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ARAK BUNMAT : NEW ELECTROMAGNETIC FIELD SHIELDING
DEVICE FOR LINEMAN WORKING UNDERNEATH DISTRIBUTION
LINES. THESIS ADVISOR : ASSOC. PROF. PADEJ PAO-LA-OR,

Ph.D., 128 PP.

POWER TRANMISSION LINE/FINITE ELEMENT METHOD/ COMPUTER

SIMULATION/ELECTROMAGNETIC FIELD/ SHEIDING

Monitoring, maintenance and repairing works of electric power transmission
systems are main functions of power engineers in their daily schedule. Provincial
Electric Authority of Thailand (PEA), state own organization in which regional power
transmission systems and rural electric power distribution systems are its major
services. For economic purposes, two or more circuits are normally hung on the same
towers. Typically, a circuit of higher voltage-ision the top of the tower. A practice of
this configuration is a combination of a 115-kV power transmission line and a 22-kV
distribution feeder. Safety of operators working in this circumstance depends on
carefulness of all possible risks. Even when one circuit is disconnected from the
supply source, electrofagnetic induction becomes a serious issiie Where two or more
circuits are located close enough'to éachiother i this thesis‘three-dimensional finite
element analysis is exploited as a tool for visualizing electromagnetic field
distribution around a power transmission line. In addition, electromagnetic shielding
devices are used to reduce the effect of induced electromagnetic fields generated by
neighboring transmission lines. The study was conducted and reported on the

structure of the equipment in the use of materials that affect the electromagnetic field

School of Electrical Engineering Student’s Signature %' }\/\

Academic Year 2018 Advisor’s Signature M
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M13190 3.1 AnbazdoyavedaaIUR
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daamud Tua i Tua | Tua k Tua |
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2 1 2 8 5
3 1 2 4 8
4 1 3 4 7
5 1 7 8 5
6 1 8 4 7
M3 3.2 Anpmzdoyavesgade
ey Tua WHALNU X WAL y WHALNU Z
1 0 0 0
2 0 0 1
3 1 0 0
4 1 0 1
5 0 1 0
6 0 1 1
7 1 1 0
8 1 1 1

A o @ S534 4 ' AAa A 4
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anizlsenoudie 4 ILlﬂ‘VIlI@]’J‘Vi@EJ 12 310084 «BmJumiﬂiwmmmﬂuaaamummu
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1 a o (% s o 1 a a
1 AiTﬂElﬁllll@]ﬂﬂﬂﬂ!%ﬂ1§ﬂ5$il”lflsllf’)\1NaaW‘ﬁIﬂﬂﬂi%NWm U @]”ILL‘ViLN&lﬂ quUDnQq

WUA A(xy,z) Aunumady dail
A(X Y,z)=a+bx+cy+dz (3.9

Y 4
% %

. o a4 .
Taof a b e diluainan Faeunsori1laan Tuanaadail
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I(XI ’yl 'ZI )
Mslszanamedadmud

3(x3,y3,z3)
20x3.¥2:22)

Axgvyzy)

710 3.2 madsznamelusugaduuudadwudginsedni

Ae(x,¥1,2,)= A= atbx +cy +dz,

Ae(X;,Y,,2,)= A, = atbx, oy, +dz,
Ae(X3,Y5,2)= Ay = at bx;+ cy+ dz,
Ae(X,,Y,.2,)= A = a+bx,+cy,+ dz,

Y
(%

M a b e 4 N1dnnmaudaumsnaadnady unuanavas I luaunsi 3.9) 9y

I@anvazmInszaevednaman Tast sz o dumala q vudaduudiiy

Ae(x,y, 2= AN+ AN, + AN+ AN, (3.10)
& . A [y d v Aa a 4
FPIN,i=1 2 3 4 Aapilsnsumstszunanelusaguua

1
N=—(a+bx+cy+dz 3.11
1 GV(aI ] |y |) ( )

Taoi a,= X%, (Y22~ ¥32) + X, (YaZ, - ¥220) + X% (Y324 - YaZs)

