeobXoaUMMAT X0 Ha XMAPOLMIMHABPA 3a pasmbBaHe M npubupaHe Ha cTpenarta, cneg
koeTo e u3bpaH xuppouunuHabp. OnpeaeneH e pasxoabT Ha paboTHa TEYHOCT Ha XuapouunmuHabpa. OnpeaeneHn ca MakCUManHWTe CUiM BbB BbXETaTa Ha
nonucnacTuTe 3a pasnbBaHe W NpubupaHe Ha ropHaTa CekLms Ha CTpenaTa v ca u3bpaHu Bbxeta.

Ha 6a3aTa Ha pa3paboTeHaTa MeToamKa e peLUeH KOHKpeTeH npumep 3a kpaH KC - 45717, MOHTVpaH Ha aBToMoBMIHO Wwack KamA3.

KniouoBu AYMU: TeneckonnyHa cTpena, nonucnact, XapounnnHabp, Bbxe

Introduction the Russian standard for the cables, used in the truck cranes,
is given.

Thg methodqlogies for the calculation of thg mechanisms for The aim of the present work is the development of a
hoisting, tra\{el|ng, slewing and boom inclination of the cranes methodology for the calculation of the mechanism for the
are given 1n the textbooks, referring to the load lifting stretching and retracting of the boom on the basis of these
machines, but a methodology for the calculation of the references. With the help of this methodology a concrete
mechanism for the stretching of the boom is not given. example is solved.

In Reutov (2013) equations for the calculation of the forces in The boom of the crane KS-45717 (Fig.1) (Kran strelovoi
the hydraulic cylinder and the cables for the stretching and avtomobilnai KS 45717K-1) is three sectional telescopic. It
retracting of the boom of a truck mounted crane are obtained. consists of a base section 4, a middle stretching section 2 and
Calculations with and without the regard to the friction forces an upper stretching section 1. The mechanism for the
between the sections and the resistances in the hoisting tackle stretching and retracting is mounted on the boom.
block s done. The sections of the boom have rectangular welded

In Sharipov (2002) a methodology for the calculation of the construction. In the front and back end of the movable sections
hydraulic drives is given. In ,Kran strelovoi avtomobilnai KS are mounted the plastic plates 9, which guide the sections
45717K-1" the design and the technical parameters of the during their movement.

calculated crane are given. In “Kanat dvoinoi svivki (GOST)”
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Scheme of the tackle block for the
stretching of the upper section of the
boom

Scheme of the tackle block for the
refracting of the upper section of the
boom

Fig. 1. Telescopic boom of the truck mounted crane KS-45717

1 - upper section; 2 - middle section; 3 - frame-restrictor of the hoisting cable; 4 - base section of the boom; 5 - bracket of the
hydraulic cylinder; 6 - cables for the stretching of the upper section; 7 — hydraulic cylinder for stretching and retracting the
boom,; 8 - cable for the retracting of the upper section; 9 - plastic plates; 10, 11 - tackle blocks

Fe1 - tension in the cable for the stretching of the upper section of the boom; Fe: - tension in the cable for the retracting of the
upper section of the boom; F - force of the piston rod or the hydraulic cylinder for the stretching or retracting of the boom
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The mechanism for the stretching and retracting of the
sections of the boom consists of the hydraulic cylinder 7 and
two cable tackle blocks. The cylinder ensures the movement of
the middle section of the boom and the tackle blocks - the
synchronic movement of the upper section of the boom when
the middle section is moved.

The piston rod of the hydraulic cylinder 7 is attached to the
back of the base section 4. The cylinder is attached to the back
of the middle section 2. On the front end of the hydraulic
cylinder 7 is mounted the bracket 5 with the blocks 10.

The tackle block for the stretching of the boom consists of
the blocks 10 and the two cables 6. One of the ends of the
cables 6 is attached to the back of the upper section 1 and the
other - to the back of the base section 4.

The tackle block for the retracting of the boom consists of the
block 11, mounted on the back of the middle section 2, and the
cable 8. One of the ends of the cable 8 is attached to the back
of the upper section 1 and the other - to the front end of the
base section 4.

The length of the boom in unstretched position is 9m. When
the middle section is moved toward the base section at a
distance of 6m, which is equal to the stroke of the hydraulic
cylinder, the upper section is moved toward the base section at
a distance of 12m. This is, because the stretching tackle block
has a ratio 2 and the upper section will move two times quicker
than the middle section. In such a way the maximum stretched
boom will have a length of 21m (9+12=21).

The retracting tackle block has also a ratio 2. When the
cylinder retracts to the starting position the upper section will
move backward 12m and the middle section - 6m.

Input data

The input data for the calculation of the mechanism is (Kran
strelovoi avtomobilnii KS 45717K-):
- length of the boom L=9+21m;
- angle of inclination of the boom B=5+75°;
- lifting capacity of the crane at L=21m and 8=75° Q:1=6.35t;
- lifting capacity of the crane at L=21m and =5° Q.=0.9t
- mass of the upper section of the boom m.=657 kg;
- mass of the middle section of the boom mc=642 kg;
- mass of the hook block mps=306 kg;
- ratio of the tackle block of the hoisting mechanism m=8;
- velocity of stretching (retracting) of the boom vc=18m/min;
- nominal pressure of the working liquid in the hydraulic system
of the cylinder for stretching of the boom p,=20MPa;
- group of the working regime of the mechanism - 1.

Necessary force of the hydraulic cylinder for the
stretching of the boom

With the purpose of simplifying the problem, the friction
forces between the boom sections and the rolling resistances
of the blocks of the hoisting tackle block are disregarded. We
proceed with the principle from mechanics for the possible
movements of the telescopic boom with the load. The work,
which the piston rod of the hydraulic cylinder accomplishes, is
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equal to the sum of the works, which the gravity forces of the
middle and the upper sections of the boom and the hook block
with the load accomplish. Then during the stretching of the
boom the following equation is valid (fig.2):
Fy:84= G_5.8inB + G.8,.8inB + (Gry*Gps) S 1)
where: F; [kN] - necessary force of the piston rod of the
hydraulic cylinder for overcoming the gravity forces of the
middle and the upper section of the boom, the load and the
hook block;

sy [m] - stroke of the piston rod of the hydraulic cylinder;

Gc [kN] - gravity force of the middle section of the boom;

S¢ [m] - stroke of stretching of the middle section of the boom;
G [kN] - gravity force of the upper section of the boom;

sz [m] - stroke of stretching of the upper section of the boom;
Gm [kN] - gravity force of the load;

Gps [kN] - gravity force of the hook block;

sm [m] - distance of the movement of the hook block with the
load.

As the piston rod of the cylinder is connected with the middle
section of the boom and the upper section of the boom is
connected with the middle section by a velocity tackle block
with ratio m' (the upper section moves quicker than the middle
section during the stretching of the boom) the following

equations are valid:
S, =M.,

(2)

The movement of the load during the stretching of the boom
is determined by solving the equations (3+6) together:

Sy =Se

Sm=H, - Hj ©)

H, = L;.sinB - hy 4)

Hy = (Ly + s,).8inB - hy (5)
S

hy-hy = Ea (6)

where: Hi, Hz [m] - heights of the load toward the axis of the
hanging of the boom before and after the stretching of the
boom;

L1 [m] - length of the boom before the stretching;

h1, h2 [m] - distance between the top of the boom and the load
before and after the stretching.

The following equation is obtained for the movement of the
load:

, 1

Sy =S, (smﬁ + 5) (7

After the substitution of the equations (7) and (2) in the
equation (1), the following equation is obtained for the
necessary force of the piston rod of the cylinder:
Fy=(Go+m.G,).sinB+m.(Gn+ Gys). (sinB+L)  (8)

The case when the boom is stretched from Lmin=9m to
Lmax=21m at maximum angle of inclination (8=75°)
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Fig. 2. Scheme for the calculation of the mechanism for the stretching and retracting of the boom

Se, Sc - strokes of the upper and the middle section of the boom; Lmax, Lmin, 8 - maximum length, minimum length and angle
of inclination of the boom; L1 - length of the boom before the stretching; Gm, Ges, G, Ge - gravity forces of the load, the hook
block, upper section of the boom and the middle section of the boom; F - tension in the hoisting cable; H1, Hz - heights of the
load toward the axis of the hanging of the boom before and after the stretching of the boom; h1, h2 - distances between the
top of the boom and the load before and after the stretching of the boom; Fy, - force of the piston rod of the hydraulic cylinder
for the stretching of the boom
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with load, equal to the maximum permissible for L=21m and
B=75°, i.e. at lifting capacity Q=Q:1=6,35t is considered. The
ratio of the tackle block for the stretching of the upper section
of the boom is assumed to be m' = 2. Then, the following
equations are obtained:

F,=(6,3+2.6,45).5in75+2.(62,3+3). (sin75°+ ) =160 kN (9)
where: G, =0,001.m_.g=0,001657.9,81=645kN  (10)
(11)
(12)

G, =0,001.m,.g=0,001.642.9,81 = 6,3 kN
G, =Q,.g=6,359,81 =623 kN

Gps =0,001.m5.9 = 0,001.306.9,81 = 3 kN (13)
After the calculations with the regard to the friction forces
between the sections (the coefficient of friction is /=0.15) and
the rolling resistances of the blocks of the tackle the following
is found out (Reutov, 2013): the resistance from the friction
forces at maximum angle of inclination of the boom (8=75°) is
13% from the total resistance and at minimum angle of
inclination of the boom (8=5°) - 80%; the rolling resistances of
the blocks are 2.7% at 5=75° and 0.9% at B=5°. Then, the
following equation for the necessary force of the hydraulic
cylinder for the stretching of the boom is obtained:
Fy=kn.F,=1,19.160 = 190 kN , (14)
where: km - coefficient, regarding the resistance of the friction
forces between the sections of the boom and the rolling
resistance of the blocks of the hoisting tackle during the
stretching of the boom (it is determined by equations (15) and

(16));

=00 atp=75°  (15)
™ 100-(ky+k,)  100-(13+2,7) -

100 100
Ky, =524 atp=5°  (16)

~100-(k,+ky) _ 100-(80+0,9)

where: ki [%], k2 [%] - percentage components of the
resistance of the friction forces between the sections of the
boom and the rolling resistance of the blocks of the hoisting
tackle from the total resistance during the boom extension.

Now a second case is considered when the boom is
stretched from Lmin=9m t0 Lma=21m at @ minimum angle of
inclination (8=5°) with a load, equal to the maximum
permissible for [=21m and [(=5°, i.e. at lifting capacity
Q=Q2=0.9t. For this case the following equation is obtained:

Fi=(Getm’G,).sinp+a’ (G *Gy). (sinp+ ) (17)

, 1
Fiy= (83 +2645) 55" +2.88+3). (sins” + £) =6k

Fy=kn.F\,=5246=31kN , (18)
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where: G, =Q,.9=0,9.9,81=88kN (19)

From the equations (14) and (18) is seen that force, obtained
at a maximum angle of inclination of the boom is greater, i.e.
Fy=190kN.

Necessary diameter of the piston of the
hydraulic cylinder for the stretching and the
retracting of the boom

PR L PEIT TR
WT T T T3 e

where: S% [mm?] - necessary area of the cross section of the
cylinder (it is determined by equation (21);

(20)

. 1000.F, _1000.190

= = = 2
“~apn,, 16809 11904 mm*,

(21)

where: Ap [MPa] - pressure drop in the hydraulic cylinder (it is
determined by equation (22)); nus - mechanical coefficient of
efficiency of the hydraulic cylinder (nu=0.9+0.95);
Ap=p,,-p,,,=17-0,2=16,8 MPa , (22)
where: pex [MPa] - pressure of the working liquid at the inlet of
the hydraulic cylinder (it is determined by equation (23));

pusx [MPa] - pressure of the working liquid at the outlet of the
hydraulic cylinder (it is assumed pusx=0.2+0.3MPa);

p,, = (0,8+0,9).p, =0,85.20 = 17 MPa (23)

Necessary stroke of the piston of the hydraulic
cylinder for the stretching and the retracting of
the boom

21-9

' Lmax'l-min:_:6m

Sy =

(24)

r

m

where: Lmax U Lmin [M] - maximum and minimum length of the
boom (see fig.2).

Selection of a hydraulic cylinder for the
stretching and the retracting of the boom

The hydraulic cylinder is chosen according to the necessary
diameter of the piston d; [mm] and the necessary stroke of the
piston s’y [mm]. The conditions (25 and 26) must be fulfilled:
d=125mm 2 =123 mm  (25); s =6m=s\=6m (26)
where: dy [mm] - diameter of the piston of the cylinder;
sy [mm] - stroke of the piston of the cylinder.
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The hydraulic cylinder KC-45717.63.900-1 is chosen with the
following parameters: - diameter of the piston dy=125mm; -
diameter of the piston rod dy1=100mm; - stroke or the piston
rod s;=6000mm; - nominal pressure py#=20MPa.

Working liquid consumption of the hydraulic
cylinder for the stretching and the retracting of
the boom

0,06.S,.v, 0,06.12265.0,15
QU = =

Mo 0,95
where: Sy [mm?] - cross section area of the hydraulic cylinder
(it is determined by equation (28));
vy [m/s] - necessary velocity of the piston rod of the hydraulic
cylinder (it is determined by equation (29));

Nyo - volumetric coefficient of efficiency of the hydraulic cylinder
(N4o=0,95).

=116dm*min ,  (27)

i S s 2
4= g 1 12265 mm (28)
Ve 18 -
v, = S0 602 0,15 m/s (29)

Selection of cables for the stretching of the
upper section of the boom

The size of the cables is chosen according to the necessary
breaking strength. The following condition must be satisfied:
Fraax = 165 kN 2 k.Fgq = 3,65.38 = 135 kN, (30)
where: Fpas [kN] - breaking strength of the cable (it is
dependent on the diameter of the cable d and the tensioning
strength of the wires os [N/mm?Z]). At d=16mm and
08=1770N/mm? Fpas=165kN;

k - safety coefficient of the rope (it is determined from Table 1).
At group of the regime of work or the mechanism 1, k=3.55;

Fer [kN] - maximum tension in the cable (see Fig.2) (it is
determined by equation (29));

Table 1.
Safety coefficient or the cables k

Group of the regime of 1 2| 3 4 5186
work of the mechanism

k 355 | 4 | 4556 | 719
Fy-(G,+G,+ G+ Gp).sinB-F
61 = 7
8
160+30-(6,3+6,45+62,3+3).5in75°-8,3
= ( : ).sin =38 KN, (31)

where: F [kN] - tension in the hoisting cable (Fig.2) (it is
determined by equation (32)); zs - number of the cables for the
stretching of the upper section of the boom (ze = 2);

28

_Gu+Gy 623+3
F= n.m 09338 =83kN

(32)

where: nn - coefficient of efficiency of the tackle block (it is
determined by equation (33));

,- -, 1-0,98°
n (1_npo).m (1-0,98).8

where: npo - coefficient of efficiency of one block (npe = 0.98).

A cable type LK-RO (Kanat dvoinoi svivki LK-RO) 16-G-V-
ZH-N-R-1770 GOST 2669-80 with diameter d=16mm, load (G),
model of the wires V, with zinc-coated wires with surface
density type ZH, non-twisting (N), balanced (R), with tensile
strength of the wires gs=1770N/mm?2 and breaking strength
Frasx=165 kN is chosen.

=0,033, (33)

Selection of a cable for the retracting of the
upper section of the boom

The size of the cable is chosen according to the necessary

breaking strength. The following condition must be satisfied:
Foaac = 122 kN 2 k.Fg = 3,55.30 = 107 kN, (34)
where: Fpaar [KN] - breaking strength of the cable (at d=15mm
and g5=1670N/mm2 Fpasc= 122kN);
Fe2 [kN] - preliminary tension of the cable for the retracting of
the upper section of the boom, necessary for the compensation
of the pressure force to the cable when the boom is retracted
(see Fig.2) (when the angle of inclination of the boom is large
the retracting of the boom is done under its own weight) (it is
assumed Fe2= 30kN).

A cable type LK-R (Kanat dvoinoi svivki LK-R) 15-G-VK-ZH-
N-R-1670 GOST 2669-80 with diameter d=16mm, tensile
strength of the wires gs = 1670N/mm? and breaking strength
Frask= 122 kN is chosen.

Conclusions

A methodology for the calculation of the mechanism for the
stretching of the boom is developed, which will be useful for
the specialists dealing with the design and exploitation of
mobile cranes.

The maximum forces in the hydraulic cylinder and the cables
of the mechanism are obtained at a maximum angle of
inclination of the boom with a maximum permissible load.
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WEAR AND MALFUNCTIONS OF GEARBOXES IN THE MINE LOCOMOTIVES FOR
UNDERGROUND TRANSPORTATION
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ABSTRACT. The paper examines the impact loads on the wheels of the underground mining locomotives derived from the dynamic loads and the impact they exert
on the gearbox. The dependencies for the emergence and change of the forces are shown. Ways of wear reduction are suggested.
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W3HOCBAHMA U NOBPEAW B PEAYKTOPUTE HA PYOHWUYHUTE NTOKOMOTWBW 3A NOA3EMEH U3BO3
Jlro6eH Taces
MunHo-eeonoxku yHugepcumem "Ce. Mean Puncku",1700 Cogpus, e-mail: nrbmo94@gmail.com

PE3IOME. B cratusta ce pasrnexagaT yaapHWTe HatoBapBaHMA BbPXY KONOOCTa Ha PYAHWYHUTE NOKOMOTWMBM 3a NOA3EMEH WU3BO3, NONy4eHW OT AWHaAMUYHUTE
HaTOBapBaHMs, W Bb3AENCTBMETO, KOETO OKa3BaT BbpXYy OMNOPHWUTE TOYKW Ha peaykTopa. 3BegeHu ca 2aBUCUMOCTM 33 MosiBaTa M M3MEHEHWETO Ha CcumuTe.
lMocoueHu ca nbTULLATa 3a OrpaHMYaBaHe Ha U3HOCBAHETO.

Kntoyosu AYMU: NTIOKOMOTUBK 32 NOA3EMEH 13BO3, N3HOCBaHE, yAapHO HaTtoBapBaHe

Introduction Exposition
The trend in the development of underground mining Spring suspension of the motor e g
locomotives is increasing the speed of movement and traction —— 7 Seagnsion

whaliset

power (Mateev, 1961). Restrictions on the dimensions of
mining locomotives remain virtually unchanged, the
development and modernization of these locomotives remain
primarily related to the possibilities of creating powerful and
compact drives. The development of the non-adjustable power L

drives for individual propulsion in the arm-suspension of the
traction motor naturally takes place in accordance with the
general trends in the mining locomotive (Volotkovskii S., 1981).
Contemporary electric locomotives for underground mine SP— Seatiiior
transport have an increased rotation speed of the traction T guide

motor rotor. This allows more powerful motors to be mounted
in the limited space. In most cases, the motor is positioned
longitudinally (Figure 1). Maintaining the allowed speed of
movement of the locomotive (12 km/h) in this way requires a
corresponding increase in the gear ratio. As a result most of -
the modern mining electric locomotives are equipped with two- curves and conicity of the wheel bracelets. These loads are

stage cylindrical gears with transverse traction (4.5 APT2M, also t.ransmitted fo the gearbox.through the drive. wheels. A”
SAPM w 7APM) and conical-cylindrical wheels - with the  Slectrically-operated undercarriages are equipped with
longitudinal traction motor (see Figure 1) with (K1OM1Y,k7M1  9earboxes mounted on the wheelset and spring-mounted via
PKI-7A, PKII-10A, PATI-8A, AMB, etc.) These gearboxes are the frame motor (Flgqre 1). There are permanent and impact
enclosed into a solid massive shell, made from cast steel or loads on.the gear .unlt. The Iast. ones are obtalneq from the
welded structure. The gearboxes houses both the engagement accelerations (postive and negative) of the .Io.comot|ve qnd the
and the centering of the electric motor, as well as the bearing passage of the wheelsat through the rail joints, the different
and transmission of the torque of the driven wheel. types of arrows and other unevenness on the road.

[

Fig. 1. Longitudinal power drive PKI1-10A

In its movement the locomotive experiences longitudinal,
transverse and vertical loads caused by road irregularities,
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With this kinematic coupling scheme, which is dominant for
almost all railroad electric transport, the most powerful load is
absorbed by the wheelset and all its components directly
connected to it - the wheels, the shafts, the gear housing and
the bearingbox. The reason for this is that the kinematic
element is unsuspended and absorbs all traction and braking
loads and assumes the dynamic loads from the unevenness of
the road and the available gaps in the kinematic scheme. Such
gaps are the technological loopholes that are in the sliding
elements - the guide and the bearingbox. The links between
the rails are particularly influential. The difference in heights
and the gap between the two rails causes a shock load.

Fig. 2. Wear bearing housing

My studies have shown that the wear and deformation of the
gearbox bearings as well as their housing (Figure 2) takes the
most damages. There are some differences when we have a
rolling or a plane bearing. Studies show that, in the primarily
used rolling bearings, the process begins with gap formation in
the gearbox body. In my opinion, this gap is due to plastic
deformations caused by the different types of loads and, most
of all, the impact ones. The appearance of the gap creates
conditions for obtaining internal impact loads in the gear
housing as well. At the beginning, the material splashes and
further increases the gap. In the end, it gets such dimensions
that the loads reach values exceeding the strength of the shell
of the bearing. This leads to its destruction (Figure 3). This is
an emergency state that blocks the wheelset, and the
locomotive respectively.

In the plain bearing, there is a technological gap in the
bearing itself, which is designed to provide lubrication of the
bearing. This gap, mainly due to impact loads, is progressively
increasing. This leads to deterioration of the lubrication of the
bearing. It also leads to a change in the tooth spacing and
worsening of the grip in the tooth.

-

Fig. 3. Destruction wheelset roll bearing K10M

The process continues until the kinematic connection
between the gears is broken. In this process, the bearing bush
(Figure 4) and also part of the gear housing are worn to the
end. Although such a level of weariness seems absurd, | have
found a significant number of such cases in our practice.

o
Fig. 4. Wear of plain bearing bush AM8J
The change in the center distance of the tooth pair leads to

abnormal contact of the teeth and, respectively, to their
intensive wear (Figure 5).

=

Fig. 5. Gear wear AM&[

Forces that act on the bearings, respectively the gear
housing, will mainly be divided into static, dynamic and
percussion. The static loads are determined by the weight of
the gearbox and the engine coupled to it, as well as by the
constant force produced by the wheelset - traction or braking,
taking into account the center of gravity, the position of the
motor suspension and the position of the bearings. Bearings,
by construction, are arranged to be evenly loaded by this force,
which means that each bearing takes up half of the load. In the
drives | have studied, the center of gravity is located very close
to half the distance between the engine suspension and the
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gear axis. Under these conditions, each bearing will be loaded
with the following force:

P ——Zm",N;

= (1)

where: Zml. is the sum of the masses of the involved
elements.
The maximum traction effort is determined by the engine

torque, the gear ratio and the traction coefficient (Mateev,
1961):

2iM,
./
v D,

k

F. =

T

(2)

where: M, - the rated torque of the engine;
i - the gear ratio of the power transmission;
D, - the diameter of the traction wheel
w - the traction coefficient.

Dynamic loads are caused by the change in speed in the
longitudinal and  transverse  directions.  Longitudinal
accelerations are caused by the change in train speed. The
accelerations obtained in the gearbox depend on the traction
effort generated by the drive wheels and the total mass of the
single drive, their size is being determined by the formula:

F=%(m, +m,),N; ®)

dt

where: m , - mass of the gearbox;
m,, - mass of the traction motor.

The equation above is true in the absence of a technological
and non-technological gap in the kinematic scheme of the
gearbox and the machine (between the bearingbox and its
guide - Fig. 6). In the presence of gaps (technological and non-
technological) we have initial acceleration of the gear unit
together with the motor until it is removed. When the gap is
seized, the wheelset stops its movement, causing a stroke
between the bearingbox and its guide. At the same time, the
gearbox continues its movement until the technological and
non-technological gaps in the bearing assembly are closed.
Under these conditions, impact loads are obtained in the
bearing housings of the hull and the bearings themselves. The
magnitude of this impact is determined by the kinetic energy of
the gearbox. Obviously, the wider the gap and the longer the
drive's travel are, the higher the speed will be. It can be
determined by the following equation:

(4)

The ultimate speed of the single drive is determined by the
force applied to it and the gap between the jack and the driver.
Assuming the motion is equally accelerated, it can be written:

Eyl, :%vz (mp +m06) J;

— T m/s% (5)
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and the ultimate speed will be:

vzapt

F =Py

max cy

Gearbox
Traction motor
Wheeiset
Bearingbox
Locomotive frame A
Bearingbox guide i S— Bearingbox
6 41 ‘ f

Fig. 6. Technological gaps of the power drive

Then the force of the impact, can be calculated based on
(Kisyov, 1979):

P
k,=1+ [1+ 2_5+ (7)
Acm ])e's + Gred
V2
where: 6 = is the gap between the bearingbox and its
guide.

The stresses resulting from the above dependency for
various gaps are shown in Graph 1 below.

.......

510 1010 1510 20410 2510

Gap between bearingbox and guide. m

Graph 1. Relationship between the gap and stress

It can be seen from the graph that at normal values of the
gap of 5-10mm, the stresses have acceptable values of
180MPa. Similar stresses are also produced at the gear unit
bearing. Hertz's calculated tensions are one and a half to two
times greater. These high stresses lead to compacting, and
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then to plastic deformations as shown in the above-mentioned
figures. Additionally, the situation is complicated by obtaining a
non-technological gap between the bearing and the bearing
body. This clearance creates the conditions for an additional
internal impact between the wheelset and all the elements
attached to it and the gear housing. This impact stress initially
leads to rapid increase of the gap and subsequently when the
size is enough to destruction of the bearing.

Analogical impact loads are obtained by passing the
wheelset through unevenness on the track, mainly the joints
between the rails. These will be a topic of another paper.

Conclusion

This study aims to determine the magnitude of the impact
forces that eventually lead to wear of the locomotive, and in
some instances, to its failure. In my opinion, the limitation of
the size of these forces is most likely to be achieved by
extinguishing part of the energy of the impact.

In conclusion | can say that the grounded reason for getting
gaps in the bearing assembly are the impact loads in a
horizontal and vertical direction. The reduction of these loads
in the horizontal direction can be constructively limited by the
introduction of a damping element in the guiding drivers of the
locomotive. The damping could be made of rubber elements to
provide the necessary elasticity and mobility of the element,
while attenuating the impact loads. To some extent, they
reduce the impact loads in the vertical direction as they add the
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entire mass of the locomotive to the dynamics of the process.
Unfortunately, these constructions have a short operating life,
which limits the application. Attempts to absorb such elements
are made by various companies. At this stage, these elements
have a limited resource, finding them applied to smaller
machines. In the R & D base of the University of Mining and
Geology “St. Ivan Rilski’ under my leadership a similar
damping mechanism is being developed. It is designed to take
on loads of seven-tonne locomotives that are common in
Bulgarian mines. It is of great importance to increase the
resources of the existing locomotives to maintain the margin in
the boundaries defined by the constructor, and to increase
their repairs over the limit.
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AN APPROACH FOR DETERMINING THE INTERNAL FORCES IN A KNIFE BUCKET
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ABSTRACT: The article examines the internal forces in a knife bucket. It is modeled as a broken space frame. Its two ends are tilted. Furthermore it is supported by
four-point rods. Most of the frame lies in one plane. The load on the teeth of the knife is asymmetric. It is located on the local axis of the section and is composed of
two groups. The first group includes transvers forces and moments, lying in the plane. The second group load is composed of forces, lying in the plane and moments,
perpendicular to it. A case is reviewed, in which the first group load is significantly higher than the second. This leads to solving the plane-space frame. A method of
forces is used to determine the internal forces. The basic frame is obtained after removal of the unnecessary connections. For this frame linear equations and its
relevant coefficients are described. By solution of the equations the reaction forces and the diagrams in the frame are obtained.

