3anponoHOBaHO EKCHEPTHY CHCTEMY aBTOMATH30BAHOTO MPOEKTYBAHHS KOHCTPYKIi KOJI0GKOBOTO
XBUIIEBOy. EnekTpoanHaMivuHe MOJECTIOBAHHS BHKOHAHE 32 BUKOPHCTaHHAM MoudikoBanoro MYO,
KU BepU]IKOBAHO EKCIIEPUMEHTAIIBHO.

KuarouoBi ciioBa: excriepTHa cucrema, sx0100koBuit xBuiieBoq, CAD

A knowledge based CAD system of groove guide design has been developed. Modified mode matching
method of electrodynamics modeling was used, which was proved by an experimental data.
Key words: knowledge based CAD system, groove guide design
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THE METHOD OF REDUCING THE INTENSITY OF MAGNETIC
FIELD OUTSIDE HIGH VOLTAGE POWER SUBSTATIONS

B nanHoii paboTe paccMaTpUBAIOTCS TEOPETHYECKUE METO/BI YMEHBIIEHUS MArHUTHOTO HOJI 3a Ipe-
JieNIaMH TIO/ICTAHIIMI BBICOKOTO HANpshKeHHs. BpUIO MOKa3aHo, 4TO YepenoBaHue (a3 MpOBOJOB COCEH-
HHUX OIIMHOBOK BJIMSIET HAa CHI)KCHHE WHTEHCHBHOCTH MAarHHTHOIO MOJIS 32 IpEAesiaMH ITOJCTaHLIUH
BBICOKOTO HAIPSDKEHHUS, X 5TH MEPbI MOTYT OBITh PEaN30BaHbI HAa CTAHU HPOEKTHBIX paboT, HE TPeOyst
JOTIOJTHUTEIBHBIX 3aTPaT I X PeaIn3aliH.

KirodeBble c10Ba: 3J1€KTPOMAarHUTHBIE MPOLECCHI, BO3ACHCTBUE HA JIIOAEH M OKPYKAIOLIYIO
Cpely, CHCTEeMbI 3alUThI, IIMHBI JICKTPONMUTAHUS, ITOJCTAHIUM BBICOKOTO HAIPSHKEHHs, MOCIEN0Ba-
TENBHOCTH (a3.

Introduction. It is known [1] that 50-Hz frequency magnetic fields produced
inside (for personal) and outside (for population) the territory of high voltage (HV)
power substations located in city areas do not reach the exposure limits specified
by Ukrainian regulations (1750 pT) [2], the International Commission on Non-
Ionizing Radiation Protection guidelines (200 uT and 1000 pT) [3], and the pro-
posed European Union Directive (1000 pT) [4].

The newly proposed limit will be 0,5 uT [5], and as such, some power objects
may not comply with this limit value. This fact indicates a possible exceedance of
the new regulations outside HV substations located in city areas. Therefore, inves-
tigation of measures to reduce the values of MFs at the design stage of power ob-
jects is an important task.
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Problem statement. Typical power substations have multilayer and multicell
arrangement of busbar wires; thus, it is certainly incorrect to consider a single cell
or a single horizontal layer. However, for the purpose of identifying patterns, it is
acceptable to introduce simplifications that allow an investigator to separately con-
sider a layer, a cell, or several cells in a two dimensional form. Thus, the essence is
not lost.

Theoretical studies of MF were performed for common types of 110/10 kV
substations in Ukraine. Dimensions of the busbar wires of this substation are taken
based on typical projects. This study, adopted the following dimensions:

— the distance between cells of the HV switchgear was 9 m;

— the distance between the wires of the HV busbars was 2,5 m;

— the average suspension height of the upper layer HV busbars was 11,2 m;

— the average suspension height of the lower layer HV busbars was 3,6 m;

— the distance between the wires of the low voltage (LV) busbars was1 m;

— the average suspension height of the LV busbars was 3 m.

Currents in the busbar wires are specified in accordance with [6] for one of
the three variants of the setting, i.e., the currents in HV wires are adopted as
1c=210 4, Izy=-105 A4, I,=-105 4, and I-=2300 A, Iz=-1150 A, I,=-1150 A
for the LV wires. Arrangement of phases is from the left to right («C-B-A»). The
height /4 of the observation points is 2 m. A busbar wire is considered as a system
of parallel linear currents over a flat earth. Each phase is calculated separately, and
finally, the total field B is summed as a square root of the sum of the horizontal and
vertical components squared.

