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Influence of grounding locations on shielding

effectiveness of shielded room
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Abstract

In order to analyze the influence of grounding locations on the shielding

effectiveness (SE) of shielded room, numerical simulation is done by applying par-

allel time-domain finite-difference (FDTD) method on the coupling problems be-

tween shielded room and two high power electromagnetic environments, that are

lightning electromagnetic pulse ( LEMP) and altitude electromagnetic pulse

(HEMP), respectively. Inner coupled electromagnetic (EM) fields are calculated

when the shielded room is with different grounding locations. The results indicate

that the farther the distance between the grounding location and the aperture, the

better the SE of shielded room.
Key words

parallel time-domain finite-difference method; shielding effectiveness;

grounding locations; high power electromagnetic environment

51 =

AT R0, B E H K ol (LEMP) A 25 2 |,
1 ok v (HEMP) %5 55 Dy 28 B i P4 358 % i 7 L F R
& MRG0 AT AT R ™ A B 5 R s )
ARSI B . AN G 33 1 B AR L
Wi EHE: 2011-02-02

E&WMA: HEARPEIESEIIH (60971063)
RN : F#5% E-mail: yyuan5138@gmail. com

FR 1T | T AL BE A R il 3 PN B LR R A b, T R I
P9 A B i B E R AR N B R i AL
SERRG )OS A A BF 5T AR K5 % A )
M A T L5 5% BE S W ) SCRR T A 22 0L

B B A2 TR IE R R SO OO AL
R M AT S 22l 101 5% 69 — A T K 5t A 4 v A6 [



46 b

D

FF R %21 %

FETE R — S V(A 1, IR ARG 42 b AR G B A R AR
VRS R SR BE BT k2 5 1 ) 2 AT
BELEE T8 ), a2 57 25 018 S [ 5 o i 25 482 b 43
A 422 b RIS 4 L 1T AR R AR MR S RS B
i 3 % H O VETE ] L 10 S5 AL 1 B L T Y 5 AR T
7 J5 3 W00 Sk 32 A S S AL T I R AR T

R4 BT ot e 2 S [ 422 b o7 b JHL 57 o 5k R 14 5
) SR FH AT B 38 AT B 22 43 300 43 030 T Bkl =
TERT & 32 o F S 8 32 b WO A T 5 LEMP A
HEMP R4 08, LEMP ¥4 118 b ir vk & 1 55
HL, 900 5 FEL 3 3 R SE R oK G, 0t b DA [l < 3 G RN
AL BE = B T R — =4 K AT 1 R R
Kz E] AN R AL P AE A E]
T 2R K i DA T o 3 3 R0 L R i o BT AT
DRI [l R S 8 T B A A A R R SE
TR LB i 2 1 A & 11 8 DU AR A b R ik
7. AP AR IMTEES LR 5 R
THE DX AR Al b 3 28 11 50 1 AT — 4k X S 00 i 1
A Kb R 28 T B 1) A8 — T OB R
A T AL [

L SRR ATk

1.1 FikEfEiEs

Bk A AE 1 FroR . K a=3 m W IEJT
A TE 55 R T ) 2 LAY S5 WA T BE TRD PO 6 B T
AR N 0.3 mx0.3 mfL, s S Kbz
) ) 4 2 48R 0. 1 m, MR 2.5 m, H b i BE 1l
I 0.8 m.ilit 5| 2k Stk MHER. S ABR
THAA A AR v A B A, T A L B A B S A i B R
0.05 m,0. 6 m.