3,= X, (Y32, - ¥123) + %, (V1Z, - ¥, 20) + X (Y425 - ¥5Z,)
=%, (V12 - ¥22)) + X, (Y42, - V1Z)) + X, (Y2Z, - ¥, 2,)
3, =% (Y22, - ¥,12) + X% (Y125 - Y5 2) + X (Y32, - ¥, Z,)

B,=Y:(Z%-2)* ¥:(2-2)+Y,(2 - Z)
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b2: y4(21_ 23)+ yl(ZS- Z4)+ y3(24 - 21)
b3: y4(22 - 21)+ yz(zl' Z4)+ y1(24 - 22)
b4: y3(21'22)+ yl(zz _23)+ yz(zs' 21)

C=X(Z-2)+ x(Z-2,)+ x(2,-2)
C,=X%,(z-2)+x(z-2)+x(z-2)
C,= X%, (2,-2)+ %(Z,-2)+ %(2,- 2)
C,=%(2,-2)+%(Z,-2,)*+ x(%-2)
A= X, (Y5~ Vo) ¥ X (Vo - Va) + % (Vs - Vs)
dy =%, (Y - V) + X (Y5 - Ya) + % (Y, - Vi)
dy= X, (Y, - Y) + 56 (Y, - Vo) + X (Y, - Y,)
d, =% (Yo - Vo) + X (Y2 - Ya) + % (Ys- Vi)
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Ky Ko Ky Ky A fi
K21 Kzz K23 K24 AJ - fi (3.13)
Ka Kg Ki Ky A fi
Ka Ko Ko Kol |A] |f
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o w ] v . . . . 9 Y
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Amalysis of Magnetic Field Effects Operators Working a Power
Transmission Line Using 3-D Finite Element Method

A. Bunmat, P. Pao-la-or
School of Electrical Engineering, Institute of Engineering, Suranaree University of Technology, Thailand
E-miail: arak bunmat(@gmail com, padeji@sut ac.th

Abstract — The power tramsmizzion line is crucial to the
energy system in the coumiry. There is a strong emphasiz on
industry sectors. Engineers have a duty to protect and maintain
power transmission Enes systems. This research has brought the
power transmission system of the Electricity Antherity of
Thailand to analyze the simulation remults, proposes a set of
mathematieal model: presenting magmnetic fields eaused by 115
EV power transmiszion line huns over a I2 KV for the operatorz
working on the transmizzion 22 kV systems by uszing a set of
second-order of PDE. The sinmlate conduct here in is based en
the 3D FEM in the time harmonic mode, MATLAB
programming to show the effects of magnetic fields around power
transmission lines and moagnetic field distribution in staff to
perform work., An investizate the magnenic fields aeting on a
human in comparative with ICNIRP standard.

L INTRODUCTION

Analysis the Power line requires accurate prediction of the
Transmission line behaviors, e.p. magnetic field, electrighfield,
etc. These are based on magnetic field distribution through the
volume of the transmission line. To analyze (of the
transmission line, there are two main methods of magnetic
field ealeulation: i) permeance wave theory and it) numerical
approximation methods (e.g. finite difference: FD or finite
element methods: FEM) [1]. The FEM is applicable 10 a broad
range of solving electromagnetic  problems  dué |19 its
fexibility, and accuracy. Application of the FEM. tooamalyee
power transmission line is inclusive. In addition, this method is
more efficient than the FD method due o flexibility and
accuracy, and it can gain several advantages when it is applicd
to transmission line. In this paper, a time-hamonic system in
power ling is used for test. The time harmonic be the case that
the system has only a single frequency. This resulls in a set of
partial differential equations (PDE).

A 115V power transmission line hung over a 22-kV
power distribution line on the same tower is selected for test
The domain of study with the 3-D FEM can be discretized by
using linear tetrahedron elements. The simulation conducted
here in is baseds®n the FEM in the time harmonic mode,
MATLAB Progmafuming can display the distobution of
magnetic field aroufd piwertransmission lines, and effects the
operation on the 22 W frofmission line system. [2]-[3]. All
the programming instructionsare coded-n MATLAB program
environment. Moreover, due to cxeessive magnetic hields fhat
might be harmful o people or livestock Li\'.ing ‘tﬁ.rby, careful
investigation of the magnetic phenomena is taken into account.
According to the standard of International Commission of Non
lonizing Radiation Protection (ICNIRP), the satisfactory
simulation results are also complied with the ICNIRP standard.

