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Possibilities of Increasing of Ecological Conditionsin Mining Environment
by Reconstruction of the Present Engine DH30

Matej Kucera®, Milan Sebok®, Miroslav Gutten®, Daniel Korenciak® and Stanislav Lukac?

Solving the problems of increasing requirementsransport, while respecting actual environmentenié, new solutions are being
looked for to make an optimum mutual equilibriunmef the possibilities of increasing ecologicahditions, which are decreased by
means of transporting a mine, shows this contridsuthat suggests a reconstruction of the originabkel-hydraulic engine DH30 to two-
system drive and hybrid drive. In the reconstructia DC and an asynchronous engine are suggestetraaon engines. This
reconstruction of the drive means not only increathe ecological conditions in the mine but aspability to use biofuel made from a
crop that grew on contaminated soilhe aim of the reconstruction is to replace the fwoestion engine and hydraulic distribution with an
electric drive while traction characteristics witmain at their valuesA one-engine traction drive with an asynchronougies with short
circuit armature is regarded as one of the mostspeztive for an output range from several W up W.NBy using the asynchronous engine
powered from semiconductive changer the problepulsing parts of torque is dealt with regulatiorid reconstruction also means energy
saving. This system also improves storing and pugattion with oil production in the mine.

Key words: mining environmenhybrid drive, distribution of traction output, traport

Introduction

Requirements demanded by production plants regandiinerals are currently rising, which results e t
increasing traffic intensity of material flows inimng companies. Therefore, an alternative to #ired of
transport must be searched (Turnbull D. A, 2013)e Tnterplant transport of mineral raw materialaygl an
important role in the mining process carried outriming companies (Andrejiovét al., 2015 Investments in
new transportation systems are required only abfiening of new deposits or due to measures inagaise
strictness of ecological limits. The investmentiemvment connected with the mining industry is quinique
when compared to the environments of other typpeatuction industries (Cehlar et al., 2009). On dliger
hand, however, this transportation mode must aésavell dimensioned, so that the material flow isoeth,
efficient, and cost-effectiveDfottboom, 2013)Reducing the cost of resources in solid miner&alagkion is an
urgent task. For its solution is possible used stigiapproach use to management of mining compdiny a
resources, including extraction processes, transponeral handling, and storage (Tyurin, 2017)ndfejiova,
2016). The selection of the mode of transport favimg bulk materials is never a simple task asetheme
various concerns/considerations applied to thecBete of the most practical and cost-effective maufe
transport to be used to move bulk materials (Vérk2005). Belt conveyor system technology is adqggiits
specific place in the in-plant transportation sgsten every company and represents a stable mairadtay
efficient in-plant transportatio(Gruji¢, 2011). The development trends in the field of conveyort bedar, in
terms of disruption damage, are mostly focusedhenirinovation support systems of damping componefts
buffer beds with impact rubber baksdndek et al., 2014)mpact bars are an essential component of innavativ
buffer beds suitable for several types of belt @yavs (Marasovét al., 2017Ambrisko et al., 2017GGondek et
al., 2014).Maintenance cost reduction can be achieved by imgments in utility properties of conveyor belts
(AmbriSko et al., 2016), (Griova,2014).

The demand for the quality of the environment hecently increased. This fact evolved its impact on
criteria of devices that change energy from oil dutts to traction energy. The present state-ofatthe-
transportation systems used in hard coal mines a@in and divisional routes were discussed in corspario
the conditions from previous years. Current develept trends in the aspect of more and more extenseadf
Diesel engines as well as resulting limitationseni@dicated in work (Pieczora, 2008). In the léeti directions
of R & D work, which is aimed at designing new Bikand electric drives were specified. The aimhef work
(Arsentiev et al., 2017) was to study the possibdf using induction motors with reduced voltagever supply
for traction electric underground mining locomosiyéo determine the conditions of conformity of imeaical
characteristics of induction traction motor withdueed voltage regarding the characteristics ofamdstrd
voltage.
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Mine engine with combustion engines, which arepcsl representative of a moving detrimental erissi
producer. Results of researches and monitoringnoke particles in exhaust gases as well as the anésrh of
their creation and their influence to human bodyaman intricate problem that is necessary to s(fweera
and Saly, 2000). In general, these solutions cbalcthade in two ways:

e by increasing of the efficiency both ventilatiamdaair conditioning of subterranean spaces,
e by decreasing of detrimental emission.

