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Modeling of Electromagnetic Environment Inside a Factory Building via Finite Difference
Time Domain Method

Mengu Cho™, Member, Youhei Ohtani™, Non-member, Katsuichi Hayashi™*, Non-member

Increased use of factory automation (FA) apparatus raises concern over electromagnetic interference among electronic devices

at the industrial sites. The purpose of the present paper is to discuss modeling of electromagnetic environment inside a factory

building via Finite Difference Time Domain (FDTD) method. The principal noise frequency radiated by an inverter-motor system

in the building is between 1MHz and 10MHz. Three-dimensional simulation code is verified against measurement of magnetic

field distribution inside a simulated building and a laboratory. Effect of wire reinforced concrete wall on the numerical modeling

is discussed. As long as the noise source is far away from the wall, the reinforced concrete wall can be modeled as a simple

metallic wall reflecting the electromagnetic wave of the frequencies between 1MHz and 10 MHz. When the noise source is

embedded inside the wall, however, each reinforcing wire must be modeled.
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Keywords : FDTD method, electromagnetic field analysis, electromagnetic noise, switching device, EMC, reinforced concrete
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shown. the contour line is in dB normalised by the

maximum value on the plane).
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Table 1. List of parameters with the dimension of length

necessary to model the electromagnetic environment inside a

factory building.

parameters Symbol | range(m) | range of parameters
non-dimensionalized
by wave length

wavelength A 30~300 1

length of L 10~100 0.03~3

building

thickness of wire | d,, 0.01~0.10 | 3x10°~3x10"

gap between L, 0.1~1 3x107~0.03

wires

length of source | L, 0.1~1000 | 3x10*~30

Source-wall d, 0.1~100 | 3x10*~3

distance

& B IIMIEAS 0.03m X 0.03m DHEFRETH Y, KE L LB
FOEERIT 6.5X10'S/m & LIz, ZOBROFICHLERC
—0.9m DESFFHDON—T"T T F %K 5 LFEERIC y @i
i L CiEE, 10MHz OIEKEER%Z x=y=0, z=0.15m DJiE
HERERE L TR LE, K1 TIEEROBELE RHAICH D
ERBOMEEZRL TS, ZWIFRE 7 7 75— —2
ERIBkD B DOTHY, WEIETHRELY & ETIVUXER
REBISROVOIXAMOEFETH DD, RfE CTILEBR O
FHETIERL, BENE TORK $F — 2 DENTHONT
TV 5D,

AR 4] 2 1B A=0.01ns T 60,000 A7 v 7 (HIH
600ns) 17V, A€ Y REIZ4GB T, 7 ML A— 8~
Ea— &% HNTAY Rl 93% TK 2 R Th o 7,
WHHEIE L CTHE ST CPU L —EDOREM Lz, Z DFHEIL,
BEFADTFAZ by FT—0 25— arkffiol-b L
THhAEY EZREITHATOIIZT & 23 B THEITATHE
REHTHD, LY HREL<LRLST, 60mX60mX12m
HEO KR OEREL 0.03m 2 Y vy RTREIAH &T5 &
TINA NI FADAEYVRBEELEL L, BURTIEAR
BEThd, LL, Thhbilbb X oI, BIROekm
ZHEMAABKRG CEIHWMZDE ZENTRETHUE, 7V v
RESFOKRKSREE TN T2 H8EII2RL, BEOY
—JRTF =g TADALE 2 —F TSI
AIRRIC 7R D,

K 11 [ZR L8R TO 10MHz OERBR OS5 L, &
BOBER ORI ERCTEEEEZ TREMERE L&D
BRER O & LB LT, X 1212 x=0, y=0.6m, z=0.6m T
Dy FBES Ay DR LA R T,

1213 BB SR ORFORER H,, C, T B BE[H & 42
TaJRE & LRk LIERORR H, Tho, Ebb
HRERER L TH D 10MHz TOIRBZ RE T 58, &R
HEED G ITEAFE RS BEE SN LD I T D,
FDTD B2 B W T, FEHMIC b 20 2 > TV 5 R |F,
SERHE—EAEBOERKEED Z LIXTET, ARHA
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Fig. 11.
building with wall which has wires of 0.03m thickness

Computational model of 6m X 6m X 1.2m

at 0.3m interval.
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Fig. 12. Temporal variation of magnetic field in y
direction at x=0,y=0.6,z=0.6m in the computational
domain shown in Fig.11 (top), temporal variation of
magnetic field in y direction at the same position when
the building is covered by simple metallic walls
(bottom).
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Fig. 13. Computational model of simulated building

used to study the relationship between wavelength and

the gap of wires.
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Fig. 14. Distribution of y direction magnetic field on
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x-y plane at z=0.3m inside the simulated building
(contour lines are in every dB normalised by the
maximum value. Left; metallic wire wall like Fig. 13.

Right; simple metallic wall).
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Fig. 15.
between the left and right figures in Fig.14.

Distribution of absolute value of difference
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Fig. 16.

strength at 225 points inside simulated building between

Difference of y direction magnetic field

the cases of wired wall and shielding wall (the
horizontal axis is the magnetic field strength for the case

of shielding wall, the frequency is 100MHz).
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Fig. 17. Magnetic field strength, (H,/H,.y)., Where
the difference between the wired and shielding walls
exceeds +1dB difference at various wavelength (the

definition of horizontal axis is shown in Fig.16).
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direction on x-y plane with the center of antenna at
z=0.3m inside the simulated building for 100MHz
(contour lines are in every 10dB, the radiation source
is at y=0.27m, Left; wired wall like Fig.13, Right;

shielding wall.
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Fig. 19. Magnetic field strength, (H,/H,.)., where
the difference between the wired and shielding walls
exceeds £1dB difference for various distance between
the noise source and the wall (the radiation frequency
is 100MHz. The definition of vertical axis is shown in
Fig.16).
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Fig. 20. Computational domain used to study radiation

from power lines embedded in floor.
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Fig. 22. Distribution of z direction magnetic field of
10MHz on x-y plane at the height of 1.2m from the
floor shown in Fig.20 (shown in dB normalized by the
maximum value, Left; The floor is made of reinforcing
bars at intervals of 0.3m, Right; The floor is made of

simple metallic plate).
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the floor shown in the domain in Fig.20. The frequency

is 10MHz.
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