II. MODELING OF MAGNETIC FIELD FOR A POWER
TRANSMISSION LINE

In magnetic field calculations, the magnetic field intensity
(H) carries a bundle of information comsisting of magnetic
ficld (B) in which B=yH. Utilizing the wave equation
(Helmholtz’s equation) as in (1)[4]. When the supply
frequency is 50 He, magnetic feld modeling that follows the
Ampere’s circuital law is defined.

61H+H!H+31H - o'H solB g i
a.\._’ aj.! a___’ "uar! o

where, [f is the magnetic permeability, @ is the conductivity,
and £ is the constant dielectric permittivity.

Consider the time-harmonic system by  representing
H = He'™ [5]. therefore

%'Tﬂz—miff and %:J’aﬂ

where ¢ is the angular frequency
Therefore, refer 1o (1) can be rewritten into the following
equation.

V2H - joouH + o' gl =0

Consider the problem in three dimensional (x,),2) plane, then

%[%]4-%[%—} %[%] -(jma-pmf}H=0 (2

Analytically, there is no simple exact solution of the above
equation. Therefore, in thig paper the 3-D FEM is chosen to be
a potential ool for_ finding approximate magnetic field
solutions forthe partialdiTerential equation described as in (2)

1L (FEM.FOR THE POWER TRANSMISSION LINE
A Diseretization

This paper conducts the simulation study by considering
the 115-kV Provincial Electric Authorty of Thailand (PEA)
power ling system in Nakhon Ratchasima province, Thailand.
This type of power ling systems s common in rural areas in
Thailand. The selected test system consists of 2-bundle

978-1-4799-8805-1/15/$31.00 ©2015 IEEE L7
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conductors configuring in vertical conductor arrangement as
shown in Fig. 1. Also, depicts the detail of the power
transmission lines. Fig. 2 the detail of the human. Fig. 3 a 115
kV power transmission line hung over a 22 kV.

T—OHG: = (ks m

AA4m
]
'_.""”'1_':1;\-’: R—0.125 mg
0A5m—
1| Z5m
1.5 1m
e I E—
1125 m
0S5m 05m s m
2m
..-/f \\ :
22V R = (MM m
& !im
- .l

jREE @ TTYEW
L] lepsisiais) |4

Fig.2 Detail of the human

The domam of study with the 3D-FEM can be discretized
by using linear tetrahedron elements. This can be accomplished
by using Solid Work for 3D mesh generation. Fig. 4 displays
mesh representation of the test system. The region domain
consists of 345 673 elements and 58 841 nodes.

Fig 3 Power lines in Nakhon Ratchasima province

- /A

Fig.4 Diserstization of the transmission line

8. FEM formulation

An equation governing cach element is derived from the
Maxwell’s equations directly by using Galerkin approach,
which 15 the particular weighbed residual method for which the
weighting functions are the sifme as the shape functions [6].
According 1o the method, the magnetic field intensity is
expressed as follows

HUGQUY=HN, +H N +HN, +HN, 3)

where Hy, m =1, J, k& | is approximation of the magnetic field
intensity and the N, , n =1, j, k, 1 is the ¢lement shape function
at each node (7, J, k, 1) of the elements.

1
N =—i(a +bxtey+dz) 4)
P ATE,

1188
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where I is the volume of the tetrahedron element and,

LR AR Ve L A AR R Rt A FTE P

& =05 -V NS - RS S5 -5

ay = 50Y5 - Y5 XS - ) X s - 0s)

& =50V, 5 - NS - NE ) T - V5

b=y (5 =z 5z, —-5)+y,(5-5)
b =y(s =)+ N5 =5)+ (5 -5)
By =yin =20+ 5 =50+ 805 -3;)

b=yl =2+ 30E =5 )4 Y05 -5)

K

=f aN, aN,,  aN, aN,  aN, o,
Nar & & o & o

Bh o +ad Bh oo i Bhyron+id, | BB +o0 )

1 bl ron vl Bh+onedd, Bhos+dd,
By s agy Bl o o,
By +oy +ddy

3m

(7

For one volume containing 4 nodes, the expression of the FEM

3-D approximation is a 4x4 matrix. With the account of all
volume in the system of m nodes, the system equation i
sizable as an mam matrix.