B

fe—\

o>

.
v
=]

bed
&
— |

b
i
B

T~ w—

F—¢

1 BRERTREMTEER

1.2 #EmiE

&l B HL T 2% 51 43 A i TEC 61000-2-13"170 2 oy
Yy B T 100 V/m 1Y HL 8% 855K A = T 6 Ha
WG R AN [l 58 A G I 45 0 T 42 b o7 8 %o ot
2 AR HEA I I B W A T e R B A s o R
HL G R4 . LEMP Fl HEMP, o8k 2% 36 35 X 2 580
R T

LEMP: E=E, (e “—e ),a=9.2X10°s ',
B=0.5X10"s";

HEMP: E = kE, (e *" —e#),a=6 X 10"s7",
B=4x10%"',k=1.3.
1.3 HEFE

1o ) 2R H R A 35 6 1T AL 5 = A R H R
O R, FH FDTD 32 1155 55 1) R Ao 8 o 11 58
DA 4 Sy 53 DORTBIURT 31X, AR 46 S5 A B L AR
S KRB b DX 3% B R v A G i LG
(8 10 4 AT RE A ST I RS A B IX . X Fa R
— K H AT JZ A 0 i O R R UL 2, i a2 b T
B4 52 1) A e 7 ER K 1l 2 1) e 08 0 2 A S
FEFEE T b, R R I S S 3 ) R i
1 1B A A G =) UR A G I RN b T
SFE 0 2 0 5 2t 8 43 D0 S W AR A S I A T Y
St

bt SUE
[

ES

W

B2 =|-KMSENREG/ S

XFF HEMP, £ Hy [ B 5 — i o & 1E °F
AR CE S ) 1Nk I W Yz . O W A N ]
T4 . X AE LEMP 9 IR S 6 Hi IA 9] < 58
T AFF AL W2 50 B T AT X, 7 e A
PR A TR G R s e 3 FR . A e
REXTRRE , I 38 2o A b A8 e A 4 Oy = 4k A AR AR R
AR S N A AR A A AR R XY O
WA E B REENROIEGYS. hit—2
PR R ROR A 2 R A A AR X3 R R B AR Y A
e NI (R e 5 = MR = O A 1 e 2



%14

B AR R AR RO B DA /N A LA v 3 SR L 7
X 10 X s Re FH ¥ 728 IR0 A 52 AR P R I L3R i T

zA
KR
R,
FlulE >
{HLT S N
MR ST HiAE R g
aws | LTI !
FFALBF % |
EHIIKE _;J:F@iﬁ

¥y

E3 FIRW=ES LEMP #E&it&&EsR

2. TFEE R K b

R H A L H BRI R B e, = 10 il 6 =
1077 S/m. kil 2 B2 PR A% 1 L (0 B R T B R B
SR a8 ) 25 KR I ] 2B K 2 B R LEMP: 6 =
0.02 m, At=1/3X10"" s; HEMP; 8 =0. 01 m, At
=1/6X10""s.
2.1 EEWIE

R 56 IE B A b R R 6 T A5 0 B A
BPIHATX I, 2 mX2 mX2 m R
Pt e 3= B T A A R K op LB P T LR R
0.25 mX0.25 m, ¥R R H 600 kV BUHE % = &
ik U 6 5 i Y S AL B ES R 0. 2 mo Ak A5 Y
T A I i 4 ) TR 2k FH FDTD 36 45 #2AH
[vi) 15 150 A5 4 [ 07 2 FL 37 0 7 T 4(b).

FEA B 4 Ca) B Ch) AT LA K B B8 5 52
W — B3R AT, I T ARSEIL A stk . R ik —

=

E,/kV-m*"

-2

0 200 400 600 800 1000
tins

(a) SEEGIAG

IREF FRERNAE RRF LR 0 AT 47

1
0

-l

=

‘-‘:}._|
-2k

1] Zl;ll] 4;30 GIDD 8‘0{) 1000

t/ns

(b) &N
4 BRBEMNEALCO2mAEFEBHIFER

AP IGAIE S AR HE A 3 (O B0 B WL 5. R LR
T BT A I R R S PR I R AR [ 3 A 5 — A

T [P R R B T A 5 B AL
x10-%
2 T T
1.5
E
=
-'F.' 1
ky
=
0.5
t\M»
050 ]('ID 150 200 ?.150 300
fIMHz