The first suggestion is highly economically demaggitherefore, the second suggestion should bentake
into consideration. One of the ideas which couldpplied to this problem is using of two-systenctin drive
powered from electron accumulator (Kucera, 1996).

One of the main goals of underground rail transp®rto achieve marginal traction characteristics of
variable frequency induction motors in conditiorighe limited magnitude of the supply voltage of ttontact
network DC of underground transport for electrisafety reasons (Arsentiev, Baranov, Vilnin and kdad
2017).

Also, electric motor, electronic converter, and ctaie battery were studied for mine locomotive
(Matyuschenko, 2016), (Frivaldsky, M., Drgona, $panik, P., 2013).

Development trends ecological conditions in theingjrenvironment are primarily focused on the energy
consumption reduction, structural component mdtsasaings, reduction of the negative environmeirtgdact
service life extension. Assessment of transporasipstems for minerals may be carried out whilehapg
several methods (SFRA, monitoring, thermovision pratedures, especially the simulation and matheaiat
modeling (Kodali, 2001; Lysenko, 2005; Wereliusadt, 2008; Wang et al., 2009). Appropriate tools ar
available to identify the process of damage to ted@wotors, transformers during operation (Gutte®Q7
Huynen, 2004; Gutten et al., 2009). Electromagresiimpatibility and functional safety can no longertreated
as two separate disciplines when electrical ortelaiz systems are considered performing safetted|
functions (M. Kucera and M. Sebok, 2012). Reliatperation of electronic equipment at various tedbgical
and operation conditions requires a safe operatioicommunication devices. Information transferomatic
processing, and data recording are exposed tonuettal influences from various sources iyrJ. et al.,
2011). Disturbance effect of environments showsanted bonds, interference noise, resonance arsliticsal
phenomena that may cause incorrect operation a@treféc equipment, distortion and degradation ofada
transfer and its recording and in extreme cas@saatiestruction of the equipment (FEMV, 2002). Ateyn that
is perfectly reliable, but not electromagneticalbmpatible has no practical use (Vaculikova, Pcud&, 2003).
This paper deals with a device for online, realetimnalysis of recuperative current with the useaof
microprocessor. This system is used in railwaygpant for measurement and analysis of recuperativeents
from converter in railway engine. Recuperative ents from converters in railway engines flow througil
back to the distribution point. Content of higharrnonics in these currents must not exceed limiggified in
international standard UIC 550-3, so exact measen¢@nd analysis of this harmonics are necessanpoBed
device uses a microprocessor for real-time measmemnd analysis of recuperative currents (Gutteal.e
2017)

The paper presents the results of changing enalges of W-10 switches for various design solutiofis
their contacts (Kozak et al., 2012). The experimédratve been performed on a computer-supporteddestind
described in (Zukowski P., Kozak C., 2010). Theimgscycle consisted in recording characteristitswrent,
voltage drop and temperature of a normally-closeeldf contact as well as the real-time arc enerdyesfor
each switching cycle at the direct voltage andefaery 20th cycle at alternating voltage. The mearsents have
been performed at the voltage of 120 V in ordeawoid incessant burning of the arc at direct vatadg the
process of performing measurements for direct geltan automatic change of polarity has been appliehe
starting of each subsequent switching cycle. liofe$ from the obtained measurement results (Zukowsk
Kozak C., 2008) that at the positive polarity of fixed contact the mean arc energy value has bigdger than
in the case of negative polarity. The paper prsséreoretical and experimental analyses of a plessifect of
the short-circuit forces on the transformer wind{Agumugam, 2014).

Analysis of the evaluated traction drive for Engine DH30 system

Considering a present economic status completeirgiion of pollution in mining spaces caused by
exhaust gases from the DH30 Engine (Fig. 1) conlg be done by reconstruction of the Engine.

The aim of the reconstruction is to replace the lmastion engine and hydraulic distribution with decéric
drive while traction characteristics will remaintheir values. Scheme of such reconstruction, wheresource
is energy from electric/accumulator batterieshisvged in Fig. 2.

