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Abstract. One of the urgent problems in modern power Generally the power-frequency EF and MF can besasse
industry is to provide safety of man staying in theaffected area by:
of electric and magnetic fields generated by operatg electric e Calculation methods:
facilities. The paper presents integrated hardware rad software . '
system "PRIZNAK-10M", intended for measurement of power- * Direct mgasurements. .
frequency electric and magnetic fields in electrimetworks. Inte- Therefore, it should be emphasized that the
grated hardware and software system put into practie the me- electromagnetic environment analysis is based emtsthods
thods of measurements, met the regulatory documenisffected  of direct EMF measurements.

in electric networks of Russia. The recommendgtionbgve been Tool-based analysis of EF and MF intensity shoutd b
developed to provide the man safely at the facilitis studied. - . . .
made in accordance with the requirements [4], which
Keywords integrated hardware and software system establish the use of the devices intended for detation of

measurements of electric and magnetic fields effectivet (root-mean-square) values of EF and MF intensities
with a permissible relative error of 20% for electind 10%
I. INTRODUCTION for magnetic fields.

Most of the known methods intended for measureroént
EF and MF levels [1] suggest the use of specialinémma-
tion and measurement support (Fig. 1).

Electric networks have a considerable adverse itmpac
the environment. There are a great number of varfmwer
facilities, which radiate electromagnetic fields ugh
deteriorating electromagnetic environment (EME). eTh

intensity of electromagnetic fields (EMF) therewithrrently V * * * |
exceeds the level of natural electric and magriietids of the Field || Amplifier || Detector], | Indicator | Power
Earth many times. First of all it sharpen the peots of sensor unit unit
electromagnetic compatibility among technical dtnoes in A

energy sector and has an adverse impact on théhhefl Control

people - bio-electromagnetic compatibility [1, &urrently unit

the estimation of real effects of electric field HjEand
magnetic field (MF) near power facilities on teatali Fig.1. A standard block diagram of field intensitgasuring systems.
facilities and man remains a challenging scientifiad
technical problem that requires a comprehensivdystmhis is
caused by the complexity of electric connectionsd ar
construction structures as well as configuratiod aperation
of the studied electric network section.

Review of modern measurement devices (MD) intertded
measure power-frequency EMF, that are includedhénState
register of measurement devices (Table 1), showe#é][that
these MD do not have the algorithms for automateasare-
ment of effective values of field intensity accaoglito the re-

Il. MEANS FOR MEASUREMENT OF POWERREQUENCY quirements [4] that take into account the presenfcelliptic

ELECTROMAGNETIC FIELDS IN ELECTRIC NETWORKS nature fields. _ o
It should be noted that the overwhelming majoritly o

Electric networks create low-frequency electric an e ices (Table 1) are the systems of directionabption,
magnetic fields [1] which can be estimated by tensity \ nich have the algorithm for measurement of EF Mfd
values of electric field, E, kV/m and MF, H, A/m,[2, 3]. intensity:

Their maximum permissible levels of EF and MF ar
regulated by the Russian regulatory document [df thakes
it possible to secure the service staff while wogkin active
electric facilities.

! The effective value of intensity is taken to meaa effective value of a
sinusoid with an amplitude equal to the semi-majris of an ellipse or
ellipsoid described by the vector of field integsit a measurement point
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o directing anisotropic antenna, user defines orthabo According to the standards [4] it iS necessaryngasure
components of electric fields vector (E%,BE,) or mag- effective value of a sinusoid with an amplitude &qto a

netic fields vector (K Hy, Hy); semi-major axis of ellipse described by vector Etbiat a
e resultant intensity value of EF, E and MF, H isgiven point. In this case the values measured byetlisting
defined with using formulae: devices (Table 1) exceed real ones (Fig. 2). As thkes
place, the closer the ellipses form to circumfeeencthe

E:m (1) higher the measurement error.

The calculations show that the maximum measurement
error makes up 41%.

A way of solving the problem of determining theeefive
intensity value of power-frequency EF or MF is wsithe
method, which exploits the expressions:

H=yHZ+HZ+H? (2)

Thus, while using MD intended for directional
(anisotropic) reception, the possibility for cofrec
measurement of effective intensity value of powengfiency
EF and MF of elliptical nature is absent.

These fields occur, first of all, near three-phasectric
facilities [7, 11], where vector of EF and MF inséy
describes elliptic or ellipsoid curves. Their mogtical shapes
are shown in Fig. 2.