In the paper analytical expressions of bending and torsional moments in limited points of segments are given. These expressions are two groups. The first group of
expressions is determined due to the action of the unit forces and moments, applied in excess ties, imposed on the system. The second group of expressions is
obtained by external loads, composed of external forces and moments. The paper presents only a part of the developed methodology to determine the internal forces
in a knife bucket of an excavator.

Keywords: knife bucket, method of forces, broken space frame

EQVH noaxoAd 3A ONPEQENAHE HA BbTPELLIHUTE CUNK B HOX HA KO®A HA BATEP
Paiina Byyesa', Buonema TpughoHoea — ['eHoga?

T MunHo-2eonoxku yHugepcumem "Ce. Mean Puncku", 1700 Cocgbus, r.wutschewa@abv.bg,

2 MurHo-eeonoxku yHusepcumem “Ce. Mean Puncku “, 1700 Cogpusi, violeta.trifonova@yahoo.com

PE3IOME: B cratusita ce u3cneaBaT BbTPELUHUTE CUMW B KOHKPETEH HOX Ha koda Ha Garep. Tol € MopgenupaH kaTo HavyneHa NpoCTpaHCTBeHa pamka. [igata i
kpas ca 3ambHaTi. OcBeH TOBa B YETMPM TOYKV TS € MoanpsHa ¢ npbToBe. Mo-ronsmarta YacT OT pamKkaTa Nexy B eAHa paBHuHa. HatoBapeaHeTo BbpXy 3b6uTe Ha
HOXa e HecUMETpUYHO. To e Pa3nonoXeHO BbPXY JTOKaNHUTE OCM Ha pamKaTa 1 ce CbCToW OT fBe rpynu. [TbpeaTa rpyna BKMKOYBA HAMPEYHW CUMM 1 MOMEHTH,
nexally B paBHWHaTa. Bropata rpyna HaToBapBaHe Ce CbCTOW OT CUMM, NeXally B paBHMHATa, M MOMEHTH, NepneHanKYNApHN Ha Hesi. Tyk ce pasrnexaa crnyyai,
NpyW KOITO MbpBaTa rpyna HaToBapBaHEe € 3Ha4WTENHO No-ronsiMa OT BTopaTta. ToBa BOAM A0 pellaBaHe Ha PaBHUHHO-NPOCTPaHCTBEHA pamka. 3a onpepensiHe Ha
BbTPELLHUTE CUNM B HEOMpeaenimaTa pamka ce 13nonaea cunos Metod. Cnea oTCTpaHsBaHe Ha M3NULIHUTE BPb3KW € OfpefeneHa OCHOBHaTa cuctema. 3a Hesi ca
OMM1CaHN KaHOHNYHUTE YPaBHEHNS W CbOTBETHUTE koeduLmMeHTH. OT peLLeHNeTo Ha Te3n ypaBHEHUS Ca NOMy4eHN peakLuuTe 1 AuarpamuTe B pamkata.

B pabotata ca AafeHn aHanUTYHUTE M3pasm 3a OrbBALYWTE W YCyKBALLMTE MOMEHTY B rpaHNYHN TOYKW Ha y4acTbLuTe. Tean u3pasu ca Age rpynu. Mupsata rpyna
13paau ca OnpefieneHn BCreacTB1e Ha AEACTBMETO Ha AMHUYHATE UMW 1 MOMEHTH, MPUMOXEHN B U3NULLUHUTE BPB3KM, HANOXeHU Ha cucTemarta. Bropata rpyna
13pasu ca MonyyYeHn OT BLHLIHOTO HATOBapBaHe, ChCTOSLLO Ce OT BbHLUHW CUMW 1 CbCPEeAOTONEHN MOMeHTU. B HacToswara pabota ca npeacTaBerm camo YacT ot
eTanuTe Ha pa3paboTeHa MeToamka 3a OnpeAensHe Ha BbTPELLUHUTE CMM B HOX Ha Koda.

Knto4oBy pymu: HoX Ha Kodha, CUNoB METOf, NPOCTPaHCTBEHA paMKa.

Introduction the behavior of structural elements consists in obtaining

equilibrium equations for an infinite little element, establishing
The finite element method is often used to solve mechanical ratios between individual variables and solving these

problems. According to it, the continuum body is presented as equations.

discrete models, interacting with each other. This method is

described in many books for beams, plates and shells. It has One such analytical method is the method of forces. The

led to the deve|opment of many powerfu| software products Obtaining of (DineV, 2016) the Computational scheme of knifes

which facilitate the engineers’ work. The implementation will be explored. The load on the teeth consists of asymmetric

requires on the one hand, time to get acquainted with it and on forces. Typical of the frame is that it is for the most part plane.

the other hand, good preparation of the constructors to analyse

the results. The exact description of the model's geometry is One possible case of loading with forces is described here.

also important. It concerns the knife bucket of an excavator It includes transverse concentrated forces and moments, lying

SRS 4000 (Dinev, 2016). in the plane of the frame. The purpose of the work is to
describe with analytical expression the internal forces in

One of the criteria for reliability of the numerical method boundary points of share in the frame.

results is to compare them with their model tasks solved with
classical methods. The approach of these methods to studying

34
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Exposition

1. Application of the problem
Current computational scheme with dimensions according to
Fig. 1 by (Dinev N., 2016) is considered. The load consists by

force Pl.*, which is perpendicular to the plan y.z., bending

and torsional moments (My, and M ), which lie in the
same plane and are applied in points 4, (i=1+4). In

sections 4. and B, the frame is fixed and is supported by four
point rods.

2. Reactions forces

The load determines the approach to obtaining the internal
forces. It is a broken and indefinable plane-space frame.

To build the diagrams it is necessary to determine the
unnecessary connections imposed on the frame (fig.1). Their

total number is 7. In this case, supports By, M M

H, F, A4,, A4, are suppressed and the basic frame

is determined. There is a broken frame with hammock idler A.

The external loads and the reaction forces of the suppressed
supports are applied. That's how the equivalent frame is
obtained. The reaction forces must have such values, that the
displacements in their directions of equivalent frame are zero.
In this way a linear equation is obtained. This number is equal
to the suppressed supports (Kisyov, 1978):

B,y? B,x

2,}”

,
20X =Api=1+T. U
=

Here & is the displacement to direction 7 of the basic frame
by the unit force, loaded instead of and towards X', and A,

is the displacement to the direction of unit force X, , in basic

1

frame loaded with a given load (P ).
Equation (1) can be presented as follows:

lalix}= 18},
@

Where:

{X}T:{Xl X, Xy X, X, X X7}T;

T

{B}T:{ALP Avp Dyp Dyp Asp Agp A7’P};

The basic frame is loaded only by an external load and only
unit forces are applied in the suppressed supports. The

. . 1 11 1 i
reaction forces and diagrams of M, M, M, M|

are determined for each scheme. They correspond to two
cases of load.
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Fig. 1. Computational scheme
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Then the coefficients of the system (1) can be determined by
the expression:
1 2, 1 2

é;/:é‘l]—i—é‘l/, A'P:AiP-‘rAiP’ (3)

L

Where:

y = EJy,k ; Yl Y.J
m 1
5 = | M M, dx;
k=1 EJx,k I,
LU |
=Y —— |\ M, M, dx;
’ ;EJW{ nEm P
m 1
iP = I M.r,iMx,de :
k=1 EJX,/( !

Here m is the number of segment, i is the index of unknown
support (i =1+ 7) and /, is the length of segment.

Ready tables are constructed according to the rules, given by
Vereshtchaguin (Trifonova-Genova, 2017). According to them
two diagrams with same or different form are multiplied. These
forms can be rectangular, triangular, trapezial and a
combination of them.



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 60, Part lll, Mechanization, electrification and automation in mines, 2017

The equations of equilibrium to the other reaction forces are
described. They consist of: a sum of projected forces by axis

x. and equations for moments by axis y. and z, .

3. Diagrams of moments by load

3.1. Diagrams of unit forces
The segment i between points j and k& has length (Fig.
2);

(4)

0 e

Fig. 2. The coordinates of points by the segment i

In equation (4) y,Z and z/ are the coordinates of point j ,

but ¥ and z& are the same of point & .

The slope of section i with regard to the horizon is
calculated by the expression:

yot,i

Zot,i

a; = arctg

(%)

The arm of moment in point & by force applied in point j

is determined by the expression (Fig.3a) (Valkov et al., 2013;
Valkov, 2011) :

| — 3k

ynt,i

d] = +zoi | (6)

Here ;Ot’i is the width and ;ot,i is the height of the segment

L.
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Fig. 3a

Fig. 36
Fig. 3. The components of moment in point k , by the unit force in point
j (left part of frame).

The slope of arm by horizontal axis is written in:

(7)

The method of forces is applied in this analysis. The
components of moments by unit force applied in point j and

perpendicular to the plane of frame are determined by two
steps. In the first siep M/ is determined:

Ml =1d]=d], (8)

This moment is perpendicular by arm.

In the second step this moment is resolved by local axis of
section (Fig.3b):

M) =Mjsiné,; M! =M]coss,, )

In this expression the angle is determined by two methods.
The angle to the points found on the left of the axis of
symmetry, is calculated by (Fig.3a and Fig.3b)

5,=90—(a, - B,) . (10)

When the angle to the points found on the right of the axis of
symmetry, is calculated by

5,=90—(a, +3,). (1)

In the points B,, K, I, A; , C unitforces are applied
(Fig.1) and the diagrams M *

x,0

M;i are obtained. In

these formulas i is the segment number, but the number
J =1,4,5,6,7. The numbering starts at segment B.B
(i =1)and goesto segment A4, (i =15).
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Fig. 4a Fig. 4b
Fig. 4. The components of moments in point k , by unit force applied in
point J (right part of frame)

3.2. Diagrams of unit moments
The components of moment in the current segment, when

the frame is loaded by unit moments by axis y. (Fig.6) are
given as follows:

M}, =gsina;; M}, =cosa,. (12)

The coefficient ¢ has two values. For points located to the left
of the axis of symmetry ¢ = —1 (fig.6a). The second value is
¢ =1 (fig.6b).

- A, = = o, ..a_fi___ilff.
. e X
M it |
T kNm
¥y
. . > {) C
kN | ¥ y:
Fig.6a Fig.6b

Fig. 6. The Components of moment in point k , by unit vertical moment,

applied in point B,

In the case when the basic frame is loaded by unit moment by
axis ., the components of moments are expressed:

M} =cosa;; M}, =¢sina,. (13)

The coefficient ¢ has a point value 1 for points located to the

left of the axis of symmetry (Fig.7a), and the value -1 for the
others (Fig.7b).

4, Diagrams by external load
The diagrams of forces (P*’), applied in point A, (

1

i=1+4), are described in paragraph 3. The external

moments of Figure 8 are projected on the local axis of each
segment.

Y AP— z. ;
z =21 &; M,,
<=L ﬁ\ |
| m L LkN M
\.i('(.-
y M
1. b | ‘
__|B. '
I.k.\'m a ¢ "
Fig. Ta Fig. 7b

Fig. 7. Component of moment in point k , by unit horizontal moment,

applied in point B,

Fig. 8. External load in the plane of the frame

Then, their components can be written as:

ny 1y
Mx,i - ZMW ’ My,i _ZMW ’ (14)
I=1 I=1
where
I _ : .
Mm. =-M , cos Ayt M‘y, sina,,;;

/ _ .
M, =M,sna,,+M, cosa,,,.

In expressions (14) m, takes values, given in Table 1,
depending on the number of segment.

Table 1
Values of constant m,
m, 1 2 3 4
section 8n9 10mn11 12113 14115

The angle in expression (14) has the appearance (Fig.9):

Ui = - 8<i<l5; (15)
Ay, =0, =0y — 10<i<15;

Ay, =0, —a;  — 11<i<15;

A, =0;—ay, — 14<i<l15,
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Fig. 9. External load in segment 10 and 11

4. The reactions of forces in indefinable frame

After solving the system (1) the reaction forces are
determined. The principle of independent action by the forces
is used (Kisyov, 1978):

7
i
R, =R ,+> R X,

i=1

(16)

In this expression R is the reaction force in the direction ;
of arbitrary support from the equivalent frame;
R, , is the reaction force in direction j of support by the

external load in basic frame only from the specified load;
R Iy is the reaction force in direction j of the same support

by unit force in basic frame.

For the other reaction forces (B., B

X Zx

’ MBZ*)

equilibrium equations are recorded.

5. Diagrams in indefinable frame

The same principle is applied for determining the diagrams of
moments. They are a sum of the algebraic ordinates of the
diagrams by external load ( P ) with the ordinates of all single
diagrams, multiplied by the respective unknown values X j in
each segment. Following this rule, in an arbitrary section of the
system, the diagrams M _ and My are built by (Kisyov,
1978):

ok 7

Mx = Mx,P + ZMXJX!' ;

i=1

7
M, =M, +> M, X, (17)

i=1

In these expressions M, and M, are the ordinates

from the corresponding diagrams in an arbitrary segment, but
M, and M, are the ordinates in a diagram unit with
number 7 in the same segment.

X,i
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6. Key findings

The expressions for internal forces are used to develop
algorithms and programs for their automated determination.
These results represent an extension of the solution given in
(Kisyov, 1978) for a rectangular plane space frame.

Conclusion

A part of the developed methodology and algorithm for
resolving the undefined plan-space frames is presented in this
article. They are part of a comprehensive study of stresses in a
knife bucket of an excavator.

The computational results from the external load on a
specific frame will be described in future studies.

A description of the decision is forthcoming, by forces, lying
in the plane and moments perpendicular to it.
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ABSTRACT. The article discusses the question of the natural vibration in a stepped shaft with a transition segment. The test shaft consists of three segments. The
second segment of the shaft is the transition between the first and the third, with a rounded radius. In the process of operation, the shaft acts by its natural vibration.
For their determination, the approximate Reilly method is applied. According to the method a computational scheme is selected and then the load is calculated. A
suitable method for determining displacements in points of the shaft axis is chosen and finally the frequency of the natural vibrations is calculated. According to the
approximate method used, the shaft is modeled as a free beam loaded with vertical forces. Their values are equal to the weights of the individual portions to which
each segment of the shaft is divided. These forces are applied across the widths of the portions selected by the package engineer. To determine the displacements
from the computation scheme, the differential equation of the elastic line is used. The presence of many forces requires application of the method of numerical
integration of the equation. For the transition segment of the stepped shaft, mathematical forms for determining the radii and weights of portions are derived.
Accordingly, an algorithm for calculating their stiffness has been developed. Also, the mathematical forms that define the reaction forces and the bending moments in
the origin of forces of the computational scheme are presented. The expressions for the displacement and the oscillations frequency are given. The presented
solution supplements other existing solutions and helps to calculate more accurately the vibration of the shaft.

Key words: natural vibration, a stepped shaft, oscillation frequency, approximate method, differential equation of the elastic line

EOWH noaxon 3A ONPEOENAHE HA YECTOTATA HA COBCTBEHUTE TPEMNTEHUA HA CTBIMNANEH BAN
Buonema TpughoHoea — NeHosa’, lepzaHa ToHKo8a?

" MunHo-2e0moxku yHugepcumem “Ce. MeaH Puncku *, 1700 Coghus, violeta.trifonova@yahoo.com

2 MunHo-2eonoxku yHusepcumem "Ce. Uear Puncku”, 1700 Cocbus, g._pis @abv.bg

PE3IOME. B cratusaTta ce pasrnexga BbNpoCkLT 3a COOCTBEHNUTE TPENTEHNS, Bb3HUKBALLM B CTbNaneH Ban C NPexoAeH y4acTbK. 3cneaBaHnsaT Ban ce CbCTon OT
TPV y4acTbka. BTopusT y4acTbk OT Bana ce siBsiBa NPEXOA MeXAy MbpBUS W TPETUS, KaTo € U3MbIHEH CbC 3aKpbrieHre C onpeaeneH paguyc. B npoueca Ha pabota,
BbpXY Bana fencTtsar cobCTBEHM TpenTeHus. 3a TAXHOTO onpeaensiHe e NpunoXeH NpubnusnTenHuaT metog Ha Peinu. CbrnacHo Hero e u3bpaHa msumcnutenHa
cxema 1 Ccrief, ToBa € M34M1CNeHo HaToBapBaHeTo. /36paH e noaxoasly MeToz 3a onpeaensiHe Ha NPeMeCcTBaHNATa B TOYKM OT OCTa Ha Bana 1 Hakpas e U3BbPLLEHO
n34mMcnsBaHe Ha YecToTata Ha cobeTeeHuTe TpenTeHns. CbrnacHo U3nonssaHus NpubnuanTeneH MeToa, BambsT Ce MOAenMpa Kato NpocTa rpeda, HaToBapeHa ¢
BepTUKanHu cunu. CTOMHOCTUTE UM Ca PaBHW Ha TermaTa Ha OTAENHUTE CErMEHTW, Ha KOUTO € pa3sfieneH BCekW y4acTbk OT Bana. Tesn CUnM ca MpUoXeHn B
cpeanTe Ha n3bpaHuTe OT KOHCTPYKTOPA LUMPUHW Ha CerMeHTUTe. 3a OnpefensiHe Ha NPeMecTBaHusITa OT U3YMCTIMTENHATA CXEMA Ce M3Non3Ba AndepeHLManHoTo
YpaBHEHME Ha enacTyHaTa IMHUS. HanuumeTo Ha MHOTO CUNM U3NCKBA MpuUnaraHe Ha METOfA Ha YMCIIEHO MHTErpupaHe Ha ToBa ypaBHeHWe. 3a NPexoaHNsS y4acTbk
Ha CTbNanHWA Ban Ca M3BEAEHW aHanUTUYHW U3pa3n 3a OMpefensHeTo Ha paauycuTe u Ternata Ha cermenTute. CbobpasHo TAX e pa3paboTeH anropuTbM 3a
n34mcnsBaHe Ha kopaBuHUTE WM. VI3BeaeHM ca 1 aHanUTUYHIUTE U3pa3u, C KOUTO Ca OnpeaeneHu ONOpHUTE peakLyu 1 OrbBaLLMTe MOMEHTM B NPUIOXKHUTE TOYKMA HA
CUNUTe OT M3uMCTMTenHaTa cxema. [lafeHn ca u3pasute 3a nMpemecTBaHWsTa U yectoTata Ha cobcTeeHuTe TpenTeHus. MpeAcTaBeHOTO pelueHue [OMbiBa
CbLLECTBYBALYNTE PELLEHNS 1 CIOMara 3a No-TOYHOTO M3YMCTIIBaHE Ha TPeNTeHNsTa Ha Bana.

Kniouosu AyMu: cobCTBEHN TpenTeHud, CTbnaneH Ban, 4ecToTa Ha cobCTBEHN TpenTeHus, HpM6ﬂM3MTeJ'IeH MeTof, AndepeHunanHo ypaBHeHWe Ha enacthyHa
JIMHKA

Introduction been found in the present work to determine the frequency of
the natural vibrations, occurring in a stepped shaft with a

Most of the shafts used in the industry are Stepped. In order transition section. It should be borne in mind that this area is of
to determine their reliability and continuous duty in field small size.
application, it is important to choose a method for their
dimensioning under static and dynamic loads. That is why the
improvement of the theoretical and numerical methods is a Exposition
constant object of the authorities in this field.
The main objective of the article is to develop an

Classical methods are also applied to the stepped shafts. To approximate method and describe the approach road for its
determine the frequency of its natural vibrations on a stepped application to the stepped shaft with a transitional curvilinear
shaft, an approximate method based on the method of Reilly is segment.

known (Feodosiev, 1965). A full study of this method in a shaft
with a curved section is of interest. After a study, a solution has
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1. Formulation of the problem
A stepped cylindrical shaft with step and geometric
parameters according to Figure 1 (Anchev, 2011) is

investigated. Here /;, [, and [, are the lengths of the three
sections, 7 is the radius of the transition zone, DD and d are

the diameters of the first and third segment of the relevant
shaft respectively.

/ Lo
Fig. 1. Stepped shaft with a curved segment

2. Method for determination of internal forces
a) Weights of the portions in the individual segments of
the shaft

In order to solve the problem a method is applied (Kisyov,
1965) according to which the shaft is divided into portions of

sized widths AX; ,(i = 1,2,3) as shown in Figure 2. For

each portion weights P. are determined, as in the first and

1

third segment are equal:

A= V17/:S1Ax17:7TR12Ax17’

P, =Vyy =8;Ax;y = ﬂR;AXﬂ/, (1)

where V| and V; are the volumes of portions in the first and
third segments, S, and S, are the areas of their cross

sections, expressed by the radii R, and R;, and y is the
volumetric weight of the material of the shaft.

- l__r

R PR PR RPPPRRIA _P

ST
i

}'J

i)

A, ad

. /77777
Ax, | Ax; Ax, Ax, 2 Ax; Ax,
-)--/’.‘I' - A A~ ..;’," —2.

Fig. 2. Computational scheme

For the second curvilinear segment the weights of the
portions are variables:

P, =V, y=35,Ax,y = 7Z'R22’l.Ax2]/, (2)

40

where: V, . are the volumes of the portions in the second

segment; S, are the areas of the cross portions of the

segments expressed by the radii R,

b) Current radius R, ; in second segment

The initial value of the radius in the second segment R, , is

the sum of the radius of the third segment and the bending
radii (Fig. 3):

R2’0 =R3 +r. (3)

For a certain value of the arrow f; dimensions central angle
is determined, in degrees (Tsikunov, 1970):

o
M arcsinJﬁ .
4 2r

On the other hand, the chord is expressed by the arrow of:

o
a; =2f; cotg(nT’J.

The current radius is expressed by the difference between the
initial radius and the current chord:

a;- (6)

(5)

R2,i = R2,0 -

o
|
R PabaBaPy b B
1 17 | 3
L% Y ¥ v ¥ wl\- ¥ ’
Ax, . Ax, {
2-‘ A“: P | j. _\\‘;r"2/
T A, Ar,
CAx /2| 3 rall)

Fig. 3. Computational scheme for a second segment
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The diameters and moments of inertia are calculated
according to the expressions:
7Z'D22’l'

="~ (7)

Dy; =2Ry;; >

JCZ,i
and then the stiffness £J . ;.
In the next portion, the arrow accrues with the width:

Ji=fia +Ax,. (8)

Formulas (3), (4), (5), (6), (7) and (8) are used to calculate
the stiffness of the second segment.

¢) Algorithm for determining the stiffness of individual
portions in a second segment

The algorithm for determining the stiffness of individual
portions in the second segment consists of the following eleven
steps:

Step 1 - Enter the values of f,,7, R, and Ax,.

Step 2 — A counter valueis set i (i=1).
Step 3 - Calculated R, , from equation (3).

Step 4 — Calculated 7" from equation (4).
Step 5 - Calculated a; from equation (5).

Step 6 - The current radius R, ; is calculated from equation
(6).

Step 7 — Check that the current radius is smaller than the
radius in the third section R, and if this is the case, go out of
the cycle. Otherwise, move to the next step.

Step 8 - Calculate the diameter and the moment of inertia of
(7), and then the stiffness £/ ¢, ; -

Step 9 - The counter is incremented by one.

Step 10 — The new arrow is calculated f; from (8).

Step 11 — Check that the current arrow is larger than the
bending radii. If this is the case, it goes out of the cycle.
Otherwise, go to step 4.

An algorithm description is illustrated with a block diagram
(Figure 4).

d) Determination of the supporting reactions

Consider the partial load computational scheme (Figure 5).
The reaction forces are calculated (Valkov, 2004; Valkov et al.,
2013):

| oo ) n
A =7 fﬁzan +ZP2iai2 +P3Zai3 ;
i=1 i=1 i=1
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n ) m
1
B =7 P]Z“M ""ZPZiaiS +P3zai6 :
i=1 i=1 i

©)

i=1 j=

A

input data
__fr'. » Ty h):) E] ‘RS

2,1

Yes

Fig. 4. Block diagram of the algorithm for determining the radius R2 i

R l P, \LP‘
A Y : B
17 h f ly 777777
a, a, '
, a, g |
+ 7 -

Fig. 5. Computational scheme with partial load

In expressions (9) the arms of the forces a,,, a,,, a,;,

a,,, a;; and a,, are determined by the expressions:
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aﬂ:%JrAxl(i—l); 0<i<n;
ai2=a1+%+Ax2(i—l); OSiS}’lz;
ap=a;+ay +Axs(i-1); 0<i<ng; (10)
a,-4:am+a1,+%+Ax3(i—l); 0<i<nm;
ai52a11+%+Ax2(i—l); 0<i<n,;
a;e=Axs3(i-1); 0<i<n,,
where

ap =mAxy; ay =nyAxy; ayy = n3Axs.
e) Bending moment diagram

The moments in the individual points are determined with the
following expressions (Kisyov, 1978; Valkov, 2011):

M, =—Ab, + BAX,S, ; 0<i<n;
M, =~Bb, + PAX,S, ; Sisnmy; o (M)
M, =-A4b,, +Ax,S, ; 0<i<n,;
where

i1 il
S =2 (-j) S, = Pz,./(i_f)'

J=1 J=1

Ax .
b, 2k, b, =b, +Ax,(i-1); (12)
i=123; k=123.

3. Natural vibrations
The slope of the elastic line is determined by integration,
expressed by the sum of (Feodosiev, 1965):

i
Hi = E ka +C1;z:1,..n. (13)
k=1

k

After integrating the expression (13) the displacement to point
i is determined:

w, = z&i*Axk +Cx, +C,

k=1

(14)

In expression (14) C, and C, are coefficients which are
determined by the boundary conditions w, (O)=O and
w,(1)=0, suchas:
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200y,
Oor C, =—+=——.

C, = ;

(15)

The frequency of natural vibration has the form (Kisyov,
1978):

n P]
2 Bl

k=1

This determines the frequency of the first iteration of the
approximate method. The forces are calculated according to:

pll — pl Wi(a)l)z _
g

(17)

Here B' is the value of the force, and w, is the

displacement from the first iteration.

Proceed with calculating the other parameters of the first
iteration. The resulting solution is compared with that of the
first iteration. The process continues until the results of two
consecutive solutions differ with a predefined error.

4. Key findings

An approach for the application of the approximate method for
a stepped shaft with curved transition segment is described in
the article.

Analytical expressions for the radii and weights of the
portions in the studied transition segment in the stepped shaft
are obtained. According to them an algorithm for calculating
the stiffness of the portions is developed. Typical of this is the
choice of portion width. At a small width, a more accurate
solution is reached. The derived expressions are the
displacements and frequency of the natural vibrations.

The resulting solution is a summary described in (Feodosiev,
1965) approach to the natural frequency of the shaft.

Conclusion

The main advantage of the proposed algorithm is that it gives
an accurate solution to the problem of determining the
frequency of the natural vibrations of a stepped shaft with a
curvilinear segment.

The disadvantage of the method under consideration is the
possibility of a slight influence of the curvilinear segment on the
value of the natural vibrations. This should be checked and
tested on a real shaft, which is the subject of the next team
work.
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DIGITAL CONTROL SYSTEM SYNTHESIS FOR THE OWI-535 ROBOTIC ARM EDGE
MANIPULATOR
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ABSTRACT. An upgrade of the OWI-535 ROBOTIC ARM EDGE manipulator is discussed in the paper. It is done by building a multichannel PWM modulator to
control the power circuits of the DC motors of the five coordinates of the manipulator. The modulator is built on a programmable logic device that allows easy
configuration and scaling of the controller. Running parallel algorithms is inherent to this type of devices, which offers a significant advantage over conventional
processors. A proposal is made to control the manipulator wirelessly over a mobile platform (smart phone or tablet) by using the Arduino open source platform as an
intermediate controller that links the Bluetooth serial channel and the multichannel PWM modulator.

