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ABSTRACT:Considered the energy indicators the basic electrotechnical equipment of mining excavators of open cast
mining. By results of experimental research obtained values of the energy indicators of a full cycle of work career
excavator, consisting of engines right and left cycle pressure, lifting and turning. Consumed power in the operating
mode corresponding to 75% of the total consumed power. Considered the graphs measuring the electrical parameters of
the main electric drives current and the voltage, active, reactive, apparent power and power factor for a period of time
in operating mode. Made an analysis the composition of voltage and current harmonics up to 50 harmonics and for the
period of time of 50 seconds. Derived forms of voltage and current for each period of each phase, and determined the
total coefficient harmonic distortion. Influence of higher harmonics on work of electromechanical equipment will
eventually is reflected on energy-efficiency indicators and stock of resource saving of the electromechanical equipment.
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I. INTRODUCTION

The mining - metallurgical enterprises of Uzbekistan are one of the largest consumers of energy resources, recently is
characteristic of them outstripping growth of level of energy consumption. The development of the mining industry is
largely on the basis of introduction of open cast mining.

Our research and researches of several authors indicate that, one of the factors influencing the quality of electric energy
and energy and resource efficiency are the higher harmonics arising in considered systems [1-11]. The given questions
require further study, since they are depend not only on the very sources of the higher harmonics, but also the modes of
operation of technological equipment, electro-mechanical system which is powered by energy converters or other
sources of electricity supply. The given question is particularly relevant, when the system works in dynamical modes.
One of such objects is the electromechanical system of the equipment of mining excavators and drilling rigs.

The emergences of the higher harmonics are connected by wide application of semiconductor converters in systems of
electric power supply of the enterprises in various industrial sectors. To questions of investigation of the composition
the higher harmonics of current and voltage, and their impact on the quality of electrical energy are devoted to a
number of works [12-22].

The main sources of the higher harmonics are: electric drives with the semiconductor converters, the rotating electrical
machines, the saturated magnetic circuits, rectifiers and frequency inverters of all types, high-power single-phase
receivers, electric welding of installations and lighting system with application of economical lamps.

Harmonics in structure of a current, voltage or simultaneously a current and a voltage influence on the quality of
electric energy. The poor performance of the quality of electric energy leads to many negative consequences. The most
unpleasant for industrial consumers: decrease in efficiency and an increase in energy consumption, overheating of
cables, electric motors and transformers; decrease in reliability of system of electric power supply; decrease in the
efficiency of production and increase of the specific energy consumption of unit of the final products; decrease in
service life of an electrical equipment; damage to sensitive equipment; operation of circuit breakers; burning out of
safety locks; premature wear of the equipment; an overheat and failure of the capacitors; the occurrence of strong
currents in the neutral wires; the occurrence of resonance in the network; refusal in the connection to electricity
supplying network in case of a too high level of harmonics; shutdown and downtime of technological equipment
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caused by accidents and switching in external networks; the direct losses, associated with the underproduction of final
products; indirect losses because of possible repair work of mechanical equipment, as well as the costs of maintenance.

Il. THE MAIN PART
The main equipment of the mining electromechanical equipment enters excavators and drilling machines. Mains supply
has the branched structure, ranging from 35-10-6-0.4 kV. On the open mining careers, uses the following technique,

which is shown in table 1.

Table 1. Usedtechnical equipment on the open mining careers

Name of equipment Power Power of the .
Ne ' ' transformer own need, Typeof electric motors
type kw KVA

800 160 SE-800-6U2, TOP-160,

1 Excavator ECT-10 750 160 SEE-750-6-U2, TOP-160,
630 160 SEE-2-15-34-6U2, TOP-160
750 160 SEE-750-6-U2, TOP-160,

2 ExcavatorECT-8I 630 160 SEE-2-15-34-6U2, TOP-160,
520 160 SEEU-14-29-6, TOP-160

3 Excavator ECT-5 250 40 AE-113-4, TOP-40

Excavator ECT- SEE?2-16-6U2, TOP-250
4 20:15:12,5 1250 250 SEE-1250-6U2, TOP-250
5 Drilling rigs RDR-250 - 400 TOB-400

On the excavators of different marks various systems of a drive are applied. So, on excavators of type ECT-8I, it is
used system GE-EMA (the generator-engine with the electromachine amplifier) on the excavators ECT-5A is applied
system GE-EMA (the same, but with the power of magnetic amplifier) the principle of action of both systems is similar.
At the present time being developed and tested the systems of regulation of drives with use of thyristor converters. The
engine on excavators of mark ECT-5 high-voltage asynchronous, on excavators of marks ECT-81, ECT-10 and higher
power - synchronous electric motor.