TABLE 1
POWER-FREQUENCYEF AND MF MEASURING DEVICES INCLUDED IN THESTATE REGISTER(AS OF2009)
Measuring device typa Ne of certificate in Frequency range Measurement range Antenna type r e
State register
113-50B 17638-98 48+52Hz 0.01+180 kV/m Directional +15%
0.01+1800 A/m
N3II-05 17288-98 5 Hz +2 k Hz 10+200 V/m Directional 028
VIMII-05 17289-98 5 Hz +2k Hz 100+2000 nT Directional 092
NDI1-04 17287-98 5 Hz +2k Hz 7+1000 V/Im Directional 20
VIMII-04 15527-96 5 Hz +2k Hz 200+5000 nT Directional 0%
MIIM-2 16372-97 40+200 Hz 0.01+199.9 mT Directional 583; +5%
BE-METP-AT-002 17396-98 5+2000 Hz 8+100 V/m Directional +20%
0.08+1uT

Phase A %

_|_ Point 1 _|_ Point 2

Phase B %

_|_ Point 3

Phase C%

XXXXXXXXXXXHRXX

Ground
y y \ y Measured effective
""""" value
X X X
Real effective value
Point 1 Point 2 Point 3

Fig.2. Location of measurement points of MF neansgmission line and elliptic curves described eybctor H at these points
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\/maﬁE(t)Z FERR + E(t)z‘ e Has a non-_directional _(anisotropic) antenn_a tha_\l_(ena
E= . z 3) the calculation results independent of spatialrtaition
2 of the device.
where E(t),;E(t),;E(t), - instantaneous values of EF * Measures 50 Hz power-frequency EMF intensity
intensity, respectively, that are measured by these- _regulate_d by the current standards for electrievagks
in Russia.

coordinate field sensor at any spatial orientatiofh

measurement system e Uses automatic procedure of measuring EF and MF

intensities, thus excluding involvement of an opara
1. INTEGRATED HARDWARE AND SOFTWARE SYSTEM ¢ Does not distort the existing picture of EF and MR

"PRIZNAK-10M" FOR MEASURING POWERFREQUENCY measurement point.

ELECTRIC AND MAGNETIC FIELDS IN ELECTRIC NETWORKS e Processes measurement results by microcontrollers.
e Has small sizes and a comfortable interface.

To solve the problem of EF and MF of elliptic pdation Integrated hardware and software system “PRIZNAK-

the integrated hardware and_ software system (IHS§bM” consists of two main parts connected by meahs
“PRIZNAK-10M" [5, 8, 10, 11] (Fig.4, 5) was develeg. It optical communication. (Fig. 4):

meets the standards [4] and has the following chariatics: Measurement Probe (MP) of electric and magnetic
e Measures effective value of the sinusoid with the fields:
amplitude equal to the semimajor axis of ellipse
(ellipsoid) described by the vector of EF and MFaat
given point of space.

e Interface Module (IM).

i
' ™ !
| e MEASUREMENT PROBE p— |
| : |
i : [y l' 1' !
i ZenzorEo = - = E 3 g = T - :
: ARU - g I i
! -l * = _ Microcontrallar Nel :
: ¥ BemzorE, : 'E ; i
| . : |
: - =i = =} i
| ' = E 5 |
I |# 3enzar Hy 1 i g = !
| e : :
| | 2 = l
- i
: - Sensor Hy T ] :
! i
I -
: 12 Optical pant i
: S 2ensar H: :
l *- |
___________________________ Optical commmmication ______________________________________
INTERFACE MODULE
I3 Opticzl pont 1+ 13 Apdible waming
davics
15 Eszyboard
Microcontroller N=2
I0Pawer unit

I8 Display Nel

I Display Ne2

o o o o o e o o o e o o o o o e e o o o o o e o o o e . o o o o o . e e . o o o o o o o o . o o o o e e o e e o e e e e s

* ASU- Analog switching unit

Fig.3. A block diagram of the IHSS for measuringvpo-frequency EF and MF intensity
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TABLE II
BASIC TECHNICAL FEATURES OFLIHSS"PR1ZNAK-10M"
. Measurement
Parameter Quantity Units
Measurement Range of Electric Field 0,001+100 KV/m
Intensity
Measurement Rangg of Magnetic Field 0.1 + 10004 Alm
Intensity
Basic and Relative Error Value +5 %
Quantity of Limits of Effective Range 3
Volume of Nonvolatile Memory 2032 of values
Dimension of Device 570x95x95 mm
Weight 0,39 kg

Fig.4. External view of the IHSS «PRIZNAK -10M»

HanpaeneHne s -

since such switchgears are not practically equippeith
stationary devices for staff protection from EF.

The experimental estimation of EME at the cutesthef
500 kV switchgear at the Bratsk HPP (Fig. 10) révdagh
EF intensity levels [8]. This fact is explainedsfirof all by
compact arrangement of electric facilities. And thaximum
value of EF intensity equal to 22.5 kV/m was regjistl near
the crosspoint of phase A of TL 571 and the phassf the
flexible system of busbars of the 500 kV switchgeEne
maximum value of MF intensity at the time of taking
measures did not exceed the maximum permissiblaeval
equal to 80 A/m and amounted to 32 A/m. Note thasi
difficult to calculate the maximum field valuessatitchgears
by expressions (5, 6) because of complex configurabf
electric facilities.