Keywords: Robotic manipulator, Arduino, Pulse Width Modulation (PWM), Programmable Logic Device (PLD)
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PE3IOME. B cratusita e pasrnefaHa mMogepHusauusi Ha manunynatopa OWI-535 ROBOTIC ARM EDGE. Tosa e HanpaBeHO Ype3 uarpaxpaaHe Ha MHOrokaHaneH
LUMM mopynaTop 3a ynpaBrieHWe Ha CUrOBUTE CXEMM Ha MOCTOSHHOTOKOBUTE ABMFATENW Ha METTE KOOPAMHATW HA MaunynaTopa. MoaynatopbT e urpafeH Ha
6asata Ha nporpammpyema fiornyecka cxema, KOSTo fjaBa Bb3MOXHOCT 3a NMECHO KOHAUrypupaHe u MaluabupaHe Ha ynpaBneHueTo. 3a Tesn CXemu e MpuchbLLa
Bb3MOXHOCTTA 3a NapaneniHo WU3MbIHEeHWe Ha anropuTMK, KOETO € ChLUECTBEHO NPeaMMCTBO CMPSIMO KOHBEHLMOHaNHUTe npoLecopy. MpeanoxeHa € Bb3MOXHOCT
3a cb3faBaHe Ha Ge3kwyHo ynpasnewue npe3 mMobunHa nnatcopma (cmapTdioH unu Tabnet) upes u3nonaHe Ha nnatcopmara ¢ OTBOpeH kog Arduino B
Ka4yeCTBOTO Ha MEXAMHEH KOHTPOMEP, OCHLLECTBABALL Bpb3ka Mexay Bluetooth cepueH kaHan n mHorokanantus WM mogynatop.

KntoyoBu pymu: Manunynatop, ApayvHo, LLinpounHHo-umnyncHa mogynauus (LUMM), Mporpamupyemu norudecku cxemm

Introduction

The OWI-535 ROBOTIC ARM EDGE (OWI Inc., 2017) is a
robotic hand with 5 degrees of freedom suitable for educational
and training purposes (see in Fig. 1). The drive system for all
coordinates is comprised of DC motors with gearboxes for
which mechanical overload protection is provided. The control
is carried out remotely on a wired connection, with the
possibility of simply switching on or off the respective motor
without changing the speed. The original schematic of the
manipulator is depicted in Fig. 2. As is seen from the figure, the
direction reversal is done with two-way switches. This limits the
control options to merely manual control with no possibilities
for any algorithmic control implementation or future
extensibility. Furthermore, the motors exercise no torque at
zero speed which means that one must rely on the capabilities
of the mechanics alone.

Fig. 1. OWI-535 Robotic Arm Edge Wired Controlled Arm Kit
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O—s

sw4 o

Fig. 2. OWI-535 Robotic Arm Edge original schematic

This paper discusses an upgrade of the drive system by
implementing a PWM controller with dead time that is suitable
for controlling full H-bridge power stages. This allows
implementing both soft-chopping and hard-chopping switching
strategies. This approach provides several advantages:

- Smooth control over a wide speed range;

- Achievement of a significant holding torque at zero
speed;

- High efficiency coefficient with full protection of the power
transistors with no shoot-through.

The PWM module works at the lowest control level. The fact
that it is embedded in a programmable logic device allows for
all the axes to be driven simultaneously, which means that it
can be easily expanded over industrial grade manipulators that
run real-time algorithms.

After introducing the H-bridge driver and the PWM module, a
proposal is made in the paper for using the open-source
Arduino platform acting as an intermediate controller that links
a remote mobile device, such as a mobile phone or a tablet
PC, with the low-level control logic via a wireless Bluetooth
serial connection. This allows the user higher-level interface to
be designed on such a platform as Android OS or similar. The
final objective, however, is to enable the OWI-535 manipulator
to interface with scientific products such as Matlab or its free
equivalent — Scilab. This will make it possible to study various
algorithms for trajectory control, interpolation, etc.

H-bridge motor drive

In Fig. 3 below, a full H-bridge is presented.

Fig. 3. Full H-bridge power stage built with N-channel MOSFETs

N-channel MOSFET transistors are used as power switches.
They are controlled by voltage pulses and typically have
internal resistance in the order of few milliohms when in on-
state. This leads to very low active power dissipation. Since the
motor windings are inductive in nature, a flyback diode is
connected in parallel to the gate and source terminals. Two
basic control strategies can be implemented with this circuit,
namely: soft-chopping mode (Fig. 3, a) and hard-chopping
mode (Fig. 3, b).

In soft-chopping (or non-symmetrical) mode, the transistor
T1 is turned on for the entire phase excitation period while T2
and T4 are cut off. The diametrically opposed transistor T3 is
controlled by the PWM pulses. When T3 is cutoff, a voltage
with reverse polarity is created that attempts to maintain the
value of the current flowing through the winding. There are two
options: the current loop closes through T1 and the flyback
diode of T4, or transistor T4 must be switched on to dissipate
the stored energy. This method is not suitable for control at
high speeds as the phase current diminishes relatively slowly
and in some machines this can lead to a negative torque. In
soft-chopping mode, the switching losses are lower and,
hence, the energy efficiency is higher. This is good for the load
in regards to the temperature.

In hard-chopping (or symmetrical) mode, all the transistors in
the circuit are actively switching. In this mode, the switching
losses are significant, which results in efficiency reduction. The
increase in the operating frequency is limited as the switches
have certain heat dissipation capabilities. This is a heavy
operating mode in terms of temperature. On the other hand,
this is the only way to achieve a static torque at zero speed. In
this mode, both the speed and the direction depend on the
PWM duty cycle, which is the same for each pair of transistors,
T1-T3 or T2-T4. In this mode, the motor will rotate in the
positive direction when the duty cycle is more that 50% and it
will rotate in the negative direction when it is less than 50%.
With a duty cycle of 50%, the motor is stopped despite the fact
that it is fully loaded electrically. The latter guarantees the
presence of a static torque at zero speed. One main peculiarity
of this circuit is that a shoot-through can emerge if the
transistors T1 and T2 or T3 and T4 remain switched on at the
same time. Such a situation can occur if T2 is turned on before
T1 cuts off and this can happen because of the recovery time
of each transistor which prevents it to be cut off
instantaneously. To ensure proper operation, the bridge shoot
through should be avoided. This necessitates the introduction
of the so called "interlock delay time" or "dead time" into the
control scheme which represents a short period that ensures
some time for the corresponding power switch to be fully
turned off. The dead time calculation will not be discussed here
but it should be mentioned that it is typically in the order of 0.3
to 5us (Selva, 2014; Infineon Technologies AG, 2007).

Pulse width modulator

The Pulse Width Modulation (PWM) is a technique for
obtaining analog voltages by digital means. It is commonly
used in power switching circuits like switched power supplies
or motor inverters. For producing PWM, digital control is used
to create a square wave which is a signal switched between on
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and off. This is usually done using a triangle-shaped voltage
and a comparator. Unfortunately, this very simple setup is not
suitable for driving H-bridge topologies. Such circuits need the
introduction of some current-less time period, known as the
dead time. A two-way PWM module with configurable dead
time is discussed below. It is written in Verilog HDL and
implemented in a programmable logic device of the CPLD
type. The block diagram of the module is given in Fig. 4.

1 clk cycle 1 clk cycle
n ” n
P a— )+
reg wm_set
duty cycle CLR
| R
R
clock:
reset comparator
n
R ] pwm_reset
up counter AND
1 O0clk I
clk cycle
1 clk cycle
reset

wm_set
R Qr—
delay OR pwm chB
S
pwm_reset_delay \
0 clk cycle
pwm_reset 3
D> b
delay OR pwm chA
pwm_set_delay s
reset

Fig. 4. Block diagram of the PWM module with dead time control
capabilities

The operating principle of the circuit is based on the use of a
counter and a comparator. When the reset signal is low (log.
0), the input register “reg”, the counter, the comparator, and
finally the two RS flip-flops at the output are all zeroed. If the
reset goes high (log. 1), then at the first rising edge of the
clock, the duty cycle assignment is stored in the input register
‘reg” and the up-counter increases by one. When the counter
value reaches the duty cycle value, the comparator sets its
output to log. 1 (rises the “pwm_set”) thus resetting the output
of channel B (see Fig. 5). At the same time, this signal starts
up a monostable multivibrator (the upper “delay” block in the
figure) which outputs a pulse with predefined length. Its output
is negated and serves to set the output of channel A (see Fig.
5). The counter counts up and when it reaches the maximum
value (all bits in log. 1 state; it saturates), the output of the
AND gate (“pwm_reset’) resets the output of channel A. At the
same time, this pulse starts up a monostable multivibrator (the
lower “delay” block in the figure) whose output serves to set
the output of channel B. On the next rising edge of the clock,
the counter overflows and starts counting again from 0. Then
the whole algorithm repeats.

Fig. 4 shows the clock cycles that are consumed by each
element. As is seen, all clocked modules consume 1 clock
cycle, i.e. their output becomes valid after 1 clock period. All
the asynchronous modules switch their outputs immediately.
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The bold blocks in the figure represent the logic for
implementing the dead time delay. The length of the delay
pulse can be configured by setting a parameter in the “delay”
block which technically leads to adding serially a flip-flop inside
this block. That means that each delay unit corresponds to one
clock cycle. The introduction of such a delay module allows for
a precise setting of the dead time up to the resolution of the
clock. Naturally, it can be assumed that the duty cycle of this
PWM device is limited at both ends by the duration of the dead
time. Therefore, the duty cycle should not be less than the
dead time. If this condition is violated, the two channels will
overlap and will be active at the same time, which is a
prerequisite for a shoot-through and must be avoided. It is
obvious that the higher the frequency and the resolution of the
PWM are, the less the impact of this drawback is. In practice,
this limitation is negligible as it falls outside of the useful
operating mode.

|
pwm_set |_| |

—_—

pwm_set_delay

pwm_reset

pwm_reset_delay

pwm chA

|
‘ dead time !

| | |
pwm chB | |

|
|
|
| T |

Fig. 5. Waveform that clarifies the principle of operation of the PWM

Fig. 6 and Fig. 7 show the experimentally obtained
waveforms of an 8-bit PWM with clock frequency of 100 kHz.
That means that the time resolution is 10us and the frequency
of the PWM is about 390Hz. The usage of a CPLD permits the
resolution to be configured to almost any value such as 9, 13
or 24 bits if needed. Also, the clock frequency can be
augmented in the order of tens to thousands MHz. In the
figures, the dead time, which is 30us for the sake of the
experiment, can easily be seen.

168 Gz,

CHZ= 2.aal}

Fig. 6. Output of channels A and B for an 8-bit PWM with duty cycle of
0xD0 at 100 kHz clock
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Fig. 7. Output of channels A and B for an 8-bit PWM with duty cycle of
0x02 at 100 kHz clock

The elaborated PWM module can be easily modified to
support multiple parallel running channels. The setup is
depicted in Fig. 8. As is seen, the up-counter and the AND
gate are common to all channels, so they are instantiated once
for the entire device. The duty cycle register, the comparator,
and the delay logic are repeated for every channel. The
number of channels depends on the available resources on the
selected chip and does not affect the performance of the
module as the CPLD makes them running in parallel. For the
OWI-535, the PWM consists of 5 channels — one channel per
coordinate. The usage of CPLD device resources increments
linearly with the increase of the channel count and this makes
the design flow quite predictable.

count
n
pwm_reset

AND

reset —"
R

up
counter

PWM 1

rey
e |n

521+

> wm_set
R
-~ CL! Q
delay OR
S

pwm_reset_delay

) >—r o
S

— chB

pwm_reset

> chA

OR

pwm_set_delay

reset

[ PWM n |
Fig. 8. Multichannel PWM configuration

Arduino intermediate controller

The PWM module discussed so far serves as a low-level
controller for driving the motor. For the OWI-535 manipulator to
be controlled, a higher-level device is required. The proposal
here is to use the Arduino open source platform as an
intermediate controller that makes a bridge between the PWM
module and the user interface, or to use it as a standalone
controller that generates the assignments for each axis. A
block diagram of such a configuration is depicted in Fig. 9.
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Bluetooth
HC-06

Arduino

usB

Fig. 9. Remote control of the OWI-535

Two options are shown. First, it is the Bluetooth serial
connection. The main function of the Arduino is to translate the
serially received commands to duty cycle assignments for each
axis of the manipulator. Besides, the Arduino will check for
boundary conditions for the assignments. This configuration
will permit the manipulator to be controlled remotely. Second, it
can be the interface between the OWI-535 ROBOTIC ARM
EDGE manipulator and the commercial Matlab or the open
source Scilab mathematical tool. This will give opportunity for
studying algorithms and applying them to a real robot. And this
is the final goal of this project.

The precise control of any device requires feedback
information, so this is another function of the Arduino. A
quadrature encoder can be used to obtain positional feedback.
Another option is to build a sensorless control system by using
a current sensor such as a Hall-effect sensor or a current
transformer. It is convenient to implement maximum current
control for limiting the force and protecting the motors.
Furthermore, building a current feedback will provide
information about the loading on each axis.

Future work

The results reported in this paper open possibilities for future
work. This includes interfacing the OWI-535 ROBOTIC ARM
EDGE manipulator with the Matlab scientific software. If a
bigger programmable logic device (FPGA) is to be used, then
an embedded microprocessor, such as Microblaze Soft
Processor Core (Xilinx Inc., 2017) or Nios Il (Intel Corp., 2017),
can be implemented into the chip making the whole controller a
standalone intelligent module. Also, SoC devices exist which
incorporate FPGA fabric together with a single or dual core
ARM MCU in a single chip.

Conclusions

An upgrade of the OWI-535 ROBOTIC ARM EDGE
manipulator has been discussed in the paper. As a core
component, a pulse width modulator module with embedded
dead time control was described. The functioning of this
module has been verified in practice on a XC2C256
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CoolRunner CPLD from Xilinx. Two switching strategies have
been evaluated: the soft-chopping and hard-chopping modes.
Although being unfavorable for the motor because of the
greater power losses, the hard-chopping mode proved to be
more suitable for precision control of positioning devices since
it guarantees significant static torque at zero speed and
smooth control over a wider speed range.

The authors hope that the synthesized digital control system
can be applied in several course units in the Department of
Automation of Mining Production at the University of Mining
and Geology “St. Ivan Rilski” in Sofia.
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Introduction Exposition
In the process of pumping of oil products along pipelines 1. Non-sectional tank
through pumps and filters, electrical charges are generated
within the liquid. The filling of reservoirs is accompanied by the The input equation for charging in time is of the following
accumulation of electrical charges within the tanks’ volumes. type [2, 3]

An electrical field with high voltage is generated in the gas

space of the tank. The voltage of the electrical field is often dQ (de +(de
in rel

sufficiently high to cause electrical discharges. (1
dt dt dt

The risk of static electricity in oil industry, along with its effect
on technical progress in the field of transport and storage of oil
and oil products calls for the development of methods for
prevention. This article studies the problems associated with
static electricity during oil basic operations in the sequence that d
is detgrmined by Fhe technologica! production: Qharge per unit of time 7, [S]; (_Qj is the variation of charge in
generation and electrical leak in the pipelines; calculation of dt ),
the electrical field in the reservoirs; methods for preventing
static electricity risk.

dg

where: d_ is the variation of charge Q, [C] in the tank
t

the tank per unit of time corresponding to the input current
I, [A] transferred by the stream of the tank incoming

To determine the static electricity risk in reservoirs, the
electrical field energy should be regarded concurrently with the
change of the concentration of oil product vapours within the
vapour volume of the reservoirs during the forcing of electrified
oil products [1].

d
liquid; (—Qj = 1,,, is the variation of charge per unit of
rel

time determined by the charge relaxation.

This report focuses on the issue of charge accumulation For any moment of time ¢, equation (1) is valid where the
during the filling of a reservoir with electrified liquid for which phenomenon of relaxation is described. Employing this
Ohm'’s law applies. equation, we can put down
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)
dt ), r

where 7 is the time-constant of the liquid relaxation, [S]

Using the new notation, equation (1) is changed into

d_Q: _Qv (3)

d t in r

The solution to equation (3) is

0 =0,,(1-¢ ),

where Q.. =1, .7

est

The charge density is 0, (¢) established by dividing
equation (4) by the liquid volume

L
T.[l —e TJ
t

For £ >> 7 we have

oy (1) = Piny -

t
Py (D)= Pyt
T

2. Sectional tank

We discuss the common case of a partition of the tank into
two sections by means of a barrier.

The liquid enters the first section and flows into the second
section through an opening in the barrier. The liquid level in the
two sections is equal.

The input equation for section one is of the type

a9, _

dt —Lin T e _Itr.1,2’ (7)

d
where % is the charge variation per unit of time in the first
¢

section; 7, is the relaxation current in section one; 7, ,
is the current transferred by the liquid and entering section two.

We write equation (7) using a new notation

a0, _, _ 9 _ 9.0, -V)

- V.t

. , 8
dt "o @
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where V; — V] is the total filling capacity of the first tank..

9,

I T

in.

and

We introduce the notations Q" =

y

f =—2—" and obtain

(l+ij.Ql* 1 0.
t T

T

490 |
dt

The solution to equation (9) is as follows:

t t

1
_[e v el dt
(10)

Q _f1L is

m.

The graphical dependence of Ql* =

. , , t
such that (J increases proportionally to the rise of f (—j .
T

t
After a given value of f (—j , this proportion is disturbed and
T

. t o
a steeper rise of f (—j corresponds to a minor increase of
T

« r
O, . The graph runs almost parallel to the — axis.
T

The charge O, in the second section of the tank is
determined by way of the charge variation in this section.
dQZ [ Q

e (11)
dt mrr

= ]tr,l,z - Irel‘l,Z =

where /., , is the relaxation charge in the second section.
Upon dividing equation (11) into /,, .7, we get

dQ; _ [;.1,2 _Q; (12)

dt T

To solve equation (12) with respect to Q; , we need to have
the numerical dependence of /,, | ,, determined by equation

(7).



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 60, Part Ill, Mechanization, electrification and automation in mines, 2017

3. Approximate equation for determining the volume of a
relaxation vessel

The variation in the amount of charge ( in the oil product

that is forced into an earthed relaxation vessel is described by
the following equation:

_40 _90

==—1,

13
at 19

where i is the current determined by the motion of the

£..8,
Y

is the absolute dielectric permeability of the void:

charged dielectric liquid in the pipeline; 7 = (where

&

F
8,86.107"% —, &, is the relative dielectric permeability of
m

the liquid, and y is the electrical conductivity of the liquid,
[Q'm™]).

Bearing in mind that there is no charge in the relaxation
vessel at the initial moment of forcing the liquid, i.e. at £ =0
and with O = 0, we get the following equation:

t

O=ir(l-e ),

Since the stay period of the liquid in the relaxation vessel
t >> r, for the established mode, equation (13) changes
into:

O~xir,

In this manner, the amount of charge that is contained in the
whole volume of the pumped oil product to be found in the
relaxation vessel is approximately equal to the current i
multiplied by the time for the product relaxation 7 . The velocity
of the flow in such a vessel is low; therefore, the charge
generated in the vessel can be disregarded.

(14)

(1)

If V'is the volume of the relaxation vessel, the average
volume density of the liquid charge o, is determined by the

equation:

0O ir

=—=—, 16
Pr=3=7 (16)

The value of the current induced by the flow of liquid that

. . m’ |
passes into the vessel at the forcing speed of G {—} is
s

ires :pVG :ﬁl’

V (17)
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Deriving from expression (17), we can approximately
determine the necessary volume of the relaxation vessel that
provides the leak of a given amount of charge during
continuous forcing of the oil product in the tank:

_tG

0

v =22 100, [m?] (18)

i
where k, =—"=.100 is the amount of residual charge in

i
the flow of the oil product from its initial value, [%].

It is worth noting that in formulating equation (18), the charge
leak in the relaxation vessel is presumably due to the
conductivity of the oil product and the convectional and
diffusion current in the vessel itself which can both affect the
charge leak in the vessel are not taken into consideration.
Consequently, the actual necessary volume of the relaxation
vessel might differ slightly from the calculated one. This is
particularly valid for the dielectric liquid with specific volume

resistance within the range of 10> [Q.7] and higher.

Conclusion

A relaxation vessel should be used for removing hazardous
accumulation of electrostatic charges during the forcing into
tanks of combustible dielectric liquids with specific volume

electrical conductivity of 107° +107" [Q'm™']. it

necessarily has to be employed in cases when, with the aid of
pumps and filters that are themselves sources of mass
generation of electrical charges, the liquid is loaded into tanks
with gas and vapour spaces by means of short pipelines or by
means of a pipeline filled with an insulation material (e.g.
polyvinylchloride).
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Introduction possible inside blast, the relaxation vessel must all be filled up

with liquid. The relaxation vessel must have such volume

Contemporary multi-tonnage  production requires high which ensures that the liquid residence time in it considerably
efficiency of the pipeline transport, therefore, limiing ~ €xceed the relaxation period of the charge.

transportation speed to the safe values of between 0.7 and 1.4
m This report examines the process of charge relaxation in a
{—} presupposes the use of costly wide-diameter pipes. reservoir filled with electrified liquid containing positively and
S negatively charged particles with volume density as a function
of the position of the liquid in the tank, and of time.

Loading the apparata and tanks through a vertical pipe that
has been lowered almost to the bottom ensures the safe liquid
feed at a considerably high rate (permissible outflow rate). Exposition
First, however, this type of feed is not always possible to
ensure, and second, the permissible feed rates for liquids with
high density charges are not that high. In both cases, it is
necessary to use special gadgets that reduce electrification of
the liquid flow along the pipeline and create more favourable
conditions for discharging of the charge resulting from the free
jet which moves below the liquid layer and the surface liquid in
the tank.

A random shape volume 7 with a surface area equal to S
is studied. The volume is filled with electrified liquid containing
positively and negatively charged particles with volume density

C
P, and pO_, {—3} that are the function of the position of
m

the liquid in the reservoir, and of time. The liquid charge is

Relaxation vessels of various structures are the most
common means of reducing thg value qf the charge .that. is j ( p.—p. ).dV _ (1)
transferred to the tank from the jet outgoing from the pipeline

[1]. The relaxation vessel of a relatively small size is placed on g

the feed pipe at the very inlet of the tank or apparatus. While _ '

residing in the relaxation vessel, the liquid gives off to the walls The charge currentin V" is equal to

a larger part of the charge that has been transferred by the 22

pipeline, exits the pipeline, and moves to the major tank or _5(/% —pP- )-d V= _[5 ds, (2)
S

apparatus already relatively weakly charged. To avoid a
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2 A
where O is the current density through surface S, [—2}
m

Employing the vector equation

j 5.dS = j div 5.4V,
N vV

We can put down

0

——(p, —p.)av = [div 5av. )
Vv

ot

As far as the discussed volume V' is random, integration
can be omitted

—2(,0+ -p. ).dV =div g

5
o (%)

Let's establish the relation between current and intensity of
the electrical field that generates the liquid charge

—

5=klp.-p.)E, 6)

3
m
where k is the ion mobility factor in the liquid, {V_} and
K

>V
E, {—} , is the vector of the intensity for the electrical field
m

that generates the liquid charge.

In conformity with Poisson's equation

div E=p+_p7 = Py
£.6, &8,

, (7)

r

where &, is the absolute dielectric permeability of the void:

F
8,86. 1072 —
m
permeability of the liquid.

and &, is the relative dielectric

Combining equations (5) and (6) we get

0 . E
-—(p,—p.)= dW[k-(A -p. )-E} =

=k(p, — p_)div E+ I'Hz".graal[k.(p+ —p_)]

Equation (8) is the output for determining the law of liquid
charge relaxation.

53

It is generally considered [2, 3] that with liquids with specific
electrical resistance of 10" [Q.m] and less the degree of

electrification does not influence electrical conductivity, i.e.
under various conditions and with different liquids we have a
sufficient amount of charge carriers from the two polarities, in

other words (,0+ —p_ ) = const.
In this case
k.(,o+ —-p_ ) =y = const. (9)

where ¥
[Q'm™].

is the electrical conductivity of the liquid,

Upon substitution of equation (7) in equation (8), and taking
into account equation (9), we obtain the differential equation

Py _ 1Py _Pr
ot €. T

: (10)

where 7 is the time-constant of the liquid relaxation, [S]

The solution to equation (10) is of the type

t

py () =pye*, (1)

Multiplying equation (11) by volume V", we get the total liquid
charge

O(t)=0ye °, (12)

Where O, and Q(¢) are respectively the total liquid charge,
[C], in the beginning (z = 0) and at a random point of
time.

Equation (12) is the law of liquid relaxation.
£,.&, . .
As long as 7 =———, the charge relaxation rate is

1
entirely determined by its specific electrical resistance —,
Y

[€dm], since &,.€, does not actually change in dielectric
liquids with the change of electrical conductivity.

In conformity with equation (12), charge relaxation is
commonly called Ohm'’s relaxation or Ohm's law.

For liquids with a rather high specific electrical resistance (
£ >10"Qum), where the number of charge carriers
determining their electrical conductivity is small, it would be
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incorrect to assume that the complete number of carriers
during the process of liquid excitation is constant. In this case it
is assumed that the charging liquid contains carriers of only
one polarity since the charges of one polarity are removed
during excitation and charges of the opposite polarity are
added. As a rule, electrical conductivity of such a liquid may
exceed the initial conductivity due to excitation. Bearing in
mind the above assumption, and considering the charge
distribution as uniform throughout the whole volume, equation
(8) is transformed into

%y _kpy

, 13
ot &8, 19

In this case, p, is the charge density with one plus or

minus sign, depending on what the sign of the electrifying
liquid is.

The solution to equation (13) is

py () =—L — - pj; (14)
1+k.py, 1+—22
& £..&,

where ¥ is the electrical conductivity of the electrified liquid

and p,,, is the charge density of the liquid at point # = 0.

Multiplying the left- and the right-hand sides of equation (14)
by the volume of the liquid, we obtain Ohm’s law of the
relaxation of the liquid volume charge

o =-——2

t.
1+A
&..€

(15)
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Conclusion

As follows from equation (15), the value of the charge
decreases in time according to a law that is similar to the
hyperbolic law. In relation to this theory, the relaxation of a
liquid whose electrical conductivity is less than

107" [Q".m™"] is generally referred to as hyperbolic.

According to equation (14), relaxation depends only on the
initial charge density p,,, and on the ion mobility & .

In the intermediate range of liquid electrical conductivity,
107 +107"° [QQ'm™"'], the process of charge

relaxation is described as a combination of Ohm’s law and the
hyperbolic theory. In this case, the conductivity of the

uncharged liquid y_, is reported.
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specific losses of active power for the generation of reactive power are defined in the synchronous electric motors in big mining and mineral processing enterprises in

the country.

Keywords: specific losses, compensation of reactive loads

ONPEAENAHE CMNELUW®UYHUTE 3ArYBU HA AKTUBHA MOLLHOCT HA CUHXPOHHU ENEKTPOABUIATESIN 3A

FEHEPUPAHE HA PEAKTUBHA MOLLHOCT
Kupun Oxycmpoe?, MUean Cmounos?