I11. EXPERIMENTALPARTAND RESULTS

We have carried experimental investigations on ECT-10, exploited in the career KalmakyrAlmalyk MMC, in which
regulation of electric drivers of the main mechanisms of an excavator is carried out on AC system the controlled
rectifier - autonomous inverter of a current - asynchronous engine (CR-AIC-AE) with frequency-current control,
instead of existing electric drives on system G-E.

The electric equipment of an excavator EKT-10 feeds from three transformers. The transformer Nel for powering of all
auxiliaries equipment (fans, lighting, oil pumps, winches). The transformer Ne2 feeds the side party electric motors of
the lifting engine, the turning engine, the pressure of engine, accordingly the transformer Ne3 feeds electric motors left-
hand side electric motors. Intable 2 dataof measurements arecited.

Energy indicators of the consumption of electric energy on three transformers are shown in Fig. 1, where 1 corresponds
to the total power consumption of 1st transformer TS-1 of power supply of auxiliary equipment 20.86 kW, 2
corresponds 2nd transformer TS-2 of power supply of the right cycle of power supply of engines of lifting, turn and
pressure - 173.47 kW, 3 - transformer TS-3 accordingly power supply of engines of the left cycle - 35.70 kW. The
difference of powers 2- and 3-rd is defined by that the cycle of work of the excavator is carried out on the right side.
Thus, 75 % of power are necessary on operating mode that is on creation of pressure, realization of lifting and turn of
the filled bucket.
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Fig. 1. Energy indicators of the consumption of electric energy on three components

Table2.Data of measurements Ore department "Kalmakyr", an excavator of ECT-10 Ne2 (2nd transformer)

Parameters Experimental data Passport data

phase-A | phase-B | phase-C | average type ECT-10

Voltage V 236 237 236 236 Voltage, V 380

Current A 246 243 245 244.67 The

ACtIV(-E power kw 50.51 49.53 50.30 150.34 ft(r)&;rlzl;oggci‘; TOP 400/10/0,4

Reactive power kvar L 28.62 29.39 28.51 86.52 equipment

Reactive power kvar C 0 0 0 0 The right

Power factor cosp 0.87 0.86 0.87 0.87 | Fromthe2nd | e sirning,

Frequency Hz 50 50 50 50 transforn:jer pressure

Total power KVA 58.06 | 5759 | 57.82 | 17347 powere engines

Date and time day / hour: min. 30.07.2014 /10:08 - 10:10 2-cycle work 2 min

Based on the presence of three transformers, we have removed oscillograms of the operating mode of the excavator

ECT-10, which are shown in Fig. 2-6.
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Fig. 2. Measurements of the electrical parameters of the main electric drives of excavator ECT-10 Ne 2 (2nd
transformer): a - current and voltage; b - active, reactive and total power; ¢ - power factor

As is evident from the graphs of current and voltage (fig. 2a), at stable value of voltage, the amplitude of oscillations of
the consumed current in operating mode has sharply variable character, that is, with a maximum ratio to a minimum
more than 2 times. On fig. 2b shows graphs of consumed active, reactive and total power of the ECT in operating mode.
Active and reactive powers have sharply variable character from a maximum to the zero, the total power more
smoothed in comparison with active and reactive powers. On fig. 2, from change of value of a power factor in the
operating cycle and depending on consumed active power, the power factor fluctuates within capacitor and inductive
values.

