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ABSTRACT

A sengitivity analysis based on Monte Carlo was performed on frequency electromagnetic fields (FEF) to evaluate
relative importance of parameters. Charge simulation method and law of Biot-Savart method were used to establish
calculation model of FEF intensity. Sensitivity results distinguished the height of transmission line, interphase
spacing, split number, split spacing, sub conductor radius as influential factors, while the height ranked the top,
followed by interphase spacing, split number and split spacing were not conspicuous as the first two, sub conductor
radius and others were identified as negligible factor to power frequency electronic fields (PFEF) intensity.
Meanwhile, the height of transmission line and current were recognized as factors to affect power frequency
magnetic field (PFMF), the contribution of height to intensity is proved to be more significant compared with the
current. This study provides some useful findings to electromagnetic environment research and high voltage
transmission line design

Key words: Monte Carlo, Sensitivity analysis, Frequency Electagnetic Fields, Charge simulation method, Law
of Biot-Savart

INTRODUCTION

The unbalance distribution of primary energy anddlaenters stimulates high-voltage electricity sraission
turning to large-scale, long-distance, high-efficig [1]. The rapid development of high-voltage saission brings
more and more electromagnetic environment cond@insome electromagnetic environment parameteterishéne
the route of choice [3], and the electromagnetidrenment is an important issue restricting UHV swuction.

Great public and scientific concern was raised waarty epidemiological studies indicated a coriefabetween
frequency electromagnetic fields (FEF) exposure tiel development of childhood leukemia, which hasrb
confirmed by Martje [4] et al, 2014. Internatiof@dmmission on Non-lonizing Radiation Protection NIBP)
required the public exposure values are 5 kV / m(fmwer frequency electronic fields (PFEF) and 100for
power frequency magnetic field (PFMF) at 50 HZ, a®th country on the PFMF field exposure values has
corresponding provisions [5].

Electrostatic field numerical methods are availabid can be roughly divided into two categories {&je is from
the description of the general laws of the miceetbstatic field Equations - Laplace equation toe Poisson
equation, turning the continuous electric systewbjgms into a discrete, finite difference metho§l 4Ad finite
element method [8] are examples. Another categesyiraes that charge distribution on boundary orcaigiof
virtual simulated charge was unknown, integral ¢iguna of potential is solved according to chargstriiution
directly determined by Coulomb Law; the known baanydconditions were used to list a set of linearatipns for
charge solving, and then the approximate solutfospatial distribution of the electric field wastalmed according
to determined charge. Charge simulation methodtf@,moment method [9] and boundary element mefth6H
belong to this category calculation method. Amohgse methods, the charge simulation method hasredga
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wider application, because of its convenience, maguand reliability. PFMF was calculated on thsi®af law of
Biot-Savart, the calculation method is widely adeélgn dimensional calculation [11].

According to these two calculation methods, the KE&nsity is determined by the position of tesinpand wire,
arrangement of wire and phase, characteristichefwtire, voltage and current. Traditionally, infhee factors of
FEF were distinguished by real data of electromagmsvironment monitoring, but it is a time consngprocess
and the cost is high [12].

The objective of this paper is to make a sensjtidhalysis of FEF calculation model, namely to daire
robustness, reliability and efficiency of the modébnsequently, in order to explicitly assess avaluate the
relative importance of each input factor, a prolistis nondeterministic approach along with a globansitivity
analysis is proposed in this work. Global senditiginalysis apportions the output uncertainty ® thcertainty in
the input factors, covering their entire range spa@riance based methods deliver global, quaiviitatnd model
independent sensitivity measures. A sampling-bésetthiques Monte Carlo simulation is applied; ifdsused on
the following, (1) which of the input variables iaces influences the model output variance at Mésid (2)
which of the input variables has to be known maeugate to reduce the output variance? Therefongact factors
and their relative importance are recognized ireasy way, hopes to provide some theoretical badefoethe
frequency electromagnetic field's regulation.

EXPERIENTAL SECTION

TRAFFIC INFORMATION FUSION TECHNOLOGY

Charge simulation method is based on the uniquahessem of electromagnetic field, the continuowtitributed

free charge on the electrode surface or bound et@arglielectric surface are equivalent alternabiyeliscrete set of
analog charge. The principle of superposition ipliad to calculate field quantity of discrete amploharge

produced in space. The original continuous distidvuof space charge generated electric field ilistion is thus

obtained.