"MunHo 2eonoxku yHugepcumem, 1700 Cocpusi, E-mail: justrov@mgu.bg
2MunHo 2eonoxku yHusepcumem, 1700 Cocpus, E-mail: ivan.stoilov@mgu.bg

PE3IOME. [JaneHa e MeToauKa 3a EKCIEpUMEHTAITHO OnpeensiHe Ha cneLmduiHuTe 3arybu Ha akTMBHA MOLLHOCT B CMHXPOHHU eNeKTpoaBUraTeny 3a reHepupaqe
Ha peakTMBHa MOLYHOCT. [poBeseHN ca ekcnepuMeHTanH1 M3cneaBaHmus B NpakTUkaTa Ha MOLLHW CUHXPOHHM €NeKTPOLBMraTeNy, 3afBMKBaLLM MEMHUYHN arperaTy,
[AeauHTerpatopu 1 nomnu. Onpedeneny ca cneuuduyHuTe 3arybu Ha akTMBHa MOLLHOCT 3a reHepypaHe Ha peakTUBHa MOLLHOCT B CUHXPOHHUTE eNeKTPOABUraTenu

Ha ronemu MUHHo-0boraTUTENHN npeanpuATua B CTpaHarta.

KniouoBm aymu: crieuydmyHm 3arybu, KOMNeHcHpaHe Ha peakTUBHU ToBapH

Introduction

The powerful synchronous electric motors have a wide
application in our mining industry. They are used for driving of
mill units, pumps, ventilation units and compressors. For
instance, the overall installed power of the synchronous
electric motors in the mineral processing plant in Asarel Medet
JSC is 54.2 MW, of which 41.7 MW are operational. 13
synchronous electric motors with an overall installed power of
28.2 MW are in constant operation in the flotation mill in
Elatsite Med JSC. The synchronous electrical motors operate
in a regime for generation of reactive power with capacitive
character which facilitates ensuring the balance of the reactive
power for the overall enterprise. This is of particular importance
for enterprises that do not have to achieve an average power
factor below the neutral (cose = 0.9) for a 15 minute interval.

In order to compensate the reactive loads in the mining
enterprises in our country capacitor batteries, operating mainly
at a medium voltage of 6 kV, are also used. The elimination of
the cost of consumed excess or reactive energy returned to the
system, in accordance with the current electricity tariff and the
maximum unloading of the reactive power grids, should be
considered as a conditon for optimal operation of
compensating devices. The solution of the complex problem
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for optimum combined compensation of reactive loads in big
enterprises requires assessment of the losses of active power
for the generation of reactive power by the compensating
devices.

The specific losses of active power for the generation of
1kVAr reactive power by the modern medium voltage
capacitors are unambiguously accepted in the literature and
are about 0.003 kW/kVAr. However, there is a different
problem with the loss of active power by synchronous electric
motors. There is insufficient data, often in a wide range of the
specific losses during the reactive power generation, in the
literature. For example, in (Dankov, 1991) are quoted values of
specific losses of 0.009-0.05 kW/kVAr. Significantly higher
values are given in (Fedorov, Kamneva, 1984): synchronous
electric motors with power up to 5000 kW - 0.05-0.1 kW/kVAr;
for low-speed motors - 0.1-0.15 kW/kVAr. The conducted
experimental studies of synchronous electric motors of 2.5 MW
and 1.6MW in (Chobanov, Menteshev, 2007) show an average
value of the specific losses of 0.03 kW/kVAr. Apart from the
large differences in the quoted values, it is not explained in
what operating conditions the specific losses are obtained and
whether they reflect the losses in all the units of the
synchronous motor - coordinating transformer, rectifier, rotor
coil and stator coil.
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The lack of accurate data on the values of specific losses of
the active power for reactive power generation is a significant
obstacle for conducting a proper technical and economic
analysis to optimize the allocation of reactive capacities within
the plant. The purpose of this study is to develop the actual
specific losses of active power to generate reactive power (o)
of the main synchronous electric motors in our mining and
mineral processing plants. During the production process,
experimental tests of different types of synchronous machines
were performed under normal operating modes and the values
of o were determined.

Measuring equipment

All experimental studies were carried out with modern digital
network analyzers FLUKE 437-I1, FLUKE 435-11 n FLUKE-43B.
Accuracy class of the instruments during measurement:

- of the voltage + 0.1% of nominal (1000V);

- of the current for the corresponding clamp-on ammeter

10.5%;
- of the power £1.0%.

Methods for conducting the experiment

The objective is to selectively determine the specific losses
of active power in the stator coil, in the rotor coil and in the
transformer-rectifier coordinating unit. For this purpose, a
three-phase network analyzer is connected to measure current
and power in the stator coil of the motor. A second three-phase
network analyzer is connected to measure the current and the
input power of a matching transformer. A single-phase FLUKE-
43 network analyzer is used to measure the power, current and
voltage for determining the losses only in the synchronous

motor. The experiment aims at capturing how the specific
losses o are changed at different values of the generated
reactive power, stepwise changing the magnitude of the field
current, and recording all measured quantities.

Experimental tests

The described methodology will be illustrated with the results
from the measurements of a synchronous electric motor type
SDS 19-56-40 u4, driving mill unit type MSHTS 4.5 x 6.0,
indicated in the text with MA1.

Fig. 1 shows the change of the active and reactive power as
well as the current in the stator and the rotor captured by the
experimental tests of mill unit M1. From the dependencies
shown, it can be seen that the change of the field current
(Irotor) significantly changes the reactive power (Q) and the
stator current (Ist), but the active power (P) remains almost
constant. Therefore, the determination of the active losses in
the stator coil of the electric motor does not have to be done by
reading the drawn active power at change of the field current.
The losses are calculated by considering the change of the
current in the stator coil for certain values of the field current
and the active losses are calculated by the formula:;

AP =3.1% R, 1% kW (1)

where: [ o - current in the stator coil of the synchronous
electric motor, A;
Rst - active resistance of the stator coil of the synchronous

electric motor, Q.
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Fig. 1. MA1 - change in the field and stator current, acive and reactive power in the stator
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To determine the losses in the excitation circuit, the three-
phase active power on the ~ 380V side of the transformer
supplying the thyristor exciter TE-8E for different field current
values is measured. Thus, the losses in the power transformer,
the losses in the rectifier itself and the losses in the rotor coil
are taken into account. The constant current losses in the rotor
coil are reported by the single-phase network analyzer

Table 2 gives the results of the measurements of mill unit
M1. For each value of the field current Ic, the current in the
stator Ist, the active power P and the reactive Q in the stator of
the synchronous electric motor are registered. The "-" sign
before the reactive power means that the synchronous
machine generates reactive power of capacitive character, and
the positive values of Q mean reactive power consumption with
inductive character.

Table 2. Specific losses of active power for the generation of reactive power in a synchronous motor type SDS 19-56-40 u4 (M1).
I'rotor, |Ist, P rotor, [P ~380, P st, Qst, Losses for | Losses in|Losses in | Overall
A A kW kW kW kVAr excitation, the rotor, | the stator, | losses,

KW/KVAr KW/KVAr | KW/KVAr | KW/KVAr
191.2 |200.0 |18.3 233 2046 288
2071 198.0 (206 27.3 2039 -37
210.0 198.3 [21.0 27.5 2040 92
215.3 1991 |21.8 28.6 2034 -183 0.0092 0.0085 0.0012 0.0104
2216 |200.6 |22.8 30.8 2036 -298 0.0134 0.0086 0.0016 0.0150
2420 |208.0 |26.5 36.6 2033 677 0.0145 0.0092 0.0026 0.0171
261.8 |219.0 |30.2 42.8 2033 -1025 0.0157 0.0098 0.0036 0.0193
27173 |227.0 |333 46.8 2034 -1210 0.0166 0.0108 0.0042 0.0208

The three-phase active power (P ~ 380) of the coordinating
transformer (TC3B 100) to the thyristor exciter TE-8E is also
registered. The table also shows the power change in the DC
rotor circuit (P rotor). The table also shows the power change
in the DC circuit in the rotor (P rotor).

The specific losses of active power for generating reactive
(kW / kVAr) total for the excitation circuits, stator coil and total
specific losses are determined. For example, at an operating
field current of 221.6 A, the stator current is 200.6 A, the rotor
coil power is 22.8 kW, and the power output from the 380V
side of the matching transformer is 30.8 kW. The synchronous
motor is loaded with an active power of 2036 kW and
generates a capacitive output of 298 kVAr. Under these
conditions, the overall specific active losses for reactive power
generation are 0.015 kW/kVAr, distributed as follows: in stator
coil - 0.0016 kW/kVAr, in the excitation - 0.0134 kW/kVAr. Of
these, the specific losses in the rotor coil are 0.0086 kW/kVAr
and the remaining 0.00726 kW/kVAr are in the matching
transformer and rectifier.

Table 2. Specific losses kW/kVAR

The percentage ratio of losses in the individual units of the
synchronous electric motor in normal operating mode is: in the
stator coil — 10.66%; in the rotor coil - 57.33%; and overall in
the transformer and rectifier - 48.4%. With the increase of the
field current, the specific losses also increase and with
excitation of 277.3 A - the total specific losses are 0,0208 kW/
kVAr. The percentage of losses in individual units also
changes. Compared to the normal operating mode, the
percentage of losses in the stator coil (20.19%) is almost
doubled, at the expense of reducing the percentage of
transformer and rectifier (27.88%).

The results obtained show in that the specific loss estimate
for the specific losses in the rotor coil alone leads to significant
errors of about 40-50%. For accurate estimation of the specific
losses of active power for reactive power generation, it is
necessary to simultaneously measure the values in the stator
coil of the electric motor, the field current and the active power
at the input of the matching transformer.

Type of motor Driven machine Coefficient of | Specific

loading losses
kKW/KVAR

SDS-19-56-40 UHL-4 P = 2500kW, Us= 6KV, I, =281A, | Ball  mills,  type | 0.8 0.0138

n = 150min-!, cosy = 0.9, Uexc = 162V, lexc = 225A, Efficiency = 95.0 MSHTS 4.5 x 6.0.

SDS 19-56-40 y4 Ball  mills, type | 0.82 0.0150

P=2500 kW, UH.=6 kV, IH.=281 A, n=150 min-,cos,=0.9, Uexc.=145 | MSHTS 4.5 x 6.0

V, lexc.=278 A, Efficiency=94.8

SDM-32-22-34 UHP-4 Mills for wet self- | 0.3 0.0323

P = 1600kW, Un.= 6KV, lsa = 185A, n = 100min™", cosy = 0.9, lexs = | 9rinding MMS 7.0 x

200A 2.3.

SDN -2-16-74 6UZ Pump 0.9 0.00717

P = 2000kW, UH.= 6KV, lstat.= 221A, Uexc = 46V, n = 1000min'1, CcoSy =

0.9, lexc.=295 A, Efficiency = 96,6

SDS 315 -64-6UZ Pump 0.72 0.00728

P = 2500kW, Uy = 6KV, Istat= 278A, Uexe.= 72V, cosy= 0.9
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According to the presented methodology, the specific losses
of active power for generating reactive power from the main
electric drives with synchronous electric motors in the mineral
processing plants of Assarel-Medet JSC and Elatsite Med JSC
have been experimentally determined. The results have been
summarized in a Table 2. The well-known fact that higher-
speed synchronous motors have lower specific losses has
been quantitatively confirmed. For example, the low speed
motor SDS-19-56-40 (n = 150 min-! ) has values of o, = 0.0138
kW / kVAr, whereas the electric motor with the same power
SDS 3 | 5-64-633 (n = 1000 min-") has specific losses o =
0,00728 kW /kVAr.

Conclusion

The results obtained for the specific losses o during the
conducted studies and the conducted technical and economic
analyzes for optimum compensation of the reactive loads of
large mining and mineral processing enterprises have led to
the following:

1. A methodology for selectively determining the specific
losses of active power in the individual units of the
synchronous electric motor when generating reactive power is
proposed.

2. According to the proposed methodology, data on the specific
losses of the main synchronous electric motors in the mineral
processing plants at Asarel-Medet JSC and Elatsite Med JSC
have been obtained.

3. On the basis of the actual data on specific losses of active
power for reactive power generation, a feasibility study was
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carried out to optimize the distribution of the reactive capacities
in the processing plants at Asarel-Medet JSC and Elatzite Med
JSC.

4. Asarel-Medet JSC has implemented the proposals in
practice and has compensated the combined reactive loads -
with synchronous electric motors and with capacitor batteries,
which has led to a significant economic effect.
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RESULTS FROM AN EXPERIMENTAL STUDY AT “STOMANA INDUSTRY* SA OF THE
POWER QUALITY AT THE LEVEL OF 220 kV WHEN OPERATING ELECTRIC ARC
FURNACES

Todor Nikolov

“Stomana Industry” S.A.

ABSTRACT. The report presents the results from the experimental studies of the impact of the electric arc furnaces operation on the electric power quality indicators
at the 220 kV side. The voltage deviation and the higher harmonics in the voltage curve under different operating modes of the electric arc furnaces and of the ladle
furnaces have been studied. The results of the registered current loads of the 220/35 kV transformers, the active and reactive power, and the values of the power
factor have also been given. Conclusions have been made on the influence of the operating modes of the furnace transformers upon the "pollution” (deterioration) of
the 220 kV system voltage.

Keywords: electric power quality indicators, electric arc furnaces

EKCNEPUMEHTANHU U3CNEOBAHUA HA KAYECTBOTO HA HAMPEXEHUETO HA HABO 220 kV IMPU PABOTA HA
ENEKTPOOBIOBU NELLUKU B ,,CTOMAHA UHOBCTPU“ ALl

Todop Hukonos

,CmomaHa NMHdscmpu*“ Al

PE3IOME: B poknapa ca npeactaBeHu pesynTaTuTe OT €eKCMepUMEHTanHW W3crefBaHWs Ha BMWSHWETO Ha paboTata Ha eneKkTPOABIoBUTE Mely BbpXy
nokasaTenuTe Ha ka4ecTBOTO Ha eneKkTpuyeckaTa eHepria Ha ctpaHa 220kV. MscneaBann ca OTKIOHEHWETO Ha HAMPEXEHNETO 1 BUCLLIMTE XapMOHULM B KpUBaTa Ha
HanpeXeHNeTo NP1 Pa3nnyHK PaboTHM PEXMMM Ha eNEKTPOABLIOBIUTE NMELLM 1 KO BYHO-NELLHNUTE MHCTanaumu. [laneHu ca v pesyntaTute OT PETUCTPUPAHUTE TOKOBM
HaToBapBaHus Ha TpaHcdopmatopute 220/35 kV, akTuBHaTa 1 peakTMBHATa MOLLHOCT W CTOMHOCTUTE Ha (pakTopa Ha MOLLHOCTTa. HanpaBeHn ca U3BoaN OTHOCHO
BMMSIHNETO Ha pabOTHUTE PEXMMM Ha NeLLHUTE TPaHCHOPMATOPH BbPXY ,3aMbPCABAHETO" Ha CUCTEMHOTO HanpexeHue 220 kV.

Kniouosu AYMU: NOKa3aTenun 3a Ka4eCTBOTO Ha ENeKTpUYeckaTa eHeprua, enekTpoabrosu newun.

Introduction interruptions of the network voltage that can bring about
substantial losses in glass-making and steel-making industries,
By its very nature, the electric power is a commercial product as well as in telecommunications.
that should possess an inherent adequate quality. The widely
used Concept “Power Quaiity” (PQ) means uninterrupted power It is well knOWn, each non-sinusoidal current is a sum of
deiivery to the consumers, and the parameters of the Suppiy- sinusoidal current with a mains frequency f (baSiC harmoniC),
line (mains) Voitage shall be within a Speciﬁed range, aiiowing as well as sinusoidal currents with frequenCieS nf, where nis a
for the normal functioning of the net-connected power loads. A random positive integer (n-th harmonic). The flow of the
perfect power supply implies that the mains voltage should harmonic currents in the network creates voltages with their
never be interrupted, its value and the frequency shall be frequency, i.e., the mains voltage also stops being sinusoidal.
within the allowable range specified by the applicable ~ According to the studies cited in (Chobanov S., 2015), the
standards and have a perfectly/pure sinusoidal (wave) form harmful consequences caused by the presence of higher
without Superimposed noises. The meaning of PQ has aiways harmonics in the electrical networks are as follows:
been seriously paid attention to since the very creation of the - The existence of harmonics in the mains voltage leads to
power grids, but today, it is much more important due to two additional energy losses in the furnace transformers and to
basic reasons. The latter can be said to be closely related to overheating of their windings (due to the impedance increase)
the existence of a great number of state-of-the-art types of and of the core (due to Foucault CUrrentS). The losses are
loads, which, on one hand, need a high/good PQ, but on the roughly proportional to the square of the harmonics frequency
other - they deteriorate it because of their inherent action. As and may be up to ten times greater than is the case with a
an example, it will be enough to mention the electric arc mains voltage with a purely sinusoidal shape. The harmonics
furnaces in the metallurgical plants. There are plenty of human cause additional heating of the power cables too, but apart
activities where the deterioration of the PQ is related to from thiS, they create unwanted vibrations that cause faster
considerable financial losses, mainly, in the uninterrupted ~ Wear, resulting in cable breakdowns and reduced insulation
production processes. Another example is the short-time resistance of the wires themselves.
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- There are also changes that may set in in the cosg correction
devices (17% probability). Because of the harmonics, the
performance of the furnace transformers is deteriorated, and
the correction is not effective enough. Damage to the coils can
also occur when the harmonics frequency coincides with its
resonant frequency.

- Switching on and off of heavy loads linked to the electric arc
furnaces is associated with large pulse currents that generate
significant voltage jumps up and down, especially for long
connecting wires. The probability of disturbing the normal
operation of the grid is 12.3%, while the reduction of this
phenomenon needs resizing of the wires.

- If there are harmonics, the sum of their amplitudes may reach
an order of magnitude equal to that of the fundamental
harmonic/component and accidentally trigger protective relays
or switches (probability 7.5%).

- The probability for the harmonics to interfere with the optimal
use of the current-carrying networks is 3.6%, and a harmonics
control should also be established on top of that of the reactive
energy.

The voltage and current higher harmonics cause specific
losses that, according to Kirov and lliev (2017), can be
examined from the following points of view:

- Additional power and electricity losses in case of higher
harmonics;

- Additional cost of increased electrical equipment failure as a
result of the accelerated aging of the insulation;

- Additional costs of disturbing the operation of the relay
protections by reverse sequence currents and unbalanced
capacitive currents in earth connections;

- Additional costs due to the negative influence of the higher
harmonics on the operation of the communication and
automation media.

In the metallurgical plant of "Stomana Industry” SA, there are
currently two electric arc furnaces (EAF) and two ladle-furnace
installations (LF). The electric capacity of the furnaces is
respectively: EAF1 - 120 MW, EAF3 - 75 MW, and that of LF
No. 1 — 18 MW and LF No.2 - 18 MW. The furnace
transformers are supplied by a voltage of 35 kV from two
power transformers 220/35 kV with power respectively 200
MVA and 180 MVA.

The main purpose of the experimental research carried out
was to determine how the operation of the EAF and the LF
influences the electric power quality parameters of the power
transformers on the 35 kV and the 220 kV side. The results
from the 35 kV network research are given in (Stoilov Iv., K.
Dzhustrov, T. Nikolov, 2015). The results from the
experimental studies on the 220 kV side are examined here.

Experimental Studies

1. All experimental research has been performed with modern
digital network analyzers FLUKE 437-Il and FLUKE 435-Il. The
devices are connected to the secondary circuits of the
measuring transformers.
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Measurement accuracy class of the instruments:
- in terms of voltage - 0.1% of the nominal (1000V);
- in terms of current for the corresponding ammeter jaws -
2.0%
- voltage harmonics - 0.1% % n. 0.1%, where n is the number
of the respective harmonic;
- voltage THD (the voltage curve sinusoidality distortion factor)
-+ 2.5%.

2. The measurements have been carried out simultaneously on
the 220 kV and 35 kV side in the following technological
modes:

- idle operation of the transformer 220/35 kV;- simultaneous
operation of EAF No. 1 and LF-1.

All measurements of the electricity quality indicators have
been performed according to the methodology formulated in
|EC 61000-4-30:2008.

3. Cumulative results of the 220 kV side measurements under
the simultaneous operation of EAF No. 1 and LF-1 for one heat
processing period.

3.1. Voltages in the three phases (Fig.1).

Hanpexetus, Bxoa 220 kV - CTOMAHA UHABLCTPU
u,v epHoBpeMeHHo pabotewm EAM1 v KU1

240000

235000
230000

225000

220000

215000

210000

Fig.1. Voltages, 220kV input — STOMANA INDUSTRY, EAF1 and LF1
operating in parallel

The registered idle voltage of the transformer in the individual
phases is in the range of 233 to 234 kV, the difference not
exceeding 0.5%. During the operation of the electric arc
furnaces, the voltage is relatively constant and with a value of
about 230 kV. There have been registered short-term voltage
peaks only at the moments of a sharp drop in current. The
maximum registered value is 235.2 kV. The minimum recorded
instantaneous voltage value during the heat process has been
221 kV. When both the electric arc furnace EAF No. 1 and LF-
1 are in operation, the voltage quality indicators defined in EN
50160:2010 are not disturbed.

3.2. Current loading (Figure 2)

The records attached herein show the transformer current
load on the 220kV side.
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During the electric-arc melting, peak currents are recorded in
one of the phases exceeding 350 A. Most of the time, the
current ranges from 200 to 250 A.

Tokose, Bxoa 220 KV - CTOMAHA UHOBLCTPU
eaHoBpemeHHo paboTewn EAM1 v KNU1

time

ATV R SIS i

Fig. 2. Currents, 220 kV input - STOMANA INDUSTRY, EAF1 and LF1
operating in parallel

3.3. Active and reactive power (Fig. 3).

MowsocTy, Bxoa 220 kV - CTOMAHA UHOBLCTPU
epHoBpemerHo paGotewm EAMT u KNK1

F[“ Hilnn
Hi |
' Il

|

P, MW ; Q, MVAr
100

Fig. 3. Power values, 220 kV input - STOMANA INDUSTRY, EAF1 and LF1
operating in parallel

The change in the active and reactive power during the liquid
bath smelting characterizes the variable power loads of the
production facilities during the process. The maximum active
power values do not exceed 93 MW.

3.4. Power factor (Fig. 4).

DakTop Ha MowHoCTTa, BXog 220 KV - CTOMAHA UHABLCTPU
PF eHoBpeMeHHo paGotewn EAM1 u KNK1

3

Fig. 4. Power factor, 220 kV input - STOMANA INDUSTRY, EAF1 and LF1
operating in parallel
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The figure shows the operation of the compensating
devices. There are time intervals in which the power factor is
below the standard (normative) value of 0.9.

3.5. Total factor of non-sinusoidality — THD (total harmonic
distortion factor in %) (Fig. 5).

THD B Hanpexetuero, Bxoa 220kV - CTOMAHA UHABCTPU
% epHoBpemenHo paboteuy EAMY u KK

—THD V AB Avg
25 —THOVBC Avg
—THOV CAAYg

time

Fig. 5. Voltage THD, 220 kV input - STOMANA INDUSTRY, EAF1 and LF1
operating in parallel.

According to the requirements of standard EN 50160:2010,
the total harmonic distortion factor (THD) in the 220 kV voltage
supply networks shall not exceed 2,0%. From the recordings
carried out, it can be seen that during the smelting process the
THD ranges from 0.6% to 1.5%. Three cases were registered
during the recording, in which short-term (about 5 s) THD
values exceeded the normative ones: 2.77%, 2.17% and
2.11%. Since the standard EN 50160:2010 specifies the THD
values as average within a 10-minute interval, one can
positively claim that the parallel operation of EAF No. 1 and
LF-1 does not disturb the 220 kV system voltage with higher
harmonics.

3.6. Mean values of the harmonics up to No. 50 for the entire
period of the heat process (Fig.6).

XMCTOrpama Ha CpeaHaTa CTORHOCT Ha XaPMOHHULNTE B HaNpeXeHeTo
% Bx07 220 KV - CTOMAHA MHILCTPY npy eanoBpemento paGoteww EAM1 u K1

2

Fig. 6. Bar chart of the mean value of the voltage harmonics - 220 kV
input — STOMANA INDUSTRY, EAF1 and LF1 operating in parallel

From the histogram (bar graph) attached herein, the values
of the higher harmonics are recorded as averaged for each
single phase of the heat-processing period. The total harmonic
distortion factor THD (also called the voltage waveform
distortion factor) for the three phases has values of 0.88, 0.92,
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and 0.84. The highest values belong to the 5th harmonic -
0.66%, followed by the 11th - with 0.36%, the 3rd - with 0.33%,
the 7th - with 0.19% and the 2nd - with 0.17%. All registered
values of the higher harmonics are significantly lower than
those specified as acceptable in the EN 50160:2010 standard.

3.7. Phase A harmonics from the second to the seventh for the
entire measurement period (Figure 7).

XapmoHuuM B HanpexenueTo, BXoA 220kV - CTOMAHA UHILCTPU
% efiHoBpeMeHHo pabotewm EAM1 n KA1

—Volis Harmorics2 AB Avg
—Volis Harmorics3 AB Avg
25 Volis Harmonics4 AB Avg [~
Vol Harmorics5 AB Avg

—Volis Harmonics6 AB Avg
2 —Vols H ABAvg) |

Fig. 7. Voltage harmonics - 220 kV input - STOMANA INDUSTRY, EAF1
and LF1 operating in parallel

It is evident from the record attached herein, that, for the
heat-processing period, the momentary values of the quoted
harmonics do not exceed the individual coefficients specified in
EN 50160:2010. There are two moments recorded, in which
the 3rd and 5th harmonic exceed the factor of 1.5% as allowed
by the standard above. These unit values have a duration of
less than 6 seconds and reach: the 5th - 1.7% and the 3rd -
1.56%. Since the standard specifies the individual coefficients
of non-sinusoidality as mean values within a 10-minute
interval, apparently, the individual harmonic factors can also be
deemed as not infringing the normative requirements.
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Conclusion

1. Experimental data have been obtained for the voltage
quality indicators at the level of 220 kV during the heat
processes conducted in the electric arc furnaces (EAF) and the
ladle-furnace installations (LF) at "Stomana Industry” SA,
involving different modes of operation of the furnace
transformers;

2. The nature of the current load in the three phases during the
smelting process of one heat has been determined;

3. The loading diagram has been registered in terms of active
and reactive power at 220kV for a single smelting process.

The main conclusion from the research conducted is that the
simultaneous operation of the electric arc furnace (EAF) and
the ladle furnaces (LF) in “Stomana Industry” SA does not
generate unacceptable values in the quality parameters of the
electrical energy in the system voltage of 220 kV. On the basis
of these results, the entity “Stomana Industry” SA has been
designated for the so-called "tertiary" production facilities
control in the electric power system of the country.
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DISPLAY MEASURING SYSTEM

Krasimir Velinov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, candela@mail.bg, http:/light-bg.eu/

ABSTRACT. The development of modern technologies has allowed the creation of increasingly sophisticated systems for visualizing information. The evolution of the
technology in this area has taken place in the following sequence: CRT, LCD, LED, OLED, AMOLED. Within the existing LCD, LED, OLED, AMOLED technologies,
2D, 3D and holographic displays can be developed. A team of engineers from the European Union are engaged in the development of elements of this technology.
For this purpose, the Optintegral project has been activated with the idea of developing better and more modern LED display displays using the use of pressurized
injection molding. Optintegral's goal is to demonstrate the feasibility of technology, flexibility, resilience and cost savings in this revolutionary manufacturing process.
This will enable the competitive production of a wide range of LED displays within the European labor market. The consortium includes nine European partners from 5
European countries, including Fundacié Privada Ascamm (ASCAMM), Simulacions Optiques SL (SNELL) and Spain's Spanish Association for Standardization and
Certification (AENOR), VTT Technical Research Center of Finland (VTT) Neonelektro Oy (NEO) from Finland, LumyComp Design Ltd. (LUMY) and Megatex
Commerce Ltd (MEGATEX) from Bulgaria, Holografika Hologramel8allitd Fejleszté és Forgalmazé Kft. (HOLOGRAFIKA) from Hungary and UBATH from the United
Kingdom. In order to evaluate the qualities of the constructed modules and displays, a system to measure their parameters has been developed at the NIL "Lighting
Engineering" at the University of Mining and Geology "St. Ivan Rilski". The system is a set of optical measuring equipment and a specially designed and manufactured
coordinate table with a JETI specbos 1201 spectrometer mounted. The coordinate table has dimensions of 1300x1400 mm and allows measurement of displays up to
1200x1200 mm. The shifting of both axes X and Y is accomplished by two stepping motors. For testing, a measurement methodology has been compiled in
accordance with current regulatory documents. With the measurement system so constructed, control measurements of a LED module.