Main results of the research. Table 1 shows the results of calculation of MF
produced by HV busbar wires, given in Figure 1, under the different suspension
heights H and the distance between the wires d.

Table 1 — Comparison of variants of reducing MFs by changing suspension height and
phase-to-phase distance of HV switchgear busbar wires

Parameters of busbar wires B, uT at distance x from projection of middle phase wire
(Figure 1) («Br), m
0 20 40 60
d=25m H=112m 1,74 0,34 0,10 0,04
d=1m H=112m 0,99 0,19 0,05 0,02
d=5m H=112m 1,82 0,40 0,11 0,05
d=25m H=8m 1,47 0,34 0,09 0,04
d=25m H=13m 1,29 0,29 0,08 0,04
d=25m H=3,6m 1,74 0,34 0,10 0,04

Table 2 shows the results of MF calculations produced by HV and LV
busbar wire configurations, given in Figure 2, under the different wire dimen-
sions (a, b, d).

Table 3 shows the results of MF calculations produced by LV busbar wire
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configurations, given in Figure 1, under the different suspension heights H and the
distance between the wires d.

busbar wires 7 2d

Figure 1 — Scheme of HV and LV busbar wire locations (# is the suspension height; / is the
height, and x is the distance from the point of observation; d is the distance between the
busbar wires)

Table 2 — Comparison of variants of reducing MFs by changing horizontal phase arrange-
ment of HV and LV busbar wires into triangular construction
B, uT at distance x from projection of

Parameters of busbar wires (Figure 2) middle phase wire («B»), m
0 20 40 60
horizontal: d=25m, H=112m 1,74 0,34 0,10 0,04

equilateral triangular: d=2,5m, H=11,2 m,
a=\3/2d,b=125m
equilateral triangular: d=5m, H=11,2 m,
a=\3/2d,b=2,5m
triangular: d=3,5m, H=11,2m,a=2,5m,

0,99 0,19 0,05 0,02

1,82 0,40 0,11 0,05

1,47 0,34 0,09 0,04

b=0,5m
triangular: d =3 m,fI: 11,2m,a=2,45m, 129 0.29 0.08 0.04
b=0,5m
b,
busbar wires y
N
d -
observation point T

Figure 2 — Scheme of HV and LV triangular busbar wire locations (H is the suspension
height; 4 is the height, and x is the distance from the point of observation; a, b, and d are the
parameters of busbar wires)
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Table 3 — Comparison of variants of reducing MFs by changing suspension height and
phase-to-phase distance of LV switchgear busbar wires

Parameters of busbar wires B, uT at distance x frpm projection of middle phase
(Figure 1) wire («By), m
0 20 40 60
d=1m H=3m 363,66 1,75 0,43 0,19
d=0,6m, H=3m 310,44 1,04 0,26 0,11
d=14m H=3m 360,14 2,48 0,61 0,27
d=1m H=25m 663,42 1,76 0,43 0,19
d=1m H=35m 217,49 1,75 0,43 0,19

HV busbar wires of upper layer 9m

HYV busbar wires of lower la;er

observation point

Figure 3 — Scheme of HV busbar wire locations of two neighboring cells (3.6 m is the height
of the lower layer HV busbars; 11.2 m is the height of the upper layer HV busbars; 9 m is
the distance between neighboring cells; /4 is the height, and x is the distance from the point

of observation)

From Table 1-3, it can be concluded that decreasing the distance between phases,
increasing the suspension height, and alternating the arrangement of the HV and LV
busbar conductors comprise one of effective measures that allows us to reduce the in-
tensity of MFs (as well as electric fields) generated inside and outside the territory of a
substation. However, the possibility of an effective application of these solutions is
limited by some requirements associated with providing safety and the convenience of
repair works. Additionally, there is an additional barrier to implementation concerning
the complication of tower construction and consequently, an increase in cost. Based on
these facts, the measures that are related to the phase sequence alternation of HV and
LV busbars are especially important.

Table 4 shows the results of MF calculations produced by HV busbar wire
configurations of one cell given in Figure 3, under the different phase sequence and
current directions.

It is clearly seen from Table 4 that the worst configuration of the cells, in re-
spect to MFs generated far away from sources of the field, is that in which upper
and lower layer currents have the same direction.