The batteries are recharged while the engine oggerat a cabled section of a route. Braking withuthe of
a recuperator decreases demand for energy anddextee life expires of traction wheels. An impottan
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parameter which essentially determinates the adesibn of traction batteries is the time spenthenuncalled

route and their energy requirement.
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Fig. 1. Basic dimensions of DH30 Engine.
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Fig. 2. Scheme of electric traction circuits of treconstructed, two-system engine DH30.

Drivewith DC Traction Engine

Exploiting of DC engine in traction applicationwsell known. Using of power electronic it is possitib
supply such drive that the energetical loadinglecteo accumulators will be at a minimum. High-quyapower
transistors/current loading 400A, voltage 120V,vgaically separated control element excitement e o
integrated box together with power part/ and tlaility to work at the frequency of 20 kHz, thatabove a
human hearing level, enable reliable and noiselpesation.

Fig. 3 shows a scheme of connection of the DC enwiith the independent exciter. The excitemenhef t
engine is powered from a 4-quadrant changer. Thruatrof voltage is controlled by a 2-quadrant clean@his
scheme is used in applications, where quick chaniyom drive to the braking regime is necessary.
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Fig. 3. Scheme of connection of the DC engine iwitpendent exciter.
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Drive with an Asynchronous Traction Engine

A one-engine traction drive with an asynchronougire® with short circuit armature is regarded as ohe
the most perspectives for an output range fromra¢W& up to MW. According to its output, regulaticsinge,
kind of loading, quadrant characteristics, dynatmegquirements, etc., an array of solutions ari€owacz A.,
2019).

Each solution differs from one another with a kiofdfrequency changer, way of control, and technical
devices. In the motoric regime, the changer chaimgag DC values to AC values of different ratesquency,
and the number of phases. In case of electric bgakihe engine changes to the generator. A scheme of
connection and control of the asynchronous engime Fig. 4.
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Fig. 4. Scheme of connection and control of thaelsronous engine.

Design of hybrid traction drive for DH30

Using electro-petrol and electro-diesel enginemines have been used for more than 70 years. Téte fi
electro-petrol engine in Slovakia was introduced e Mine Hodru3a in 1928. The output of a 4-strpk&ol
engine was 5.85 kW, and a clutched dynamo had gwubof 6.2 kW that produced a voltage of 380 V. An
Electro-diesel engine was used in Slovakia forfitis¢ time in the year of 1934. This system of tiae drive has
been used until the present time by the termsaoffort requirements in the mine.

In a similar principle is based on the proposedmstruction of the mining engine DH30 (Fig. 1). The
essence of this reconstruction is replacing of dhiginal diesel-hydraulic drive unit with the eleztdiesel-
accumulator unit where the asynchronous enginethetsraction engine. A block diagram of the eliealrpart
of this reconstruction is in Fig. 5.
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Fig. 5. Block diagram of the electrical part ofglieconstruction.
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Capacity ATB is less important with hybrid tractidrive compared with electric drives since the eagilso
provides capacity. Therefore, the battery can betmamaller, saving weight. However, the battery s be
required to provide the same instantaneous powéheasV battery from time to time. This means ttrat
smaller battery must deliver much higher currerttervcalled upon.

Analyzing typical traction drive for miningtrain

In the Fig. 6, there is depicted one period of mmatipower output demand, where particular partition
tome axis mean:

T Pt max
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A B CD E FG H 1t =

Fig. 6. One period of maximal power output.

A- Traction alternator charges ATB and combustibleanaiorks with constant outp@ynas

B-C: The demand for power output started to ineeedn consequence of this demand, speed stariseto
and the traction generator is excited. The generaés given an impulse to increase the asked \a@flue
current for the asynchronous motor.

C: Maximal output for the asynchronous motor &cteed from the combustible motor.

C-D:  On behalf to cover power output demand, tireezt for charging ATB have to be decreased.

D-E:  Output is constant, and the taking curreattstto rise.

E: At this moment, the combustible motor is ablsupply maximal power output.

E-F: Power output decreases and together withlststhe asked current from ATB.

F-G:  Output of combustible motor is still maximalt ATB starts to charge.

G-H: ATB is charged with asked current and output@mbustible motor decreases together with power
output.