Taking single homogeneous medium electric fieléxample, and the application of charge simulati@thod is as
follows:

Firstly, charge simulation equations was estabtigbe solving charge density:

Ul :/111Q1+/112Q2+"'+/]nQn
Uz :/]21Q1+/]22Q2+'”"'/1 :nQn

Un= /1le1 + AnZQZ et Aann (1)

where: U; is the voltage on the wire€); is the charge simulatiorsy; is potential factor and determined by
transmission line voltage and phase. Potentiometexfiicient’. can be calculated by following formula:

A= 1 Inﬂ(Z)
2, R
B.
A= In— (3)
2rE, Dy
A=A 4

whereg, represents the dielectric constant of the airepresents each lead the vertical distance frengtbundpD;
is the distance between each condudpiis the distance between the wire and the mirroe \§i= 1, 2, 3, m)R is
wire radius; as for split wirdR, is the equivalent radius and it is can be caledlas:

nr.=
= R(—)"
R (R) (5)

whereR is equivalent radius of split wirer is wire splitting numberr is the sub conductor radius; R is radius of
split circle;Ris calculated as following formula:
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R:L (6)

Zsin(@)
n

wherea is wire bundle spacing.
And then, electric field intensity near the transsion line at any poinP(x, y) can be calculated using Gauss
theorem and the principle of superposition:

1 X=X, X-X

E = 27 AT
* ZWEO; (D B. ) @

ij i

Y=Y Yty
27750;(9( 5 =) ®

ij 1j
E=E’+E ()

where: x, y are plane coordinate of pdhtx;, y; is wire | horizontal and vertical coordinates.

CALCULATION METHOD OF MAGNETIC

PFMF at any point around the wire is deduced adagrib the law of Biot-Savart [11], ignoring mirraire. Either
current-carrying conductor can be seen as somé&smigomposed of straight line segments. PFMF gt parint
around the current carrying conductor can be seea &ector sum of these straight wires the magrfitid
generated at that point. Therefore, limited lengitrent carrying wire model of current carrying @grand law of
Biot-Savart are exploited to infer to magneticdielf arbitrary line segments at any point. And tiRsMF around
the wire at any point can be calculated by supédipaogheorem. The equations is expressed as faliow

B, = i Zy'r cosp, (10)

B, = ,uo ZX Xsm¢ (11)

B=B:+B; (12

where:x;, y; as the horizontal and vertical coordinates ofwlire; x, y coordinate space for horizontal and vertical
pointP; r is the distance between the point and the wireespa

SENSITIVITY ANALYSIS METHOD

The sensitivity analysis procedure was carriedusirig Monte Carlo method, which is a variance-basgtitivity

analysis technique, variance-based methods ardlyisoasidered to be the most accurate and compleéta the

ability to provide a rigorous definition and rangfiof input factor importance[13]. It can be decosgubinto three
stages: pre-processing, numerical simulation arsd-p@cessing, with the first and third stages werglemented
in a purposefully developed computer program [1}-18 the first stage, the random variable représgn
frequency electromagnetic fields parameters is dritam the uniform statistical distributions. Thecend stage is
implemented by means of the Crystal Ball softwasekage running in the batch mode, with interverstion its

input and output files carried out during the siatigin, through the developed computer programhénthird stage,
the computation of the FEF probability is performesling the data provided by the numerical simafetito make
sensitivity analysis.

RESULTS AND DISCUSSTION
SENSITIVITY ANALYSIS PROCESS

This paper takes the parallel erection single-dirine defined byCode for design of 1000 kV overhead
transmission line (GB 50665 - 2011) as example to make sensitivity analysis. Traveespiance of three-phase
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electricity is B, A and C. Since all values betwebr minimum and maximum are equally likely to agaall
parameters are assumed continuous probabilityitlison. Parameters of FEF and their value rangecalculated
according to the code and listed in Table 1.

Table. 1: Parameters of frequency electromagnetidédids and their value range

Parameters physical significance Maximum  Minimum
X The abscissa of the point P (m) -50 50
y The ordinate of the point P (m) 0 3

Xi The abscissa of wire | (m) -30 30
Vi The ordinate of wire | (m) 18 41
Dy Interphase spacing of wires i and j between (m) 6 0 6
Bj Distance between wire | and mirror image of theewlifm)  36.5 101.6
L The distance between the wire | to point P (m) 15 9.88
(o] The distance between image of wire | and point P (m 18 82.7

n Spilt number 4 12

a Split spacing (mm) 300 900

r Sub conductor radius (mm) 11 20
U \oltage (V) -1050 1050

| Current (A) -1414 1414

Crystal Ball was exploited to fulfill the sensitiyianalysis procedure which contains the followsigps: firstly,

selecting the set of model input factors that aostmelevant; next, attributing suitable probapifitnctions to each
input variable. Following this, a sample of inpattors is generated from the range of possibletinglues creating
a group of possible model output cases. Subsequeah# model is evaluated for each of the sampbedof

combinations to compute the distribution of outjmaticators. Lastly, Crystal ball ranked their oraérimportance,
returned two sensitivity analysis data the ratecaoifitribution to variance and correlation coeffie¢genPositive
coefficients indicate that an increase in the aggiom is associated with an increase in output.dtieg coefficients
imply the opposite situation. The larger the abtsol@alue of the correlation coefficient, the strenthe relationship.
The two output data were graphically depicted bigi@r8.0, as can be seen in Figure 1 and Figure 2.