On fig. 3 oscillograms of the instantaneous value of harmonious composition of a voltage and a current up to 50
harmonics of ECT-10 Ne2 (2nd transformer) are resulted. As seen from the graph of a voltage and a current composition
in harmonics even and odd harmonics enter. In harmonics of a voltage and a current odd harmonics, especially 3, 5, 7
are allocated.
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Fig. 3. Instantaneous value of harmonious composition of a voltage and a current up to 50 harmonics of ECT-10 Ne2

(2nd transformer)

On fig. 4 the composition of harmonics of a current and a voltage of each phase of the ¢ cycle of work of the equipment
feeding from the 2-transformer for the period of time of 50 secondsare presented. As seen, composition of the harmonic
changes in current of time and each phase separately. The amplitude of harmonics on voltage remains invariable, and
the amplitude of harmonics of a current changes depending on duration of a cycle - pressure, turning and lifting. Total
harmonic distortion (THD) on voltage changes in limits from 2-6%, separate jump makes 85%. THD on a current

changes in limits from 18-84%
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Fig. 4. Changesof harmonic of a current and a voltage for the period of time 50 seconds of ECT-10 Ne 2 (2nd
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On fig. 5 forms of voltage and a current of each phase for each period of the right cycle, that is the operating cycle are
presented. The form of voltage form in each half-cycle has distortion on each phase in the form of failures from odd
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harmonics. The form of the current of each phase has failures and splashes from an operating mode of the right cycle.

THD on voltage each phases makes 7.5%, 7.4% and 7.7% respectively. THD on a current each phases makes 48.7%,
40.8% and 32.1% respectively.
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Fig. 5. Forms of a voltage and a current of each phase for each periodof ECT-10 Ne2 (2nd transformer)

On fig. 6 oscillograms of forms of voltage and current of each phase period start-up of the ECG-10 Ne2 from the 2-
transformer are resulted. As seen from the oscillogramscomposition of harmonics of each phase on voltage and current
differ from each other. Harmonics of current are more expressed in relation to voltage harmonics. THD on voltage each
phases makes 99.8 %, 99.8 % and 100 % respectively. THD on a current each phases makes 100 %.
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Fig. 6. Forms of a voltage and a current of each phase for each periodof start-up of ECT-10 Ne2 (2nd transformer)
IV. DISCUSSION
The most part of electric drives (with two engines) on a supply is executed in the form of equivalent 12-pulse schemes

to which in the process of work steps of filters the compensating devices (FCD) are necessarily connected, adjusted on
suppression of the fifth and seventh higher harmonics. Simultaneously filters compensate the jet power of the first
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harmonic consumed by transistor converters of the main drives. In general, an excavator from the network consumes
practically pure active power [23-25].

CONCLUSION

1. Composition of a spectrum of the higher harmonics depends not only on sources of the higher harmonics, but also
the operating mode of technological equipment, electromechanical system which eats from converters of energy or
other sources of electro supply.

2. The energy indicators of consumption of electric energy at a full cycle of work of the career excavator at
consumption constancy for own needs fluctuates in limits from 16 to 75 %.

3. Value of the total factor on a current is a consequence of nonlinear loadings in electromechanical systems of an
excavator.

4. The total coefficient harmonic distortion by a voltage is the result of highly distorted consumed current the electric
drive, the corresponding components cycle of work of the excavator.

5. Devices of compensation of the higher harmonics should be adjusted on a wide spectrum of frequencies or use active
filters.

6. Influence of higher harmonics on work of electromechanical equipment will eventually is reflected on energy-
efficiency indicators and stock of resource saving of the electromechanical equipment.

REFERENCES

[1]  N.P. Boyar, V.P.Dovgun, “Influence of harmonic content of currents and voltage on the effectiveness of energy saving”, Journal Bulletin of
the Krasnoyarsk State Agrarian University, No 4,pp. 130-134, 2010.

[2] D.Y. Leyzgold, A.\V. Romodin, K.P. Trushnikov, “Indicators of quality of electric energy as indicators of the efficiency of management the
power consumption”, Journal “Fundamental Research”, No 11-7, pp. 1501-1506, 2014.

[3] L.V. Derendyaeva, A.S. Loktina, V.S. Sboeva, “Method of calculation of higher harmonic components in the point of connection of
consumers to distribution networks of power supply systems”, Journal “Modern problems of science and education”, No 1,2013.