Keywords: display, measuring system

CUCTEMA 3A U3BMEPBAHE HA UCINEN
Kpacumup BenuHoe
MunHo-eeonoxku yHusepcumem "Ce. MgaH Puncku", 1700 Cogbus, candela@mail.bg, http:/light-bg.eu/

PE3IOME. Pa3BuTeTO Ha CbBPeMEeHHMTE TEXHOMOrMI N03BONABA Cb3faBaHe Ha BCe NO-CbBbPLLEHN CUTEMN 3a BIU3yanuanpaHe Ha MHdopmaunsaTa. EsonioymaTa Ha
TEXHOMoruTe B Taau obrnact npotuya B cnegHata nocneposatenHoct: CRT, LCD, LED, OLED, AMOLED. B pamkuTe Ha cbluecTByBaluute TexHonoruv LCD, LED,
OLED, AMOLED wmorat fa ce paspabotat 2D, 3D u xonorpadcku gucnnen. Ekvn uhxeHepn ot EBponeiickusi Cbio3 ca ce 3aenu ¢ paspaboTkata Ha enemeHTi ot
Tasu TexHonorus. 3a yenta e aktveupaH npoekTbT Optintegral ¢ uaesta pa ce paspabotat no-gobpyu u moaephn peknamiu LED gucnnew, kato ce w3nonasa
TexHomnorusiTa Ha XxvubpUAHO MHTErpupaHe upes LnpuusaHe noa HansraHe. Llenta Ha Optintegral e Aa ce fokaxe NpunoXWMOCTTa Ha TexHomorusita, fa ce
AEMOHCTPUPa MbBKABOCTTa, YCTOMYMBOCTTA M HAMansBaHETO Ha PasxofuTe MpW TO3U PEBOMIOLMOHEH MPOWM3BOACTBEH Mpolec. ToBa Lie fafe Bb3MOXHOCT 3a
KOHKyPEHTHOCMOCOBHO MPOM3BOACTBO HA LUMPOK Kpbr OT pa3Hoobpasuu LED gucnnew B pamkuTe Ha eBponemnckust TpyaoB nasap. KoHCOpuwyMbT BKITOYBa AEBET
€BpOMNeiickN NapTHLOPU OT 5 eBponeicku cTpaHu, B ToBa umcno Fundacié Privada Ascamm (ASCAMM), Simulacions Optiques S.L.(SNELL) u VcnaHckata
acouuauus no ctaHaaptuaauns u ceptucdmkauns (AENOR), LieHTbpa 3a TexHuuecku npoyysanus (VTT) n Neonelektro Oy (NEO) ot ®unnangms, LumyComp Design
Ltd. (LUMY) n Megatex Commerce Ltd.(MEGATEX) ot Bbnrapus, Holografika Hologramel8allitd Fejleszté és Forgalmazé Kft.(HOLOGRAFIKA) ot YHrapus
Yuusepcuteta B bat (UBATH) ot ObeguHeHoto KpancTBo (UK). 3a ga ce HanpaBu OueHKka Ha kayecTBaTa Ha KOHCTpyupaHuTe moaynu v aucnneu, B HAJ
“OcseTnTenHa TexHuka” npu MunHO-reonoxkus yHuBepcuteT “CB. MBaH Puncku’ Gelue cb3fafeHa cucTema 3a u3MepBaHe Ha napametpute um. Cuctemata
npeAcTaBnsBa Habop OT anapaTtypa 3a ONTUYHI M3MEPBaHNS 1 CMELWanHo KOHCTPYMPaHa 1 u3paboTeHa koopaMHaTHa Maca C MOHTUpaH cnektpopaavometsp JETI
specbos 1201. KoopanHaTHata maca e ¢ paamepu 1300x1400 mm 1 no3sonsisa uamepeaHe Ha aucnnen go pasmep 1200x1200 mm. MpemectBaHeTo no ageTe ocu X
1Y ce OCbLUECTBSIBA OT [jBa CTBIKOBM ABUraTens. 3a npoBexgaHe Ha M3NUTaHWsTa e CbCTaBeHa METOAMKa 3a u3MepBaHe B CbOTBETCTBME C [eiCTBalLUTE B
MOMeHTa HOpMaTuBHN okymMeHTW. C Taka Cb3aafieHaTa u3MepBaTenHa cucTemMa ca U3BbPLUEHN KOHTPONHM M3MEpPBaHINS Ha CBETOAVOAEH MOAYI, MpeaHasHauyeH 3a
n3paboTka Ha aucnneun. CbagafeHata uaMepBaTenHa C1CTEMA € TeCTBaHa, kaTo ca U3BbPLLEHN KOHTPOMHIN U3MEpPBaHNS Ha CBETOANOAEH MOAYM, NPeAHa3HaueH 3a
n3paboTka Ha aucnnen. TecToBeTe ca nokasanu HeitHaTa pabotocnocobHocT. HanpaseHw ca npenopbki 3a Obaella pabota.

KniouoBu AyMU: anenne, n3mepBatesnHM CUCTeMu

Introduction standard display with a resolution of 640x480 tp. The most
common screen resolution currently is from 1280x1024 t to

For a relatively short period of time, | have witnessed how 1920x1200 t.
technical devices for visual infgrmatipn have changed. _InitiaIIy, The development of state-of-the-art technologies has
these were CRT displays for displaying textual information, but  giowed us to create increasingly sophisticated systems for
it quickly came to the idea that a picture was more powerful yigyalizing information. The evolution of the technology in this

than the text, and the first PCs had the ability to display area was performed in the following sequence: CRT, LCD,

graphical images. The quality was cryptic - @ screen resolution LED, OLED, AMOLED. The last three technologies have
of 320x240 dots and a monochrome image. Things changed,  enapled an even higher resolution - full-color 4K - 4096 x 3112
however, as in 1986, the most common computer had a dots, with low energy costs.
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In August 2016, Japan's national television company, NHK,
launched the world's first regular 8K satellite broadcasting. The
Super Hi-Vision Test Channel ran on Aug. 2 with a picture
resolution of 7,680 to 4,320 pixels. Last September, Sharp
presented a 85-inch receiver with a resolution of § 133,000. [1]

The processing of such an image requires large
computational power. At the SIGGRAPH 2016 event, the AMD
Radeon Pro graphics card has demonstrated an equivalent
monitor resolution of 16K - 15,360 x 8640 (132 megapixels) [2].

Within the existing LCD, LED, OLED, AMOLED
technologies, 2D, 3D and holographic displays can be
developed. A team of engineers from the European Union are
engaged in the development of elements of this technology.
For this purpose, the Optintegral project has been activated
with the idea of developing better and more modern LED
displays using the use of pressurized injection molding.

Optintegral's goal is to demonstrate the feasibility of
technology, demonstrate flexibility, sustainability and cost
savings in this revolutionary manufacturing process. This will
enable the competitive production of a wide range of LED
displays  within  the European  labor  market.
Optintegral will initially develop three different prototypes of
large-scale displays - 3D glasses-free, lightpipe Displays and
LED direct-illuminated displays - designed for the store
network, for transport and hotels. These prototypes of displays
will be produced and demonstrated by three European SMEs
and an effective impact on observers will be tested and
evaluated through the use of state-of-the-art medical
computerized imaging technologies with EEG enrollment.
Optintegral: This is a three-year project, launched on
01.02.2015 with funding provided by the European Union
amounting to 5,675,337 Euros. The consortium includes nine
European partners from 5 countries, including Fundacio
Privada Ascamm (ASCAMM), Simulacions Optiques SL
(SNELL) and Spain's Spanish Association for Standardization
and Certification (AENOR), VTT Technical Research Center of
Finland (VTT) Neonelektro Oy (NEO) from Finland, LumyComp
Design Ltd. (LUMY) and Megatex Commerce Ltd. (MEGATEX)
from Bulgaria, Holografika Hologramel8allitd Fejlesztd és
Forgalmazé Kft. (HOLOGRAFIKA) from Hungary and the
UBATH University of the United Kingdom (UK).

In order to evaluate the qualities of the constructed modules
and displays a system has been developed to measure their
parameters in the Lab "Lighting Engineering" at the University
of Mining and Geology "St. Ivan Rilski".

The work was done in the following sequence:

1. Buying standards describing the testing methodology of
2D, 3D and holographic displays.

2. Creating a test methodology

3. Construction of an apparatus and a system of measuring
instruments to perform the tests.

Description of a display measurement system

To carry out the measurements a complete
system was used with the following equipment:
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LMT Photometer
B520, ID 04B4021

luminance-meter

L 1003 of angular field
10, producer “LMT”
Germany, ID 0686191

Automated
goniophotometer

Power Meter
HM8115-2
ID 015447345

Stabilized power
supply ZAFV1.5/270;

Digital multimeter
DMM4050;

Ulbricht photometer
with diameter 2m

Laser rangefinder
DLE-40
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spectroradiometer
JETI specbos 1201;

Pulse light meter

Automated display
measuring table

Spreadsheet
generator

In order to carry out the measurements, a coordinate table
was constructed, on which spectrometer JETI spechos 1201
(Figure 1) was mounted. The coordinate table has a size of
1300x1400 mm and allows measurement of displays up to
1200x1200 mm. The displacement on both axes X and Y is
accomplished by two stepping motors.

Fig. 1. Coordinate table for measuring displays

A suitable software was developed for coordinate table
management and reading of the spectroradiometer data.

With the system so constructed, the following tests can be
carried out:

- Measuring the viewing angle and distribution of
brightness in the space;

- Measuring the pulsation coefficient of light;

- Measurement of white light chromaticity and its uniformity
in liquid crystal display and devices with built-in backlighting
system,

- Reproduction of colors;

The test methodology has been compiled in accordance with
the documents [3 - 13]. In Fig. 2 and Fig. 3. the conditions
under which the measurements are made are shown.
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Fig. 3. Standard measurement positions in the centers of all rectangles
P0-P24

Results

With the measurement system so constructed, control
measurements of a LED module designed for display were
made. The photo of the module is shown in Fig. 4.

Luminous flux emitted from the 37 Im module.

Distribution of brightness on the red color display, cd/sqm

66.4
47.0

68.5
73.0

75.1
64.0

Minimum value = 47.0 cd/sqm
Average value = 65.7 cd/sqm
Uniformity - Uo=0.72

275
185

289
252

289
186

Minimum value = 185 cd/sqm

Average value = 246 cd/sqm

Uniformity - Uo=0.75

Brightness distribution on blue color display, cd/sqm

49.7
36.7

50.2
475

49.9
29.4

Minimum value = 29.4 cd/sqm

Average value =43.9 cd/sqm
Uniformity — Uo = 0.67

Brightness distribution on white, cd/sqm
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352 372 363
234 406 235

Minimum value = 234 cd/sqm

Average value = 327 cd/sqm

Uniformity — Uo = 0.72

Brightness in the middle of the bright segment = 220 cd/sqm
Brightness in the middle of the dark segment = 0.75 cd/sqm
Brightness at the end of the bright segment = 137 cd/sqm
Brightness at the end of the dark segment = 20.3 cd/sqm

Fig. 4. LED display module

Fig. 5. Spectral characteristics
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Fig. 6. Light distribution of the display module
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Conclusion

The established measurement system has been tested by
performing a control measuremennt of a LED module designed
to produce a display. Tests have shown its efficiency.

Guidelines for future system upgrading - mounting an extra
camera to capture portions of the display. From the captured
images, defective pixels, spacing pixels and nonlinearities are
determined directly.
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POSSIBILITIES FOR INCREASING THE RELIABILITIY OF THE INSULATION
MONITORING DEVICES

Radi Tenev

Kardzhali Branch of the University of Mining and Geology “St. Ivan Rilski” - Sofia, 6600 Kardzhali, raditenev@abv.bg

ABSTRACT. Because of the specific conditions in the mining industry (increased humidity, high temperature, dustiness), of the three possible grounding systems TN,
TT and IT, the IT system has been used because of its undisputed advantages. It provides safety to the service staff and minimum risk of fire. In fact, the system
retains its qualities only in case of robust insulation. In case of damaged insulation and presence of leakage currents, the IT system becomes more dangerous than
the TN system. That is why insulation quality is constantly monitored by insulation monitoring devices. This article deals with the possibilities for increasing the
reliability of the insulation monitoring devices. The insulation monitoring devices that are most commonly used in Bulgaria are explored, the UACI. The reasons for
their failure are examined. The main principles of reliability are explained: self-control of the elements, and the Reservation principle. The operation of insulation
monitoring devices with increased reliability that are used in the mining industry is described.

Keywords: IT systems, principle of self-control, insulation resistance, reliability, element control.

Bb3MOXHOCTW 3A MNOBULIABAHE HA HAOEXOHOCTTA MPU ANAPATUTE 3A KOHTPOJ1 HA U3ONALIMATA
Padu TeHes
Qunuar - Kepdxanu Ha MuHHo-2eonoxku yHusepcumem ,Ce. UsaH Puncku” - Cogpusi, 6600 Kppdxanu, raditenev@abv.bg

PE3IOME. Mopaau cneuudnyHnTe YCnoBus B MUHHO[OOWBHUTE NPEANpUATMS (NOBULLEHA BMAXHOCT, BUCOKA TeMnepaTypa, 3anpalleHoCT), OT TpUTe Bb3MOXHM
cxemu 3a 3asemssaHe - TN, TT u IT, IT cuctemata ce e Hanoxuna nopagu 6e3cnopHuTe C1 NpeguMCTBa npeg ocTaHanuTe, kato 6esonacHocT Ha obcnyxsaluus
nepcoHan 1 MUHUMarnHa BepOSTHOCT 3a Bb3HWKBaHe Ha moxapu. PeanHo IT cucTemarta 3ana3ea CBOMTE KayeCTBa €AMHCTBEHO MpW M3npaBHa uaonauus. Mpu
noBpefeHa 13oNnaLus 1 HanuuMe Ha YTeYHU TOKOBE TA CTaBa 3HauMTenHo mo-onacHa oT TN cuctemata. ETo 3awo e HeobxoauMo MOCTOSHHO Aa ce cneau
CbCTOSHMETO Ha u3onauusTa. ToBa Ce MpaBu OT anapaTv 3a KOHTPON Ha u3onauusTa. Hactoswara ctatus € nocBeTeHa Ha Bb3MOXHOCTUTE 3a MOBMULIABAHE Ha
HaAeXaHOCTTa NPy anapaTuTe 3a KOHTPON Ha u3onauusTa. Pasrnegaqu ca Halt-4ecTo u3nonasaHuTe anapati B bunrapus — YAKW. Tocouenu ca npuynHuTe, KoUTo
BOAAT A0 TexHMs oTkas. OBSCHEHM Ca OCHOBHUTE MPUHLMMM Ha HaEXAHOCTTa: CAMOKOHTPOM Ha eNeMEHTUTE 1 MPUHLMN Ha pe3epBupane. Onucana e paboTata Ha
anapatypara 3a KOHTPON Ha u3onaunsTa ¢ NoBMLLEHA HAAEKAHOCT, KOSTO HaMupa NPUMOXEHNE B MUHHATa NPOMULLNEHOCT.

KniouoBu gymu: Mpexa C U3omnnpaHa HeyTpana, pUHLMM Ha CAMOKOHTPOS, CbIPOTUBIEHUE Ha U30MaLmsiTa, HAEXIHOCT, KOHTPOMN Ha ENEMEHTUTE

Introduction The automatic circuit breaker is the leakage protection
device. If it fails with a leaked relay, the voltage is not switched

In general, reliability is associated with an unacceptable off, the relay remains under voltage for a long time, its contacts
refusal of the device, i.e. the property’s ability to maintain its run through high currents, and as a result it goes out of action.
working capacity over a long period without forced interruptions According to statistics, about 30% of the failures of the
or, in other words, this is the absence of unforeseen changes ~ automatic switches lead to failures of leakage protection
in its performance during the operation (Druzhinin, 1977). (Kolosyuk, 1980).

According to the analysis of electric trauma and fires, no Other studies have shown that this percentage has
lethal exits or fires have been recorded as a consequence of increased, about 60% of failures of automatic switches lead to
leakage currents in case of defensive protection, but in case of ~ failures of leakage protection.
failure the cases of lesions are present. This is explained first The estimated theoretical time for faultiess operation of
with deficiencies of operation, and secondly with insufficient UACI-660 leakage relay is 12000 hours, and of UAKI-380 -
reliability of the means for protective shut-down of the leakage 13000 hours. In standby tests, the same relays displayed

relay and the disconnection devices. According to the 10460 hours - UAKI-380, and 9200 hours - UAKI-660.
normative documents adopted, the file-save operation of the

isolation control devices (refusal processing) is 20 000 hours. The operational reliability of serial UAKI leakage relays

varies greatly. In real conditions, the following data were

In order to increase the safety of the exploited network, itis ~ obtained: UAKI-660 Leakage Relay Fault Reset, not more than
necessary to increase the reliability of the leakage relay. 4750 hours and no more than 7820 hours for UACI-380.
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Causes for failure of the insulation monitoring
devices

The leakage relay fails mainly for the following reasons: fault
on the choke and resistors, windings, diode failure, burner on
the mounting wires, short circuit in the relay.

The faulty leakage relay not only results in material losses,
but also disturbs the safe operation of the grid. An isolated
neutral electric network is safe only when it is insulated, and
when a relay fails, such a network becomes more dangerous
than a network with grounded neutral.

In order to increase the reliability of the whole system, it is
necessary to increase the reliability of both the leakage relay
and the automatic circuit breaker.

If the leakage relay and the slot machine are considered as
elements joined in series, assuming that their failures are
independent events subject to the exponential law, we can
write down the reliability parameters of the leakage protection
system:

Pz‘:P[)'Pa (1)
A, =+, 2)
r- L __ 1 (3)
A, A, A,

where P is the possibility for safe operation of the relay and
the automatic machine;

Table 1. Apparatus reliability requirements

A is the intensity of failures;
T, is the processing of failure of the protection system.

The parameters read by the above formulas are given in
Table 1.

Conditionally, the reliability can be divided into total reliability
or technologically (that depends on the reliability of all
elements in the apparatus) and functional (which is determined
by the reliability of those elements whose failure results in a
violation of the protective functions).

Many components of the fail-over leakage relay do not affect
the security features, such as the scale light, the check button,
etc. Therefore, the overall reliability of the leakage relay may
be lower than the functional leakage relay.

The required reliability can be achieved through constructive
actions and proper prevention and replacement of the
necessary elements.

The increasing requirements for the leakage relay determine
a larger number of elements in the circuit which, in turn, leads
to a decrease in design reliability. That is why the structures
that are designed most often do not provide the necessary
functional reliability even with the highest reliability of the
individual elements. Because of the total rejection, intensity is
equal to the sum of the intensities of the failures of all the
elements.

In order to provide the necessary functional reliability of the
protection devices, the principle of self-control and reservation
of the elements, principles used in automation, can be used.

Network Probability of Intensity of Refusal process,
Security device voltage, faultless failures hours
Volts operation 1/h
per 1000 hours

UACI 380 0.907 0.096x10-3 10460

UACI 660 0.897 0.109x 103 9200

Feeding machine 380 0.874 0.136 x 103 7350
Feeding machine 660 0.864 0.174 x 1073 6800
Leakage protection system 380 0.791 0.232 x 103 4310
Leakage protection system 660 0.774 0.256 x 103 3910

Self-control of the elements

The principle of self-control is realized in such a way that the
complete or partial failures of the elements which provide
functional reliability lead to the disconnection of the protected
network or to rising sensitivity. This measure does not reduce
the failure of the power supply with sufficient reliability. The
principle of self-control provides a high, close to one-time,
probability of faultless performance of the protections
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functions. Under these conditions, the principle of self-control
is considered necessary.

Increasing reliability at the expense of element self-control is
shown in the scheme proposed by Assoc. Prof. H.M.
Zhelihovski (Figure 1).

Self-control is achieved by the fact that the relay K works
when the anchor is released and any damage to the elements
in the circuit causes the current flowing through the winding to
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cease or reduce the relay releasing its anchor or becoming
T

more sensitive.

R
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Fig. 1. Self-contained protection device based on the use of constant operating current

The relay contact is in the circuit of the shut-off coil which
disconnects the voltage both in the presence of leakage and in
the case of a damaged element.

In the circuits where control of the elements is introduced,
the elements not provided with element control affect only the
overall technological reliability and do not affect the functional
reliability of the leakage relay. Theoretically, these schemes
reach 100% of reliability, which is virtually impossible because
there are elements for which self-control is impossible.

The functional reliability of such protection devices is
determined only by the reliability of non-secured elements,
such as the execution relay, for example, because the failure
of the other elements does not lead to a loss of protection
functions. In most cases, the relays used have a failure
response T= 105 hours. If such a relay is placed in the above
scheme, higher functional reliability can be expected.

The above equations clearly show that for the complete
leakage protection system, reliability is mainly determined by
the reliability of the automatic circuit breaker. This is why
particular attention is paid to it. It is necessary to increase the
reliability of the exclusion coil and the separation mechanism.

The principle of self-control may be applied to the shut-off
coil, eventual failure to trigger the machine.

The principle of the reserve

It is not possible to execute such self-control to the
separation mechanism. The reserve principle is then applied. A
spare machine or high voltage cell is used to feed the mobile
station or transformer.

Such a scheme has been developed by V. Kolosyuk and N.
A. Kissimov (Kolosyuk, V., 1980) and implemented to UACI
leakage relay (Figure 2).

The circuit is equipped with a back-up switch and switches
off even when the sensing relay of the leakage relay has failed.
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For the purpose, a sensing element is included between the
zero point of the rectilinear bridge and the ground via a closing
contact block of the automatic circuit breaker. The sensing
element is connected in parallel to the main relay. Thus, the
additional sensing element is energized simultaneously with
the main relay 4 by the same operating voltage. Two additional
elements, resistor 6 and capacitor 5, are connected to relay 3,
which determine the relay triggering time within the standard.

Contact 7 of relay 3 triggers the second automatic circuit
breaker or the high voltage cell. In the first case, a normally
open contact is used, and in the second, a normally closed
one.

If a leak arises and if 0,2 s does not work on the first vending
machine, a relay 3 is triggered which triggers the back-up shut-
off.

The principle of booking as a method of increasing reliability
is that the backup switch is turned off when the first one fails.

The probability of faultless operation of the reserved system
is determined by the formula;

P =1-(-P, )1-P,
@)

where: P and P, are the probabilities of faultless operation

c

of the exclusion system and of the high-voltage cell.
We assume that P = P, and we get:
P =1-(@-P, ¥}
(5)
For the entire system with reserved shutdown:
P =P P,
(6)
P, =P[1-{-P, §]
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The calculations show that at P=>0,82 the probability is Ps>
0,964. In this way, the leakage protection system using a self-
controlling leakage relay and a reserved grid disconnection
device have high reliability parameters with the existing
automatic switches.

In the absence of a reservation, the required reliability of the
leakage protection system may reach Pa>0,965 which is
difficult to realize in practice.
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Fig. 2. Scheme using the Reserve Principle

Figure 3 shows a general flow diagram of a leakage relay at
a voltage of 1140V.

The capacity C1 in parallel to the relay K1 smooths the
current and prevents false activation caused by transient
processes. The circuit uses a three-phase transformer that
provides high resistance for the alternating current and low
impedance for the DC operating current. The primary and
secondary coils are star connected. The primary coil is
supplied with 1140 volts, the secondary coil delivers 380 volts
in and feeds a three-phase rectifier. After the rectifier we get
255 volts.

U, =0,675U, =0,675.380 =255 (8)

where: Uc is the linear voltage.

A sensible relay is included between the zero point of the
primary winding of the transformer and the ground terminal
through R4 and R3 and the KQ meter.

The reserve sensing element (relay K2) is switched between
the zero points of the primary and the secondary windings of
the transformer TOP. Through R6, K2 threshold is set, the
capacitor C3 serves to increase the switching time of K2, V5
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and C4 to stabilize the operating voltage. The K1 circuit is
triggered by V4 and C2.

The relay contacts K1 are connected in the circuit breaker
circuit or the high voltage cell. The device is also equipped with
a CCU (capacity compensation unit).

The leakage relay works as follows:

In case of leakage, part of the operation current flows
through the leakage, grid, primary transformer coil, KQmeter,
relay K2, resistor R6 and “- of the rectifier, as a result of which
the current through relay K1 decreases and K2 increases.

If the leakage resistance is equal to the threshold relay K1
triggers and activates the switch that shuts off the leakage.
Relay K1 starts earlier than relay K2 .

If the circuit breaker does not shut off for any reason, it
operates K2 and shuts off the high voltage cell.

To reactivate of relay K1, it is necessary to briefly press the
button S. The circuit of the operating current is interrupted. On
the release of the S button, the diver V4 is drained and the
capacitors are discharged through the relay coils K1 and the
relay is energized. C2 is intended to be triggered and in normal
operation is off with a relay contact.
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In the case of failure of functional circuit elements, e.g. diode
break down, relay failure etc., the operating current through
relay K1 decreases (the gain resistance threshold is increased)
or is terminated altogether, resulting in the actuator being
triggered.

In more recent developments, relay K1 has been replaced
with a transistor key scheme.

N nucine

V

I nampebum ensm

Fug. 3. Insulation monitoring device for 1140 V
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INFORMATION MODEL OF A UNIVERSAL AGENT FOR DISTRIBUTED POWER
GENERATION MANAGEMENT

Mila llieva-Obretenova

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, milailieva@abv.bg

ABSTRACT. Smart Grid is an electrical grid which includes a variety of operational and energy measures including smart meters, smart appliances, renewable
energy sources, and energy efficient resources. Electronic power conditioning and control of the production and distribution of electricity are important aspects of
Smart Grid. The roll-out of Smart Grid technology also implies fundamental re-engineering of the electricity services industry, although the typical usage of the term is
focused on the technical infrastructure. The paper aims to propose information model of a universal agent for power supply management. The model is designed for
user interface developers and operating officers. The hypothesis is as follows: the description of the nodes through which the agent runs should contain software
definitions. The software of each node is sufficient to be detailed with elements up to level Manager and Program. The model should possess the following features:
The nodes through which the agent runs should be represented as physical points. For each point software is represented as a set of functions. Functions are
grouped according to open systems interconnection (OSl) areas: security, maintenance, configuration, accounting, and performance. We focus on the configuration
area because it contains the agent's routing data. The software components in the configuration area are detailed to the functional element access manager, which
directs the agent to the next element on his way.

Design methodology for this information model includes defining of managed object classes for the nodes through which the agent runs. Definitions are represented
verbally and by UML (Unified Modeling Language) diagrams. UML diagrams are classified in two types: behavior diagrams and structure diagrams. Class diagrams, a
type of structure diagrams, are suitable for describing nodes in Smart Grid. Class diagrams describe objects types in the system and different types of static
relationships among them. These diagrams also show “Part-of’ relationships, associations, atributes, class operations, and limits in the way the objects are
connected. The models are influenced by similar management models in telecommunications. The result is a management model design for Smart Grid: a model for
the management of a network and its elements through which a universal agent runs. The object oriented method is used. The objects classes that are managed are
defined in compliance with the managed units. Guidelines for the definition of managed objects (GDMO) from the network management standards are observed. UML
is used for the model description. At this stage, objects are represented only with names, “Part-of” relationships, and associations. At the next stage, attributes and
operations will be added to the managed objects. With this defining level, the model is a good basis for user interface development.

