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Improvement of shielding effectiveness of airborne digital equipment

HAN Songwei', HAN Songhui’, XU Liang'", WANG Xin', LIU Ligang'

(1. Changchun Institute of Optics , Fine Mechanics and Physics, Chinese Academy of Sciences,
Changchun 130033, China;
2. Jilin Locomotive Depot of China Railway Shenyang Bureau Group Corporation,
Changchun 132000, China)
* Corresponding author, E-mail: xuliang_998@163. com

Abstract: To reduce the electromagnetic radiation emission intensity of airborne digital equipment, the
spectrum of the digital signal is analyzed, revealing that the fundamental wave and its high-frequency har-
monics are the sources of electromagnetic radiation emissions. Next, the rationale of shielding layer to sup-
press electromagnetic radiation is analyzed. The results indicate that the high-conductivity non-magnetic
shielding layer has a good shielding effect on the electric field and high-frequency magnetic field. The influ-
ence of the gap on the shielding effectiveness of the shield is analyzed again, and a new method of double-
layer fill shielding is proposed and validated. Then, the absorption loss of the electromagnetic wave is ana-
lyzed, and a new method for improving the shielding effectiveness of twisted-pair shielded cable/coaxial ca-

ble double-layer shielding is proposed and validated. Finally, an actual engineering project is considered as
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an example. The project equipment satisfies the GJB151B-2013 RE102 requirements and still interferes
with the Beidou equipment Star (BDS) Searching and positioning. The electromagnetic compatibility is
improved using the proposed method. After the improvement, the emission intensity of electromagnetic ra-
diation is significantly reduced, by 12 dBpV/m on average. The ground and flight experiments verify that
the integral power of the BDB1 and BDB3 frequency points is increased by 0.59 and 1. 84 dBm, respec-
tively, under normal operating conditions, and the number of BDS searching satellites is increased from <<
3to =9, the BDS can operate normally.

Key words: digital equipment; electromagnetic compatibility; double-layer shielding; double-layer fill

shielding; shielding effectiveness
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Fig.1 Periodic pulse signal
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Fig.2 Fourier series of pulse signal
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Fig. 3 Fields surrounding current-carrying conductor
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Fig.5 Fields around shielded conductor (shield grounded
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but in opposite direction)
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Fig. 8 Shielding at component joints
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Fig. 9 Comparison of RE102 test before and after double-
layer filling shield

2.4 EELHK ARG
MR ES e RE 2R
B T RT 10 i 7R o 33 ol SR ek 11 7 A o R A o i
P H Ry B R PR AR TR W 8RR RN A R &
P AT LR IR A
E,=FEee 8 H =Hye ", (14)



o511 3

AN L A5 LR T AL B A B I RE (9 B

1665

Forp o E\(H,) 2 B ot b B B 2 Ab 19 3758, 24 37 9
TEDCE R A 1/ e B0 3700 MBS 2 O ik
WIE 0.
2 2oL 3 A 4 RSO R N
A= ZOlogQ.
E

1

(15)
e (14)4 A (15), Ay
/s ! l
A = 20loge”’ = ZOgloge: 8. 695. (16)

H A S 1 (LD AT R0, B A b — AN TR R
JE T AW A5 R 8. 69 d B, B i VA A TR B s, Wik i
PFER 2R, ke 1R .

SGESINTIVE TR

(1) 24 =1 MHz(10° Hz) i} , 1 0. 5 mm J§&
F14 455 Ja Al T L 1 B WA, e S e e 55 A A A ek
9 1/100 25 47 o Btk ZE S B 4RI, 17 % 7 25 1
BARE (4 BIL AR SR B M T2 R L B A

FI10 vl it 8 5ol e e 1A 52 8 0t
Fig. 10 Electromagnetic wave attenuates exponentially

after passing through shield

HE;
(2) 4 £>=10 MHz(10" Hz) i}, FH 0. 1 mm J&
B4 Az i) B R 57 T R T K 3 i U855 S i 4 o T

F1 IIMERNESEMSEREHNEREE
Tab.1 Conductive, permeability and requird shielding thickness of sevral metals
) POBHE B /mm
R o= 1/0 q Wi — ——
% , AR i 5 2% BEAWES 2.33 4.63
107°Q+mm J/Hz
A=8.69dB 20dB 40 dB
10° 0.21 0.49 0.98
10° 0.067 0.154 0.308
] 0.0172 1
107 0.021 0.049 0.098
10° 0. 006 7 0.0154 0.030 8
10° 0.39 0.9 1.8
10° 0.124 0.285 0.57
B 0.06 1 )
10 0.039 0.09 0.18
10° 0.0124 0.0285 0.057
10° 0.275 0. 64 1.28
10° 0.088 0.20 0.4
it 0.03 1 )
10’ 0.027 5 0.064 0.128
10° 0.008 8 0.020 0.004
10° — — —
10° 0.023 0.053 0.016
il 0.1 50
107 0. 007 0.016 0.032
10° 0.002 3 0.005 3 0.001 6
10° 0.38 0.85 1.7
10° 0.12 0.27 0.54
S Sk 0.65 12 000 .
10 0.038 0.085 0.17
10° 0.012 0.027 0. 054