C.Boundary Conditions and Simulation

=X, =5 )+ x5, =5+ x5 =-2))
€ =5(5 =S (5 =5+ x5 -5,)
& =55 =5 X (s =5 ) x5 -5

& =Xz, =5 x5 =5 )+ x5 -3)

The boundary conditions applied here are zero magnetic

fields at the OHGW, andthe ground. For the boundary
conditions at outer perimeters of 115-kV power hnes, 22-kV
power lines is given in Table 1. Properties of materials used for
this simulation is given in Table 11 [7]. It notes that the
/ permittivity of free space (&) = B854x107™ F/m and the

permeability of free space (i) = 4mel 07 Him,

4, =500 =V, 5 =3+ (= R)
d, =5y =y )+ =30+ 35,0 =3)
d, =5 (¥, =3y =y #50,-7,)
d, =50 =¥ Xy -|1'*]+:tj!,‘.JE —-¥.)

The method of the weighted residual with ' Galerkin
approach is then applied to the differential equation. refér o
(2), where the integrations are performed ovef the wvolume
domain V.

o))

_J‘_\',i{_,rfquo'—-yfmz:]Hﬂ‘FEU
,m‘inlhemmph:;malrix form
[+ xl{z}20 5)
M= [Q:"m‘..lrr - prar ”_\'N_-\'Mdl'
]
2111
_(Jowo-pea? V11 2y ©
h 20 1121
1112

1189

TABLE
THE BOUNDARY CONDITION FOR 115 KV
The surface of the conductor Magnetic Field (uT)
Y phume Al 102.2829./86.4787"
e (e 102.2829.7 -36.4787°
R 101.7424 7 -§1.9398"
iy 101.7424 /81,9398
N 102.2830.77.2734"
ZaN 6.2588.249.2607°
A\ N\ 6.9940.7 -0.4702"
R - 74435./6.7152°
Dverhead Ground Wire (OHGW) UZOO
e 00"
TABLER

PROPERTIES OF MATERIALS FOR SIMULATION

Description Electrical Relative Relative
Conductivity | Permeability | Permittivity
(e, S/m) {44r) &)
Power Lines(copper) | 3.8x107 I 35
Human 021 18.8 50
Steel 0.8x107 300.0 35
Air 0 1.0 10
Tower{cement) 1.0 1.0 1.0
Insulators{polyester) 0.1 50 117
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IV. RESULT AND DISCUSSION

The FEM-based simulation conducted in this paper is coded
with MATLAB programming for calculation of magnetic field
dispersion. To utilize a graphical feature of MATLAB, the
graphical representation for magnetic field strength, contour of
magnetic Geld distribution through the cross-sectional area of
the working domain, graphical representation for magnetic
field strength in human for the transmission systems are
presented in Fig. 5, Fig 6 and Fig 7. respectively. When the
human body model of 180 cm height exposed wo the 50 Hz
overhead power transmission line. The height of the power line
and human is 12 m above ground.

Fig.5 Magnetic held distribution (uT)

Fig.6 Contour of magnetic field (4T) at a cutaway position of
the center of the operutor body

Figg.7 Magnetic field distribution in human (uT)

From Fig.5 — Fig.6 distribution of the magnetic field in the
power transmission lines. Fig7 shows the effect of the
distribution of the magnetic field in human. An average of
magnetic field of human is 10,7 4T, which is less than
magnetic field level that hazard to human. It is regulated by
International  Commission of Non lomzing Radiation
Protection [B], which the level of magnetic field safe to human
for general public up to 24 hours/day must not greater than 100
4T and for occupation whole working day must not over 500
ul.