Table 5 shows the results of MF calculations produced by HV busbar wire
configurations of two cells given in Figure 3, under the different phase sequence
and current directions.
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Table 4 — Comparison of variants of reducing MFs by alternating HV busbar wire phase of
one cell («CBA» means positive direction of currents; «cbay is opposite direction)

Phase sequence in busbar B, uT at distance x from projection of middle phase wire
wires (Figure 3) («B»), m
& 0 20 40 60
CBA
CBA 21,78 0,70 0,19 0,09
CBA 18,56 0,27 0,04 0,01
cba
CBA 1,74 0,34 0,10 0,04
CBA 20,16 0,41 0,10 0,04
CBA
ABC 18,72 0,26 0,04 0,01
CBA 21,64 0,67 0,19 0,09
abc

Table 5 — Comparison of variants of reducing MFs by alternating HV busbar wire phase of
two cells («<CBA» means positive current direction; «cbay is opposite direction)
B, uT at distance x from projection of middle phase wire

Phase sequence in busbar

wires (Figure 3) 5 5 («B»), m T =
CBA CBA 2,01 0,51 0,16 0,08
CBA CBA
CBA CBA 19,25 1,06 0,32 0,15
CBA CBA
CBA -—omeee 21,46 0,88 0,26 0,12
CBA CBA 17,96 0,61 0,17 0,08
cpAcBA 2433 0,35 0,06 0,02
cbacba
¢ BA AB ¢ 2,02 0,18 0,03 0,01
CBA ABC 21,99 0,23 0,04 0,01
CBA ABC
CBA ABC 24,01 0,37 0,07 0,02
CBAABC 19,97 0,19 0,02 0,01
cbaabec

Table 6 presents the results of MF calculations produced by LV busbar wire
configurations of two cells given in Figure 4, under the different phase sequence
and current directions.

A substation during normal operation mode is usually characterized by 2, 3, 4

164 ISSN 2079-0023. Bicnux HTY «XIII». 2013. Ne 60 (1033)



variants that are favorable for environmental conditions outside the territory of
substations. Variant 1 is possible only for a small number of substations and only
in specific operation modes.

Thus, the location of phase conductors and current directions in a single cell
in normal operation mode of the substation provides the lowest MF values. For this
reason, alternating the phase of one cell is not effective. However, when designing
substations, one should pay attention to the MF created by the currents of outer
cells, and if it is possible, avoid the same direction of the currents (power) in any
section of a cell, especially in the outer cells.

From Table 5, it is seen that when we have the same direction of currents in
neighboring cells (standard phasing), the MF produced by a single cell is strength-
ened due to an additional field produced by currents with the same direction in
busbar conductors of neighboring cells that are located at a distance of 9 m. When
we have the opposite direction, the effect of reducing the resulting MF is achieved
through partial compensation of the field produced by a single cell, using the field
produced by the currents flowing in opposite directions in the phase conductors of
neighboring cells.

LV busbar wires

A J
m

observation point

Figure 4 — Scheme of two neighboring LV busbar wire locations (3 m is the suspension
height of the LV busbars; L is the distance between neighboring cells; 4 is the height, and x
is the distance from the point of observation)

Thus, in changing the current phase values of the neighboring cells at the
edges of the next cell, i.e., at the limit distance from each other («C-B-A»—»A-B-
C»), it is possible to obtain a significant (3—5 times) reduction of MF at the dis-
tances of 40—60 m from the projection of the wire of the middle phase of the first
cell in comparison with the standard phasing.

As it can be noticed from Table 6, 5 variant that means a mirrored arrange-
ment of the phases, and 3 variant with the opposite flowing currents in the phases
of the busbar conductors leads to a significant reduction of MFs in comparison
with the same direction of the currents. The field reducing multiplicity at the dis-
tances of 40—60 meters is 3—4 times. It is important to note that the variant with
opposite currents is difficult to put into practice because it requires the installation
of additional equipment.
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Table 6 — Comparison of variants of reducing MFs by alternating LV busbar wire phase
(«CBA» means positive current direction; «cbay is opposite direction)

. . B, uT at distance x from projection of middle
Phase sequence in busbar wires .
(Figure 4) phase wire («B»), m
& 0 20 40 60

L=9m

CBA CBA 354,87 2,58 0,72 0,34
L=5m

CBA CBA 334,54 2,87 0,78 0,36
L=9m

CBAcba 372,45 0,92 0,15 0,05

CBA 363,66 1,75 0,43 0,19
L=9m

CBA ABC 371,82 0,94 0,15 0,05

Therefore, since the measures related to changing the phase and suspension
height spacing are also hard to implement, the only rational measures to reduce
MFs produced by LV busbar is changing the phase sequence by removing current
values of the neighboring cells at the edges in the next LV busbar wires, i.e., at the
limit distance from each other («C-B-A»—«A-B-C»).