(a) 5 LEMP #1451}

-6
21]0
[+ micwmn
15
_:N
=
Lo
z
0.5 |
L UU I
50 100 150 200 250 300
SfIMHz

(b) 5 HEMP #8341}
B s Rik=ENIBEEFMIERE
53R ATt

2.2 AEEMAE TR 6L

Ry HE 3 A [ 1 M B T R i 2 5 i RE B B
w433 E T LEMP #l HEMP A8 B ik % Aif
SAEHFN G S B NI S . R iR
KL KA 2k, X HEUS ALB AL B K F B3 4



48 Wk A e % 27 %

e
S

E.\E, BT .
1 6~9 n] LLFE Y« 5 il 2 AN [A) 42 3t 437 B 2 1 ooor
THNWMEE 2B B BA A, FRlkE

TET 2504 H B o P 30 B A 3 K T L U 42 M A ]
B 432 s 92 5 AL SIT D00 P 3R 4 9 I R 2% Z
EINES O R = 200f
2.2.1 ANHEHILEMPHEZZERREWIEE '
AT R 3RAB A AT 1k 0 ,
0.3 0 1 2 3 4
t/ps
(b E,
T B7 BHERNE B AEFREXLE
>
< 2.2.2 A4k H HEMP B Rk 5 & R Fl 4204z B
ST 4B A AL
M—[H e i
e e

i ik
[=y:%: 20

E
; 2
=
1
t/ns
0
0 1 2 3 r (a) E,
tins
(b) E, 8 q‘
. B
6 REZRE ASBFEEIL [ R
6
@ —— i T .
R R
o
30t =
_ 2
E
-~ 20f
= 0
[£3]
10 ¢ 0 0.2 0.4 0.6 0.8
t/ps
0
(b) E,
0 ! 2 3 4 E8 BEMNIASBIFZEEI L



EEEF A RCE AL E R R LB R 6 e BT R 49

3.

4 i

W ridE

0 0.2 0.4 0.6 0.8

tius
(a) E,
300 T T T
—— s
i pidE

2001 |

0 0.2 0.4 0.6 0.8
tins

(b E,
9 BRBENI B AEIFEEXL

9!

K H Parallel FDTD £ K, i+ 8 T 76 W #p 5 55

W1 B AN Ta) £ et 2 23 L R B 35 T o i 4 i o7 ) O
GRS RE R SE WA . BT 45 45 SR 3 T . R i & % T v 2
R BEH R R 5 AR B A —E R R,
Jit e = 4 M A B 5 T AL BT, O i RE 22 L R L A

Bt

BT LAE — 5 T2 BE b B o 3 B il & 10 R Ak

AE. DL EZSEXIHE T Bl s SR A 22 A A —
(MBI LI IE

S % Uk

(1]

(2]

KODALI V P. Engineering Electromagnetic Compati-
bility: Principles, Measurements, Technologies, and
Computer Models[ M]]. New York: Wiley Publishing,
1996.

JAREAS, PR W, far e, LR K b B TR B AP
(M. dest: BB Tl i Rt . 2003.

ZHOU Bihua, CHEN Bin, SHI Lihua. EMP and
EMP Protection[ M]. Beijing: National Defence Indus-

[3]

[4]

(5]

[6]

L7]

[8]

[9]

[10]

[11]

[12]

try Press, 2003. (in Chinese)

PAUL C R. Introduction to Electromagnetic Compati-
bilityLM]. New Jersey: John Wiley &. Sons, 2006.
MA K P, LI M, DREWNIAK | L, et al. Comparison
of FDTD algorithms for subcellular modeling of slots
in shielding enclosures[J]. IEEE Trans. Electromagn.
Compat. , 1997, 39(2): 147-155.