[4] K.V. Hatsevsky, Y.M. Denchik, V.I. Kleutin, D.A. Zubanov, A.V.Bubnov, V.V.Kharlamov, “The problems of power quality in systems of
power supply”, Journal “Omsk Scientific Bulletin”, No 2-110, pp. 212-214, 2012.

[5] Mehdi Sadeghi, Mohammad Goodarzi, “Energy saving and influence of the harmonic correction filteron the power electric system inIRALCO
Company”, International Journal of Science and Engineering Investigations, Vol. 3, Issue 25,February, 2014.

[6] T.S.Kamalov,0.Z. Toirov, “Energy efficiency work of excavators of the mining industry”, Uzbek Journal “Problems of Informatics and
Energy”, No3-4, pp. 83-92, 2015.

[7] T.S.Kamalov,0.Z. Toirov,Sh.Sh. Ergashev,“Modern condition and possibilities of program management of frequency-adjustable electric
drives”, Scientific Journal “European research”, XVII International Scientific and practical Conference “Innovation in Science, Education and
Technology”, London,No 6-17, pp. 18-20, 2016.

[8] T.S.Kamalov, O.Z. Toirov,“The method of determining the energy-efficiency of career excavators of the mining industry”, European science
review, Vienna, No 3-4, pp. 299-304, 2016.

[9] T.S. Kamalov, O.Z. Toirov, “Modernization of management systems of electric drives of excavator of the mining industry”, VIII International
Scientific and Technical Conference "Mining and Metallurgical Complex: achievements, problems and modern trends of development”,Navoi,
pp. 179, 2015.

[10] T.S. Kamalov, O.Z. Toirov, “The analysis of indicators of quality of electric energy of the drilling rig of open cast mining”, XVII International
Youth Scientific Conference “Severgeoecotech-2016”,Ukhta, 23-25 March, 2016.

[11] 1.V. Zhezhelenko, “Higher harmonics in systems of electro supply of the industrial enterprise”, M.: Energoatomisdat, 331 p., 2000.

[12] A.L. Andronov, "Investigation of electromagnetic processes in the system IF-AD", Polzunovsky almanac, Altai State Technical University, No
4, pp. 200-205, 2004.

[13] V.L. Belyaev, S.N. Radimov, “The harmonic composition of the network current of frequency electric drives with pulse width modulation”,
Journal “Automation, modeling and optimization methods”,No 3, pp. 469-57, 2012.

[14] D.S. Osipov, A.A. Plankov, A.E. Bugreeva, N.N. Dolgikh, E.N. Eremin, “Account of influence of the higher harmonics of current and voltage
on the criteria of static stability of nodes of electric power systems with asynchronous loading”, Journal “Omsk Scientific Bulletin”, No 2-120,
pp. 218-221, 2013.

[15] A.E. Kozyaruk, N.M. Kuznetsov, O.V. Fedorov, A.O. Sviridenko, “Distortion of the form of feeding voltage in networks of power supply in
the presence of semi-conductor converters”, Mining equipment and Electromechanics,No 6,pp. 30-35, 2011.

[16] A.G.Lyutarevich, S.Y.Dolinger, “Estimation of efficiency of use of the active filter of harmonics in systems of power supply for improvement
of quality of the electric power”, Journal “Omsk Scientific Bulletin”, No 1-87, pp. 133-136, 2010.

[17] Yu.K. Rozanov,“Fundamentals of power electronics”, Moscow: Energoatomisdat, 296 p, 1999.

[18] M.P.Titov, N.A.Bashko,“Influence of frequency and parameters on the performance data of synchronous salient-pole motors”, Izv.vuzov.
Mining Journal, No 2, pp.128-134, 1974.

[19] B.I. Firago, K.M.Medvedev, Assessing of influence of asymmetry of voltage of supply on harmonious composition an input current of system
“frequency converter - asynchronous engine”, Energetics and heat power engineering,No 3, pp. 19-27, 2005.

[20] A.A.Planckov, D.S.Osipov, A.V.Bubnov, S.Y.Dolinger,“Influence of the power consumers, deforming the sinusoidal the forms of a curve of
voltage and a current, on value of critical voltage at assessing of stability of knot with asynchronous loading”, Journal “Omsk Scientific
Bulletin”, No 3, pp. 225-228, 2011.

