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ABSTRACT
The article studies the problems of alternating and direct currents. Existing and widely spread types of great current
converter meters are analyzed. Advantages of magneto-galvanic and magneto-modulating converters of great direct
currents are explained as for as transformers for metering for great alternating currents. The ways of improving the
construction of such devices are also shown here.
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1. INTRODUCTION

At the current stage of energy development,
when electrical appliances and power tools are
widely used, accurate measurement of current
strength is important in ensuring high reliability and
safety of industrial systems and networks.
As an example, consider the measurement of
large currents in electrified rail transport: traction
generators. Locomotive and electric locomotive
motors, traction substation transformers and
converters (samplers), power transmission lines,
consumers and separate elements of electrified
railway power supply system (27.5 and 6 kV inputs,
6 kV distribution device feeders, contact network,
maintenance points, SCBS (signalling, centralization,
blocking systems), TCR (two-conductor-rails),
compensating devices, bus connectors, chargers
together with control and management of battery
operating modes; testing, manufacture and
consumption of electrical equipment and devices in
the process of managing tasks such as accounting for
the electricity being done, there is a need for large
AC and AC converters.
1.1 Classification of measured
currents by value.
Due to a large number of controlled and
controlled objects, the size of the corresponding
currents, it is necessary to define the concept of
"large" current. The lower limit of the measured
"large" current can be set based on a zero value that
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can be measured directly by the ammeters used in
practice [1]. In practice, ammeters use additional
scale converters to expand the measuring range. The
upper limit of such ammeters can be several tens of
amperes. On the other hand, the accuracy of the
measurement should also be taken into account when
setting the lower limit of current converters that
measure larger currents. Analysis of current
converters that measure large currents shows that the
bulk of them can measure currents of 10A and larger
with sufficient accuracy [2]. The series Z-source
network, an expansion of the popular concept of the
Z-source dc link, was originally proposed for
boosting the output voltage of power electronic
inverters. In this paper, that idea is extended on a
three-phase indirect matrix converter. The converter
is based on the ultrasparse matrix topology
characterized by the minimum number of
semiconductor switches [26].
The upper limit of large currents is
determined by modern energy advances. The
maximum currents taken by the industry are up to
500 kA in AC, up to 70 kA in the built-in alternating
current, and up to 700 kA in the alternating current
[3]. Currents of up to 1000 kA are expected in the
future [4].
From the above, it can be seen that the
measuring range of large currents is 10-106 A. The
task of creating a universal device that can measure
current at this scale with the required accuracy is
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very difficult and practically impossible. It is
therefore recommended that the total scale be divided
into the following small scales: Relatively small
currents (10-102 A), large currents (102-104A), very
large currents (104-105A), very large currents (105 A
and greater) and for each small scale a large current
meter of this or that type and design solution should
be recommended [4]. Many modern power
conversion systems require a bidirectional energy
transfer capability as a central part of their system
operation [12]. AC and DC power transfer paradigms
clashed with each other in the early days of
the electric power system. [14, 23]. Two types of
DC-DC converters are compared [22, 27].
1.2 Types of large current measuring
converters.
Due to the purpose of changing large
currents, different requirements are placed on the
accuracy characteristics of large current measuring
transducers. For example, if the device requires high
reliability and stability of characteristics to change
large currents when used for control and management
systems, the extreme precision required for typical
test devices is not required. Extremely high accuracy
of modification will be needed to test new products electric machines, apparatus and more. Voltage
Source Converter based High Voltage Direct Current
(VSC HVDC) technology is used more and more in
modern power systems [14, 15]. To achieve an
adequate reserve of reliability, large current
measuring transducers with 2-3 times higher
accuracy are used in these cases. Voltage Source
Converters (VSC) are becoming more common in
modern High Voltage DC (HVDC) transmission
systems [16]. We know that large currents and highvoltage scale transformations into an electricity
metering system include the tasks of multiplying
them and integrating them over time [6]. To achieve
high accuracy of the final result, it is necessary to
reduce the errors of all components of the error,
including current and voltage converters. Large
current measuring transducers designed for
