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Abstract: Restricted to the spatial layout of complex systems, the cables used in these systems are usually
harness structures, and have bent and stereoscopic configurations. At present, efficient time-domain modeling
and analysis methods for the coupling of harness cable with Bent and Stereoscopic Configurations (BSCs) are
still rare. Therefore, an efficient time-domain hybrid method, consisting of the Finite Difference Time Domain
(FDTD) method, Transmission Line (TL) equations, adaptive cable mesh technique, interpolation techniques
and charge conservation law, is studied to achieve the fast and synchronous calculations of space
electromagnetic field radiation and the coupling responses of harness cable with BSCs. Firstly, the structure of
the harness cable with BSCs is decomposed into multiple independent sub harness cable according to the
bending nodes. Then, the coupling model of each sub harness cable is constructed by the TL equations, in
which the adaptive cable mesh technique and some interpolation techniques are employed to compute the
distribution sources of the TL equations, and the FDTD is applied to solve the transient responses on the sub
harness cable. Finally, the equivalent circuit model of the bending nodes are constructed by the charge
conservation law, and the voltages at the nodes are solved and fed back to these sub harness cables to realize
the interference signal transmission between these cables. To verify the accuracy and efficiency of the proposed
method, two coupling problems of the harness cable with BSCs in the environments of free space and shielding
enclosure are solved by this method, CST and Finite Difference Time Domain-Simulation Program with
Integrated Circuit Emphasis (FDTD-SPICE) method, which are compared in the calculation precision and time

consumption.

Wehis H 3 2022-10-20; SURIH: 2023-03-13; PSR 2023-03-20

*EfEESE: MEL yezh@equpt.edu.cn

FEUH . FIRTHT R AERITEIHBHE (CYS21297)

Foundation Item: The Graduate Scientific Research Innovation Project of Chongqing (CYS21297)


http://radars.ie.ac.cn/CN/10.11999/JEIT221320
mailto:yezh@cqupt.edu.cn

4346 B 7 5 F

2 %

453

Key words: Harness cable with Bent and Stereoscopic Configurations(BSCs); Adaptive cable mesh technique;

Interpolation techniques; Charge conservation law; Finite Difference Time Domain-Transmission Line equation

(FDTD-TL) method

1 518

B T R A LAESR AW L &, SR
F1 tei R B A BUfe R 20 0 20 e A OB s (), AL
IR HT L 454 R (Bent and Stereoscopic Configura-
tions, BSCs) A LT R W — P& 4im & .
% ) 5 FEL B B U U 20 T R G H B P 2k 4 2
W, RGP PUE 5 AL 5 2 i e Uk i %
RS TAEE SR E RIS, Kk, £Fx)
SIS T AL AR I RS 5 TR v RN S A
SITTTIERN A, WO RS R AP i S A
PR -

N T TR E L SR R T 5 il A,
WA EE SE T 2R A RO A T7 1% (Equivalent
Cable Bundle Method, ECBM)!"?l, % Jykilid te
B R R A BT S AR BT KNG R, ¥
H IR B R E BB L AR F LR R, A
M 2 SRR 2 B8 IRAT 2k R T A0 AT s A T 45
IS HN L R . — 2 HIEECBM 54 1)
Feit b, 5B 48A R 2 4 (Finite Difference Time
Domain, FDTD) JEEHEF LML &, MAHT
TG S5 IR ) 2 B8 2 RO B 905 4 S BBURR P F
WA T, BARECBM A KRR T 48 40 26 o 1) A%
SR, H R ORI o B S RN A FHECBM
TIER 4 S, TAESEBR LR, SR 2 7 4
AMELAEHRT . 535k, MARWECBMA T &k
LR AR S T R ARIE .

RIS IR s, AR B REZ R
TR RN . HAT, XL N 4
RS, ENAMEE CITRE T RERTT, 12
i 7 Baum-Liu-Tesche(BLT) 5 £ 5P . FDTD-
SPICE (Finite Difference Time Domain-Simulation
Program with Integrated Circuit Emphasis)$y%® 1!
FMFDTD-TL (Finite Difference Time Domain
Transmission Line) 5721218185 2 98 5 24011 3% 26 7
HitHEITE. BLT IR VERE T R4 e, #
F-PUUEAE P AL A 2 X 45 RS S AR i RO RO
TEITE,  FFSRAETT SR TE X I R U R 5 1%
RERE KA R TP A i e 0 % i B AR R
) o% RFERE DTS, T e B R A5 S 6 171
B AR RIS . SR, AU R 5
I, BLT AR EEAT 2 IR E SRR, FEALMmZ
IR RIS, TR . B, N E A
P AR . FDTD-SPICEMFDTD-TL & IR B