Keywords: Information model, universal agent, distributed energy resources (DER), distributed power generation

WH®OPMALIMOHEH MOAEN HA YHUBEPCAINEH ATEHT 3A YNPABINEHUE HA PA3NPEOENEHO FEEHEPUPAHE HA
MOLLHOCT

Muna Unuesa-O6pemeHosa

MunHo-2eonoxxu yHugepcumem "Ce. Mear Puncku”, 1700 Coghus, milailieva@abv.bg

PE3IOME. Smart Grid e enektpompexa C pa3Hoobpasne OT OnepaTMBHU M EHEPTMMHW W3MEpBaHMUSA, BKMIOYBALLM YMHW €MEKTPOMEPH, YMHW MPUNOXKEHWS,
Bb30OHOBAEMM EHEPIUITHI UTOYHNLIM U eHeproedekTBHYM pecypcn. OBycnaBsHe Ha enekTPOHHA MOLLHOCT 1 KOHTPON Ha NPOM3BOACTBOTO 1 pasnpefeneHneTo Ha
€NeKTPMYECTBO Ca BaxHM acnekt Ha Smart Grid. PasrpbluaHeTo Ha TexHonoruaTa 3a Smart Grid n3uckea npenpoekTMpaHe Ha WHAYCTPUATA 3a eneKTpoycnyru,
BbMPeKN Ye TUMMYHOTO M3Non3BaHe Ha TepMuHa ce (hokycupa BbpXy TexHudeckata MHpacTpykTypa. CtatusTa Lenu fa Npeanoxu uHGopMaLmoHeH Mogen Ha
YHUBEpCaneH areHT 3a ynpaBneHue Ha enektpocHabassaHeTo. MogembT e npedBuaeH 3a paspabotunMum Ha noTpebutencku WHTEpENc u cryxutenu no
ekcnnoatauus. Xunotesata e cnefHata: On1CaHNETo Ha Bb3NWUTe, MPEe3 KOMTO MPEMUHABAa areHTbT, TpABa Aa CbAabpxa AeduHMLMM Ha codTyep. CodbTyepsbT Ha
BCEKM Bb3eN € A0CTaTbYHO fia Ce [eTaiinuanpa ¢ eneMeHTH 40 HUBO MEeHNAXBLP 1 nporpama. MoaensT TpsbBa Aa nputexasa cneanuTe kayectea: Mectata, npe3
KOWTO MMHaBa areHTbT, Ce NPeACTaBAT KaTo (hU3NYECKN Bb3NK. 3a BCekn Bb3en CO(TYepbT e KaTo MHOXECTBO OT (hYHKLMM. PYHKLMMTE Ce rpynupaT B CbOTBETCTBIE
¢ obnacTuTe 3a B3aumogencTene Ha otBopeHu cuctemu (OSI): 3awwmTa, NoaabPkaHe, KOHPUIypaLms, TakCyBaHE U TEXHNYECKM XapakTepucTuku. dokycupame BbpXy
0bnacT KoHUrypaLms, 3aloTo TH CbAbpka AaHHM 3a MaplpyTU3upaHe Ha arenta. CodTyepHUTE KOMMOHEHTM B 06nacT KoHUrypaums ce geTannusupar Ao
MeHMmKBLP [locTbN A0 eneMeHT, KOMTO HacouyBa areHTa KbM CriefBallis enemMeHT no Herosus mbT. MeTogonorusTa 3a NPOEKTMPaHe Ha TO3W MH(OpMaLMOHEH
Mofien BKMKYBa JedhMHMpaHe Ha KnacoBe ynpaBnsiBaHi 0beKTW 3a Bb3NuTe, Npe3 KOUTO NMpemuHaBa areHTsT. [leuHuyuuTe ca NpeacTaBeHn CNIOBECHO U Ype3
avarpamu Ha UML (YHudpuumpar esuk 3a mogervpane). UML guarpamute ce knacuduumpat B [Ba BuAa: Avarpamu Ha noBedeHne W auarpamn Ha CTpyKTypa.
[lnarpamuTe Ha KnacoBe, BUA Anarpamn Ha CTPYKTypa, Ca MOAXOAALLM 33 ONUCBaHe Ha BbanuTe B Smart Grid. [lnarpamuTe Ha KnacoBe OnucBaT TUnoeeTe 0bekT B
cucTemara u pasnuyHuTe BIWAOBE CTaTUYHW B3aUMOOTHOLLEHNS MeXAy TAX. Tean Anarpamu nokassaT ChLo OTHOLLEHWE ,HacT oT", acoupaLun, CBOINCTBA, onepaLim
Ha KnacoBeTe 1 OrpaHnyeHIst B HauMHa, Mo KOTO ca CBbp3aHi obekTuTe. Mogenute UMat BRUsHUE OT aHanorMyHu MOLENH 3a ynpaereHne Ha TenekomMyHukaLmuuTe.
PesynTatsT e npoekT Ha Moaen 3a ynpasnene B Smart Grid: mogen 3a ynpaeneHue Ha Mpexa W HelHUTE enemMeHTH, Npe3 KOUTO NPeMMHaBa YHUBEPCANEH areHT.
V3non3BaH e 06eKkTHO opueHTHpaH MeToA. KnacoseTe ynpaBnsBanu 06ekTh ca fedrH1paH B CbOTBETCTBIE C ynpaBnsBaHuTe eanHnuy. Cnepsanu ca Mpenopbku
3a fiehvHupare Ha ynpasnssanu obektn (GDMO) ot cTaHaapTUTe 3a ynpaBneHne Ha Mpexi. 3a onucaHue Ha modena e uanonasaH UML. Ha Tosn etan obektute
Ca npeAcTaBeHn camo Ype3 UMeHa, OTHOLLeHNs ,HYacT oT* 1 acoumaumn. Ha cnepawums etan wwe ce AobasaT atpubyTv v onepauuv KbM ynpasnseaHuTe obeku. C
TOBA HBO Ha JeduHMpaHe MogenbT npeacTasnsasa 4obpa ocHOBa 3a pa3paboTBaHe Ha NoTpeduTencku uHTepeic.

Knio4oBm ayMu: MH(OpMaLMOHEH MOAEN, YHUBEPCANEH areHT, pa3npeaeneHy eHepruitHn pecypcH, pasnpeaeneHo reHepupae Ha MOLLHOCT
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Introduction

Modern power supply includes the intensive introduction of
renewable energy sources. This leads to the accumulation of
large energy quantities in the network and causes disbalance.
One of the solutions to the problem is energy distribution
automation. The concept is called Smart Grid (IEC, 2012).
Smart Grid is an electro grid which includes a variety of
operating end energy measurements and uses smart meters,
smart applications, renewable energy sources, and energy
efficient resources. Electronic power conditioning and energy
manufacturing and distribution control are important network
aspects. Smart Grid deployment also includes fundamental
redesign of electro services industry, although the typical term
usage focuses on the technical infrastructure.

In contrast to the traditional network, Smart Gird enables
each node to produce and store energy all over the network.
This means that the energy is not bound to the source where it
was originally produced. The energy could run through the
network and could be stored where it is most needed. This
potentially guarantees faster supply. Recently, big producers
have been paying a lot of money for energy supply networks.
With Smart Grid, the whole network could act as a supply
network. Each node with a capacity, not just the producers,
could demonstrate the presence of energy. There are special
security mechanisms embedded in Smart Grid basic levels,
which guarantee the secure uploading and storage of energy.

The information model of agent and nodes should use the
block chain technology
(https:/iwww.hyperledger.org/projects/fabric 2017). It creates
an architecture based on the storage and usage of energy and
not on the location in the network. There are two types of flows
in a block chain: energy and agent (request). The user sends
an agent to the network to find energy and to provide it back.
The agent has a label - a string of bits. The label is named
Uniform Resource Identificator (URI). URI uses the hierarchical
naming system and has three basic parts:

o  Prefix, which nodes use to find the general direction
for energy;

e Date and time when the agent was created;

e Source number which should be checked together
with the whole number of sources in this direction.

For instance, an agent could be named so:

Direction/020617/1633/source=1:5/.

In this case, Direction is the routable prefix for energy,
020617 is the date 2d of June 2017, 1633 is the time 16:33, it
begins to check source 1 in this direction, the possible sources
are 5.

New way of routing

For the energy of “Direction” to be distributed in Smart Grid,
a node (Smart Meter) issues an energy request labeled with
routable Direction. The nearest node sends the request while it
finds energy. Then the node sends the energy back to the user
by following the same way and using the same interface or
gateway through which the request has entered the system.
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However, if the node does not contain energy in its storage,
the forwarding-machine writes the request in Pending Interest
Table, or PIT (a log which consists of the running copy of all
requests that have recently passed through the node and have
not found energy). Also, the gateway, through which every
request enters, is remarked, as well as the gateway, through
which it runs forward. When a new request comes and it is
written in the PIT, the forwarding-machine sees all unsatisfied
requests and sends the new one along exactly the same route.
The idea is that the entries in the PIT create a trail for every
request to trace its route through the network, while it finds the
searched energy. Then this trail consults the PIT in every node
to follow the reverse way to the original user and notes that the
request has been satisfied. However, if a request enters the
node and the forwarding-machine finds neither uploaded
energy, nor any entry for a previous request in the PIT, the
node calls the Forwarding Information Base (FIB). FIB is a
table with all URI-prefixes (the routable prefixes for the whole
network). When a new source is installed, it is entered in FIB
and a new entry is added in PIT for future calling. When the
next request comes and the last source could not satisfy it, the
forwarding-machine checks FIB. Then it sends the request
through a gateway which moves it nearer to this location.
Figure 1 shows the new way of routing. Figure 2 shows
Elements of Node.

New way of routing

Fig. 1. New way of routing

Elements of Node

Node(SCP)

Forwarding Machine

Forwarding
Information Base
(5D, SRP}

Application

~
@
w
L]
-
]
=
2
[}
L]

Pending Interest
Tabie
[scr)

Storage
(scp)

Gatewayl, Gateway2

Node(SCP), Gatewayl, Gateway2

o~
g
2
g
m
L&)
g
o
5
%
o
g
8
]
L]
s
t
]
£
w

Fig. 2. Elements of Node



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 60, Part Ill, Mechanization, electrification and automation in mines, 2017

Scope

This paper aims to offer an information model of a universal
agent for power supply management. The model is designed
for user interface developers and operating officers.

Thesis

The model should include description of nodes through
which the agent runs.

Hypothesis

The description of nodes should include software definitions.
It is sufficient for the software of each node to be detailed with
elements up to level Manager and Program. The model should
possess the following features: the places through which the
agent runs are represented as physical points; software as a
set of functions is represented for each node; functions are
grouped according to OSI| areas: security, maintenance,
configuration, accounting, and performance; the focus is on the
configuration area because in contains agent routing data;
software components in the Configuration area are detailed up
to Element access manager which directs the agent to the next
element on his way.

Methodology

The mmethodology for the information model design of an
agent for distributed power generation includes a definition of
the managed object classes for the nodes through which the
agent runs. Definitions are represented verbally and by UML
(Unified Modeling Language) diagrams (Gentleware, 2017;
Fowler, 2004). UML diagrams are classified in two types:
behavior diagrams and structure diagrams. Class diagrams, a
type of structure diagrams, are appropriate for the Smart Grid
node description. A class diagram describes the types of
objects in the system and the different kind of static
relationships between them. Diagrams also show “Part of-
relationships, features, and operations of classes, and the
limits of the way in which the objects are connected. The “Part
of"-relationship is shown with a rhombus and a line. The
features are one term but they are represented with two quite
different notations: attributes and associations. The notation for
an attribute describes a distinct feature like text (second row) in
a rectangle envisaged for a class. The association is a directed
line between two classes and its direction is from class-source
to class-aim. The name of a feature is set on the aimed end of
the association with its majority. The end-aim of the
association is connected to the class which is the feature type.
The majority of a feature is a note for how many objects could
complete the feature. Operations are actions which a class
could realize. Obviously, they correspond to the methods of a
class. Although there is a distinction between Operation and
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Method, Operation is the term for a method — declaration of
procedure. The method is a code from which the procedure
consists. Operation and Method are differentiated by
polymorphism. The models have the impact of similar models
for telecommunications management (Magedanz, 1994).

Results

In this section are represented designed models for
management in Smart Grid: the model for the management of
a network and its elements through which a universal agent
runs. Object oriented method is used. The classes of managed
objects are defined according to the managed units. The
Guidelines for definitions of managed objects (GDMO)
(ISO/IEC/IS, 1989) from the network management standards
are followed. UML is used for Model description. At this stage,
objects are represented with names, “Part of’-relationships,
and associations.

A. Managed Objects Classes for node SSP (Service
Switching Point - Smart Meter)

A Managed object (MO) Switch represents the information
for a switch in the user's premises. MO SSP represents the
management information for a node SSP. MO SSF (Service
Switching Function) represents the management information
for SSP functionality. MO SSFConfiguration represents the
configuration of SSF functionality. MO SSFMaintenance
represents the duties for maintenance of SSF functionality. MO
SSFSecurity represents the rules for security of SSF
functionality. MO SSFPerformance represents parameters for
the performance of SSF functionality and their management.
MO SSFAccounting represents the management information
for the accounting of the used energy. MO TriggerTable
represents service trigger information in Smart Grid. MO
Triggerinfo represents the trigger description needed for
request (agent) direction to service execution. MO
FeatureSupplyManager represents the mechanism for
competitive realizations support of service in Smart Grid and of
service out of Smart Grid in a request. MO
SGSwitchingManager represents the mechanism which
interacts with SCF (Service Control Function) for service
provision. SCF detects events which should be reported to
active service realization and it manages SSF resources which
should support service realizations. MO FEAccess Manager
represents the mechanism for information exchange with
functional elements by notifications. MO SCF will be
represented in the next paragraph. MO BasicSupplyManager
represents the mechanism for basic service return, after
search execution. MO NonSGFeatureManager represents the
mechanism for feature calling out of Smart Grid (for instance,
the usage of own solar source). MO SSFUsageLog represents
collected entries for energy usage. MO SSFAccountingLog
represents the collected entries for energy accounting during
service execution. Figure 3 shows UML diagram of Managed
Objects Classes for SSP (Smart Meter).
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Fig. 3. UML diagram of Managed Objects Classes for SSP-SmartMeter

B. Managed Objects Classes for node SCP (Service
Control Point - Storage, PIT)

MO SCP represents the information for node SCP. MO SCF
(Service Control Function) represents the management
information for a SCP. MO SCFMaintenance represents the
rules for the maintenance of SCF. MO SCFSecurity represents
the rules for the security of SCF. MO SCFConfiguration
represents the configuration of SCF. MO SCFPerformance
represents the parameters of performance for SCF and their
management. MO SCFAccounting represents the information
for accounting management in SCF.MO
SCFPreventiveFunction represents testing programs in SCF by
normal work conditions. MO LogicExecutionEnvironment
represents the environment for logic execution with all the
participating  managers, programs and data. MO
LogicExecutionManager represents the information for the
functionality which processes and controls the whole service
execution. MO ProgramLibrary represents the resource for
different programs storage in SCF. MO Program represents
the descripton of a service logic program. MO
DataAccessManager represents the information for the
storage, management, and access to SCF shared information
and for the access to remote information in other functional
elements by MO FEAccessManager. MO FEAccessManager
and MO SSF are represented in paragraph A. Managed
Objects Classes for node SSP. MO SCF is represented above.
MO SDF will be represented in the next paragraph. MO
SCFUsageLog represents the collected entries for the usage of
SCF. MO SCFAccountingLog represents the collected entries
for the accounting of SCF during service execution. Figure 4
shows the UML diagram of the managed objects classes for
node SCP.

S0P (Node, Storage, PIT)

= | B
7 PR |1 | E— =l 4 E@:
"l"""i —""l‘"*ﬂ —
| i
| . |

Fig. 4. UML diagram of Managed Objects Classes for node SCP
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C. Managed Objects Classes for node SDP (Service Data
Point - FIB)

MO SDP (Service Data Point) represents the information for
a node SDP. MO SDF (Service Data Function) represents the
management information for a SDP. MO SDFConfiguration
represents the configuration of SDF. MO SDFPerformnce
represents the quantity parameters of SDF and their
management. MO SDFAccounting represents management
information for the accounting of SDF. MO SDFMaintenance
represents the rules for maintenance of SDF. MO
SDFDataManager represents the information for the storage,
management, and access to data in SDF. MO SDFDataBase
represents the information for the Data Base in SDF. MO
FEAccessManager is represented in paragraph A. Managed
Objects Classes for node SSP. MO SDFData represents an
entry in functional element SDF for a service request. MO
Template represents the description of an entry format for each
request in Smart Grid. MO SCF was explained in the previous
paragraph. MO SRF will be represented in the next paragraph.
Figure 5 shows the UML diagram of Managed Objects Classes
for node SDP.

o e O
i

Fig. 5. UML diagram of Managed Objects Classes for node SDP

D. Managed Objects Classes for node SRP (Service
Resource Point - FIB)

MO SRP (Service Resource Point) represents the
information for the distributed power sources. MO SRF
(Service Resource Function) represents management
information for a SRP. MO SRFPerformance represents the

parameters for the performance of SRF and their
management. MO  SRFAccounting  represents  the
management information for accounting in SRF. MO

SRFMaintenance represents the rules for the maintenance of
SRF. MO SRFSecurity represents the rules for the security of
SRF. MO FEAccessManager is represented in the previous
paragraph. MO ResourceManager represents the information
for the resources managed from SRF. MO SRFDataBase
represents the information for Data Base in SRF. MO
SRFUsagelog represents the collected entries for the usage of
SRF. MO Resource represents the description of the resources
used as energy sources. MO AtomicPowerSt describes the
data for the atomic power stations used. MO CoalPowerSt
describes the data for the coal power stations used. MO
WaterPowerSt describes data for used water power stations.
MO SolarPowerSt describes the data for the used solar power
stations. MO WindPowerSt describes the data for the used
wind power stations. MO SDF was represented in paragraph
C. Managed Objects Classes for node SDP. Figure 6 shows
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the UML diagram of the Managed Objects Classes for node
SRP.

SRP (FIB)

“SRFMaintetnance

' SRFSecurity '

SRFConfiguration_ ) SRFAccounting ‘ SRFPerformance '

. & ¥ .
5 N || o { | ShFUsagelog ‘
[ ] [ | | |
\L 14 ‘, ; |
SDF AtomicPowerst | CoalPowerst

[mmm!-sdrularmmt WindPowerst|

— |

Fig. 6. UML diagram of Managed Objects Classes for node SRP

The chosen granularity degree by node description gives an
idea about the work volume which should be completed in the
development phase. The comparison of the proposed model
and those of other researchers is difficult because they are
business secrets. The differences could be found in the
managed objects names and in the organization of the
structures. The disadvantages could be found in the limited
number of details.

Conclusion

This paper represents the design of an information model for
a universal agent for power generation and supply
management in Smart Grid. The model corresponds to the
responsibilities of actor Network operator. Managed objects
classes are defined that represent managed resources for
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network elements following the object oriented method.
Managed Objects Classes are organized in a hierarchy which
shows the correlation between them and relates to their easier
realization. At this stage, the software for the management of
each node is detailed with elements up to level Manager and
Program. The managed objects are defined only with name,
“Part of' relationships, and associations. Attributes and
operations will be added at the next stage. Nevertheless, the
model is a good basis for user interface development.
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THE EQUILIBRIUM OF A BODY LOADED WITH A SPATIAL SYSTEM OF FORCES

Asen Stoyanov

University of Mining and Geology "St. Ivan Rilski", 1700 Sofia

ABSTRACT. A comparative research has been carried out on the equilibrium of a body loaded with a spatial system of forces from which one of the distributed loads
has an intensity which is changed after a non-linear law. For the purposes of this article, two analytical solutions to a specific task have been compared. The manual
solution is classic. In it, the resultant forces and resultant moment from the distributed loads are determined. After that, the concentrated forces are decomposed into
components, and the equations for equilibrium are composed. Finally, the unknown values are determined and the solution is checked.

The second solution is performed by means of MathCAD 15. The graph of the non-linear function q> (y) is automatically depicted in the figure. The equations for

the equilibrium are represented in the 4..X = B matrix form, and its solution is the solution to the problem.

Keywords: three-dimensional system of forces, inverse matrix, MathCAD

PABHOBECWE HA TANO, HATOBAPEHO C NPOCTPAHCTBEHA CUCTEMA OT CUIK
AceH CmosiHos
Murro-2eonoxku yHusepcumem "Ce. Usar Puncku", 1700 Cogpus

PE3IOME. MpoBefeHO € CpaBHWTENHO M3CTEeABAHE Ha PABHOBECWETO HA TAMO, HATOBApeHO C MPOCTPAHCTBEHA CHUCTEMA OT CWMM, OT KOSITO €dHO OT
pasnpefeneHnTe HaToBapBaHWA Ma MHTEH3WUBHOCT, KOSTO Ce MPOMEHs MO HenMHeeH 3akoH. B cratusTa 3a KOHKpeTHa 3ajadva ca CpaBHEeHW [Be aHannUTUYHU
pelueHus. PbYHOTO pelueHne e knacuyecko. B Hero ce onpeaenst paBHOZENCTBALUMTE CUMM U PE3YNTAaHTHUST MOMEHT OT pa3npefeneHuTe HatoBapeaHus. Cneg
TOBA KOHLEHTPUpaHUTEe CWiM Ce pasnaraT Ha KOMMOHEHTU W Ce CbCTaBAT ypaBHEHWsiTa 3a paBHOBeCWe. Hakpas ce onpedensT HeW3BeCTHUTE M ce MpoBepsiBa
PELLEHMETO.

BropoTto pelueHve ce uambnHsea ¢ MathCAD 15. Mpachvkata Ha HenuHelHaTa (yHKUMS ce u3obpassiBa aBTOMATMYHO Ha [afeHata curypa. YpaBHeHusTa 3a
paBHOBeCwe Ca NpeAcTaBeHn B MaTpuyHa popMa 4. X = B, M HEHOTO peLleHue e peLleHmre Ha 3aadara.

KniouoBu AYMU: NPOCTPAHCTBEHA CCTEMA OT CUIU, o6paTHa MaTpuua, Martkag

Introduction The beam is studied classically, “by hand”, and with the help
The article studies the equilibrium of a beam with a broken O the MathCAD package. The analysis of the two types of

axis loaded with a spatial system of forces. One of the two solution makes it easy to assess their efficiency.

distributed loads is with variable intensity. The function that A similar problem has been solved by Doev and Dronin

describes the change of this intensity is square. (2016). The authors cited have chosen a positive function for

Determining the resultant force Zz and the resultant moment the intensity in the loaded section.

M x Tequires integration within the boundaries of the section In the current article, the solution to similar a problem has

; ; ; I been improved. The author has chosen the law for the change
loaded with g () - The reslting algebraic projection A7 of intensity in such a manner that the distributed load changes

is directly involved in the equilibrium equation (for this specific  its direction of action over part of the loaded section - see fig.
example, in equation > Mx; = 0;). 1.

Difficulties that arise when solving problems in theoretical The equilibrium of 3D systems of forces is examined also
mechanics, and in particular in statics, are mathematical. In the by Bertyaev (2005) and Stoyanov (2014, 2016).

example under consideration, integrating a square function is
not a problem. However, if the intensity is expressed by a
function other than a polynomial, the difficulties become very
prominent.

The system of forces acting on a free moving body is
successfully studied in a dynamical setting and by means of
the MATLAB programme (lvanov, A., 2014, Ivanov, ., Y.
Yavorova, 2017).

Such problems in engineering practice are not uncommon.

Their solution is easy when using any of the mathematical
packages, such as MATLAB, Maple, MathCAD, and the like.
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Solution "by hand"

The beam is stationary in the thee-dimensional space within
the reading system Oxyz (see fig. 1).

The support devices at points 4 and B have been replaced
by the corresponding reaction forces ( see fig.1).

The assignment is to find analytically all the reaction forces, if

q,(»)=-50.y% +50.y +287,5kN / m.

Solution:

1) Decomposition of the forces ﬁ and Pj into
components

—|A, = A.sina =30,311kN;

the geometry and load on the beam are known: Val
B, =H.cosa =17,5kN;
V4
=3m;b=4m; c=3m; d=2,5m; a =—;
a=3m; m; ¢ =3m; Smy a 3 szx _ Py.sin B = 22,63kN:
2
ﬂ:%;Pl =35kN; P, =32kN; szZPZ.COS,B=22,63kN.
q, =33kN/m;
+ P4
z
[ S|
Cc
MBz;
Bz
r —— B ____i\ +
Bx MBy y
_&-1 MBx
A d -

Fig. 1. Calculation scheme

— -
2) Determining the sizes of the resultants R, and R,

R1 =q1.a= 333= 99kN;
b

b
Ry =[qr(y)dy = j(—SO.y2 +50.y +287,5).dy;
0 0

3[4 2 4
Ry =—16,67.y ‘ 125, ‘ +287,5.)18
0 0

R, = 483,333 kN.
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3) Determining the sizes of the resultant moment ]TJ 2X

b
My, =[y.q:(y)dy;
0

4t 3[4 2
_ 125y ‘ +16,667.3| +143.75.y
0 0
M, =166,667kN.m.

4
M, ;
0

4) Determining the coordinate of the resultant force
Ry
_ M 2x

2

V) ; v2 =0,345m.
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5) Compiling a system of equations for the equilibrium
of the beam

2X;=0; By + P, =0
2Y =0; Ay+P2y_P1y =0,

2Z;i=0;-Ri—Ry - R+ B, =0;
2 Mx; =0,
Byc—PR;b+Mp,—Mj>, +B,.(b+d)=0;

zMiy =0; Rl.a.O,S +MBy =0;
SMy =0, Ay.a+Mp. - By.(b+d)=0.

6) Solving the equilibrium equations

The equilibrium equations in this case (p.5)) are independent
with relation to the unknown values and can be solved
separately.

B, =-22,63kN;
A, =-22,63+30,311=7,681kN;
B. =99+483,12+17,5 = 599,833 kN;

My, =-303113+17,5.4+ 166,667 6,5.599,62
Mg, =-37531805kN.m;

Mpy, =-99.3.0,5=—-1485kN.m;

Mp, =-7,681.3-22,63.6,5=—-170,138kN.m.

If it is necessary to solve a linear system of six equations
with six unknown values "by hand", the system can be
presented in the compact matrix form —

AS =B (1)

Where:

e A is the matrix of coefficients in front of the unknowns
with dimensionality NxN (N =6);

e S is a vector whose elements are unknown reaction
forces and reaction moments;

e B is a vector whose elements are known magnitudes
(the free members of the system on p. 5) multiplied by

=D.
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The solution to matrix equation (1) is searched in the species

S=A"".B. In order to determine the reversibility of A (i.e.
‘ A\ = (), itis necessary to use the Gauss-Jordan method.

7) Verification
The head moment of the forces (active and passive) that are
applied to the beam relative to axis “.S " with a single vector

- 1 - - -
es =—=(i + j + k) mustbe equal to zero -
N \/g

1
M, =—(R;.0,5.a—Ry.0345+ A4,,.a -
N ’
—P.cosab+ P.simnac+B,.(b+d)—
0

~Byb+d)+ Mg, + Mg, +Mp_)=0;

1
3
+90,933 + 3898,9145 + 147,095 -
—3753,1805-148,5-170,138 =

1

.(4308,4855 — 4308,5685) =
75 ( )

=-0,04792~ 0!