SENSITIVITY ANALYSIS OF PFEF
The sensitivity study presented within this sectieweals several environmental factors influendimg expected
PFEF and their relative importance.

At the top of this list id; which indicates the distance between monitorinigtp® and wire A, its contribution to
variance is 27.11%, and the correlation coefficismtegative. Namely, increasing the distance betmEnsmission
line and the test point will lead to dramaticallpp the intensity of PFEF. Other parameters charaed distance
arex, y, and O, their contribution to PFEF are also comparativetgminent, the negative coefficient of each
parameter indicates the greater the distance othierlthe intensity of PFEF. Elevating wire heightain effective
way to cut down the intensity of PFEF on groundanwhile, the cost needs to be taken into accouthtermpractical
engineering.

It is noteworthy to mention that interphase spaahguld be accounted for whenever possible in Pditfysis. As
can be seen from Figure 1, the contribution toaraé of interphase spacing is 20.05%, and the latioe
coefficient is negative. Contribution to variandespace of wire to image is 5.2%, and the corretatoefficient is
positive. So we can get that interphase spacinthiéeti moderate impact on PFEF, and the adjustwiinterphase
is a potential candidate to reduce the intensityEF although effect is not remarkable as hoidtigight of wire.

It could be noted here that the spilt number atfloénces PFEF intensity, and its contribution apiance is 1.16%
with the correlation coefficient being positive.dRetion of the conductor the spilt number, the eagleint diameter
of wire and wire charge will decrease; therefohe, intensity of PFEF on ground will decrease. MWath noting:
the reduction of spilt number can make the condusiioface electric field increases, and the radtierference and
audible noise increase. At present, the improvenaénsplit wire structure and reduction of surfageld by
increasing the number of split conductors are takeadio interference reduction for high voltagensmission line
and the audible noise level.

The sub conductor radius is a basic structure pates of transmission line, its influence on PFEBR be seen
from the sensitivity analysis results. The coriielatcoefficient is positive, meaning the reductioinradius will
decrease the intensity of PFEF, but the effedgisificant negligible.

Split spacing is another impact factor to the istgnof PFEF. The sensitivity analysis result shakat correlation
coefficient is positive; the reduction of split spay will decrease the intensity of EFPF. On thieeothand, split
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spacing changes will directly affect the surfacectlc field of transmission line, and then thengmission line
audible noise, radio interference, the ground atedield, natural power, and even the line corrigadth have
different degrees of impact. Accordingly, many aspshould be taken into account in the actualegtsj

Il Contribution to Variance
E=3 Rank Correlation
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Fig.1: Sensitivity of each parameter to the intengy of PFEF

SENSITIVITY ANALYSIS OF PFMF
This paper calculates PFMF according to the lawBmit-Savart, the relative position of test pointaRd the
transmission line and current is measurable, anerabfluence factors are neglected.

As Figure 2 puts, the sensitivity analysis of PFMifews that the parameters y1, y2 and y3 which cheniae the
height of transmission line had the greatest coution to PFMF intensity on ground. The major cilmition to the

sensitivities, however, comes from Y1 that phaseirk to ground height, and the negative correlatoafficient

indicates the higher transmission line, the lowleME intensity. Similarly, the cost of lifting heigshould be taken
into consideration in actual engineering.

The current is recognized by sensitivity analysisaaother factor influencing PMEF intensity, andhas slightly
smaller effect compared to the height of transrois$ine. Relative size of two factors can be eagdyfrom Figure
2. The current is directly related to voltage whistset by plan and changed with time. Thus, ittda@ easily to
change upon putting the line into operation. Whbileer variables’ contribution to PFMF intensity daa neglected
to some extent.

Il Contribution to Variance
E=3J Rank Correlation

Contribution to Variance

Parameters

Fig. 2: Sensitivity of each parameter to PFMF intesity
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CONCLUSION

A sensitivity analysis based on Monte Carlo wa$quared on FEF to evaluate relative importance efremmental
parameters. Charge simulation method and law of-8&wvart method were used to establish calculatiodel of
FEF intensity. Sensitivity results indicates théghe of transmission line, interphase spacing,tsmlimber, split
spacing, sub conductor radius were influentialdexcbf FEF intensity, while the height of transrigssline ranked
the top, followed by the interphase spacing, thi spmber and split spacing were not conspicucutha first two,
and sub conductor radius and others were identéfiedegligible factors to PFEF intensity. Meanwltite height of
transmission line and current were recognized et®ffa to affect power frequency magnetic field (FHMand the
contribution of the height to intensity is provem ie more significant compared with the currenter€fore, the
tower geometry is a decisive factor of FEF intgnsit ground, which is helpful in the electromagoemvironment
optimizing and high voltage transmission line dasig.
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