V. CONCLUSION

This paper has studied the magnetic field distribution
caused by 22 kV power transmission line hung below a 115
kV power distribution line on the same tower is selected for
test. The domain of swudy with the 3-D FEM can be discretized
by using lincar tetrahedron  elemenmts. The  simulation
conducted here in is based on the 3-D FEM in the time
harmonic mode with appropriate graphical representation of
magnetic fiédlds is conducied. As a result, The magnetic field
effects the operator working remains with the ICNIRP
standard.
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Shielding of Magnetic Field Effects on Operators
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Abstract— Inspection, maintenance, and repair of electric power
transmuission line systems is a core fimetion of the dectrical engineer,
who does such work on a daily basis for electrical power distribution
systemss in all vegions. In Thailand, this task is the responsibility of the
Provincial Electricity Authority (PEA). This artice propeses a
mathematical model of the jc field around a 115 K\ power
transnuission line mmg over another 22 KV Ene on which the staff are
performing worke This was modelled using a 3-dimensional finite
element model. It is to be wsed as a diagnostic tool for predicting the
on shielding magnetic devices from electricity to reduce the negative
effects of magnetic nduction on workers maintaiming 22 KV
transnuission fines. The corvent study reports the results of decreased
wse of magnetic materiaks to reduce the magnetic field and the effects of
magnetic fields on human beings according to ICNIRP standards.

Indev Terms— transmission line, 3-D finite element method
(3-D FEM), magnetic field, material shielding

I. INTRODUCTION

Inspection, maintenance, and repair of .elecine
transmission lines are the regular duties of engineers and
electrical personnel. A 115kV power transmission line of
the Provincial Electricity Authority (PEA) lmng over a
22kV power distribution line on the same tower was
selected as a test stand in Nakhon Ratchasima province,
Thailand.  Generally, a transmission line will be
disconnected while it is repaired and the current in the top
transmission line contimies to flow. This should be safe
for personnel to perform duties. But in reality, there 1s an
effect of the cumrent and veltage of the transmission
system overhead upon the operator. Magnetic fields are
induced in thedower transmission line even though power
is not being supplied to this line. As a result, personnel
working in the distribution system can be harmed.
Therefore, this article demonstrates how to reduce the
magnetic field affecting’ the .operator, of the power
transmission line with materials thaf reduce magnetic
field problems and their associated hazards.

Footmotes: B-point Trmes Newr Roman font;

Manuseript received Tuly 1, 2012; revised Angust 1, 2012; acceptad
September 1. 2012

Copynght credit, project mmmber, comrespondms auther, ete.

Normally this phenomenon can be explained in the form
of a differential equation or imtegral equation where is
difficult to find an exact solution Therefore, it is
necessary to use an approximate mumerical solution.
Numerical computations can quickly solve these partial
differential equations [1]. The most effective and popular
metheds today include finite element methods. This
research, in particular, requires the use of a 3-D finite
element method. Finite element methods are numerical
metheds that are used to calculate the approximate
solution of a problem in the form of a partial differential
equation by dividing the scope of the problem into small
elements.

We then construct the equations of each element in
accordance with the differential equations, and the
elements are connected by their adjacent nodes, which are
the positions where the solutions are calculated. For the
finite element method in this research, the 3-dimensional
calculation of the finite element method was done by
dividing the wolume of the problem into many regions,
the so-called elements. The displacement and force
within each element at the boundaries shared with
adjacent elements must be compatible and balanced.
These shape and size of these elements depend on the
resolution of each task, how mmch the shape needs to
resemble the onmginal. This elements, if considered in
3-D. may be tetrahedral hexahedrons, octahedrons, or
pyranmtds. in which tetrahedra are used. This is because
these shapes have the fewest nodes or junctions. Also, the
tetrahedra can be assembled to form any other shape. The
accuracy of the solution will depend on the size and
mumiber of elaments usad to Sobve the problem [2]-[5]. All
the programmung instructions were coded in the
MATLAB emvironment ¢ Moreover, due to excessive
magnetic fields that. mught be hammful to people or
livestock -living” nearby, careful investigation of the
magnetic phenomena was done. According to the
standagds ©of the International Commission on
Non-Tonizing Radiation Protection (ICNIRP), satisfactory
simulation results also comply with the ICNIRP standard.