YANG C S, ZHOU B H. Calculation methods of elec-
tromagnetic fields very close to lightning[J]. IEEE
Trans. Electromagn. Compat. , 2004, 46 (1). 133-
141.

FENG C, SHEN Z X. A hybrid FD-MoM technique
for predicting shielding effectiveness of metallic enclo-
sures with apertures[ J]. IEEE Trans. Electromagn.
Compat. , 2005, 47(3): 456-462.

LI X J, ZHOU B H, YU T B. Coupled Field Inside
Shielding Enclosure With an Aperture Due to Nearby
Lightning[J]. IEEE Trans. Electromagn. Compat. ,
2007, 49(1) . 133-142.

A3, FF W%, MITTRA R, 4. Jf4700 804 R 2%
rIMI. dent . o EAE A I A, 2005.
YU Wenha, SU Tao, MITTRA R, et al. Parallel

FDTD[ M. Beijing: Communication University of
China Press, 2005. (in Chinese)
WANG H L, XUE Z H, YANG S M, et al. Near
field scattering analysis with parallel FDTD algorithm
[C]// 1IEEE International Symposium on Microwave,
Antenna, Propagation, and EMC Technologies for
Wireless Communication Proceedings. 2005.
Electromagnetic compatibility (EMC) -Part 2-13 En-
vironment-High-power electromagnetic (HPEM) en-
vironments-Radiated and conducted. 1IEC 61000-2-13
[S]. 1sted. 2005.
YI Y, CHEN B, FANG D G. A new 2-D FDTD
method applied to scattering by infinite objects with
oblique incidence [ J]. IEEE Trans.
Compat. , 2005, 47(4): 756-762.
AR W, SR AT FLRE R R AR Y
WAL M [T, W RE 2 24 4. 2009, 24 (3): 510-
513.
SHI Dan, SHEN Yuanmao, GAO Yougang. High-

order modes analysis on shielding effectiveness of en-

Electromagn.

closure with off-center aperture[ J]. Chinese Journal
of Radio Science, 2009, 24 (3): 510-513. (in Chi-

nese)

(TF#:% 65 )



%14

I LS P e E Y S A 65

NM, April, 1990:2951-2954.

[10]  ERR, B, 7, 5. 25 AHE AT B e F0a s

[M]. dbxt: AR A, 2004.

¥ B (1978—). 8.,.% &
AL FHERFHELLE TR T @
ARBE LA E N ET) A,

¥ g (1962—).8.F K
A FHERFHE B4 F
IF L £ BB R T 6 AR B AR R
EH AR Ao b RS 5 HHSH

BEE (1946—),. 8. % ®
A THBEXEHZ AT
L. ERHR TS AT LR SE R
XL HHR,

(L% 49 7))

[13]

[14]

M, S, A FLREE I 1 e Rk e B HE X 1 R
RS, L B 2 R 2008, 23 (3): 560~
564.

WANG Liuping. GAO Yougang. Analysis of shiel-
ding effectiveness for rectangular cavity with aper-
tures and resonance suppression[ J ]. Chinese Journal
of Radio Science, 2008, 23(3): 560-564. (in Chi-
nese)

JAREAR, MR M, o L SE. AT 0 B A9 A TR BE -
FL G Dk o R mOCRE B S LT, W BB 2R 4R, 2000,
15(3): 251-259.

ZHOU Bihua, CHEN Bin. GAO Cheng, et al. Study
on EMP shielding effectiveness of wire-mesh rein-
forcement and reinforced-concrete[ J ]. Chinese Jour-
nal of Radio Science, 2000, 15(3): 251-259. (in Chi-

nese)

FEET (1983—), %, .L A&
AR ERIRFAET LA, £
BRI @A A RS E b d
R A,

BEEE (1940—), %, i %
AR EEIRFHZ LA S
VR A O R I A 57 7 N
B,

¥ E (1982—). %, wm)l
A MBAERIRFAEEE LA, £
LRI AT AR F GBS
BRIy A,