laboratory and scientific research differ in purpose
from the devices discussed above. Correspondingly,
their technical characteristics and constructive
performance differ [1]. They differ primarily in the
wide range of alternating current. The second
peculiarity is that it requires very high precision.
Therefore, from large current meters for laboratory
and scientific research to electrotechnical devices,
instruments for measuring (verification) work form a
nomenclature for testing for various purposes.
Microminiature electromechanical inertial sensors are
created with electrostatic converters which possess
high adaptability to manufacture [30, 31, 32].
There are some peculiarities of measuring
large currents [1, 7]. One of them is a very strong
precise chain and depends on their geometric
dimensions. The conductors in such chains are solid
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stationary tires or tire packages that are rigidly
mounted. Separation of conductors from this is
labour-intensive and impossible to do in the right
place and time. Accordingly, one of the requirements
is the separation of large current measuring
transducers. The next peculiarity of large current
circuits is the continuity of the power supply system.
In AC and DC power lines (up to 750-1500V), the
main requirement at the outputs of transformers and
generators is to provide galvanic separation between
measuring and power circuits [8, 29].
Large DC sources typically use symbolic,
semiconductor, or thyristor AC-to-AC converters. In
this case, large alternating currents are obtained not
from one, but several units connected in parallel to
the total load. In most cases, these currents are
measured, i.e. separately from each unit, and from
their sum secondary signals of the converters are
formed [7].
In measuring and controlling large currents,
the main purpose of changing a large current value is
through a measuring transducer, which is usually a
change in electrical (current, voltage) magnitude to a
second physical quantity. The measured magnitude
value is proportional to the large current and is
convenient to transfer to measuring or control and
monitoring systems, the scale of change and other
technical characteristics are coordinated with the
output characteristics of the measuring transducer.
It is known [1] that there are two views
(principle) of the physical nature of current in
existing large current measuring transducers:
1.
The occurrence of potential difference in
alternating current flowing resistance terminals;
2.
The formation of a magnetic field in the
space around the conductor is used by the law of
complete current. In the latter case, the magnetic field
is often an intermediate magnitude, and in the first
case, the measuring variable does not play the role of
the output magnitude as the voltage obtained at the
output. The state in which a large current meter is
used in the first principle is called resistive, and the
state in which the second principle is implemented is
called electromagnetic because the current is used in
one form or another. Depending on the conversion of
the magnetic field to the output signal, a large current
measuring transducer is distinguished as follows:
Induction (current transformer), magnetic modulation
(alternating current transformers), magneto-current
comparators, magneto-galvanic, magneto-resonance,
magneto-optic, electromechanical. In modern
railways coaches, the electrical separation between
the high voltage side and the auxiliary types of
equipment on the consumer side is realized by means
of heavy and bulky 50 Hz transformers [13].
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1.3 Negative and positive properties of
a large current measuring
converter.
A comparative analysis of the basic
characteristics of large current measuring transducers
above [1 ÷ 8] showed that each resistive measuring
transducer does not require an additional supply
source invariant to the external magnetic field and
ferromagnetic mass, but they cannot be used in high
voltage circuits. They require chain breakage and
have a large dynamic error. The electromechanical
large current measuring transducer is simple in
design, highly reliable, autonomous and universal in
application, however, the presence of moving parts
and additional errors limit their widespread use [10,
11]. The advantage of a magnetic-modulation large
current meter is that it can be used in high voltage
lines and the output power is significantly larger. The
disadvantages can be described as follows: the effect
of an external magnetic field has a large, relatively
large inertia of the mass index when measuring very,
very large currents. Magnetic current comparators are
more accurate, sensitive, and capable of converting
very large currents than other large current measuring
transducers. Autoclaving the current into the circuit
requires protection of the core from foreign fields and
has great inertia. Although the magneto-resonance
meter is a large AC meter with the highest accuracy,
the need to disconnect the circuit during installation,
the need for a strictly evenly distributed magnetic
field, the large threshold of sensitivity limits their
scope of application. The peculiarity of the magneticgalvanic large current measuring transducer is that it
has relatively high sensitivity and high speed.
Disadvantages: Constructive and technological