II. MAGNETIC FIELD MODELING FOR. A POWER.
TRANSMISSION

Mathematical models of magnetic fields (B)
generated by high currents are expressed in terms of the
intensity of the magnetic field (H) in whichB=xH. The
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Helmholtz equation is shown as (1) [6]-[7]. The magnetic
field modeling follows Ampere’s circuital law as follows:

#H #MH ¢/H #H H
P = Rl R ®

where H is the intensity of a magnetic field, £ is the
constant dielectric permittivity, t is the time gf is the
magnetic permeability, and o is the conductivity. This
paper considered the time-harmomic system by

representing H=H [8]. therefore
E = jwmH and
ot

where @ is the angular frequency.
Therefore. (1) can be rewritten as:

VH — jwouH + o’ ey =0

Considering the problem in three dimensiomal (x,),2)
space, then

) et B

ala) a3

As can be seen, to obtain an exact solution of (2)
difficult. In this paper, the FEM was employed to find an
approximate solution to these equations.

III. FEMFORTHE'['RANMSI()'Nﬁ[NE

A. Discretization

In this study, a 113 EV power transmission system was
mstalled over the transmission lime of a 22KV
distribution system of the Provincial Electricity Anthority
in Nakhon Ratchasima, as shovwn in Fig. 1. The modelling
of this study was conducted in 3-D. The sizing was varied
according to the need to analyze areas of interest within
different parts of the system. Fig. 2 shows a 115 kV
transmission line over a 22 kV system. Fig. 3 shows a
human form.

The 3D-FEM domain of study can be discretized using
linear tetrahedral glemfients. A tetrahedron consist of a
single volume with 4 nol!ﬂ, wihich can.be done using

SolidWorks 3 -D in the gu&ynmﬁm made nFizo 4

displays the grid representation of the- test.system. with
58,84 1nodes and 345,673 elements used to model a 22 KV
power line.

y(m)

OHG R = 086 m
F4m
115KV B =8 125 mg

vasm__

HEEE]

15m

1| z5m

575

TRV R =005 m

s LT

|

x(m}

Figure 1. Deetails of the power lines

Figre 2.

150 em

Power lines m Malthon Ratchasima province modelled m
the current study

Bl i

Figure 3. Datail of the human form
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Figure 4. Mech of power transmission line with a person working on a
22 kV lina.

B. Finite element formulation

Equations of each component were derived directly
from Maxwell's equations using a weighted residual
method, where the weighting function was the same as
the shape function. [9] - [10] According to tlus method,
the magnetic field 1s shown as

H(x,y.2)= H\N, + H.N, + H, N, + H, N, @

where N, , n = 1,2 ,3,4 is the element shape function and
the H,, m = 1,2 3,4 15 an approximation of the magnetic
field intensity at each node (I, 2, 3, 4) of the elements,
which 1s

N = E%'_ (@, +bx+ey+dz) o)

where F is the volume of the tetrahedral elements and,

=13 (¥253 - 3352 ) +36 005 - ¥aa )+ 5 (155 - Dams)
ay =x, (35 - 15 £ 005 - 1)+ 5 (05 - 057,)
ay =x,(¥,5, 5) Fx 005 - 15,) X, 002, - 145)
a5 =X3(¥25 - 15) + X0 (A - ez )+ 3 (M2 - 0a5s)
b=y G o)+ paln - )+ 05— 5)

by =34(5 28 + 05— 2) + (5= F)

b=y ) Bds )+ s —o)

b=yl —m)ruEsslt nisz—5)

6 =X (5 —5)+ N5 S5 ESS

€, =X,(5—5)+x5(5 —2,)+ (5, 75)

ey =x(5 —5)+x (5 -5+ 05— 5)

€= X2 —5)+ X, (5, —5)+x(5 —5,)

dy =3, (13— V) A5 (0 - (- x)

dy =500 = y3) + (s — )+ 50u - K1)

d =03 — V) + X — )+ m (s — 1)

d, =x(n — )+ 50 —3)+ 00 -n)

The method used weighted residuals in the Galerkin
approach and was then applied to the differential
equation, (2), where the integrations were performed over

the element domain I .

[ [2(2H), 2 (), 2 aH))

D Mlala ) ala ) e
_IN"[jmpa-ysw]}Hd’Fnﬂ

In the compact matrix form, they are:

[M+E]{H} =0 5

M= [ Jjowue — et ”.\'}. NpdV
¥

5 2111
(jowo—peor V|1 2 1 1 ©
N 20 5 AP
1112
&N, N, AN &N, )
pa (B, M,
ar ar ay oy
B+l Bl b sddy Bl rge 2ddy R e +dd,
bty +oyey + ey Boby+cpty +audy iyl oy + dyd
Wby ety +dydy by +epe +dyd,
S Behy + ey + iy (?)