1666 err K TR

31 %

1/100 £ 2= Ak . Pk, 7E 2L #E b4 BHI , AT 18 36
TE 5 A S ) 46 G R S B il £

(3) 4 /=100 MHz(10° Hz) i}, 7] & FH 78 98
e A I B 0 LA 2 AR )2 B kA

FERCF TR h R B A 1 R
M, o $ 8 I A BT T P BR AR SN S A H
T 0 5 B, T o8 RS o i v 8 % T el v 4
HFH 04 B i B0 10 R ) g B )2 R R
G SN /N = LR o N (ED G I RPN
(78 55 B AR 0E , RE IR 31 60%6~98% , 4 412 ik
G N R R CIN 27 N O N RN R R R o
H 20 (1D TN, 7R85 i O ARR T, B sk A 2 K
e TR

h T B T R B R AR L AR SCHE B
3t P 2 A )2 B i — 2 B AR BRI B X 4
F1RU)Z B A B AR Al F B B, 76 B A b A
S5 3 7 A TR R AL, K 4 L R 3 R 7 A R T £
G, ATHRTHE IR 1 3, an 8T 11 B .

BT A G 5 Sy v O 7 A 1 R 11 3
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Fig. 14 Comparison of RE102 test before and after dou-
ble-layer shielding
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Fig. 19 Integrated power in band of BDB1 and BDB3 before photoelectric equipment power on
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Fig. 20 Integrated power in band of BDB1 and BDB3 after photoelectric equipment power on
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Fig. 21 Comparison of RE102 test results(1-3 GHz)

H & 21 AT O H B A AR L SR A AR 3
BEIX AL L GIB151B-2013 2ok | e i 3 25 ootk
15 2 1Y H B Sl 25 i S T R A 28 dBpV/m B I,
U S5 T A 1Y) E G A A S I 2 7E 16 dBpV/m
B3, F B AR 249 12 dBpV/m. SCE 25 2w,
O FL AL 28 SR FH 10 PRI S 25 o i A B, 1 45 R
R E R R R v
4.3 TKITIRIE

XL B A5 HEAT 1AM 37 ML TH 52 5 5 RE102
TS 00 B 5, B CHLIEAT T ORATERIE . kAT R
B OGRS FHRIER TAE. TR Bk
5 b A RCE T T B A Y B R AKCRE 1 A I R R
SF iR R BAIG, b 2 Bl B I TR A S i A
W L LT T Rg m . bk Bl TR A S



1670 P

K TR

31 %

BoE AR EAE O WL UL L Al IE R TAE . fERE S Y
PERE M E AT R, % R R R B W o8 A T g
YE TAE,

R S 3 o3 M BT S R AR AL, T T
Jok b 0 5 BT A 5 ) 2 e R e R IR R
LA PR S R Sk 5 e e A R e A 7 PR
A Sk A HL B A5 1 e R S R IR R R )= X
HL 39 B v W 3 B AT ARG 0 5 R, 5 8 1 23 B
BERT NS 7 W RCRE B R, B2 10 T — o b B R A e
PREE BRI XUZ B8 B i, S 45 R R W% 7 1%

SE WK

(1] F&a . UCRMLE0E 7B PR IR A BT 5

AT, AL, 2009, 29(4) :56-59.
LI H L. Designs and analysis for electro magnetic
compatibility on improvement of airborne electrical
equipment [J]. Aircraft Design, 2009, 29 (4) : 56-
59. (in Chinese)

(2] WLk, Mk HIE AR K AL F &

SFEMC B3t [T]. K42 F H H A, 2017, 46(3)
59-63.
XIAO W G, CHEN ZH T. EMC design of con-
ducted emission of power module in UAV-borne ra-
dar[J]. Fire Control Radar Technology, 2017, 46
(3):59-63. (in Chinese)

(3] A%t . KIYPRAHLRE M H & 2 28 55 5 il b 1
EfIlT]. %4k b aik s, 2020(6): 97-101.

FU N Y. Development of high speed feed-thru
shielding shaft for RE test of high power motor[J].
Safety & EMC, 2020(6): 97-101. (in Chinese)

(4] ZF#, 5. SaRAr6n 2 G0 RY  RE SRS 0 205 18
RlJ]. RBE&TRFMR, 2022, 43(8): 130-134.
LIY, YI W J. Electromagnetic compatibility simu-
lation and optimization of missile storage system/[J].
Journal of Ordnance FEquipment Engineering,
2022, 43(8): 130-134. (in Chinese)

[5] PAUL C. RFundamentals of Electfic Circuit Analy-
sisi M 1. New York: Wiley Hoboken, 2001 .

