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In this paper, we consider the development of methods for determining the optimal location
of symmetrization devices for 0.4 kV power supply systems with motor-actuated load. The
methodology includes the features of electric consumers and their geographical location. The
practice procedures for application of the existing power supply system the Taptugary village, the
Mogochinskregion, the Trans-Baikal Territory was given as an example. The practical significance
for the developed application procedures was justified. The optimal solution of balancing problem
based on economical parameters was obtained.
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Pa3paboTka MeTOOMKHU Onpe/ieieHUus
ONTUMAJILHOI'0 pa3MellleHUsl YCTPOMCTB CUMMETPHUPOBAHUS
JJIS cUCTeM JJieKTpocHaOxenus 0,4 kB
€ JJIEKTPOABUIATEJIbHOU HAT'PY3KOM
B.B. PomanoBa, C.B. Xpomos, U.®. CyBopos

3abatixanvckutl 20cy0apcmeeHtblil YHUgepcumem
Poccus, 672039, Yuma, yn. Anexcanopo-3asoockas, 30

Paccmampuesaromes eonpocel paspabomku memoouKu onpeoenerHus OnmumMaibho20 pasmeujeHus
YCMPOUCmMe cuMMempuposanus onsa cucmem snekmpocuadacenus 0,4 kB ¢ anexkmpoosueamenvhot
Hazpy3Kou. B Memoouxy 3anoxceHvl ocobenHocmu daekmponompeoumeriel u ux eceozpaguyeckoe
pacnonoxcenue. Ilpugeden npumep npuMeHeHUs MemoOuxKu Oas cywecmgyiowel cucmembl
anexmpocHabxcenus c. Tanmyeapvr Mozouunckozo pationa 3abaiikanbckozo Kpas. Jano
obocHosanue  NpaKMuyeckou — 3HAYUMOCMU  NPUMEHEHUs  pa3padoOmanHol — MemoOUKU.
Tonyueno onmumanvhoe peulenue GONPoOCa CUMMEMPUPOBAHUS UCX00SL U3 IKOHOMUYECKUX
nokaszameJei.

Kniouesvle cnosa: cucmema 3]Z€Kmp06‘Ha69lC€H1/l}Z, Hecummempus Hanp;loiceHuﬁ, aCMprOHHbll/‘i
OGUZGmeﬂb, nomepu MOWHOCMU.

Introduction

At present the power quality (PQ) problems are paid particular attention. Under current
conditions, the power quality indices (PQI) such as voltage asymmetry and non-sinusoidality have
become indispensable factors, which reduce the performance of the power supply systems themselves
significantly and their connected consumers accordingly.

According to the research of the basic power quality indices in 0.4, 6 and 35 kV network nodes of
the Trans-Baikal Territory power system it was found that deviation of the basic PQI such as voltage
asymmetry and non-sinusoidality is a permanent factor during operation of the Trans-Baikal power
system networks. In a number of cases the asymmetry level exceeds the GOST 32144 — 2013 [1] rated
value [2] (by 2 — 3 times).

Due to unsatisfactory condition of PQ in the Trans-Baikal power system distribution networks,
a great number of electric equipment failures at the consumers' facilities is observed. According
to damage rate analysis of asynchronous motors (AM) at the Trans-Baikal Territory enterprises
during 2015 — 2016, a large number of motor damage cases was registered in different sections of the
Mogochinsk region. The emergencies are mainly associated with the voltage asymmetry of the supply
mains.

The electric equipment reliability and performance is directly related to PQ in the
distribution networks. For steady-state operation of the power-consuming units it is necessary to
carry out a number of actions directed at PQ improvement and at voltage asymmetry removal,
in particular.

Within this work framework, one of possible actions for PQ improvement, due to introduction of

balancing devices into power supply system (PSS) at the designing stage is proposed.
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This work scope is development and approbation for determining the optimal location of
symmetrization devices for 0.4 kV power supply systems with motor-actuated load (using the example

of the Trans-Baikal Territory).

Task setting

In accordance with the set goal the task on development of the power supply system calculation
algorithm subject to using the balancing devices and their installation locations was implemented,
based on which the procedure will be built. The diagram for calculation algorithm of the power supply
system subject to using the balancing devices and their installation locations is given in Fig. 1.