For one element containing 4 nodes, the FEM
approximation is a 4=4 matrix. With » nodes, the system
iz an pxn matrix.

C. Boundary conditions and simulation

The boundary conditions applied included a zero
intensity magnetic field at the OHGW, 22KV power
lines, and the ground. For the boundary conditions at the
outer perimeters of 115-kV power lines are given in
TABILE I and the current in/the line was 855 A [11]. The
properties of materials used.in this simulation are given m
TABLE II [12]. Theq pemmittivity of free space
(&) 15 8.854x10-** F/m and the permeability of free space
{pto)is 4mx107 Hm.

TABIET Tee Bovxpamy Coxpirions For Tee 115V Casre

The surface of the conductor Magnetic Field (uT)
115KV phase Al 501.8967.-86.2935"
115kV phase A2 604.3222 7 -86.6029°
115 kV phase Bl 599 8715 -74.0822°
1135 KV phase B2 600.0587.285.7260"
T15 &V phase C1 602.2586.2 84,0437
115kV phase C2 600.2544.85.3268
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TABIEN  ProperTiEs OF MATERIALS IN THE SMULATION

Descripion Electrical Relatre Relatrre
Conductivity | Permuttinity | Permeability
(e, Sfm) (=) ]
Porver Lines (copper) 38107 33 1
Human Body 0.21 50 188
Staal 0.8<107 15 300.0
A 0 1.0 10
Terer (cement) 1.0 10 1.0
Tosulators (polyester) 01 117 50

D. Shielding the magnetic field

Shielding iz generally done at the origin of the
magnetic field. For example, this may be on high voltage
transmission lines or at the location of devices affected by
electromagnetic fields, such as computers or electromic
devices. Two popular shielding methods are available, a
flux shunting mechanism and an induced current
shielding mechanism [13-14]. This work focuses on
magnetic protection using an induced current shielding
mechanism since the blocking or reduction of magnetic
fields by this mechanism uses highly conductive
materials such as silver, copper. and aluminum, among
others. This mechanism occurs when the conductor
material is placed in a changing electromagnetic field.
The result is an induction of an electric field i the
conducter material according to Faraday's law. The
electric field formed in this conductor material causes an
electric current that flows on the conductor’s surface.
This induced current is called an eddy current, which
creates a magnetic field to couvateract the original
magnetic field. The magnetic field m this area 1s reduced
as shown schematically in Fig. 5. The advantage of
blocking the magnetic field using this mechanismyis that
it can be accomplished using a small magnetic object.
The disadvantage of using this mechamism is that the
reflection coefficient and electromagnetic absorption are
low.

G

Figure 5. Induced current shielding mechamsm.

Proper shielding will reduce the intensity of the
magnetic field in the shielded area. Shielding efficiency
(SE). which is determined by the attenuation ratio of a
magnetic field, when a magnetic field is emitted from a
magnetic field source. measures the magnetic field
strength at one point. If there are no magnetic objects in
the area, then the object is blocked and the magnetic field
mtensity measured at the same point of observation.

Again. the above definition is written as a mathematical
equation.

SE(dBJ:JO,‘og[H_I} n.a.-.m} it

shield

Materials that attenuate the magnetic field will depend on
the skin depth (4) as in (9).

é‘=,’ : ©
o0

In this study, we introduce four types of materials for
shielding magnetic fields, alumiminm, steel, 80 % Ni-Fe
p-metal, and Fair Rite — Type 76 Ferrite. Electrical
conductivity and magnetic permeability values are shown
in the TABLE III [15-16], where the entire body is
covered to a depth of 5 mm_

TABIEIN ProrerTiEs OF SHELDING MATERIALS

Relative
Material Comductinity Permeability Skin Depth
{g) Sfm () (6)m
Femite 7 10,000 0.503
Ahumimum 38x107 1 115%10°
Steal 1x107 500 1x10°
30 Ne-Fe p- 1.64x10° 15,120 452%10°
netal

