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Introduction

Due to the widespread introduction of
microprocessor-based devices and electronic meters
in the control and management of reactive power in
the power supply system (PSS), the issue of ensuring
the accuracy of sensors and electronic data processing
tools is a topical issue [1-4].

PSS reactive power sources are characterized by
the same faults as the multi-phase primary current
sensor, like other primary measuring devices: the
amount of primary currents in a real sensor differs
from the amount generated by the conversion to
secondary. The magnetic susceptibility of the
switching part, the geometric dimensions, the effect of

Doi: éos¥ef https://dx.doi.org/10.15863/TAS.2020.05.85.94

external magnetic fields and other factors, which are
the characteristics of the switching parts of the
changing primary currents, in one way or another
cause the process of signal conversion in the sensor to
differ from reality. These conditions determine the
signal conversion errors in the sensor [2,5]

The main part. The input circuit of the sensor Ig,
U, graphic is given in the model, in which Ig (Ia, 15 14)
multi-phase currents F, are converted to magnetic
driving forces, which is reflected by the coefficient of
communication between the electrical and magnetic
chains K [lI5, F.]. The magnetic driving forces F, in
the change parts F, Ba F are converted into magnetic
fluxes F in the change parts, the transmission function
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of its W, and P, change parts reflects the parameters
of the structure of the magnetic change part [7-9].

It is very effective to use the rules of information
theory of measuring sensors together with the graph
model given for the analysis and evaluation of the
sensor signal error of the sensor [5, 11].

According to the information

measuring devices, A5 the error of the sensor is
scientifically determined by the value of the entropy

error, and K5 the entropy coefficients depended on
the type of distribution law, the density of the
probabilities of errors of individual variable parts.
Oy The quadratic error of the PSS reactive power

supply multiphase current sensor is determined by the
following expression [9-12]:

theory of

Oy Z\/(712+O'22+...+O'§ (5)

Here 0'12, 0'22, 6.12 is the mean squared error of
the sensor change parts.

When the values of K, and oy errors are known
in the multi-phase current sensor under study, the
value of the A, - entropy error is formed in the
following expression [12-14]:

AQ = K9 . O-Z (6)

According to the graph model of the sensor, the
components of its sum error are lIg; Fy; @y and Ugen
[12-14].

Sources of errors in the sensor input parts include
various factors - temperature, humidity, external
magnetic fields and other factors. The physical
properties of the materials of the excitation coils are
affected. I»- multi-phase currents, w»>— electric
current frequency, W [I», F,] contact coefficients of

different nature, as well as the physical properties of
the materials of conductors and excitation coils.

To evaluate the cumulative error of the multi-
phase primary current sensor of reactive power
sources, change the I» primary currents to magnetic
driving force with the magnitude of F, the magnetic
change section 1,—F, conversion errors, 6; = 0,1 -
(electrical and magnetic deviations of quantities from
the initial nominal value by +0,1% of the limit
values, F, - magnetic driving force generate magnetic
fluxes of @,- change particles in the distributed
parametric change parts - F, —®,- change errors,
82=0,1 - (based on the distribution of the parameters
of the magnetic quantities in this variable band
deviation of = 0,1 % of the nominal value and the
change of the magnetic fluxes of the change particles
Op to U,y - output voltages, @, — U,,, - change
errors, 93=0,1 and d4=0,1 It is determined on the basis
of small quantities of 0.1 [7-14]:

5y =87 +07+87 + 52 = 0L +0L +0L +0L =02 (7)

All components of multi-phase current sensor
errors are divided into types of additive and
multiplicative errors, and their probability of
occurrence is found by their standard deviation
according to the distribution law.

The entropy deviation value of the error for the
sensors is determined based on the following formula:
A=K,d5-=2,07x0,18=0,41 (8)

As a result of calculations and experiments, the
entropy error of the electromagnetic sensor is A= 0,41
or +0,41% and the standardized value of the sensor
accuracy can be selected from the standard numbers.
The standardized accuracy class for the multi-phase
primary current sensor of this series of reactive power
sources is 0,5 or £0,5%.