Based on the experimental research data of the basic PQI, the information on the value of power
loss in the elements of the power supply system under study, and, in addition, relying upon customers'
allowable operating modes, it is possible to select the parameters of the balancing devices and determine
the optimal location of these devices in the power supply system. Thus, the calculation of the value for
supplementary power losses due to voltage asymmetry will enable to define the economic feasibility for
carrying out particular actions for asymmetry removal, and besides, to specify the optimal application

and location of these devices.
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Fig. 1. Block diagram for calculation algorithm of the power supply system subject to using the balancing devices
and their installation locations
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Research results and their discussion

The developed procedure is a matter of interest during development of projects for power supply
systems for regions with available non-linear loads.

The main criterion for the procedure application consists in excess of the voltage asymmetry
coefficient statistical value (K,y) in negative-phase sequence for this PSS over the allowable value K,
for AM (Table 1) installed in the same power supply system. The required k,; value is selected based
on the customer's allowable operating mode. The values of the allowable value K, for AM are taken
from the research results [3].

The procedure can be implemented in the following sequence:

1) let us determine the losses for symmetrical operating modes in the main elements of the power
supply system.

Calculation of supplementary power losses is made by formulas given in [4].

The losses in the power transmission lines are determined based on the expression:
APpyy, = 3112rpha M

where /; — symmetrical operating mode current (positive-phase sequence current); 7,, — phase conductor
resistance.
Real-power AP” and reactive AQ” power losses for double-wound transformers are determined

based on the expression:

B8Pk (S Y2

ap’ =2 (2)”, @
f_ Uk 5%

AQ T 100 S’ 3)

where P,, U,, S,,— nameplate data of individual transformer; .S — substation full load (total of individual
transformer loads); n — number of one-type transformers in the substation, parallel operating.

2) let us determine the losses for asymmetrical operating modes in the main elements of the power
supply system.

The available amplitude and angular asymmetry during estimation of increase of supplementary

losses as compared to symmetrical operating mode can be accounted using the coefficient K

Kas =1+ K + K3 - (14+3-72), @)
where K,;, Ky;— coefficients for asymmetry of negative-phase and zero-phase sequence currents. Based
on the results of processing the statistical data for basic PQI in 0.4 kV network nodes of the Mogochinsk
region, the Trans-Baikal Territory, we take on the values equal to K,; = 5%, Ky; = 4.6%, K,y = 4.95%;

Ry, Rpy — resistances of the neutral and phase conductors.

Table 1. Table of allowable values K,

Motor model Motor power, P;, kW Allowable value K, %
4A13254Y3 7.5 1.8
Al132M4 11 1.26
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Accordingly, taking into account (3), the expression (1) will be as follows:

APgyprpri = APpriKgs- ®)

The supplementary losses of the real-power in the asynchronous motor are determined based on

the expression:
APsypr.am = 2'4‘1kAMK22UPLs (©6)

where k4, — the coefficient, accounting the particular motor parameters (rated power, stator copper
losses, starting current-to-rated current ratio); K,, — coefficient of voltage asymmetry in negative-
phase sequence; P; — rated motor real power.

The coefficient k,,, value for industrial overall load is advised to take on equal to 1.85.

During long-sustained asymmetrical operating mode, due to the flow of negative-phase sequence
currents, the supplementary power losses occur in the power transformers, which can be determined

by the following formula:
AP
APsyprrr = K3y (APIM + ?scc)’ (7

where K, — the voltage asymmetry coefficient in negative-phase sequence; APy — losses during idle
mode; APsc — losses during short-circuit mode; Usc — short-circuit voltage.

3) let us proceed to taking the special measures for removal of the voltage asymmetry and
determination of the optimal application and location of these devices.

Let us calculate the optimal location and selection of the balancing devices. The following subtasks
shall be solved for this purpose:

a) detect the motor, which is most sensitive to voltage asymmetry out of all motors present in the
power supply system,

b) determine the losses for asymmetric operating mode in the main elements of the power supply
system with installed balancing device in the central node of the diagram. Calculate the payback period
for installation of the balancing device.

Calculation of the payback period for installation of the balancing device can be determined by

the following formula:

S

PP = ((APsupl.w + AQsupl.w) — (APsupl. +AQsupl.)) = C’ ®

where PP — the payback period; S — the total cost of the installed balancing devices;
APsupl.w + AQsupl.w — supplementary losses without the balancing devices; APsupl. +AQsupl. —
supplementary losses with the balancing device; C — the cost of the electric power.

¢) determine the losses for asymmetric operating mode in the main elements of the power supply
system with installed balancing device in each motor individually. Calculate the payback period for
installation of the balancing device,

d) based on calculation results analysis select the most optimal option,

e) carry out installation of the balancing device in the power supply system.