IV. RESULT AND DISCUSSION

Finite element simulation was done using MATLAB for
calculation of magnetic field dispersion. MATLAB was
used due the simplicity of its approach to the simmlation.
The simulation results inclided contour zooms of
magnetic field distribution through the cross-sectional
volume of the working domain. graphical representaticn
of magnetic field strength. and graphical representation of
the magnetic field strength in a human body near the
transmuission system. These are presented in Figs.6, Tand
& . respectively. In the simulation, a model of a 180 cm
tall human body was exposed to the magnetic effects of a
50 Hz overhead power transmission line. The power line
and human were 12 m above the'ground.

Figure 6. Magnetic fisld distrbution (uT)
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Figure 7. Magnetee feld contours zoom (4T) at a cutanay
position of the center of the oparator body

In Figs. 6 and 7, show the distribution of the magnetic
field in the power transmission lmes. It can be seen that
the magnetic field is very strong near the surface of the
115 kV conductor. Fig. 8 shows the effect of the magnetic
fizld on the human body. Average and maximum values
of the magnetic field of a human were 7092 uT, and
130.46 uT, respectively. It was found that the magnetic
field was strongest at the head of the human body
because it is nearer to the conductor. This value exceeds
acceptable safety limits and is hazardous to umans. The
International Commission of Non-Ionizing Radiation
Protection [17], set the level of magnetic field safe to the
general public as not greater than 100 uT over a 24 hours
period. and it must not exceed 500 uT for a work day.
Therefore, human beings mmst be protected against the
effects of magnetic fields near transmission lines. The
results of the simulation of magnetic protection are
shown in Figs. 9- 12. The sinmlation results of magnetic
field protection and SE values are shown in TABLE IV.
Figs. 9-12, show mapgnetic field contours and their
distribution in the human body (uT) at a cutaway position
of the center of the operator body when ferrite
aluminium, steel, and 80% Ni-Fe p-metal materials are
used for protaction, respectively. At the bottom left, the
shape of a human body is depicted. The magnetic field 15
less prominent because of the shislding materials used.

Figure 9. Magnstie fisld contours and distnbution at the center of 2 human body (¢T) usng famte matenals for shieldms
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Fizure 12. Magnene field contours and dismbution at the center of a human bedy (uT) using 80% MNi-Fe pmeial materials for shielding
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TABLE IV. Macxetic FiELD Bv A Hinaax Booy

Shieldmg Maxnmm Average Shieldmz
materials magnatic feld magnetic field eficiancy
inhumn (1) | mbuman D) | (SEB)
No shield 13046 7092 0
Farmte 1302254 703268 0.07
Ahmmimim 279704 4351 EE
Steeal 03464 00105 7659
80P Ni-Fe - 0.0920 0.0021 90.57
matal

This work shows the distribution of a magnetic field
that affects the operator of a 22 KV transmission line. Its
power is cut, but it is affected by a nearby 115 KV
transmission line, resulting in an internal magnetic field.
It is necessary to reduce this magnetic field using ferrite,
aluminium, steel, 30% Ni-Fe p-metal as shown in
Figs. 9-12. with an induced current shielding mechamsm
TABLE IV shows the maximum and average magnetic
fields in a human body. and the shielding efficiency (SE)
obtained with materials that affect magnetic attenuation
such as aluminium. steel. and 80% Ni-Fe p-metal. The
results comply with the Intemnational Commmssion on
Non-lenizing Radiation Protection (ICNIRP), and the
80% Ni-Fe p-metal yielded the best protection. Its high
conductivity and magnetic permeability reduce the
magnetic field as a function of its skin depth as is_shown
in (9).

V. CONCLUSION

This work studied the magnetic field distribution
caused by a 115 kV power transmission line hung over a
22KV line on the same tower. Computer’ simmiation
based on a FEM in the time-harmonic mode with the
appropriate graphical representations of magnetic fields
was conducted. The shield was based on the induced
current shielding mechanism. Four materials were used to
shield the magnetic field: ferrite, aluminium, stesl, 80%
Ni-Fe p-metal. Simunlation results showed that the 80%
Ni-Fe p-metal offers the best magnetic protection.
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