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Abstract: To analyze the electromagnetic environmental effects of composite shell platforms in strong
electromagnetic environments such as nuclear electromagnetic pulses, we have obtained an equivalent calculation
method of the finite-difference time-domain method in dealing with weakly conducting thin-layer dielectric materials
based on the integral form of the Maxwell-Amper theorem. The thin layer model can be appropriately thickened while
proportionally reducing its conductivity when the equivalent wavelength of the medium is larger than the model
thickness. The electromagnetic coupling characteristics of the model before and after parameter equivalence are
essentially the same. This method can reduce the computational effort by increasing the grid step size. In addition, this
method does not require changing the time step format of the traditional finite-difference time-domain method and
does not affect the stability of the calculation. Numerical experiments, such as the examples using infinitely large thin
plates, thin spherical layers, and electromagnetic coupling of unmanned aerial vehicles with thin shells, have shown
that it has good applicability to the electromagnetic coupling simulation of thin-shell platforms containing weakly
conducting materials with millimeter thickness in nuclear electromagnetic pulse environments.

Key words:  weakly conducting, thin layer, finite difference time domain, electromagnetic coupling, equivalent

calculation

UCAER, EA MR M TR E /N WG 98 R AR D0, B0 2 MR T A A SR, R AE AT S R L
Sl EaMEIE SR/ TR, BV ZROE TR, HRERERESS T & Jm, N AE %

* WFR EE:2023-10-24; 81T A#3:2024-03-04
BEEWH: hE TREYEIFR bR 34 A5 H (YZ11ZQ2022015)
B & AR #EHR 3, bobbao0925@163.com,

043026-1


https://doi.org/10.11884/HPLPB202436.230370
mailto:bobbao0925@163.com

weOoW s 5 Ol TR

HLBE K it T LK b L e SR O S IR RE IR TR, SR R S AT B 0 R 2 A 32 B

S A PRHE R JE AR 2 KR G, X T RHLAE RO R R A AR R e (7 & GRS S 3T, WO
P e S B Tk e R AR A ) PR ) O, 5 UMK B R, THR T R SR A . D figp ke o (R, K~
PEAT TR BT SE, S i1 T SR MBI B AUk L A RO AR AR | AR AR AR RO SR A AU 5 ik, S R
JEAELR P A O R ASE R, RS2 R Rk B R 0 e 7 3 o A [ B4 X T B A B = 2 A% 5 oy, DATRD SR £ XS
WZ AR AR O o AR EIR DT IEAE SIS A BR2E 0 Jr ik, i TR T AR G051k i 18] 25 kA X )
TR AR E B[R], A, AT [ 52 AT I, 5 A Q5805 1 X A% i) o3 BOR B, 7 BRI A=
i 10 55 = 4R AR AR 52 5 2R, 25 5yt BRI B IO )2 ot TR O A8 458 TR, 522 0 o8 S ol R FOHR 2

A SCHR G Maxwell-Ampere 7€ BB FME 30, 70745 2 1 WHEAT IR 22 23 75 1% (FDTD) 76 55 5 HLU R A BUM R
WEABA TH P B 2RO Tk, BRIV A T S AR 5 R R TR Y JE JRE I, MR 2 A R 5 2 44 R, ] el 25 L 45
Pol /NG HL 5 25 2 MO AT S A A ) R BRI S R M A AR ] o R B ST A ) A I e gl H R AL O AT 1 T
1 JEMS-FDTD! ™ 73531 Xof A% v 1 ok b 158 T TCBROKAT #EA UM MR BRI, 5 M2 52 A TE AL L REAS & 35510
JET IR BUERBAAE R R W, A SCR TS B 375 15 A6 T 100 % v 1 K nh 3R 58 T 4 35 22 KR SR 5 v
(AL PN BCH BRI 7oK MRS AT 65 o A A B0 b HA B ol P . 3l o 2805 A0 3 ik, il
DA 25 AR 5 55 3 Fi A S o2 45 4 P A 5 ) R ) DA o, T i B4R T — R . I HL, XA S 54
RWOT AT E R AL G FDTD (¥ i 8] 25 25 4% 20, AN 228 FDTD 57 AR08 P, AN 23 R A i 3+ 53 5, X R A
O SRR A