To implement the procedure let us consider the power supply system section of the Taptugary
village, the Mogochinsk region, the Trans-Baikal Territory.
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The following reference information was used for execution of this work:

1) the results of processing the statistical data for basic PQI in 0.4 kV network nodes of the
Mogochinsk region, the Trans-Baikal Territory,

2) the configuration of the power supply system section of the Taptugary village, the electric
power consumers' characteristics.

The power supply system, on which the procedure was approved, is given in Fig. 2. The power
supply system section diagram consists of:

1) line 1 — wired with AS-25 (steel-aluminium conductor), the line length is 350 metres, feeds 7
private residence houses with furnace heating,

2) line 2 — cabled with GRSh 3*50+1*35 (cable with flexible core, rubber cover and poly amide silk
isolation), the line length is 50 metres, feeds the two-storeyed residence house, the primary school, the
kindergarten, the administration building and the library,

3) line 3 — cabled with AV Vshv 4*50 (cable with aluminium core, PVC jacket, with protective
layer in the form of pressed out hose), the line length is 70 metres, feeds the boiler house with two
boilers and motors: the model 4A132S4Y3 P,=7.5 kW, 2 pcs., the smoke exhaust fan P =3 kW, the
draught fan P,=1.4 kW,

4) line 4 — wired with SIP 4*25 (self-supporting insulated conductor), the line length is 150 metres,
feeds two ban mills with motors model A1132M4 P, =11 kW, 2 pcs.

Calculation of the power supply wiring diagram was made using the widely spread computer
program Microsoft Office Excel. Main calculation results are summarized in Table 3. The cost
indicators are taken from the sources [5, 6].

Thus, following the calculation results we obtained the value of power losses in the main elements
of the power supply system for the symmetrical operating mode, the asymmetrical operating mode
without installation of the balancing device and the asymmetrical operating mode with installed
balancing device. Based on the data of results let us determine the number, power and the location for

installation of the balancing device.

T™M 1000/10/0,4

L OO

Line 1 Line 2 Line 3 Line 4
Fig. 2. Power supply system section diagram of the Taptugary village
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Table 2. Reference data of the village Taptugary network section

Parameter Line 1 Line 2 Line 3 Line 4 TS
Power, kVA 304 494 20.9 25 100
Current, A 80 130 55 65.7 330.7

Table 3. Calculation of payback period for installation of the balancing device based on supplementary power
losses

Losses AP +AQ, kVA
1) During symmetrical operating mode 17.0+j16.0
2) Supplementary losses during asymmetrical operating mode
without balancing device 8.4+j0.2
during installation of the individual balancing device in the motor — option 1 2.5+j0.2
during installation of the common balancing device in all motors — option 2 2.7+j0.2

3) Cost of balancing devices, thu. rbs. -

Balancing device P, = 9 kW 39
Balancing device P, = 11 kW 45
Balancing device P, =45 kW 126
Cost kW*hour, rbs 5
Total cost of BD (balancing device), option 1, thu. rbs. 168
Total cost of BD, option 2, thu. rbs. 126
Payback period, option 1, months 8.28
Payback period, option 2, months 5.95

Analysing the data given in Table 3 the conclusion can be made that for considered diagram it is
economically viable to install one balancing device with 45 kW power on the common node of the lines
3, 4, containing the motor-actuated load, but not the individual one on each motor.

Following the results of the procedure implementation we found the necessity for application of
the balancing devices for industrial consumers in the diagram under research. We selected the most
cost-effective location of the balancing device in PSS.

It is evident that only upon available reliable information about the levels of PQI distortion, about
the operating modes of the power consumers it is possible to make up the requirements specification

for PSS designing and to select the optimal parameters for the balancing devices.

Conclusion

The developed procedure is of practical interest for designing of 0.4 kV power supply systems
containing the motor-actuated load under voltage asymmetry conditions. The specifics of the electric
power consumers' operating modes and their geographical location are built in the procedure.

Application of the procedure in PSS with available motor-actuated load will allow increase the

operating reliability and efficiency of the asynchronous motors.
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The proposed procedure will be the basis for implementation of the task for creation of the
software complex allowing to make quick and accurate calculation of the power losses, to determine
the economical feasibility of provision special measures for removal of the voltage asymmetry, for

determination of optimal application and location of the balancing devices.

The work was executed within the framework of FSBEI HPE Trans-Baikal State University
Council for Research and Innovative Activities Scientific Grant No. 247 — GR of 30/01/2018

implementation.
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