To analyze and evaluate the faults of the multi-
phase current conversion sensor of reactive power
(RP) sources of power supply systems (PSS), the PSS
RP lay Iy lcy,lan,IBa,lca- - is given in the magnetic
conversion section of the multi-phase current
conversion sensor We use the analytical expressions
of the signal change for a single-phase current in the
graph model of the sensor and the data given in the
static, dynamic descriptions [1-6]:

L4y, Ugy, Ugy,  The indicators of change errors
corresponding to the points of static descriptions on
the basis of quantities of sizes are:

Iy, = 38 A; UL, = 10 B;
Uy, =10,18B
pe War —Uar) | 100% = (10-10.18) 100%
UL, 10
= 1,8% (1)
Ly = 76 A; UL, = 20 B;
Uy, =20,37B
a= G =Y 30090 = 202037 00,
UL, 20
=181% (2

where I, — A is the primary current in phase A. Ug,,-
accumulated and Ug, - descriptions of the change in
output voltage obtained on the basis of the distributed
parametric model. (14, - is the change in output voltage
corresponding to the current, i.e. the reactive power
source is connected in star form).

Based on the calculated data, it can be concluded
that the analytical expression and graphical
descriptions derived from the distributed parametric
graph model of the sensor of multi-phase currents of
PSS reactive power supply networks are adequate to
the results of sensor structure studies, providing linear
output characteristics gives

For the case of triangular connection of
capacitors of reactive power sources in the form of
triangles lay, Uay, Uay are the indicators of conversion
errors corresponding to the points of static
characteristics based on the quantities:

I, = 65,75A; U, = 10B; U}, =10,184B
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_ Way — Uy ., (10-10,184) . Conclusion:
A= T *100% = — 10 " 100% 1. A distributed parametric graph model of a
=184% (3) multi-phase primary current conversion sensor to a
I, =131,5A; U!, =20 B; U, = 20,369 B secondary voltage generated by reactive power
(l}/’ —um) v (20 — 50 369) sources was developed, the analytical expression
A= M* 100% = ——— "7 % 100% generated on the basis of the model proved to be
Uzy 20 adequate to 1,8 % the real linear output characteristics
=184% (4 of the sensor.

here, too, the results obtained were a parametric graph
model of the multiphase current sensor represented by
PSS reactive power sources, and the analytical
expression based on it was adequate to the real linear
output characteristics of the sensor, which increased
the sensor accuracy by 1,84%.

References:

1. Abubakirov, AB., Yo’ldashev, AA.,
Baymuratov, 1.Q., Sharipov, M.T., & Utemisov,
A.D. (2016). «Study of conversion circuits and
design of the electromagnetic primary current
and voltage transducer of monitoring andcontrol
systems». EPRA International Journal of
Research and Development. Volume: 5 India.,
pp. 214-218. (SJIF Impact Factor: 6.260| ISI
I.F.Value:1.241| Journal DOI: 10.36713/epra
ISSN: 2455-7838(0Onling)).

2. Siddikov, 1., et al. (2019). «Research of
transforming circuits of electromagnets sensor
with distributed parameters». 10 th International
Symposium on intelegent Manufacturing and
Service Systems. 9-11 September. Sakarya.
(pp-831-837). Turkey.

3. Siddikov, I.KH., Abubakirov, A.B., &
Sarsenbaev, D.B. (2018). «The sources of errors
of electromagnetics transducers». «The USA
Journal of Applied Sciencesy, CIBUNET
Publishing, USA, pp. 34-36.

4. Abubakirov, A.B. (2018). «Research of the
electromagnetic transducers for control of
current of three phases nets». European science
review, Scientific journal, Ne 5-6 Vienna,
Awustria, pp. 269-273.

5. Siddikov, I.KH., et al. (2018). «Methodology of
calculation of techno-economic indices of
application of sources of reactive power».
European science review, Scientific journal Ne
1-2 Vienna, Austria, pp. 248-251.