complexity, as well as the instability of the
characteristics. The compactness and lightness of the
parts that can be used in high-voltage lines and
devices show that magneto-optical measuring
transducers are promising in measuring large
currents. However, their disadvantage is that they
have a relatively small sensitivity, a complex design,
and the dependence of the current on the polarization
angle is not the same. Alternating current
transformers are widely used in various sectors of the
economy and the control and management systems of
power supply devices of electrified transport systems.
They have high metrological characteristics, high
reliability, overload capacity, simplicity of service
and large output capacity. The disadvantages of AC
transformers are the influence of the external
magnetic field, the decrease in the metrological
characteristics of the transient processes of work, the
lack of ways to adjust the magnitude of the change.
1.4 Application of large current
measuring transducers depending
on the current value.
Because of the above, the selection and use
of this or that type of large current measuring
transducers should take into account the specifics of
the object and the purpose of their application. Boost
and Buck-Boost PFC converter faces very high THD
and poor PF in open loop control [24, 25].
Comparing the metering converters used in our
opinion and practice in the management and control
of power supply equipment in the national economy
and electric transport, the results of the analysis are
promising to use magneto-galvanic and magnetomodulation measuring converters and AC
transformers in large AC transformers (Table 1).

Purpose
of
application

Management
and control

Inspection of
measuring
instruments

Testing
of
electrical
equipment

Relatively
small currents
(10-102A)

Magnetogalvanic,
current
transformers
Electromechani
cal
current
transformer

Magnetic
current
comparators

Resistive,
current
transformers

Magnetic
current
comparators

Very
large
currents (10 /
4-10 / 5A)

Magnetogalvanic,
current
transformers

Magnetic
current
comparators

Magnetic
resonance,
current
transformers
Magnetogalvanic,
current
transformers

Extreme
currents
(105A
greater)

Magneto-optic

Magneto-optic

large currents
(102-104A)

Magnetooptic

Laboratory
and
scientific
research
Magnetic
resonance,
current
transformers
Magnetic
resonance,
current
transformers
Current
transformer,
AC
transformer
Induction

Electricity
accounting
Resistive,
current
transformers
Current
transformer, AC
transformer
Alternating
current
transformer,
magnetic current
comparator
Magnetic current
comparator

and

Extremel
y
high
voltage
devices
Magnetooptic
Remote
current
transfor
mer
-

-

Table 1. Purposes of application of large current measuring converters.
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1.5 Application of large current
meters depending on mains
voltage.
When we studied the application of large
current measuring transducers above depending on
the current value, we saw that the following four

types of measuring transducers are used: resistive,
magneto-galvanic, current transformer and magnetooptic. Let us consider these measuring converters for
three classes of voltage (low to 1kV, medium to 6-35
kV, high to 110-750kV).

Current transformers

Resistive

Magneto-galvanic

Operating
temperature
range, °C
Rated voltage, kV

-45 - +60

-40-+60

-40-+150

To 0,66 kV

To 1 kV

to 6 kV

Nominal current, A

5; 10; 15; 20; 30; 40; 50; 75;
80; 100; 150; 200; 300; 400;
600; 800; 1000; 1500; 2000;
3000; 4000; 5000; 6000
15000; 25000

Open type: ± 57, ..., ±
950 Compensation type:
± 5, ... ± 1200 A with a
logical output of 0.5; 3.5;
5.0; 7.0; 10; and 54 A

Shelf life, years
Working
frequency

30
50, 60 Hz

0,3; 0,5; 0,75; 1; 1,5;
1; 1,55; 4; 5; 6; 7,5;
10; 15; 20; 30; 50; 75;
100; 150; 200; 300;
500; 600; 1000; 1500;
2500; 4000; 6000;
7500; 10000; 15000
15
500 kHz

Galvanic
dependence
Price
Accuracy class
Weight, kg

Electromagnetic

No

20
Open type: 100 kHz,
compensation system 1
MHz
absolute

High
0,2; 0,2S;0,5S,1
0.5 to 150

Low
0,2; 0,05; 0,1; 0,2; 0,5
0,1 to 35

Medium / high
0,1 to 0,8
To 1 kg

Magneto-optic

10
5;10;15;20;30;40;50;
75;80;100;150;200;
300;400;600;800;
1000;1500;2000;
3000;4000;5000;6000
0,25;0,5,5;0,5
20 to 90
50,60