Ms (148,5-166,75 + 23,043 — 70 +

Solution to the problem with the MathCAD
package

The algorithm of the solution is as follows:

o The output data are introduced - see fig.2;
- -
o The resultant forces gy and R,, the resultant moment

]\72x, and the “ o " coordinate are determined -

see fig.2.;
e The distributed load ¢2(y) is graphically presented -

see fig. 2;
e The vectors p,, p,, R,, and R,are formed - see fig.2.;

o The square matrix is formed and its reversibility is verified,
i.e. det 4 # 0 -seefig.2;

e Vector B is formed with elements that are free members
in the equations from p.5) and those are multiplied by

(—1) -seefig. 2.
o The support reactions are determined - see fig. 2.
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Pl:=35 P2:=32 ql:=33 q2(y):= ~50-y> + 50-y + 287.5

i=3 bed g=3 d=2s ai=— B:zg ORIGIN := 1

b b
M2
R2 := j qQ2(y)dy M2x:= J y-q2(y)dy y2:= — R2=483.333
0 0 R2

M2x = 166.667 y2=0.345 y:=0,.0001..4 pl:=(0 —Pl-sin(cx) —Pl-cos(c) )T

R1:=(0 0 —99)T R2:= (0 0 -483.333 )T p2 := (P2-sin(3) P2-cos(B) O)T

200
@2y 0
- 200
0 1 2 3 4
¥
_ _ i _pzl i
0 1 0 000
—-n2. - pl
0 0 000 T
0 0 1 000 (-R1), - R2, - pl
A::O " boed 10 B |A|-‘:—1B: 3 3 3
+ cafy ® L5 ;
( plz)c+( pl3)b+M2x
0 0 0 010
R1.-.5-a
la (b+d) 0 0 0 1] 3
S 0 d
7.683
-22.627
T o 599.833
S:=(Ay Bx Bz Mx My Mz) S:=A B S= 3
-3.753 x 10
—148.5
-170.129

Fig. 2. Partially automated solution to the beam with the MathCAD package
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Conclusion

The actual directions of reaction E x and reactive moments
]T/Ix, M y and MZ are opposite to the displayed ones -
see fig.1.

The study presented, in which the problem is solved both "by
hand" and with the MathCAD package for mathematical
research, gives a clear idea of the advantages of the MathCAD
application compared to the solution "by hand".

The solution “by hand” is sometimes accompanied not only
by the difficulties mentioned in the introduction, but also by
errors. The latter are difficult to detect because the process of
tracking the solution is longer than that with the MathCAD
package. Furthermore, when the problem is solved correctly, it
is possible for the routine error to be made in the course of the
verification.

When it a linear system of six equations with six unknowns is
solved “by hand”, the Gauss-Jordan method must be applied

correctly, i.e. ( A‘ E—> E‘ A‘l). The plausible presentation

of the distributed load 52()’) on the diagram by hand (see

fig.1.) requires the use of tools for drawing (the calculation
scheme in the fig. 1. is drawn with AutoCAD).

The partially automated solution to the beam with the
MathCAD package is quick and compact and it accurately

represents the square function g, () - see fig. 2.

The solution to the problem with the MathCAD package
cannot guarantee the lack of errors, but those can easily be
found in the short and clear record - see fig. 2.

The use of the graphic editor in MathCAD package helps for
establishing the connection between a geometric or a force
parameter and reaction forces and reaction moments.

Acknowledgements:

The author wishes to thank his colleague L. Georgiev, who read the
material and made valuable remarks that have improved its outer
appearance.
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ALGORITHM FOR OPTIMIZING THE ROLL FORM IN CENTRAL BAR ROLL MILLS

Simeon Sezonov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, sezonov_si@abv.bg

ABSTRACT: The article investigates the change of the roll shape of a centrifugal roller mill in its wear during the process of operation. An optimal shape is sought to
compensate for the reduction in the roll mass by increasing its working area. A solution to the task is used as a result of the grinding theory with maintaining a
constant grain size of the product, which determines the optimum change of the longitudinal profile of the roll resulting from the working process. In this connection, an
algorithm has been developed to calculate the current height of the worn portion of the roller. It consists of eight steps. It sets the starting center radius, the current
radius of the weft pulley, and the minimum allowable radius. In addition, an algorithm has been developed to determine the co-ordinates of points from a curve that
describes the worn portion. It is applied at a set height of the worn part and consists of six steps.

The first algorithm has been numerically tested using the Excel product. This solution complements the analytical expressions of the task of form modification. The
proposed algorithms can be used by engineers to select optimum sizes for roll the from a cylindrical roller mill. A numerical example is attached.

Keywords: centrifugal roller mill, optimum roll profile, stresses.

ANTOPUTHM 3A ONTUMU3UPAHE ®OPMATA HA PONTKATA B LLIEHTPOBEXHO PONIKOBUTE MENHULIU
CumeoH Ce30H08
MunHo-eeonoxku yHusepcumem “Ca. MeaH Puncku “, 1700 Cogpusi, sezonov_si@abv.bg

PE3IOME: B cTatusiTa ce u3crieaBa npomsiHaTa Ha hopMata Ha ponkaTa B LieHTPOGEKHO-pOMKoBa MeNHMLa Npy U3HOCBAHETO i B NpoLieca Ha paboTa.

Tbpcu ce onTUManHa opma, KOsITO 4a KOMMEHCMPa HamansBaHeTo Ha MacaTa Ha porikata ypes ysenudasaHe Ha pabotHaTa i nnoly. Manonssa ce pelueHue Ha
3afjayata kato pesynTar OT TeOpUsATa Ha CMUNaHETO NPy NOALbPXAHE Ha MOCTOSHEH 3bPHOMETPUYEH CbCTAB Ha MPOAYKTA, MPU KOBTO Ce ONpefenst OnTUMasHoTO
U3MEHEHWE Ha HAATBXHNSA NPOUN Ha porkaTa B pe3ynTaT Ha peanuaupaHeTo Ha paBoTHUS MpoLec. BbB Bpb3ka ¢ Toa e paspaboTeH anropuTbM 3a U34UCnsABaHe
Ha TeKyLaTa BUCOYMHA Ha M3HOCEHATA YacT Ha posikata. Toi Ce CbCTOW OT OCEM CTBMKM. B Hero ca 3aaaaeHn HavaneH paguyc Ha MacoBuMsl LEHTP, TEKYLLY paguyc
Ha M3HoCBalLaTa porka U MUHUMareH [onycTuM paauyc. OcBeH ToBa e paspaboTeH 1 anropuTbM 3a onpefensHe Ha KOOpAMHATUTE Ha TOUKM OT KpWBa, N cBalla
n3HoceHata yact. Toil ce npunara npy 3afafeHa BUCOYMHA HA M3HOCEHATa YaCT 1 Ce CCTOM OT LLECT CTHIKM.

TbpBUSAT anropuUTbM € YMCTIEHO TECTBaH C MOMOLLTA Ha MpofdykTa Ekcen. ToBa pelueHue [OMbBa aHANMUTUYHWTE U3pasW OT 3ajavata 3a (POPMOM3MEHEHUETO.
TpeAnoxeHuTe anropuTMK MOraT fia ce U3MOM3BaT OT MHKXEHepH 3a U3Bop Ha ONTUMArHU pasMepu Ha pomkaTa OT LANMHAPUYHO-POIKOBA MenHuLa. MPUNoxeH e
ymCcreH npumep.

KniouoBu AyMU: L|eHTp06e)KHO-pOl'IKOBa MenHuua, ontuManeH I'IpO(*)VIJ'I Ha ponkaTa, HanpexeHus.

Introduction Exposition

1. Description of the task of the form modification

When studying the shape of the roller, the Rittinger theory of
grinding is preferred. According to it, work in shredding should
be proportional to the newly formed surface. According to this
theory, the grinding of the material is realized after a
sufficiently large elastic deformation, i. e. absorbing a certain
amount of "elastic" energy from the body volume.

One of the most common grinding machines operating in
inertia is the centrifugal roller mill. It guarantees higher
performance than conventional gravity-based mills. This is
accompanied by rapid wear of the rollers. The degree of
grinding is proportional to the number of impacts. To increase
their frequency, it is recommended that the work area at the
height of the roller be increased. In this connection, the task of
modulating the longitudinal profile of the roller is investigated. In recent years, new technologies, schemes and grinding
machines have been developed. These are technologies
(Parashkevov, 1969) in which high-speed machines and
centrifugal forces are used for grinding. For these cases, the
simple work of the deformations of a single piece will be
proportional to the change in the volume of this piece, raised to

One solution is described in Stoev et al. (1982). Based on
the grinding theory, a detailed derivation of the analytical
dependencies that determine the ultimate wear height of the
rollers is described.

The main purpose of this work is to present an algorithm for the third degree. In order to maintain a constant grain size, it is
determining the height and curve of the worn part of the roll. By necessary that the product of the number of deformation cycles
using it and by using popular program tools, values for a real of the roll at the intersecting force of the roller be constant.

roller from a cylindrical roller mill are obtained in the article.
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In order to maintain the grain size composition, according
to the Rittinger theory of grinding (Stoev et al., 1982), the
condition must be fulfilled:

o H + 27{0)|RH =
[723/2 (x)(H + 2x)+ 27r¢)(x)krn — y)(H + 2x)

h h
where @(x)= Jyz(x)dx - (0)= Jyz(x)dx ;
X 0
r,=R+r.

The initial conditions are: y(O) =7 and y(h) =7.

Equation (1) is obtained by meeting the requirement of
unchangeability of the product at the initial point and at an
arbitrary point in time. Multipliers in this product are: the roll
volume, the radius of the mass center, and the radius of the
cylindrical part. In (1), the following symbols are defined, which
are illustrated in Figure 1:

R - starting radius of the mass center;

H - initial height of the cylindrical section of the roll (working
height);

7 - current radius of the wear roll;

h - maximum height of the wearing roller;

y(x) - function of the curve describing the worn portion of the
roller (Fig. 1);
7, - minimum tolerable radius.

A *
r
N |
=
a4 | (
-
I~ AN
-
y
- :\f T
i
| |
= 7 |
Z :
Z _ R |
s, [ .
y
: 7
Z
)
F—r, L |
= B
“l . I
e

Fig. 1. Roll of the mill

fx=hn y= 1, are substituted in (1), it is obtained:

D =r’B,(H +2h), )

where
B =r—r,.

Equation (1) is processed and a Bernullium-type equation
(Stoev et al., 1982) is reached:

t =0+ A0 ©)
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where
[0 == £0)= —2("0T_y) ;
t(y)=H+2x.

Equation (3) integrates into squares (Korn, G., Korn, T,

1970). For this purpose, we exchange ¢ = ¢ and receive:

t +2f(vk=-2£0).
which is a linear differential equation of first order.
The solution to (4) is equated to (H +2x)72 and

(4)

produces:
H B,

X=——+ ——, (5)
2 2r,-y)

where

B, = !

B, +4{r—y+(r0 —y)ln( R ﬂ
D =y

B,=H’R”.
In this equation, x =/ and y =, are replaced and after

processing, this expression is to be solved:

2 = o,
1

2

(6)

where

:2i r—r,+B In LS .
1B, B,

2. Algorithms for determining the height limit of the roll
wear

The resulting expressions are used to determine the height
of the worn part of the roller and the coordinates of points of
that part at different heights. For this purpose, equations (5)
and (6) need to be processed. The second equation

determines the current height of the worn part /, :

B,

h, =—i+ AB, ,

l 1

(7)

AB,=BB,}; B;=B*;B,,=H’R™.

In equation (7), the index i is an integer and takes an initial
value of 0, and increases to a value 7.

For specific values of /4, and H, from equation (5), the
coordinates of the points j , whose total number is 71 (Fig.

2), are determined. For this purpose, we replace x with xij ,
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H with H, and y with y ;- The following expression is

1

obtained:

ooty B ®)
2 2B,,B/,

where

B,,=H’R7; B, =H, +2h;

Fig. 2. Worn Roll View

In equation (8), the coordinate Vi participates, which is
determined by

y,=r-Az(r-n)j, ©)

where
Az, = (m +1)7.

Equation (7) is basically in the algorithm for obtaining the
limit value of the worn portion /, . It sets the starting height of

the cylinder H, and the height increase AH . The algorithm
is described in the following steps:
Step 1: Setthe valuesof H,, R, r, r,, AH, n and m.

Step 2: Calculate the coefficients B, B, and B; .
Step 3: The counter i is zero.
Step 4: Calculate B, ;, AB; and the height 7, .

Step 5: Activate a subroutine (Figure 4).
Step 6: The counter i is incremented by one.
Step 7: Check that the reading i is not greater than the set

value 7 (I > m) . If this is the case, it ends with the first part
of the algorithm (end).
Step 8: If the reading i is less than the set value 11 (I < 1)

and the height is increased by AH , it goes to step 4.
The flow chart of the algorithm is given in Figure 3.
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input data
Hgy, R vy, AH,m,n
v

B, B, B,

H =H.,+AH

Fig. 3. Flow chart of the algorithm

Expression (8) is the basic in the subroutine algorithm
described in the following steps:
Step 1: Set the counter j value 1.

Step 2: Set the value of m.
Step 3: Calculate y, and x; .
Step 4: The counter j is incremented by one.

Step 5: Verify that the counter value j is greater than m . If

this is the case, the subroutine is finalized.
Step 6:If j is less than m, we assume that the roll is divided

into layers Azj , grows with the next layer Az, and passes to

step 3.
input data
H; h;,m
v
B.I‘r'

Fig. 4. Flow chart of subroutine program
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The described algorithm applies to thirteen points and is
illustrated by the flow chart given in Figure 4.

3. A numerical example
The roll with cross section from figure 1 is being considered.
The input data are given in Table 1.

Table 1.
Input data
parameter multiplier dimension value
H - mm 90
R - mm 120
r - mm 35
r, - mm 15
B, - mm 140
B, 1072 mm -2.034
n - mm 3
m - mm 3
AH - mm 1

By observing the algorithm without the subroutine, the results
obtained are presented in Table 2.

Table 2.
Results
parameter —>
ooint § \L [—]z B21 ABlz hz
multiplier 107*
dimension mm mm mm
0 70 142 179.539 32
10 80 1.09 234.500 37
20 90 0.857 296,789 4
30 100 0.694 366.407 46
40 110 0.574 443.352 50
50 120 0.482 527.625 55
60 130 0411 619.227 59
70 140 0.354 718.157 64
80 150 0.309 824.415 69
90 160 0.271 938.001 73
100 170 0.240 | 1058.915 78
110 180 0.214 1187.157 82
120 190 0.192 1322.728 87
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It can be seen from the table that a linear increase in the
height of the cylindrical part of the roll /. results in a non-

1

linear increase in the worn portion of the roller 7, .
4. Key findings

The results of the work can be summarized as follows:
— the analytical expressions for determining the height of the
worn part of the roller of a centrifugal mill are verified and
refined;
— two algorithms are proposed for calculating the magnitudes
described;
— the first algorithm is numerically tested.

The presented solution is a completed version of the
developed analytical expressions from the task of changing the
shape of the roll.

Conclusion

In order to find the optimum height of the worn part of the roll,
a roll change task is formulated. An algorithm consisting of
eight stages has been developed for it. The Excel application is
used to produce numerical values. An algorithm for
determining the wear curve is also given. It applies to a set
height and is described in six steps.

The proposed analytical expressions and algorithms can be
used by designers to select rolls in centrifugal roller mills.
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STRESSES AND DEFORMATIONS IN THE SHREDDING SHAFTS OF A TWO-SHAFT
SHREDDER FOR CRUSHING OF CONCRETE, RUBBER, PLASTIC AND WOOD

Malina Vatskicheva!, Irena Grigorova’

"University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, e-mail: malina_vatz@abv.bg

ABSTRACT. The article focuses on stresses and deformations in the shredding shafts of a two-shaft shredder for concrete, rubber, plastic and wood crushing. A
modeling study of the shredding shafts of such type of shredder has been performed in the present work. The studies of the mechanical load and behavior of the
shredding shafts have been conducted through solving the equations describing the mechanical processes in working conditions under the finite element method. For
this purpose a three-dimensional geometrical model of the shafts has been generated, which has been discretized (digitized) to a planned network of finite elements
in the programming environment of ANSYS MECHANICAL APDL.

Keywords: stresses, deformations, two-shaft shredder.

HAMPEXEHWUA U OE®OPMALINX B PA30POBABALLWTE BANOBE HA IBYBAJIOB LUPEQEP 3A PA3OPOBABAHE HA
BETOH, 'YMA, NNACTMACA U IbPBO

Manuna Baykuyeea’, UpeHa pueopoesa’

"MurHo-2eonoxku yHusepcumem ,Ce. Mean Purncku”, 1700 Cogbusi, e-mail: malina_vatz@abv.bg

PE3IOME. Cratusita e nocBeTeHa Ha U34nCnisiBaHe U NpoBepka Ha pa3apobsiBalluTe Banose Ha ABYBaroB Lpeaep 3a pasgpobsisaHe Ha 6eToH, ryma, nnactmaca u
AbpBO. HanpaBeHo e MoAenHo uscreaBaHe Ha pasapobsBalluTe BanoBe Ha TakbB TvM Wwpedep. M3cnensaHnsTa Ha MeXaHUYHOTO HAaTOBapBaHe M NoBefeHNe Ha
pasgpobsiBalyuTe BanoBe ca MPOBEAEHWM Ype3 pellaBaHe Ha ypaBHEHWsiTa, OMMUCBALLM MeXaHWYHUTE Mpouecu npu paboTHW yCroBWs MO METOA Ha KpanHuTe
eniemMeHTW. 3a LenTa e reHepupaH TPUM3MEPEH reOMeTPUYeH MOAEN Ha BanoBeTe, KOWTO € AUCKPETU3WpaH Ha MnaHupaHa Mpexa OT KpalHW eneMeHTu B
nporpamHata cpesia Ha ANSYS MECHANICAL APDL.

KniouoBu gymu: HanpexeHus, Aeopmalimi, ABYBasoB Lpeaep.

Introduction each unique application, with the selection of different
thicknesses and number of the cutting teeth, diameter of the

The continuous process of production and use of products shaft, thickness of the distance bushings, power of drive, and
from rubber, plastic, and the intensified construction lead to a production capacity.
serious accumulation of waste, imbalance, and danger for the
environment. In all industrial societies, the need appears for According to the technology of crushing, there is a choice
reducing the household and technogenic waste and their re- between single-shaft, two-shaft, three-shaft, four-shaft, five-
integration in the production process. As a process, the shaft shredders, with a different level of automation and control
recyc”ng of construction waste, as well as waste from rubber, of the basic parameters, different noise |eve|, different Speed of
plastic and wood, is extremely important both for the rotation, supply, degree of sealing (pressurization), etc.
environment and the society. (Abadzhiev and Tonkov, 2007).

The development of the recycling industry sees an increasing The advantage of the two-shaft shredders is their high
need for crushed materials with different composition and productive capacity. The disadvantages are related to the high
characteristics. The creation of new structures of crushing price and the high maintenance cost of the machines.
machines and their study through adequate mechanical and
mathematical models, their engineering design, and their The two-shaft hydraulic shredder consists of a feeder-
practical realization are a topical scientific problem conveyor, a receiving hopper, a crushing chamber, an output
(Vatskicheva, 2017). strip, an unloading strip, and a strip for the separation of metal

particles.

The shredders are a relatively new group of machines,
crushing refuse utility and waste materials. According to the In the present work, a model survey is carried out of the
number of the operating shafts, the shredders are classified shredding shafts of such type of shredder for crushing of
intos single-shaft, two-shaft and four-shaft ones (Abadzhiev concrete waste.

and Tonkov, 2007). Shredders are configured according to

86



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 60, Part Ill, Mechanization, electrification and automation in mines, 2017

Object of study

The object of study in the present development is the
mechanical load and behavior of the shredding shafts of a two-
shaft shredder for crushing of concrete, rubber, plastic and
wood.

The shredding shafts are parallel, with length 900 mm, axle
base 350 mm, and hexagonal cross-section. The crushing
disks are mounted on the shafts. Between the disks, to the
housing of the chamber, there are mounted counter-knives,
serving for cleaning the space between the separate disks

(Fig.1).

‘.'.'.""w'ntll:“ﬁ '

1 2 = 4 5

Fig.1. Shredding shafts
Legend: (1) Housing; (2) Crushing disks; (3) Counter-knives; (4) Removable
cone; (5) Openings between the reducer and the crushing chamber

The disks intended for crushing are double-topped (two-
pointed). On each top is mounted a removable cone (4) of
tungsten carbide with a hardness HRC 60 - 64. The pressure
exerted by the cone on the concrete must exceed the
compressive strength of the concrete, which is 55 MPa. The
excess or shortage of power for crushing is regulated through
change of the number of simultaneously operating disks and
the number of tops on each disk. In case of re-dimensioning of
the drive it is possible to increase the crushing disks from two
to three, with which the productive capacity will increase by
about 50%.

Both crushing shafts are mounted in a common housing (1)
by radial axial and radial roller bearings (Borshtev et al., 2000).
The protection of the bearing units is three-stage:

- the first stage is through openings (5) between the
reducer (reduction gear) and the crushing chamber. The
powder and the particles, having penetrated on the side of the
shafts, fall through the openings;

- the second stage is through double elastic sealants of the
shafts axis;

- the third stage is through the lubrication of the bearings
with oil under low pressure (3-5 bar), counteracting the
penetration of particles into the bearing unit.

Drive (actuation) of the shredding shafts

The power W required for the propelling of the shredding
shafts is determined on the basis of the formula:

D
_PouSi5ZN,  5510°.26.107%.0,15.8.25

= =207 kW,
9554 9554

where:

Py is the stress for the destruction of the concrete of the cross-
ties - 55 MPa;

Stis the maximum contact area of each destructive tooth ~20 x
30 mm or 6x104m2;

Z is the number of simultaneously operating disks: 8 (4 from
one of the shafts and 4 from the other shaft) with a total length
along the axis of the shafts of 320 mm, which is greater than
the maximum dimension of the cross-ties - 300 mm;

Dt is the diameter of the cutting disks: 300 mm (the distance of
the teeth from the shaft axis);

Nv is the revolutions of the shafts: 25 min-';

W is the coefficient of reserve of power, which is equal to 2.

The shredding shafts are mounted on the side of the
reducers in paired roller radial axial bearings, and on the other
side - in a needle-roller bearing with an inner ring (Borshtev,
2004).

The structure of the shredding shafts is verified for total
strength /tension, compression, torsion/. Applied are the loads
from the weight of the shaft, the knives with the destructive
teeth, and the intermediate disks, as well as the support
reactions in the bearings of the shafts. The studies have been
conducted through the mathematical models and thenumerical
procedures described below.

Model study concept

The studies of the mechanical load and behavior of the
shredding shafts have been conducted by solving the
equations that describe the mechanical processes in working
conditions by the method of the finite elements (FAG Spherical
roller bearings E1, 2011). For this purpose, a three-
dimensional geometric model of the lower part (underpart) of
the chamber has been generated. The model is discretized to
a planned network of finite elements in the programming
environment of ANSYS MECHANICAL APDL.

The end conditions, reflecting the mechanical load during the
operation of the steel structure, include the following
parameters (Tavakoli et al., 2008):

- input power: Pip= 90 kW;
- revolutions of the working shaft: ny= 25 min-1;
- frequency of rotation of the working shaft:

wyv= ”3” =262rad /s,

- torque of the working shaft;
P,
M, =—" = 35kNm,
a1
where n=0,98 is the efficiency of the transmission;
- stress of destruction of the concrete: ts = 55 MPa;
- shear force from one knife:
M,
FS
3.0,175

- moment of resistance of the crushing from one knife:
MSQ =FS"S :77, 67 kN m.

=667 kN,
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The pressure that each carbide cone on the disk teeth exerts
on the destructed railway sleeper is 94 MPa, which is nearly 2
times higher than the stress of destruction of 55 MPa. The
disruptive pressure has been adopted as applied on an area of
the tooth with a diameter of 30 mm. It is transformed into radial
forces on the knives, respectively torques, on the shafts of the
shredder. The condition is accepted about three
simultaneously working "destructive" teeth. The nominal
moment of rotation of each shaft for 25 rpm is determined: 40
kNm. In this case, the appropriate heliocentric-type reducer
(reduction gear) is PG 5001 with gear ratio i = 5.1. Accordingly,
the driving hydraulic motor is a radial piston with constant flow,
of the type IAM 1600 H, with maximum revolutions (turnovers)
250 min-!, and a moment of rotation equal to 7860 Nm at a
pressure of 300 bar.

The mechanical load during operation of the structure is
presented in Fig. 2.
Ms

L ] L
/77 /77
Ms F
3
Iy
M, ¢
M, r

Fig. 2. Load

The system of equations has been solved with the
parameters of the steel presented in Table 1.

Numerical results

The data for the material of the shafts accepted in the
verification is summarized in Table 1.

Table 1.
Strength characteristics of the material for the shredding shafts

Name Steel 42CrMo4
Mass Density 7.85 g/lcm3
General Yield Strength 207 MPa
Ultlgt?:; ;’t?]nsne 345 MPa
Young's Modulus 210 GPa
Stress Poisson's Ratio 0.3ul
Shear Modulus | 80.7692 GPa
Cooanson | 0.000012 ule
Stress Thermal
Thermal Conductivity 56 W/(m K)
Specific Heat 460 J/(kg c)
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The figures below present a visualization of basic parameters
characterizing the state of stress of the steel structure.

Fig. 3. Maximum stresses in the elements of the shaft

Type: Duplacerment

. 4. Maximum deformations of the elements of the shaft

Fig. 5. Calculated safety factor for the elements of the shaft
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Table 2.
Support reactions
. Reaction Force Reaction Moment
Constraint c . c t
Name i omponen . omponen
Magnitude (XY,2) Magnitude (XY.2)
907863 N '73N9095
m
Pin 90793.,5 5917
Constraint1| N |-114334N| Nm | 916:54
Nm
ON ONm
ON -182.663
Nm
Pin 4082.63
Constraint2| O N ON Nm -4078.55
Nm
ON ONm
495222 N 1378.84
Nm
Pin 49891.2 12149.7
Constraint3| N | 6057.02N | Nm 1237;1-2
ON ONm
20871.4 N -21.0458
Nm
Pin 20872.4 16536.2 | 238.686
Constraint:4 N 20716 N Nm Nm
165344
ON Nm

Table 3 summarizes the maximum and minimum stresses

and deformations.

Table 3.
Summarized stresses and deformations
Name Minimum Maximum
Volume 39292300 mm*3
Mass 308.444 kg
Von Mises Stress 0.00548071 65.7722 MPa
MPa
1st Principal Stress | -15.6595 MPa | 28.8686 MPa
3rd Principal Stress | -83.2857 MPa |4.36874 MPa
Displacement 0 mm 0.127705 mm
Safety Factor 3.14722 15

The conducted study shows that the maximum stresses for
the examined structure do not exceed the permissible values
for the material of the shafts.
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Conclusions

The results from the conducted model studies provide the
basis for the following conclusions:

- A 3D model of the shredding shafts of a shredder for
concrete railway sleeper is constructed;

- A power model of the load of the shaft from the
technological forces during crushing is developed;

- The stresses and the deformations in the system shaft —
knives — carbide teeth are studied;

- The coefficient of mechanical safety for the maximum load
of the shafts of the shredder is determined;

- The mechanical reliability of the shafts is demonstrated;

- A suitable drive of each shredding shaft is selected - the
heliocentric-type of reducer and the radial hydraulic motor.