Blocks 1 -3 and 4-6 are anisotropic sensors of iFMF.
Signals from these blocks arrive at amplifier widgulated
gain factor (Block 8) via analog switching unit (AB(Block
7).
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Fig. 5. Results of measuring power-frequency EFMRdntensity at the cutest of 500 kV switchgeath&t Bratsk HPP.

e EME at the outdoor switchgear of power plants.
From the standpoint of negative impact on man thef a command from microcontrolleNel (Block 11). Then

outdoor switchgears of power plants are most umfhle
networks.
electromagnetic compatibility, the service stafftiod outdoor
switchgears 220+500 kV runs into the most serioasger,

components  of

electric

As

regards

There is amplifier-multiplexer in block 8, whichalees
switching of the gain factor (limit of effectiverrge) by means

amplified in block 8, signals arrive at precisioactifier

bioBlock 10) via fundamental harmonic filter (BlocK.9The

amplified, filtered and rectified signal from blod©® output,
goes to analog input of microcontrollér 1 (Block 11). Signals
transformation into digital form and mathematiaalatment of
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them are put into practice in microcontrollé2 in compliance e Limitation of time for service staff stay in therss of

with the expressions (7) and (8). The signal tHemearrives at higher levels of fields in accordance with the

microcontrollerNe2 (block 14) via optical ports (blocks 12 and requirements.

13) for storage and visualization (blocks 16, 19 ahd 22). IM e Use of special screening suits at the EF intersdityve

is provided with a serial USB port (block 18) foartsmitting 25 kvim.

data to IBM-compatible computer. Both parts of deice - MP e Arrangement of EF-screening structures, such akecab

and IM - have independent power sources (blockargl 22 screens, protective screening deflectors, etc. [1]

respectively). e Planning of works for the time of minimum current

The IHSS "PRIZNAK.-10M" has been currently used for modes of electric facilities.
large-scale experimental studies of the EME. Theegments However, implementation of the whole set of pratect

have proved the system to be highly efficient itvig the actions proves to be expensive and not always ieffic
problems of operating control of EF and MF in reldctric Besides, specific features of the studied electetworks in
networks of Russia [8]. Siberia and the Far East do not allow the set otegtive

The values of EF intensity inside the switchgear oheasures to be provided, since the studied obtes in the
generating voltage were practically equal to zesiace the levels of affecting EF and MF that essentially vawer time.

current-carrying components were closed by metaksires Therefore, each studied object requires utilizatiéra set of
screening EF. individual measures most efficient from the standpof bio-

electromagnetic compatibility provision.

A. Measures on service staff protection from EMF of
transmission lines.

Since in the studied corridor of TLs the levelspofiver-
frequency MF intensity during maximum loads did exteed
the standard-regulated MPL 80 A/m [4] at relativilgh EF
Fig.6. Schematic spacing of measurement pointe ¢tothe 250 MW values up to 8.2 kV/m, the principal measure ondbevice
hydroelectric generator (top view). staff protection consists in limitation of time ftne service

staff stay in these conditions. According to (1§ fgermissible

e EME in the switchgear of generating voltage of power  time of stay was 4.1 hours under TL 500 kV. UnderZR0
plants. kV the maximum levels of EF intensity did not exdcddPL

In the course of measurements of MF intensity ie th°f © KV/m, hence the time of stay under such TLsyrba

generator hall of the Bratsk HPP that were perfarmgthe Uniimited. I _ _ .

level of stator neutral outputs (Fig. 6), at thgghe1 m from Note that utilization of different stationary scéey

the floor level, the maximum value of MF intensitas 1590 Structures is not economically sound because aftdeagth of
A/m at the stator current 7.5 kA (Fig. 7). Howevat,4 m TLs 220 and 500 kV. The screening suits of Russian
from the generator the value of MF intensity was migher ~Manufacture may also be used under TLs 500 kV, hewe
than the value of the maximum permissible levelatqa 80 theYy considerably decrease effectiveness of stafkw

Alm. B. Measures on service staff protection from EMF of the
A/ outdoor switchgears of power plants.
1600 | m As is shown in Fig 10, the maximum valudéfintensity
1400 /\ at the cutest of outdoor switchgear makes up 23/Bnk
1200 . . . . .
1000 which corresponds to the permissible time of stayl0 min.
800 / \ Therefore, the service staff cannot practically kvar such
600 conditions without screening suits. Besides, pdetaand
o / \ stationary screening structures installed in theces, where
0 L, M works are performed, can also be successfully wethe
et 2z 3 4 5 6 7T 8 9 10 1 1 1B outdoor switchgears. Because of sufficient difficol forecast
Fig. 7. Results of measuring MF intensity nearttpeéroelectric generator the maximum levels of power-frequency MF at thedoor
(A/m). switchgears now, it is appropriate to give an expstimate of

MF levels in advance to specify the real EME byngsifor

V. B example, the integrated hardware and software myste
. PROTECTION OF SERVICE STAFF SURING WORKS IN “PRIZNAK-10M".

ELECTRIC NETWORKS

In general the bio-electromagnetic compatibilityelectric  C- Measures on service staff protection from EMF in the

networks in the zones of increased effect of elecand —SWitchgears of generating voltage.
magnetic fields is provided for by a series of migational As was shown earlier, the magnetic field is thengigal
and technical measures [1, 4]: influencing factor in the indoor switchgears of geting
voltage. In this case heavy currents of electrigigment can
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stipulate high MF values. Since MFs are not pradtiic REFERENCES
screened, the measures on limitation of time fer ghrvice
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