1А 5А
High

Not applicable

Electromagnet
Not applicable

Accuracy class
Weight, kg
Working
frequency, Hz
Secondary chain
galvanic
bonding
Secondary
circuit
output
parameters
Price

Table 2. 1 kV rated voltage.
Current transformers
Resistive
Magneto-galvanic
-45 -+50

Not applicable

Description
Operating
temperature
range, °C
Rated
voltage,
kV
Nominal
current, A

Magnetooptic

Not applicable

Description

Table 3. 6-35 kV Nominal voltage.
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Description

Current transformers

Magneto-galvanic

Magneto-optic

Resistive
Operating
temperature
range, °C
Nominal
voltage, kV
Nominal
current, A

Accuracy class
Weight, kg
Use
Secondary
chain galvanic
bonding
Price

-60-+55

-50-+60

110-750

110-750

100;150;200;150;
300;400;500;600;
750;
800;1000;1200
1250;1500;1600;2000
2500;3000;3500;4000;
5000;6000;8000;9000;
10000;12000;15000;18000
0,2;05
450-7500
30
Electromagnet

100-500000

High

High

0,2
40 kg to 400 kg
30
Absolutely

Table 4. 110-750 kV Nominal voltage table.

CONCLUSION

REFERENCES

The most common measuring meter in the
management and control system of power supply
facilities of the national economy and electric
transport is a current transformer. It operates over a
wide range of temperatures and rated currents, has
sufficient accuracy for practical application, and can
operate over a wide range of rated voltages. Current
transformers provide secondary circuit galvanic
separation [4]. The main drawback is that the
secondary winding is not allowed to separate, as this
creates an emergency due to overvoltage and
overheating. A resistive measuring transducer can be
used in low-voltage variable and fixed circuits. They
are simple to perform, have high measurement
accuracy, but have galvanic contacts, which limits
their field of application.
The analysis shows that a magneto-galvanic
measuring transducer is now widely used to measure
alternating and alternating currents. Disadvantages:
temperature dependence, small nominal voltage
range compared to current transformers, magnetooptic current transformers are used in most cases to
measure very large currents. The future development
of large current measuring transducers should be
focused on the creation of large-scale measuring
transducers that change large currents on a large
scale, have high measurement sensitivity at relatively
small currents, provide stable characteristics and high
metrological characteristics in transient processes in
power supply systems. The SC converter is evidently
a promising candidate for future high power density
integrated DC-DC converters [17].

2020 EPRA IJMR

|

1.

Amirov S.F., Khushbokov B.X., Muxsimov Sh.S.
Wide-range current transformers for traction
power supply systems. Monograph. Tashkent "Science and Technology" 2018 162 p.
2. Semenko N. G., Gamazov Yu. A. Measuring
transducers of large electric currents and their
metrological support. –M.: Publishing house of
standards, 1984. - 132 p.
3. Kazakov M.K.
Measurement of large direct
currents without breaking the circuit. - Ulyanovsk:
UlSTU, 1997.
4. Afanasyev Yu. V. et al. Current transformers. - M.:
Energoatomizdat, 1989.
5. Andreev Yu. A., Abramson G.V. Current
transformers without breaking the circuit. -L.:
Energy, 1979.
6. Razin G.I., Shelkin A.P. Contactless measurement
of electric currents. –M .: Atomizdat, 1974.
7. Spektor S. A. Measurement of large constant
currents. - L.: Energy, 1978.
8. Marquardt K.G. Electricity supply for electrified
railways. Textbook for universities railway
transport. –M.: Transport, 1982.
9. Urakseev M.A., Marchenko D.A., Marchenko R.A.
Magneto-optical effects and sensors based on them
// Sensors and Systems. - 2001, No. 1
10. Fakhriddin Nosirov, Urishev B.U, Bozor Ulugov,
Jakhongir Dustmurodov, Panji Khaliyarov. (2020).
Reduced Pump Power Consumption Micro
Accumulating Power Plants. International Journal
of Advanced Science and Technology, 29(7), 2128 2136.
Retrieved
from
http://sersc.org/journals/index.php/IJAST/article/vi
ew/17478
11. Dzhumaevich, U. B. (2020). Efficiency of use of
autodesk inventor engineering programs and
pedagogical information technologies in the field of

www.eprajournals.com |

Journal DOI URL: https://doi.org/10.36713/epra2013

323

ISSN (Online): 2455-3662

EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal

Volume: 6 | Issue: 10 | October 2020 || Journal DOI: 10.36713/epra2013 || SJIF Impact Factor: 7.032 ||ISI Value: 1.188

12.