The studied structure of shredding shafts may be used for
the shredder-type of crushing machines.
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CAUSES OF MALFUNCTIONS WITH INSTALLATIONS FOR REFUSE DERIVED FUEL
AND A NON-HAZARDOUS WASTE LANDFILL

Teodora Hristova', Nikolai Savov’, Petya Gencheva’

T University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, e-mail: teodora@mgu.bg

ABSTRACT. With the aim of avoiding future malfunctions and increasing the economic effect of installations for refuse derived fuel and of a non-hazardous waste
landfill with an adjoining water-treatment plant for infiltrated water, a review is made of the failures and break-downs. The monitoring of the production process and the
inspection carried out provide evidence of the observation of the adopted criteria for quality and faultless operation. Since the facilities have only operated for a short
time since their inauguration and putting in service, the authors suggest an active monitoring, not reactive. After examining the faulty facilities on the territory of the
plant, a classification is worked out for the various types of failure. The causes or the majority of faults and failures of the individual facilities are determined. Based on
these, an analysis of the reasons for delays and interruptions of the working process is prepared. Recommendations are given. It has been established that there are
constructional and technological errors that are impossible to correct. The mechanical problems are caused by the larger mass of the processed wastes. These
problems can gradually be solved by replacing the driving equipment. As for the problems associated with the automation system, an adjustment of settings should be
done that is connected with the power of the driving equipment and with the quality of the wastes recycled. Still, the reduction of the number of interruptions in the
plant depends on the employees who need to be better educated and motivated by means of introducing clear criteria for career development. The authors believe
that the introduction of the suggested measures for solving the problems that have arisen will help reduce production costs and will raise efficiency and the economic
effect.

Keywords: accident, corrosion, electrical and mechanical damage failure, installation for refuse derived fuel

NPUYMUHU 3A ABAPUU NPU UHCTANALMUTE 3A MOAUDULIMPAHO FTOPUBO U IENO 3A HEOMNACHU OTNAQBLLN
Teodopa Xpucmosa’, Hukonaii Caeoe’, [lems 'eHuega’
" MutHo-2eonoxku yHugepcumem "Cs. Mear Puncku", 1700 Cogbus, e-mail: teodora@mgu.bg

PE3IOME. C uen npegoTBpatsiBaHeTo Ha ObAelly aBapuu W NOBULIABAHE HA MKOHOMMYECKWS e(heKT e HanpaBeH Mperned Ha OTkasuTe M MOBpeauTe Ha
MHCTanauuuTe 3a Moaudmuympaqo ropuso (RDF) 1 aeno 3a HeonacHu oTNagbLy C NpuUnexalya NpeyncTeaTenHa CTaHLmMs 3a MHUNTPaTHY BoAN. MOHUTOPUHIBT 1
WHCTIeKUMATa NpedoCTaBAT AOKa3aTencTBa 3a CriasBaHe Ha MpUeTUTE KpUTEpUM 3a KavecTBo M 6e3aBapuiiHOCT Ha MPOM3BOACTBEHWS Mpouec. Tbil KaTo
NpeAnpuATMETO e paboTuno KpaTko BpeMe Cnef MyckaHeTo C1 B eKCnoaTaLysi, aBTopUTe NPenopbyBaT akTUBEH MOHUTOPUHT, @ He peakTuseH. Cnep obcneasaHe
Ha aBapupanuTe CbOPbXEHUs Ha TEPUTOPUSITA Ha 3aBOfa € HanpaBeHa KnacudukaLms Ha pasnuyHuTe TUMoBe 0Tkaau. OnpeaeneHu ca NpUYMHITE 3a Mo-ronsMata
4acT OT aBapuuUTe MIN 0TKA3NTE Ha OTAESHM CbOPbXEHNS. Bb3 OCHOBa Ha TOBa € HanpaBeH aHann3 Ha MpUYMHUTE 3a 3abaBsHe Unn cnupaHe Ha paboTHWS NpoLiec,
AafeHn ca npenopbku. YCTAHOBEHO €, Y€ MMa KOHCTPYKTMBHM M TEXHOMOTWYHW rPeLLKM, KoUTO He moraT Aa GbaaT mpomeHeHn. MexanudHuTe npobnemn ca
NPUYMHEHN OT No-ronAmMaTta Maca Ha npepaboTBaHWTe OTNAAbLM, KOUTO MOCTENEHHO MOraT Aa Ce pelaT ¢ MoaMsHa Ha 3afBUKBaLLNTE CbOpbXeHUs. OTHOCHO
npobnemuTe CBbP3aHN CbC CUCTEMATA 3a aBTOMATM3aLMs e HeobXoAUMa NpoMsiHa Ha HacTPONkuTe Cbobpa3eHa C MOLHOCTTA Ha 3aABUXBALLMTE CbOPBXEHNS U C
kayecTBaTa Ha npepaboTBaHuTE OTNaAbLX. Bce nak HamansBaHeTo Ha Opos Ha CvpaHusTa B 3aBOAA 3aBMCST OT MepcoHana, konTo Tpsbea Aa Gbpe no-gobpe
0byyeH 1 MOTMBMPaH, Ypes BbBEXAAHE Ha MO-ACHM KPUTEPUM 33 KapuepHO M3pacTaHe. ABTOpUTE BAPBAT, Ye C BHeAPsBaHe Ha Taka MPeasnoxeHuTe Mepkn 3a
peLuaBaHe Ha Bb3HWUKHaNUTe Npobnemy Lie ce HamansiT NPOM3BOACTBEHUTE PA3XOAM W L NOBMLUM NPOM3BOANTENHOCTTA 1 MKOHOMUYECKIS edekT.

KniouoBu AYMU: aBapus, KOPO3ns, enekTpu4eckn 1 MexaHn4eckn nospean, MHCTanauua 3a Mop,mbmu,mpauo ropuso

Introduction associated with making profits. Effective waste management
work requires the faultless operation of the working process

The rapidly evolving technologies, the high demands and the ~ and a low cost per unit of processing, which is achieved by
growing purchasing power of consumers are connected with ~ Meeting the criteria set in the technological cycle.
the generation of more wastes, too. Natural resources are
getting exhausted and this necessitates policies for a wiser The purpose of this report is to examine malfunctions and to
management of wastes. These policies are associated with summarise the reasons for the necessity for early repairs in a
waste processing and re-use. With the development of the ~ newly-erected enterprise. The subject of the report is the
industry, an increasing number of enterprises is closing their ~ Premises and the adjoining facilities on the territory of a waste
work cycle in terms of generation and recovery of wastes. freatment plant.

Therefore, waste management enterprises are in the service The occurrence of malfunctions in the situation under
not only of the public but also of the industry to which they  congieration is a casual process despite the experience
supply ready-made raw materials. Their own benefitis twofold - gaineq in the construction of such types of enterprise in other

they work to minimise environmental poliution and produce ¢ ntries, This report aims at tracking the work of the structural
resources for large processing companies, which is also nits and analysing the trend of facility failures; both will lead to
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taking timely actions to ensure the uninterrupted production
process. Based on the problems identified and on the analysis
of the causes, and following the generation of a sufficient
amount of data, a risk assessment report can be produced for
upcoming periods of time. Unfortunately, the experience of
other authors can not be referred to since the conditions in
every specific enterprise are individual and non-characteristic.

After a new plant has been constructed and commissioned, it
is supposed to function flawlessly during the first years and no
repairs are expected to be needed. Each plant like this has a
specific structure and the adjoining facilities have a different
operating period that depends on the construction and the
functions they perform. In the course of the operation, each
waste treatment facility is subjected to mechanical and physico-
chemical peak loads.

Major structural units in a waste treatment plant

Non-hazardous waste landfill. The landfill is divided into two
functional areas: first waste disposal area and a second waste
pre-treatment area that incorporates a plant for mechanical and
biological treatment. The block diagram of the non-hazardous
waste landfill is presented in Figure 1.

RECLUTING PLASTER
« INSULATION MEMBRANE
+ MINERAL SEALING PLASTER

GAS COLLECTOR

CANAL SURFACE  /

. 1 YA
s || LANDFILL Ve e
WATER / Al

" AL DRAINAGE PIPES

INSULATION MEMBRANE
MINERAL SEALING PLASTER

Fig. 1. Structure of the non-hazardous waste landfill

The landfill is constructed with an insulating screen at the
bottom - to protect the soil and groundwater; collection and
treatment of the infiltrate in a waste water treatment plant
(WWTP) - to protect groundwater from pollution; biogas
management - to prevent uncontrolled emissions into the
atmosphere; placing wastes in cells - for operational control and
reducing rainwater penetration; waste compacting - to limit pest
access, to reduce the risk of fire, and to help stabilise the body
of the landfill; daily and intermediate covering; final sealing.

Plant for mechanical and biological treatment (MBT) of
wastes with the production of RDF fuel

The plant for mechanical and biological treatment is adjacent
to a non-hazardous waste landfill. The plant processes
household waste (except for the bio waste and the green waste
that are collected separately). The process of mechanical and
biological  treatment includes the following steps:
mechanical/manual separation and sorting, biological treatment
of organic waste, and the production of refuse derived fuel
(RDF)I. The origin of waste is: domestic waste (waste from
households) and waste generated by shops, warehouses,

N

offices, and factories (industrial waste). The MBT facility
consists of:

+ Classification line for recyclable materials separated from
specific suitable waste streams, such as paper, cardboard,
plastics and metals.

+ An RDF generating plant where high-calory fractions of bio-
waste (some sorts of paper, cardboard, and mostly plastic) are
released in the form of RDF. RDF is mainly released after
drying the waste to a certain extent. Bio-waste drying is carried
out as a combination of the stages of biological drying and
thermal drying. The duration and the combination of processes
take a minimum of 6 weeks, depending on the requirements
posed to the products.

The article studies the individual processing units in a waste
management plant. Each of these is analysed in terms of the
problems that have arisen. The technology in the plant is given
in the diagram in Fig. 2.

Input MSW
Reception - Glass [ Fe
Bulky residue
Mechanical
Pi lasti
Separation; ‘ Sper/plastic
compostin # Process losses
§
CLo
refinery ‘ ELO imoes)
Residue
Biodrying ‘ Process losses
RDF Production - RDF
FE / NE / Glass
Residus

Fig. 2. Flowchart of the waste management process

The malfunction analysis involves exploring the causes of
their occurrence. As a summary of the various problems, we
offer the following groups:

- technological problems;

- constructive;

- building;

- mechanical - erosion, friction, pressure, vibration;
- chemical - corrosion;

- electrical;

- the human factor.

Monitoring and inspection

Monitoring and inspection provide evidence for the work
performed in accordance with the adopted criteria.
Concurrently, it allows for improvements to be made. Two types
of inspection are possible to use - active and reactive
monitoring (Brouwer, 1998). Based on the active monitoring,
the risk for the system is predicted, feedback is provided related
to the process management, and malfunctions are avoided.
Reactive monitoring includes a “post-failure” record, reviews,
repair incidents, and other evidences of the lack of adequate
management. When managing a waste treatment plant, it is
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necessary to ensure the efficient operation of the facilities. For
the prevention of emergency situations, it is appropriate to
apply active monitoring, which will determine the subsequent
accumulation of a significant database. The subsequent
analysis will result in the outlining of appropriate management
policies and measures that aim at achieving the safety of both
the installation and, as a leading requirement, the staff .

Technological problems / causes

The major problems in the plant are related to the project
morphology of the waste, which differs from that of the currently
incoming waste in the plant. Namely, the waste is of a higher
humidity (up to 45% higher) and of a higher percentage of
sand, dust, soil, building materials, and other inert materials.
Over the heating period, an increased content of cinder and ash
is observed, by up to 9%. The high content of dust, ash, and
inert materials brings about clogging of the moving floors and
heavier dust-loading in the buildings.

Trommel screening with a diameter of 200 mm is
technologically inappropriate, since a significant proportion of
PET bottles and other plastic materials that are of high cost if
recycled fall out. Those do not go through manual separation;
instead, they pass directly into the cells for bio-drying, which
makes them impossible to be the objects of the recycling
process, thus the recycling targets are not achieved. In bio-
drying, there are 26 cells operating on a 7-day technological
period of drying. Upon completion, the dried waste has a
humidity of up to 20%. There is a tendency for a steady rise in
humidity to 32-33%, with cells where humidity soars to 36-37%.
This t is indicative of the fact that the technological scheme and
the software do not allow for the waste to be dried in
compliance with the requirements of the contracting authority.
Adding to the problems of the heavy dust-loading, the poor
performance of the taps, and the high incidences of cell fan
failures, there is a clear indication as to the connectivity among
electrical, mechanical and technological problems. The
insufficiently dried material goes to the RDF (waste fuel)
building. Excessive humidity and the high content of non-
combustible inert materials in the incoming material lead to the
wear of the vibration screens, the tear of the elastic
membranes, congestion of the densitometric tables, blocking-
up of other technological sieves. All of these result in ceasing of
the operation of the production area for a long period of time in
order to recover the electrical and mechanical systems.

Structural problems / reasons

In the present case, by a structural problem, we mean the
design of the plant's processing lines. The RDF plant is
designed after the model of enterprises with a similar object
abroad. A special feature in this case is the presence of a
sloping terrain that the designers have not taken into
consideration because the processing line of the material goes
from a lower to a higher point. This is related to the raising and
movement of large masses of materials (recyclable raw
materials), which is associated with economic losses. On the
one hand, the introduction of engines and equipment for the
lifting of these raw materials is required, and on the other hand,
a huge amount of electricity is used for their operation. The
economic effect would greater be if the production line moved
from a higher to a lower level, whereby the materials would
move by their own mass.
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The manual classification lines are mounted at a higher level
which poses difficulties for the workers and, similarly, makes
attendance of the entire belt difficult. It is necessary to adjust
the height of the floor from the manual sorting position. Another
problem that violates the ergonomics of the working
environment is the poor sealing of the windows in the control
room, as a result of which polluted air from the hall penetrates
into the manual sorting area.

We have also established the lack of shutters that open easily
for access to various service premises. Besides, there are no
rubber muffs on the ears through which the lighting cables pass
and no railings along the bio-basins. To a large extent, these
deficiencies incur risks for the employees of the enterprise. It is
also imperative to put warning notices and information boards
in Bulgarian.

Building problems

During the erection of the building, the contractor has
overlooked some mistakes made, e.g. the concrete flooring
around an expansion joint (between the concrete flooring and
the asphalt pavement) at the exit from the mechanical and
biological treatment plant was damaged; the cover of the W&S
manhole in front of the electric substation 110/20 kV did not
close tightly; there were no restrictive lines; the pavement
around the transformer building was unfinished; newly formed
cracks in the reinforced concrete pavement around
switchboards were visible; the flooring in the pedestrian areas
was missing or unfinished. All these problems have been
resolved after a signal from the responsible bodies at the plant.
In connection with the poor quality of the building work or with
the fact that it was incomplete, the conclusion can be drawn
that a number of rules and regulations related to the safety
technique were violated, such as ORDINANCE Ne 5 of 21st May
2001, ORDINANCE Ne 8121z - 647 of the 1st October 2014,
ORDINANCE Ne RD-07/8 of 20t December 2008, technical
safety measures of the Safety and Health Regulations for the
Operation of Eelectrical Equipment with Voltages of up to
1000V of 2014, requirements for safe use and operation of
buildings, etc.

Mechanical problems

Mechanical problems have been found in all the buildings of
the enterprise. Due to the poorly executed project in the
reception building, material falls out on either side of the moving
floor with a separating drum. This leads to the clogging of the
bunker under the dosing drum. Cleaning itself is very labor-
consuming and requires the participation of several workers.
When belt conveyors were designed, no side guards and
canvases were provided which is considered to be a
disadvantage since part of the material falls out. A possible
solution to the problem is to place a device to collect the pieces
and take them aside. Due to the established structural
peculiarities and the presence of raw materials to be processed
that are heavier than the technologically set, a problem appears
in various facilities mostly related to the leakages of ail in the
following: the compressors; the chain conveyor with a de-
compacting block where oozing of oil out of the gear box is
seen; the feeding conveyor to the baling press. Overheating of
some items of equipment has also been registered (for
instance, the front bearing of the sleeve filter fan motor from the
reception area gets excessively heated).
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Another purely mechanical problem is the high level of dust in
the RDF-production building which is the result of non-efficient
operation of the dedusting system in the building. This poses
considerable risks for the formation of explosive air-dust
mixtures. The problem can be solved with the implementation
of more powerful fans.

Also, non-efficient separation of glass from fraction 30-60 mm
has been established which necessitates the installation of a
separator functioning along a different principle.

Corrosion problems

Corrosion of the metal and concrete surfaces is a registered
problem and at present the corrosion processes of the various
facilities are monitored. The reasons are: the ill-painted
protective coating on the metal elements and damages inflicted
on them, the heavy mechanical loads they sustain, and, most of
all, the aggressive environment

On the territory of the infiltrated water treatment plant, the
most serious corrosion damage is the initiated corrosion of the
drainage pipes. As a result of the analysis, it was established
that a failure can occur due only to the advancement of
corrosion processes, but not due to mechanical stress. The
installed plant facilities are also subject to corrosion due to
evaporation of infiltrated waters. With these facilities, faults can
also occur due to mechanical reasons - friction of moving parts,
erosion of the deposition of solids in the fluid, fluid pressure at
the pumps. After analysing the infiltrated water and of the
atmosphere around the equipment, it may be generalised that
the causes of the corrosion are: the corrosive action of the
agents in the environment (ammonium nitrogen (NH4-N),
organic carbon, sulfates, chloride and oxygen), depolarisers
from the air, temperature amplitudes due to seasonal changes,
and an atmosphere rich in chlorine ions. These factors create
conditions for accelerating the processes of oxidation and for
the occurrence of oxide covering layer with weak protective
properties that disintegrates under the action of chlorine ions.
Consequently, uniform corrosion and pitting corrosion occur,
and, due to the presence of anaerobic bacteria, microbiological
corrosion is also possible.

To prevent the processes leading to failures, the following
measures are recommended: the choice of a material suitable
for the construction of the facilities and the pipes, the
construction of protective gearboxes, placing the appropriate
insulating coatings of the pipes, surface treatment of the
equipment.

For facilities subjected to atmospheric corrosion, the suitable
alloying elements are Sn, Cu, Ni, and some rare earth
elements. Nitrogenation (doping with nitrogen) is suitable only
for these facilities because it prevents the development of
cracks. For the pipes, the recommended alloying elements are
Cr, Si, Ni, and Mo or the so-called chromium-nickel steels or
chromium-nickel-molybdenum steels. For all facilities on the
territory of the WWTP, it is necessary to use a material with
fine-grained structure, e.g. austenitic steel, and to avoid
martensite (coarse-grained) structures. The following brands of
steel can be recommended: 10H14G14N4T, 10H14AG15, and
07H13AG20 which are substitutes for steel type H18N10T in
environments with relatively low aggressiveness.
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Various laser and ultrasonic techniques are used to treat the
pipe surfaces. Those lead to the removal of local dislocations,
the hardening of materials, and the like. For example, laser
decontamination or pre-treatment at high temperature or under
high pressure contributes to the stability of the micro-grained
structure of the steel, and in this case is recommended for both
equipment and pipes. The formation of a passive layer under
the influence of dynamic polarisation between hydrogen and
oxygen, the exposure to UV light, or electropolishing, results in
reduced development of local destruction. The materials used
are argon, sodium nitrate or phosphate.

As a lining material for the walls of new pipes, in view of the
composition of the corrosive environment, polystyrene,
fiberglass, epoxy polymers, laminated fabric, silicone rubber,
rubber with inhibiting substances in its composition, etc. are
offered. As the facilities are operative and their premature
replacement is economically unprofitable, in order to extend
their operating life, it is recommended to cover them with boxes
equipped with blowing fans. The same materials that were
listed for pipe insulations, without the rubber, can be used for
the boxes.

The use of an inhibitor in this case is inappropriate. On the
one hand, there is a large flow of water along the tubes, and the
inhibitors can only act in a limited volume. In addition, there are
anaerobically active bacteria in the pipes that can also be
affected, with the resulting negative effect produced on the
production process. Devices operating in the workshop and
above it can be treated with the compound 0.5 mM SnCl2
(Kamimura, 2012), but there are chlorine ions in the medium,
and further research is needed to determine the concentration
and its effectiveness.

All these recommendations can be carried out after replacing
the facilities. At this stage, the main tools for process control
and for failure prevention remain the continuous inspection and
the additional processing. Running facilities can be laser-
cleaned: laser melting (LSM), laser alloying, or laser annealing.
Laser Peening (Hackel, Rankin) is suitable for the processing of
blades, fans, motors, and other moving parts, thus the risk of
crack formation will be diminished. With respect to friction, laser
transformation hardening needs to be carried out with moving
parts for improving the wear resistance (Brown, 2010). Laser
beating (Peyre, 2000) increases resistance to pitting corrosion
that is obvious in all units in the shop.

Another important measure is building of additional
monitoring systems. For this purpose, sensors operating on a
resistive principle were installed in the infiltration tube section
and the SBRs section to monitor the corrosion growth. The
sensors measure levels of 1 mm, 2 mm, 4 mm, and 5 mm
(Stefanov, Hristova, 2009). The material for making the sensors
and the measured thicknesses are consistent with the material
and thickness of the tubes. At present, corrosion growth has
been reported in bio-basins and in SBRs, and none the
infiltrated water section. Ultrasonic measurement is another
suitable method for the non-destructive tracking of corrosion
damage and cracks in the depth of the monitored objects. The
level of corrosion in the equipment and in the pipes was
inspected by means of the OLYMPUS company ultrasound
thickness gauge 45 MG. The model provides options for
recording previous measurements.
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Electrical problems and such associated with the
controlling and measurement equipment and automation

At the reception building, failures of the SCADA system for
controlling and measurement equipment and automation are
more serious. The system does not take into account the data
from the scale integrators. There is a problem with their setup
as the instruction is incomplete. For the time being, it is
recommended to train the staff for: working with the software for
setting-up the integrators, and monitoring for disconnected
electrical cables that might lead to possible failures.

In the mechanical separation building, part of the material
falls out of the2d rotary drum and under the floor. The problem
is not mechanical, but is also related to the SCADA system. It is
recommended to change the settings of the SCADA automatic
system for the performance of the feeding conveyor in such a
manner that the sieve is not overfilled. Naturally, a change of
setting in the system for controling and measurement
equipment and automation goes with the requirement for new
data. For instance, in the mechanical separation building, this
necessitates the installation of a sensor that monitors the level
of feeding the containers with recyclable materials.

Problems have been identified that are due to poor
connection between electrical wires, or a problem in the
software of the SCADA control system: e.g. there is no
visualisation of the electric power in Transformer substation 1,
Transformer substation 3, and Transformer substation 4 in
electrical sub-station 110/20 kV.

Because of unfinished or incomplete setup of the SCADA
control system, other serious problems have been identified as
well. Some of them are as follows:

- inthe reception building, some of the integrators are not

connected to the SCADA system;

- in the reception building and in the bio-drying building,
the unfinished adjustment of the SCADA control system
causes problems to the function of the Valtorta bridge
cranes, with all consequences for the operation of the
above in automatic mode; besides, the Valtorta
command console system is not translated into the
Bulgarian language, thus hindering staff operation;

- in the reception building, communication errors between
the entrance weighbridge and the SCADA system have
been registered that impose manual operation; this
leads to delays in the technological process;

- in the mechanical separation building, no information in
SCADA is available as to the feeding of the reception
bunker;

- in the mechanical separation building, upon starting the
process line, the shredder indicates an error;

- in the mechanical separation building, the information is
not entered in MOTION SCADA,; troubles in the whole
system have been established;

- in the biological drying building, the information from
MOTION SCADA does not read the real periods of time
set by the operator, thus restricting the opportunities to
check the quantities of incoming and outgoing material
to/from the building;

- when changing the direction of the belt conveyor
(reversible) that feeds ferrous metals to two containers,
the SCADA system makes it possible to change the
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direction only from container 2 to container 1, but not
from container 1 to container 2.

- in the biological drying building, while the crane
operates in manual mode, it is not possible to record the
quantity of the material that is being fed to the cells and
from the cells to the movable floors;

- in the RDF-production building, interruptions are
frequent due to activation of the overload protection of
the belt conveyor; the problem may as well be
mechanical because of the heavier material;

- there is a problem with the automatic switching and
adjustment of the belt conveyor (collective for PVC); a
new control system for the engine revolutions is needed.

There are also a number of problems that result from sensor
malfunctioning. For example, in the bio-drying building, the
water level sensor in the tub of the cooling tower is mounted but
does not work properly. Baling presses cause incessant
interruptions of the technological process due to problems with
the sensors for the waste level in the bunkers, as well as to
problems with the devices for the wire tightening. To solve
these problems, calibration of the sensors measuring various
indicators is advisable to be carried out and the required
documents to be presented by the manufacturing company.

Problems have been identified that relate to the presence of
higher current and voltage harmonics, as well as to losses in
transformers. Variable active filters to suppress harmonics are
installed to improve network characteristics, as well as a
variable anti-resonant harmonic filter. Those are connected in
parallel to the respective modules and are controlled by a
controller. Theoretically, when introducing them, electrical
energy savings should be reported, along with an increase in
the reserve and the power capacity charge of the electrical
installation, and hence a reduction in maintenance costs. In
practice, however, the realisation of the estimated benefits has
not been proven.

To achieve an efficient and fault-free process, it is necessary
to install such automation tools as:

- emergency stop buttons on the magnetic separators;

- an emergency stop button for the movable floors in the
reception hall; this might speed up the operators’
reaction in an emergency situation (e.g. if waste that
has is not intended for the mechanical and biological
treatment (MBT) plant falls on the movable floor.

It can be seen that the major problems are related to the
automatic control system that does not always work properly. A
conclusion can be drawn that the problems found are three -
interrupted cables, sensors that are out of order, or
inappropriate SCADA settings. Therefore, it is necessary to
introduce wireless data transmission.

Problems associated with the human factor

A complete documentation is provided to change the settings
of the control system. It is imperative that the personnel who
handle the individual modules be well-trained to work properly
with the software that is currently causing problems.
Inscriptions in the Bulgarian language should be placed on for
various objects. Besides, clear criteria for career prospects
must be introduced that will bring about self-training initiatives.
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This, in turn, will optimise the process of working with the
SCADA system.

To sum up:

Only after the problems have been classified is it possible to
take differential measures to solve them. It is clear that
constructive features can not be changed. What matters in this
case is that this problem should be taken into account by
constructors when building similar plants on other premises.
Construction waste and unfinished objects have been removed.
Mechanical problems are caused by the larger mass of the
processed waste. Those can gradually be resolved by replacing
the driving equipment. For the time being, each separate
engine requires inspection by a specialist who can offer
adequate solutions.

Problems related to the automation system are the result of
the waste morphology and of the presence of mechanical
problems. To fix them, it is necessary to change the settings in
accordance with the power of the drive equipment and the
quality of the waste processed. Because of the distributed
structure of the enterprise, a modular system for measurement
and control is appropriate. Modules in all workshops must be
compatible with the overall system and be capable of wireless
data transmission. According to the significance of the
measured value, data can be transmitted on a continuous
basis, once a day, or when a value has been measured whose
magnitude deviates from the standard value. Continuous data
submission is required for all engines, pumps, and dispensers.
With corrosion monitoring, switching on is only necessary when
deviation has been measured.

Conclusion

It can be concluded that the problems in the enterprise are
caused by the incorrect design of the facilities, the morphology
of the waste generated by the respective region, and the lack of
well-trained staff. This also generates the deficiencies in the
automatic control system and brings about machine failures.
The measures recommended are prompted by the expertise of
the specialiststhat has been gained as a result of the
inspections carried out and measurements made. The human
factor, supported by an adequate monitoring system, is
essential for the prevention of malfunctions. In this manner,
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unnecessary repairs are avoided and the outcome is a better
economic result. No risk assessment has been performed
which is due to the lack of accumulated data on the failures of
the various facilities and systems. In order to achieve the
quality of management of the production process and to reduce
the risk of malfunctions, after accumulating data about
accidents and subsequent repairs, the reliability theory can be
applied for each site on the premises of the enterprise.
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