N BN 2 R LR A I 8 E . FDTD-
SPICEMRE AL L 1 A S B, M AR 2 N 2%
ISPICESS A4 LS BLA, IR FHFDTD ik 55
LA M B B, 51 NSPICE2S 4% v g AE Jy /0 A
PRI, BET IS SPICER A1 3R 13 i 4 B kB 2
WS o ARTIT, 1% 79209 E SPTCEAE R Ha B AR 78 1 ik
TRV R KRB HE S, HAE S, B B
SR 5 A R AS I N AN RE [P SE TS, S TR
FREEET A K, RN . HETFDTD-
SPICE, FDTD-TLMALE T 528 T T4 i = [A]
B S 37 RO A 2 T 2 % i o v 2 47 M 25 7] . )
FDTHEL, KRS TS aTH AR,

BRI, —8e2Fl FDTD-TLEEY BN T
LT BT LR N 2 IR iy 22 3 2R 0 255 U017 1) 37 28 7
EHET . SCRR[15) 1 Se % BFDTD W A% &Il 73 it
R, ISR FRM e S rRE R
FTfEFDTD MR 2647 B, #E1m AFDTD M 4%
FEUELI SR B G LN 2% . ARG S I S M 4%
YRR MO IR E B 54k, TFHFDTD-TLR
TS B SR R BRI R, AR H LR
TP A VR AL SR S R, R FER Ay
T 7R A3 & B S 2k I F e, SEIRES 7 e S 28
W 28 1) FELRG RS 5 U155 SCR[16,17) [RURE 75 B0 25 4t
Z FLE S IWER AT PR, HELAFDTD M A%
X2 FEINE, KT 2 TIN5 2 B
SLIE 5L, WFRFDTD-TLIATIHHE R T RE &
B2 LM R BN, IS H A SRR ST
B2 SLZ MBI, RS2 SLMET
LG B v B . I B SR PRI 70 7 X 2 i 2k Ak
ITRLE R, 48 i o = AT BRI SAR T
B, AR BN .

R, FETFDTD-TLHE G, ASCIRH A&EMN
RATIRE A, IR A rA <7 A s A A
K, BER—FE e, WEEH T rEEK
JEE RN FE SRS BT 2 SR I R R A A Y, sl =S
Vi) L R 3 S35 4 SR 2 i o7 ) e ) 20 1 B
2 BHIRSEAER

Pl 1 2 e R (1 =5 () FE 37 1 P ST AR S T 2k B 2k
WP R AR . ZRASLR N 2 BT I 26 K
I P SRR RN R ), T R BT R
BAEENKE. mELLRGELT M. SRS
T2k d i f R A7 B B R T AR &



F124 M ELLAE: SRS TS A AR B AR & 2 BT ISR 5 5% 4347

Lt 0 Q)
P

BT

(//_:;5//"___/4

1 2% (R LR 1 P 25 37 2 B LA AR 5 070

I IBVR G Bk SC 2 R P S T B R i
A EREFEIANEELR: Hk, BEIL
DRORE A 25 o e R S T 19 o0 e i 22 BRI - 26 R
AP R, R IS L B8 R B AR %
B AHAT M R4y RS, IRAEERIZ TS,
SiEMRERAR, WESB TR B GEA,
FAEFHFEDTD g H 0 22 53 1 S0 AR i 2 77 #2347 3R
fifg, THEAF RSB W E AR B A H e
Rio ffa, MRAEMMSFIEER, WERSIT SRS
R, I FHFDTD#H TR, RIF S
RUALTT R R N, R B 25 B R NI T SR
i, SEIE B T IUE 5 1 5 -

PR AT BRI 268 & ST AN S T AU
HLRERR ST B T, VEANA 2R S8R A F2
SEHLIS R
2.1 FERAIIALBEIRE

— NGO, LR LR T W e T A 2, A
PER PR 5 B TH 2 18] 19 B B /N TSR IR T I8 B /N
K, IO 2 T AR S AN T DA G . DRI, B
FLRWR R A B R T R RN N

d d

5V (GO +LW) T (1) = Vi (1,1) (1)

d d

L +CO) 5V (L) =1Ie (1,1) (2)
Hrh, BORTHRRMAELTTE . V(1,6 ()7
MAF LR MBS, L)MC ()55

N FERIEAL K RUBATH A A BB . Vi (1,1)
AN Tg (1, 6) 73 A A28 A o HS YRR HRLIRLIR 0T, 3R
RN

Vi (1) = — o Br (1) + By (1) (3)
I (1) = ~C o Br (L) (@)

b, B (1,t) RoR PR TEE 7 7 3750 &
LWy, By (L) R TERRIBLYAE RS
%imﬁ%ﬁwm%%%%?_% XH, RRIELTT
[ FIEE B 7 M 37 &, I FDTD i bk