1 E™MiHEFRE H,

£ FDTD 50, 75 S8 AR P e 2 R . A2k s, & o
— e, B 1 s §3 R A B A E, 9 FDTD RO A% i " i s
B, W Maxwell-Ampere 7€ ¥ A9 FUTE 2 ! E,

d Sy & 0, y
951H~dl:LJ-dS+aLD-dS (1) 7 ZI_).C

B 25 1] R AE A B A 5C 5 D = eEVL I T L) Fig. 1  Thin layer dielectric surface and FDTD mesh setup

TR E S = cERA (1), Al 18 B 1WA N iF R E. ) FDTD 9 1%
d
SBIH-dI:Lo-E~dS+ELsE-dS (2)

1 (2) W] DL, E, 53 B o 69 A8 200 o 2 0 BB BT A U A J52 o o T AR A I AS - 2448 (fE— 4> FDTD 315 K
1A, E, 515046, B

Oep = (81071 + 5,02)/(AxAy)

Eet = (5181 + 5262)/(AxAy) (3)
HPes . s MIZMAK N 15 2 SRR R TR o o AR MR HL T35 &L & R PR B (R FE XS A H R
B Axy Ay RIS
BP0, ZIRIE SRR &) SN o XA HE BN | FEEMRCE T RSB S ME, il
WZ BB 1S 4K, E%ﬂﬂﬂfldl, ,H\EPLdlﬂﬂ%EH*ﬂrEW%WE‘JKTEﬂﬁ, TEIZ A% N — B 2 8, %y
oy =0 ICEAS T RMEY 2 SR, TN s, 02 =0, TR () 11

O'erf:(510'1)/(AXA)’):do"(fldl/(AXAy)) (4)

H1 20 (4) W W oo IE L T dor, TEWRE 7R3 2 do fH S5 B RTHE T, RIS b2 R AR R d Koo, oo BUEAIA], 322
P A 1) L RS B R PR AR R . BRARIET 2 J7, W 2 dom = d' o Z5 A 1 T AL I A% S 5500 v RE R 5 e M A T

SR AR ORI A WA TR R, e Y2 A TR 38 TS SR 14 TLART S A T 22 s G AR R R DY R G U0
SRR I R TR R JRE I, DTG I 75 % 02 A 0] a0 R o SEBRIS T R, SR I FDTD 530 ik 23 [ [ s 25 1l
SR/ TR B 1/10, 752 2% JUAT S5 A4 Ak R RS 201 2 BEELAR B /DN, 3 >4 3 1 V52 3 2 AR SR T (R Ik v BB Y

043026-2



SOIREE, A 599 IR BUMORE LR A S8 RO TR T T

M LIRS BE o BT X5, FEA REA T rp, AR K T %
A
A= %O _ ZH?O (5)
Ve —iogy/w  wVe —ioey/w

o R EA WK co BIETE; & FHIXT A HLH B 20 W EHAS
ARG w AR,

3 25 1 T it (5) THRAS B G DU FR E SR S HCT 95
R K WA A A R 2R, DL 1 mm J5ERE 2 AR 4, — i
N BRI K R T HR B A5 DL L, AR BRI A A
w, BRI A RO ST S A E . R B 3 R, B
SRM TR, FHOTE N E AR LR E LK, Y o=
30 S/m, & MR TR #) 1.7 GHz, 24 6=50 S/m, & FH % FFR
291 GHz, X4 0=100 S/m F¥, i& FAI % [ BR %Y 500 MHz, H 4%
FL 5 8 R RE B T A FH Y B R DA s 4

Z5 B TR, 6 A N A RO K R AR R JRL B A i
FETF, AT LUK 55 5 R A S50 2 A A R AR S Y R[] B S
b 5] /I Rl S 3R, A5 A0 S S TR ) EL R R A R R S AR A
[l o A A A A5 g S A AR JRE 8 T S M R, R AR
R FH 3k 20 1) s SF 2 1 2 A L, R RIS T A i, 4R
w T SReR . IF HL, XA S S RO TR B AR £

' d' o'

(a) original mesh parameter (b) equivalent mesh parameter

Fig. 2 Equivalent mesh parameter settings
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Fig. 3 Equivalent wavelength versus frequency curves

for different conductivities
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Fig. 8 Time domain electric field waveforms of monitoring points in the UAV (do=30 mS)
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Fig. 10 Time domain electric field waveforms of monitoring points in the UAV (do=90 mS)
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