Copyright to IJARSET www.ijarset.com 2641


http://www.ijarset.com/

[21]
[22]

[23]

[24]

[25]

ISSN: 2350-0328
International Journal of Advanced Research in Science,
Engineering and Technology
Vol. 3, Issue 9 , September 2016

N.N.Kharlov, T.B.Akimzhanov,“Instrumental assessment of the effectiveness the filter-compensating devices in systems of power supply of
mining enterprises”, Journal “Bulletin of the Tomsk Polytechnic University”,Vol.322,No 4, pp. 99-103, 2013.

Hussein Sarhan, “Effect of high-order harmonics on efficiency-optimized three-phase induction motor drive system performance”,
International Journal of Enhanced Research in Science Technology & Engineering, ISSN: 2319-7463, Vol.3, Issue 4, pp. 15-20, April, 2014.
T.S. Kamalov, O.Z. Toirov,“Evaluation of the harmonic components of the current and voltage of the electromechanical equipment of mining
excavators”, Journal “International Scientific Review”, International Scientific Review of the Problems and Prospects of Modern Science and
Education: XII International scientific and practical conference, Boston (USA),No 4-14, pp. 42-44, 2016.

A.Ya.Mikitchenko, V.V.Safoshin, E.L.Grekovand others,“Creating a low-voltage complete device on the basis of the system “thyristor
converter-engine” for a series of electric excavators”, Journal “Mining equipment and Electromechanics”, Moscow, No 5,pp. 2-7, 2012.

A.Ya. Mikitchenko, V.V. Safoshin, E.L. Grekov and others, “The impact on the network and energetics low-voltage devices for electric
excavator series, made on the basis of “thyristor converter-drive” system”, Journal “Mining equipment and Electromechanics”, Moscow, No 7,
pp. 8-15, 2012.

AUTOR’S BIOGRAPHY

TolyaganSirajiddinovichKamalov,Doctor of Technical Sciences, Professor. Head of
the Laboratory of “Automated electric drive” of the Institute of Power Engineering
and Automation of the Academy of Sciences of Uzbekistan.He is a famous scientist
that created the his own school in the field of the automated electric drive, which a
large extent determines progress in the fields of engineering and technology, his
scientific research are associated with development and implementation highly
efficient, energy- and resource-saving technologies, technical means and their rational
use in the manufacturing and agriculture (pump stations of systems of a machine
irrigation). He in 1969 has defended Ph.D., and in 1995 doctoral dissertations on a
theme creation of frequency-operated asynchronous and synchronous electric drives
and their introduction in pump stations of systems of machine irrigation. In 2010 he
was awarded the academic title of professor. Under the leadership of T.S. Kamalov as
part of the "National program of the training of personnel” 6 PhD theses, more than
20 masters degrees are prepared and defended. The author more than 250 scientific
publications, from them 4 monographs, together with HI “Uzdavenergonazorat” are
developed and published more than 10 normative documents, 20 copyright
certificates and patents, most of which introduced in manufacture.

OlimjonZuvurovichToirov, Doctor of Philosophy, Senior Researcher of Laboratory of
“Automated electric drive” of the Institute of Power Engineering and Automation of
the Academy of Sciences of Uzbekistan.He in 2012 has defended Ph.D dissertations
on the theme: “Energy and resource saving modes of taped conveyor’s installations
on the basis of adjustable frequency electric drives”.In 2016 he was awarded the
academic title of Senior Scientific Employee. He under the leadership of
T.S.Kamalov carries out scientific researches on enhance of energy efficiency of the
electrical equipment of the mining industry. Under the leadership of O.Z. Toirov as
part of the "National program of the training of personnel” 4 masters theses, more
than 20 bachelor’s degrees are prepared and defended. Recently, he participated in the
program of the Indian Technical and Economic Cooperation (ITEC) and attended 3
months scholarship in CMC Academy, New Delhi, India. He has publishedmore than
60 papers in International and Nation Journals and Conferences.

Copyright to IJARSET www.ijarset.com 2642


http://www.ijarset.com/