A comparison of different possible measures to limit the MF outside HV
power substations allowed us to identify and choose measures that do not require a
significant cost for implementation. They are as follows:

1) the phase sequence alternation («C-B-A»—«A-B-C») of HV busbar wires of
two neighboring cells;

2) the phase sequence alternation («C-B-A»—«A-B-C») of two neighboring
LV busbar wires at the sector from power transformers to the close type switch-
gear;

3) the combined application of the first and second measures, i.e., the phase
sequence alternation («C-B-A»—«A-B-C») of HV busbar wires in two neighboring
cells and two neighboring LV busbar wires.

The listed measures were used to demonstrate the possibility of MF reduction
in the example of a 110/10 kV power substation made according to the «two blocks
of line-transformer» scheme. A process development of a three-dimensional simu-
lation model and studies of MFs at this power substation have been extensively
discussed and presented in [1,6].

The results of applying measures to reduce the field at the considered power
substation are summarized in Table 7.

As it can be seen from Table 7, implementation of the proposed measures al-
lows us to significantly reduce values of magnetic flux density outside the territory
of the power substation (for example, field value at the distance of 30 m from the
substation’s fence was lower in 4,4 times under the phase alternation of the HV
and LV busbar wires together) and to restrict the area to 0.1-1 pT values in com-
parison with standard phasing adopted in normal operation mode.
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Table 7 — Magnetic flux density values under different measures applied to the «two blocks
of line-transformer» substation of 110/10 kV

B, uT (at20 m B, uT (at30 m

Measure distance from the distance from the

substation’s fence) substation’s fence)
without applying any measures (nor- 0.20 0.15

mal operation mode)
phase alternation of HV busbar wires 0,16 0,11
phase alternation of LV busbar wires 0,11 0,08
phase altemathn of HV and LV bus- 0.07 0,03
bar wires together

Conclusion. Comparison of different possible measures of reducing MFs
generated outside HV power substations has shown that decreasing the distance
between phases, increasing the suspension height, and alternating the arrangement
of the HV and LV busbar conductors comprise one of the effective measures that
reduces the intensity of EMFs generated inside and outside the territory of a sub-
station; but, the possibility of an effective application of these solutions is limited
due to an increase in cost to its practical implementation.

The most effective measures that can be implemented at the design stage and
do not require an additional cost for implementation are the phase sequence alter-
nation of HV busbar wires of two neighboring cells, the phase sequence alternation
of two neighboring LV busbar wires at the sector from power transformers to the
close type switchgear, the combined application of the phase sequence alternation
of HV busbar wires in two neighboring cells and two neighboring LV busbar
wires. Implementation of the proposed measures for limiting MF generated outside
the 110/10 kV power substation significantly reduces values of magnetic flux den-
sity in comparison with standard phasing adopted in normal operation mode.
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This work looks at theoretical methods for reducing the magnetic field generated outside the area of
high voltage power substations. It has been shown that changing the construction of busbar wires is an
effective measure that facilitates a reduction in the intensity of electromagnetic fields generated inside
and outside the area of a substation. The measures connected with the phase sequence alternating of
busbar wires can be implemented at the design stage and do not require an additional cost for imple-
mentation.

Keywords: electromagnetic processes, impact on humans and environment, systems of protec-
tion, busbar, high voltage power substation, phase sequence.

B mawiii poOOTi po3MIsIAIOTECS TEOPETHYHI METOAN 3MEHILICHHS MarHiTHOrO IIOJIsl 32 ME)KaMH ITiCTaH-
uiit Bucokoi Hanpyru. Byno noka3zano, 1o uepryBanHs (a3 MpoBOAIB CYCiIHIX IIMH BIUIMBA€ HA 3HU-
JKEHHS IHTEHCUBHOCTI MarHiTHOTO IIOJIS 32 MeXaMH IIiJICTaHIii BUCOKOI HANPyTH, 1 IIi 3aX01 MOXYTb
OyTH peaiizoBaHi Ha CTajil NPOEKTHNUX POOIT, HE BUMAaralo4u J0JaTKOBUX BUTpAT Ul iXHBOI peai3a-
Iii.

Ku1i04o0Bi c10Ba: eleKTPOMArHIiTHI IpoLEeCH, BIUIUB Ha JIIOJEH i HABKOJIMIIHE CEPENOBUIIE, CUC-
TEMH 3aXHCTY, LINHU EJIEKTPOKUBIICHHS, i ICTAHLIi BUCOKOT HAIPYTH, ITOCHIIIOBHICTE (as3.
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