A DL S 4 R / bR AR 2R AT AR IR AR F .
Er (1, ) MEy, (1,¢) B RARZIE L0 SCHR[12] .

YR LA TR, BB 2R AR S A e
S ) v SRR A B B e T AR S B T RE I R SRS R, T
TRERfR AL AL A 28 7 R O BREAE TS A TH 2R AR W 7 A
SRR AR T o

WER2FR, HT&B R AE 2 WLk i,
W3R A BEFDTD M R LG, & B4R
B S S AEFDTD A& 1AL B R AEE . Ik
i, 35 BLEFE BBFDTD A% Rl 73728 3 W k% FE 4l
X L) HE s R FL AT R, A SR % B B R K 40
(R DA AE R INAS— 3o i R A 5 fi /N A ) LL 45
ORI, 25 53 BOE AR ff B ) . Rk, B
T HIEN LB, X T & B 2R
H S hR R, 42 HEOE I 1) HE A% Bkl 73 i 2 B 3
SR TG, PLH A — B4R A7 Ui B,
TR KN, % BB WA £ MO - 28 R AT
BSR4y, M g R 7 Lk KN/ M
JE Courantf & 26 EP AT

& B2 AR A BT L PR A% 1) 4 i 2 B AR TR

JLLAE, TEES BN PIRAKE S S

HOFNSE 28053 A YR T

LR B IC I B R SRR T A A
AR, FIRN

— In , i1=17
2T T
Lij = (5)
/J'O 4h1h] . .
In|1
i ( + Z EF g

Forb, b MUy 5y AR E A . TT 25 13 AR 3 2 1Y)
PR di RN RN SR IR R Z TR TR B, s AT
7y RN KA ITCH M IR F LA po R
fl 22

2 PR B T B A P R 2 B R AT e B AT
R AR R RO = poeo L HHEATH)

FDTD M #%

::::m:./,,,,,1

2 BYTLAR M B AR S



4348 B 7 5 F

2 %

453

MRYE(3) M (4) AT %0, THE LR TRk
IYATVRI, BRI HL G R Ty R RN AR BT R
I . BT 2R B G I s 2 S mT B T
FDTDM M AL EALE, ToiEHFDTDMAS L H
Yo mEERS, FRAEER AT A,

WFERAITCHIVIRES S E, FHE-e1l
HARR|, HA BRI ILE S O B,

(1.5 =) {a[(1 —b) Eys + bEye] +

+ (C — 05) {a [(1 — a) Eyg —+ bEle}
(1—a)[(1-0)Eyr +bEys]}
+(0.5 - ¢){a[(1 - b) Eyr + bEy] +

By = (0.5+¢) {a[(1 —b) Eys + bE,c] +

e N R P ITE S LTI R E. WEBHTR,
FIE R LR AT K FLAELTT RS — 2, AT
L TCAE — AR RO 28 S AR bR 52 R T
MR E. &Lt o Ry ERE,, EM

E, 3N BRI, B B A SFDTD M A%
fmwA%%% EAD . XHELLE N6, XN
HOEGHIERASWA

(1 =a)[(1 =0) Byr + bEg]}

+ (1 - a) [(1 — b) Eyll + bEylg]} ,C Z 0.5 (6)

(1 — a) [(1 — b) Eyg + bEy4]} , ¢<0.5

Hrb, a, bAlco MR RN IO SIEFDTD M K,y Ml 2 75 [8) BT o5 fe) B3 IR

YT RR BTG EE Y&, R R RASEE AT A, 4R, SR T E TR
), IXH T BRI R T B SR AR T B FDTD e B3 15 A B, I AT 46 TR A 2 L
Yy i HAHARFDTD M A% (8N 37 7 B4 E A 2, X B E A XN

(1.5—a)[B[vEa+ (1 —7) E.3]

E =

Hrb, o, gy RN 7> & EL/EFDTD M,
y 27 TR T 3 B LB AL 7
TR LA EE R R, ATROE

HFDTDM# b4 EA R, W4,
El Es/-'x E/J

.
s
RN
_.m'