13.

14.

15.

16.

17.

18.

19.

20.

“Resistance of materials” in the process of
teaching students of technical universities.
ACADEMICIA: An International Multidisciplinary
Research Journal, 10(5), 130-143. Retrieved from
https://saarj.com/wpcontent/uploads/ACADEMICIA-MAY-2020-FULLJOURNAL.pdf
Segaran, D., Holmes, D. G., & Mcgrath, B. P.
(2009). Comparative analysis of single-and threephase dual active bridge bidirectional dc-dc
converters. Australian Journal of Electrical and
Electronics
Engineering, 6(3),
329-337.
https://doi.org/10.1080/1448837X.2009.11464251
Deblecker, O., Moretti, A., & Vallee, F. (2008,
June). Comparative analysis of two zero-current
switching isolated dc-dc converters for auxiliary
railway supply. In 2008 International Symposium
on Power Electronics, Electrical Drives,
Automation and Motion (pp. 1186-1193). IEEE.
https://doi.org/10.1109/SPEEDHAM.2008.4581237
Raximov N.R., Turaev B.E., Ulugov B.D.
(2020/9/29). Development of a small photo
generator based on the effect of anomalous photo
voltage. Monografia pokonferecyjna science,
research, development
#33 #2 (pp. 25-27).
Retrieved
from
http://xn-e1aajfpcds8ay4h.com.ua/pages/view/1357
Grdenić, G., Delimar, M., & Beerten, J. (2019).
Comparative Analysis on Small-Signal Stability of
Multi-Infeed VSC HVDC System With Different
Reactive Power Control Strategies. Ieee Access, 7,
151724-151732.
https://doi.org/10.1109/ACCESS.2019.2948290
Mitra, B., & Chowdhury, B. (2017, September).
Comparative analysis of hybrid DC breaker and
assembly HVDC breaker. In 2017 North American
Power Symposium (NAPS) (pp. 1-6). IEEE.
https://doi.org/10.1109/NAPS.2017.8107266
Seeman, M. D., Ng, V. W., Le, H. P., John, M.,
Alon, E., & Sanders, S. R. (2010, June). A
comparative analysis of Switched-Capacitor and
inductor-based DC-DC conversion technologies.
In 2010 IEEE 12th Workshop on Control and
Modeling for Power Electronics (COMPEL) (pp. 17).
IEEE.
https://doi.org/10.1109/COMPEL.2010.5562407
Corcau, J. I., Dinca, L., & Ureche, E. (2015, May).
Comparative analysis of a dc to dc boost converter
with constant and variable duty cycle. In 2015 9th
International Symposium on Advanced Topics in
Electrical Engineering (ATEE) (pp. 638-643).
IEEE. https://doi.org/10.1109/ATEE.2015.7133894
Raximov N.R., Turaev B.E. (2020). Ulugov
B.D. Optoelectronic
devices
based
on
nanocrystalline semiconductor (CDTE) AFN
films. Monografia
pokonferencyjna
science,
research, development #33 #2, (pp. 28-30).
Retrieved
from
http://xn-e1aajfpcds8ay4h.com.ua/pages/view/1357
Kumar, A., Bhat, A. H., & Agarwal, P. (2017,
October). Comparative analysis of dual active
bridge isolated DC to DC converter with flyback
converters for bidirectional energy transfer.
In 2017 Recent Developments in Control,
Automation & Power Engineering (RDCAPE) (pp.

2020 EPRA IJMR

|

21.

22.

23.

24.

25.

26.

27.

28.

29.