[6] HOWELL E K. How switches produce electrical
noise [J]. IEEE Transactions on Electromagnetic

Compatibility, 1979, EMC-21(3): 162-170.

R JEE 4 T T B 7 PR 1Y B MiCRRE 5 i 4o 20 A v
i A ) TR AT A, 25 5 A O o A A 1) R ) B
T — b A B A R R 5 1 SR R TS
S 56 45 R R WL T IR R E AR T B i 8 Y
FEL 8 A R

K XUJZ B FE 5 vk FXUZ i 12 10 21 52
Pr AR b AL AR LA Ot IS Y R i
MAE AR ARt — B4R T, L & I RE102 3, )t
HL T A A T R — 2P R A, P S IR 2
12 dBpV/m; fE50 ) AT Rk, B E b S} i &
AE % e O IE B T A s 9 1R 0 (FRE 7 9
L VA b)) AR e 7O R B S AL L A
F18) P SHE Y I

(7] Hpacth, SRueRE, 3\ 4&4%, 5. 1T W50k % bk
B RN CSA-NSGANLH L [T]. A% HE T
#2, 2022, 30(14): 1749-1763.
YANG SN, ZHANG X H, LIUY Y, et al. CSA-
NSGA II algorithm for magnetically shielded room
shield lamination optimization [J]. Opt. Precision
Eng. , 2022, 30(14): 1749-1763. (in Chinese)
[8] A&, #hmi, Ahd % . B LBMETLS
EMC HEEAE T2 (1], & F ol F# K, 2013(1):
55-59.
WANG Z F, SUN L N, SUN X J. Research on
EMC environmental spectrum of airborne photoelec-
tric reconnaissance platform[J]. Electronic Measure-
ment Technology, 2013(1) : 55-59. (in Chinese)
[9] FR#RE, #A9, RSTR . TEMHL 5 ORI B 5
BUR[T). %45 w ks, 2020(3): 95-97.
CHEN W J, ZHENG K, ZHANG G E. Research
status of broadband electromagnetic shielding materi-
als[J]. Safety & EMC, 2020(3): 95-97. (in Chinese)
[10] TAND C, JIANG CM, LIQK, eral. Develop-
ment and current situation of flexible and transpar-
ent EM shielding materials [ J]. Jowrnal of Materi-
als Science: Materials in Electronics, 2021, 32
(21): 25603-25630.

[11] OTT H W. Electromagnetic Compatibility Engi-
neering [M]. New Jersey: John Wiley &.Sons,
Inc., 2009.

[12] #HEtxn. wmmAkEZits Er(M]. dbat. ®/pj
Tl H R, 2006
YANG SH Y, Theory and Practice of Electromag-
netic Shielding [ M]. Beijing: National Defence In-



o511 3

AN L A5 LR T AL B A B I RE (9 B

1671

[13]

[14]

dustrial Press, 2006. (in Chinese)

Hokat . WAL TR R R A BOET]L
3 45 84 ,2007,6(11) : 56-58.

GE Y J. The design of electromagnetic compatibili-
ty for air-borne electronic instrument [J]. Machine
Design and Manufacturing Engineering, 2007, 6
(11):56-58. (in Chinese)

XA, 3 FE R, FE L. BB B R M
AIMIL 2. dbat: o Tolk i ik, 2014,

LIU SH H, LIU J M, DONG X L.
netic Wave Shielding and Absorbing Materials

Electromag-

[M]. 2nd ed. Beijing: Chemical Industry Press,
2014. (in Chinese)

RAY B, PARMAR S, DATE K, et al. Optically
transparent polymer composites: a study on the in-
fluence of filler/dopant on electromagnetic interfer-

ence shielding mechanism [J]. Jowrnal of Applied

fEE @It

EAE(1980— ), I, W MR ir A,
=+, BIAIFSE 51, 2005 4F F 6 3T 2 i K
KRG 2120, 2010 48 7 vp B R
S I AR R AU W BT 5T BT
E7 R e VAN SN - N )
UL B BT Oy R W . E-

mail : hsw2109(@sina. com

[16]

[17]

Polymer Science, 2021, 138(16) : 50255.

B, AR, B, 5. XUZMASEH IR
WM AL AT S E[T]. R F A E R,
2022, 30(11): 1310-1316.

LIAO D W, ZHENG Y J, CUIL H, et al/. Mecha-
nism analysis and verification of double-layer micro-
nano structure to enhance electromagnetic shielding
[J]. Opt. Precision Eng. , 2022, 30(11) : 1310-
1316. (in Chinese)

B B, RAT, A W G m A R R
R E (V] b F A E TR, 2015, 23(3) -
686-691.

FENG X G, ZHANG G, TANG Y. Electromag-
netic shielding properties of metallic mesh coatings
[J]. Opt. Precision Eng. , 2015, 23 (3) : 686-
691. (in Chinese)