E | I\E
EAN ot AE, |

4 LREEELJT IR R 7 B R E s A

+(1=B)[vE.2 + (1 —7) E.4]]

+(a@=0.5)[B[vE. + (1 —7) Exu] + (1 = B8) [vEz10 + (1 — ) E.12]] ,a > 0.5

: 0.5+ ) [B[vEa + (1 —7) Exs] + (1= 8) [yEaz + (1 — ) E.4]]
+(0.5—a)[B[vE.s + (1 —7) E.7] +

(1=8)[vEz2 + (1 =) Ezd]],
Xt I R E 2 U AT AR R

E. =8E:s + (1 -7) B+ (1-0)
(B + (1= 7) Exg (8)

W5 BRI BT HIR 2 or B AN 2 B A 03
BARANLXB)VMA(D), RGBT LA B ) 5525
SIATVRT, SRR TR . HFDTD )
PRI AR S e ES g s T 6 S5
TR F XA A ) R R R IE AR A 3R, AT P
THEAR 3% BT 2R ARV 28 5 o5 1) U R FRL G M 19
2.2 THHSNBEREETE

BT AR U HUE AN 2 FDTD
DESKN, TiEEIFDTDZ 7 B HUeR a2 .
2 8 BT AL 1) PR TE A AT 2 T[] D6 2 (R e i 52

(DLIES), 2 A 25 B2 AR 2 371 AR S H
FESFIEE R, ATERR A
AL, 0
5 Cig Vo=~ (I~ I) 9)
Aly ., 0
7202 o — (I, — I) (10)
I, AL2 Vv,
TR
! a, AL/2
I,
TR A2

K 5 29T s R S X



MELE: Sk

12

Pr R A8 L A AR 5 20 BT BRI 5 % 4349

Horf, LRI 50 95 3R7s 5 SR 5 2R 2 B ATIE S
Prod s A B, Vo T 730900 8 2 4 R A1
U T AT B K3 (9) A1 (10) A hn, B
RGBS T e H i AL R L S ELRIE SO

Al Al B
< =L+ 2C)atVO_ (I, —I;) (11)

X (1) {8 FHIFDTD 1 A0 72 43 4 Stk AT 25
B R T IT mH R AIEAR A
Vit =V — AL[CLAL /2 + CaAly/2) !
) (I;+1/2 _ If+1/2) (12)

3  HEIEIE

K ISR A 5, X E AR S e RN B L
FEN IR TR R GRS S AT BUE B, TS
M AT B CST A S FDTD-SPICE f it 5 45 5
FFE I A HEAT X B, BAIE 12 2% O T B3RS B AN &L
F, WNEIREHEY. CSTAIFDTD-SPICEY 7 Bk
TR 55 2% (64GBW AE, Intel Xeon 4210R CPUQ
2.4 GHz 2.39 GHz) #4745,

B E6NA A R AR S AR ST
PR A B G, FHRKNNLXW =
1mx1lm, EENLcm. SIHLREIXTLEH
s 2R B 171 i DA B AR (] 420 i (R A B AL b 4y
SA41(0.29, 0.3, 0.02) m, #2(0.3, 0.5, 0.023) m
#3(0.8, 0.5, 0.02) mA#4(0.81, 0.705, 0.017) m
LRGN FL, HPERALTBEEE LA E
L6, % SLFErENT mm, AT L2 (8] E
FEAN3 mm. GRS 713350 QITHER, 2
IS N100 QIR HRH . P T 9% 2 B IR S ST 28
WA E (1) —Ax(t —to)? /72|, H
H Ey =1000 V/m, 7 =2 ns, tg = 0.87.

FDTD-SPICE, CST IR 458 & 2k i+ 45 5
KD 28 TR S 12 7 38 Ry AT R o P B T P 12 2 P 7 0 18
Fime ATCAE R, 1ZEEAEACEE H s E R Sk
IR HL R A ) B, BERE AR 5 CST 43 1 EAH
A it Bk . FDTD-SPICELE{# FIFDTDH L

- @d A:l—)