382-387).
IEEE.
https://doi.org/10.1109/RDCAPE.2017.8358301
Denisov, Y. O., Stepenko, S. A., Gorodny, A. N., &
Kravchenko, A. O. (2014, April). Input current
parameters analysis for PFC based on quasiresonant and conventional boost converters.
In 2014 IEEE 34th International Scientific
Conference on Electronics and Nanotechnology
(ELNANO) (pp.
393-397).
IEEE.
https://doi.org/10.1109/ELNANO.2014.6873446
Ulugov Bazar Dzhumaevich, (2020, September).
Effectiveness of use of information technologies in
teaching the subject of material resistance in
higher education institutions. Innovative issues in
the fields of technical and technological sciences.
TSTU TB 2020. (pp. 32-34). Retrieved from
https://www.researchgate.net/publication/3444613
20_OLIY_TA'LIM_MUASSASALARIDA_MATERIA
LLAR_QARSHILIGI_FANINI_O'QITISHDA_INFO
RMATSION_TEXNOLOGIYALARDAN_FOYDALA
NISH_SAMARADORLIGI;
Dastgeer, F., & Gelani, H. E. (2017). A
Comparative analysis of system efficiency for AC
and
DC
residential
power
distribution
paradigms. Energy and Buildings, 138, 648-654.
https://doi.org/10.1016/j.enbuild.2016.12.077
Rezaoui, M. M., KOUZOU, A., Nezli, L., &
Mahmoudian, M. O. (2013). Comparative analysis
of PWM strategies of Venturini and Roy for the
control of a [3x3] matrix converter. International
Journal of Advanced Renewable Energy
Researches
(IJARER), 2(2).
http://neredataltics.org/journals/index.php/IJARER
/article/view/128
Patra, S. R., Choudhury, T. R., & Nayak, B. (2016,
July). Comparative analysis of boost and buckboost converter for power factor correction using
hysteresis band current control. In 2016 IEEE 1st
International Conference on Power Electronics,
Intelligent
Control
and Energy
Systems
(ICPEICES) (pp.
1-6).
IEEE.
https://doi.org/10.1109/ICPEICES.2016.7853353
Karaman, E., Farasat, M., & Trzynadlowski, A. M.
(2014). A comparative study of series and cascaded
Z-source matrix converters. IEEE Transactions on
Industrial
Electronics, 61(10),
5164-5173.
https://doi.org/10.1109/TIE.2014.2301766
Rozhentseva, A. V., Suslova, A. S., & Zinoviev, G.
S. (2013, July). Comparative analysis of
prospective high-voltage direct current converters
of electric locomotive. In 2013 14th International
Conference
of
Young
Specialists
on
Micro/Nanotechnologies and Electron Devices (pp.
399-401).
IEEE.
https://doi.org/10.1109/EDM.2013.6642023
Deblecker, O., Moretti, A., & Vallée, F. (2008).
Comparative study of soft-switched isolated DCDC converters for auxiliary railway supply. IEEE
transactions on power electronics, 23(5), 22182229. https://doi.org/10.1109/TPEL.2008.2001879
Setlak, L., & Kowalik, R. (2016). Comparative
analysis and simulation of selected components of
modern on-board autonomous power systems
(ASE) of modern aircraft in line with the concept of

www.eprajournals.com |

Journal DOI URL: https://doi.org/10.36713/epra2013

324

ISSN (Online): 2455-3662

EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal

Volume: 6 | Issue: 10 | October 2020 || Journal DOI: 10.36713/epra2013 || SJIF Impact Factor: 7.032 ||ISI Value: 1.188

MEA/AEA. Lecture Notes in Engineering and
Computer Science, 1.
30. Tytelmaier, K., Zakis, J., Husev, O., Veligorskyi,
O., Khomenko, M., & Vinnikov, D. (2018).
Comparative Analysis of High Power Density
Bidirectional DC-DC Converters for Portable
Energy Storage Applications. Electronics &
Electrical Engineering, 24(6).
31. Matiushkin, O., Husev, O., Tytelmaier, K., Kroics,
K., Veligorskyi, O., & Zakis, J. (2017, May).
Comparative analysis of qZS-based bidirectional
dc-dc converter for storage energy application.
In Doctoral Conference on Computing, Electrical
and Industrial Systems (pp. 409-418). Springer,
Cham.
32. Tirtichny, A. (2008). The comparative analysis of
characteristics of compensating converters of
micromechanical inertial sensors. Information and
communication
technologies:
problems,
perspectives, 76-80.

2020 EPRA IJMR

|

www.eprajournals.com |

Journal DOI URL: https://doi.org/10.36713/epra2013

325