For suggested operation cycle of simulated trasglespond the average output of the asynchronotsrmo
T

Paverage: J‘ P(tht = 85%KW (1)
0

e ASM motor power 15 kW,

e nominal voltage /current 180V /30 A,

e the maximum angular velocity 2073 speed/min,
e the maximum frequency of 70 Hz.

Draft traction output for the hybrid drive system

Distribution of traction output could be done paliti according to a user or according to predefined
software. Autonomous control of a microprocessait tor the distribution of traction output is defdd in
normal operation only ATB /NiCd battery capacity02Ah/ drive with insufficient accumulator capacitjive
with using of all energetical sources, and recupmraf traction output.

In a system of control, information from the operas processed together with information abouttesof
input supply, impulse changer, invertor, and t@ttengine. The control must fulfill specific recginents
derived from a traction engine and technology afisport. It means mainly the control of a magnfédiw in the
engine and torque. Drives for general purposeofiem dealt with a cheap solution without speedssenand
only with a small number of another sensor for tele@l values. For drives with dynamic requiremensctor
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control has become common. This enables to coatrahgnetic flow and torque in the steady-statenmegas
well as in transition state. Mathematical simulatiof controlled traction drive with an asynchronargine
reveals very good dynamical characteristics.

The scheme of direct torque controlled inductiontonavith a fuzzy controller is in Fig. 7. The fuzzy
controller is designed to have three fuzzy statéafées and one control variable for achieving tanstorque
and flux control. Each variable is divided into Zyzsegments.

The number of fuzzy segments in each variable sseh to have maximum control with a minimum
number of rules. (Spanik, P., Sedo, J., Drgona;iialdsky,M., 2013).

Measurement
current voltage  Motor
7

-
Inverter, ’ ASM
Fuzzy * Stator Flux

and Torque

Flux Refence

controller Estimator

Torque Reference

Fig. 7. Fast regulation of torsion moment.

The first is difference between the command stéior S* and estimated stator flux magnitugs (error
in stator fluxEy) given by:

Ey = |¥S| - |¥S| &)

The actual stator flux can be calculated from tbéiage and current information in the stator refese
frame as

Ya = [(ua - ia - RS)dt ©)]
wB = [(up-if - RS)dt (4)
| #S|= Y2a+ P28 (5)

For suggested operation cycle of simulated trawglespond the average output of the asynchronotisrmo
Optimal Torque Computation

This control strategy was developed by Ohio Statevéisity under a subcontract with NREL. Infornoati
for this help file was taken from the final techadiceport entitled “Development of Fuzzy Logic aNédural
Network Control and Advanced Emissions Modelling Rarallel Hybrid Vehicle” which provides additidna
detail on the model and is available in the ADVIS@Rding room.
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Fig. 8. Fuzzy Controller block components.
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The controller programs are created using MATLABicfiles anc can be modified by the user. T
following Fig. 8indicates the position of the Fuzzy Logic Contmolfethe Simulink block in ADVISOF

Finding an optimal | C Engine operating point
The data for an IC Engine in ADVISOR is in the foofma z-dimensional map, indexed by torque and sp

Information regarding fuel econon[g/s] and emissions such as CO, HC, and NOX [ig/ajvailable for various
speeds and torques (Fig. 9).
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Fig. 9. IC Engine emissions — a general trend fidiTLAB.

From the graph in Fig. 1@ve can state that the proposed hybrid drive solwizsures sufficient tracti by
preserving the dimensions of the original locomatnd reducing the ecological I¢.
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Fig. 10. Traction characteristic.
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Results and conclusion

The actual operation of mine engines DH30 and DHh®0lve high costs for the working environment.
This article shows that using electrical energytfaction purposes highly eliminates (hybrid systemalmost
completely reduces (two-system drive) detrimentfluences on the working environment. Several otiof
reconstruction of the DH30 engine for two-systenhylrid electric traction enables to use of an abyonous
engine or DC engine as a traction engine. By udiiegasynchronous engine powered from semiconductive
changer the problem of pulsing parts of torquedaltdwith regulation. This reconstruction also neanergy
saving. This system also improves storing and mdation with oil production in the mine. Anothedvantage
apart from increasing the ecological conditions andrgy saving is that, that the Elsbett engins asesgetable
oil which can be produced on contaminated soil.
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