6. Abubakirov, A.B., & Sarsenbaev, D.B. (2018).
«Kompensatsiya reaktivnoy moshnosti v
sistemax elektrosnabjeniya preobrazovatel'nix
ustanovoky. Vestnik Karakalpakskogo
gosudarstvennogo universiteta im. Berdaxa,
Ne2, Nukus, pp. 4-7.

2. It was found that the entropy error of the
electromagnetic sensor converting the multi-phase
primary currents of reactive power sources to
secondary voltage was A = 0,41 or +0,41 % on the
basis of which the standardized accuracy class of the
sensor was less than 0,5.

7. Abubakirov, A.B. (2019). «Elektr ta'minoti
tizimini reaktiv kuvvati manbalarining ko'p
fazali toklarini  kuchlanishga o'zgartirish
datchiklarni metrologik tavsiflar, xatoliklari va
ishonchliligiy. Sovremennie tendentsii
sovershenstvovaniya  sistem  kontrolya i
upravleniya texnologicheskimi protsessami i
proizvodstvami. Respublikanskaya nauchno-
texnicheskaya konferentsiya 11-12 Oktyabr’,
(pp.188-191). Tashkent.

8. Azimov, R.K., Shoriev, A.A., Ximmatkulov,
Sh.A., & Saidakbarov, O.X. (2010).
Informatsionno - veroyatnostnie metodi otsenki
pogreshnostey datchikov razlichnix velichin.
STANDART, Tashkent: , Ne3, pp. 29-31.

9. Zaripov M.F., Zaynullin N.R., Petrova l.Yu.
(1988). Grafovoy metod nauchno-texnicheskogo
tvorchestva, (p.124). Moscow: VNIIPI GKNT.

10. Lukashkin, V.G., Garipov, V.K,, Sleptsov, V.V.,
& Vishnekov, A.V. (2005). Avtomatizatsiya
izmereniy, kontrolya i upravleniya, (p.663).
Moscow: Mashinostroenie.

11. (2010). Patent RUz. Ne04185. Preobrazovatel'
nesimmetrichnosti  trexfaznogo  toka v
napryajenie/Amirov. S.F., Azimov R.K,
Siddikov 1.X., Xakimov M.X., Xushbokov B.X.,
Sattarov X.A. Rasmiyaxborotnoma, Ne6.

12. (2012). Patent RUz. Ne 04475. Preobrazovatel'
toka v napryajenie /Amirov S.F., Azimov R.K.,
Siddikov I.X., Xakimov M.X., Xushbokov B.X.,
Nazarov F.D, Rustamov D.
Rasmiyaxborotnoma. Ne 2.

13. (n.d.). International standard EN-50160,
“Instrument transformers - Part 1. Current
transformers”.

14. Schaumburg, H. (1992). Werkstoffe und
Bauelemente der Elektrotechnik. Sensoren.
(p.517). Stuttgart: B.G. Teubner.

Philadelphia, USA 520

2 Clarivate
Analytics oo



ISRA (India)  =4.971 SIS (USA) =00912 ICV (Poland) =6.630
) ISI (Dubai, UAE) =0.829  PHUHII (Russia) =0.126  PIF (India) =1.940
Impact Factor: g (australia) =0564 ESJI(KZ)  =8716  IBI (india) = 4.260
JIF =1.500 SJIF (Morocco) =5.667 OAJI (USA)  =0.350

15. Dominic, M., & Yiannos, M. (2015). CMOS 16. Zaripov, M.F., & Petrova, LYu. (1995).

Circuits  for  Electromagnetic  Vibration
Transducers: Interfaces for Ultra-Low Voltage
Energy Harvesting, p.300. Retrieved from
https://www.springer.com.

Predmetno-orientirovannaya sreda dlya poiska

novix texnicheskix resheniy «lIntellekt.

Sankt-Peterburgskaya mejdunarodnaya konf.

«RI-95»: Tez. dokl, (pp.60-61). Spb..

Philadelphia, USA

521

2 Clarivate
Analytics "