RRTE.I i ‘?\‘ #2 /

= Fyexp

K 6 BLAH G AR AT AR A R AR

25 ) HL R 3 P 5 A 3T B SRR DR R A [ X M G
HUHERSCSTH AL R MR EmRK. FE,
1t TR S H 1L 5 CSTMFDTD-SPICE LT
HRT S MR AN A T e . T CSTHE /NG 4 W
B Z BN LR S LA R PR S (X % E N1 mm),
IR e 28 SR AE CST HR B BS540 B 75 A B K T
IR & Bk S FDTD-SPICE T 75 X 25 4T £k i 4%
FABHATRE AN RL, FHECTCST, A LAH A KEMH
g WS AT E R E . S5EFEE, FDTD-SPICE
O SR B 5 22 TIPSR & Bk, R RN S T
EmﬁéFDTDfrﬁE’J = (6] LR 3% - FH SPICE 52 B4

LA, ML REFTRE A G (B 5 FDTDI%
ﬁﬂﬂ‘l‘ﬁﬂ%ﬁ%&)ﬂ‘zﬂto

BH2 N TR ZEEA IS R T
ST LR R LR B R R, B LR I R R A
RUBCE T BERILAE N, 9B R . BROILAR it R
AL xW.ox H.=1 mx1 mx0.6 m, EE N1 cm.
Fatk LR WA 3% N xw,=0.3 mx0.04 mff]
SERR. P Ik E EEA BERONLAR , Wk 7 10 5 A2 R

6
—— CST

4r —— IR A A

o L I —— FDTD-SPICE

0

B8] (ns)
B 7 S LA B Ry P S

8 — CST
B AL
4t —— FDTD-SPICE
= I
_4 L

0 10 20 30 40 50
E] (ns)
B 8 S LE B R o LR L

# 1 HHNKRHER &8 A SCSTMFDTD-SPICEFRE

W& 2 AT E AT
EACEWIREA XA THE 8] (min)
A 3R B BV 6.84x10° 2.4
CST 2.7x10° 3.3
FDTD-SPICE 6.84x10° 2.6




4350 B 7 5

&

2 % 5 45 &

AT, BWIRFEFAIREL000 V/m. K952 ns
(1 e BTk ok o

I 3 TR A AR CS T LA 21 25 47 28 o i 42
BB R AR o FE R R B 1 B 10FN 11 s AT LA
BRI, IR A FIRAE BB N AR T R
(17 LR A5 1) RN, A7) BB PR HE 5 CST A% i 1 EAH ]
MTHREAE R . [FfEdh, R245 0 T IHBUR & HE R
CSTHr s A (1) A s FA TSI [B] XS B . 5 CSTAH

([————™7
[————————————————7
L -
i H,
- # 42
e 7 #4
#3 'RG” Rl
W
L

P9 37 MACHTUAR P S2 AR5 4T 2R AR PR R S A T

—— CST
2t —— BERAHE

0 10 20 30 40 50
18] (ns)

10 45280 5738 R FEL IS W 32

— CST
—— IR A A

A (ns)
11 S5 28 F1ER R o FELH A

& 2 HHR2098HER & BIAMCS T & Mg £ it Bt E

Bl T7i% W% TS A (min)
IR B B 1.77x10° 4.91
CST 9.088x10° 9.25

Pb, AETHE DG KR, R & SR T 5L
REETHE NI 5

4 25

AICHE W AN B E N LGSR, IS
FDTD-TL&E . BB LK i 7 18 2 A 45
EERII A L =y Q0] LN B R = PSRN N Wi
f o T LRI P AR LR A R R AT B . 5
RIS ARG FIEARLE, 2R & SR 1
Too oo, SEHLT A A R A S AR S AT A
EREYARY S i i P (3 P RAE I AN 2
RIIALAR G R, LB T 2 6] R fR 5t 5 504K
25T L SR A L PR BRI [R 2D AR S A B S48
MIEUE 07 HIRIER Y], WHBR & 5IkREY 5 2
RORFFHFE TSR R, B RAR T RS Ze &
Hike WWHAERITH, MBETEpEETE TRE
RITHEIR], 5 RIS ZM & FRARLL IR A Frdd It

& E x|

[] ANDRIEU G, KONE L, BOCQUET F, et al.
Multiconductor reduction technique for modeling common-
mode currents on cable bundles at high frequency for
automotive applications[J]. IEEE Transactions on
Electromagnetic Compatibility, 2008, 50(1): 175-184.
doi: 10.1109/TEMC.2007.911914.

[2] LI Zhuo, LIU Liangliang, DING Ji, et al. A new
simplification scheme for crosstalk prediction of complex
cable bundles within a cylindrical cavity[J]. IEEE
Transactions on Electromagnetic Compatibility, 2012, 54(4):
940-943. doi: 10.1109/TEMC.2012.2200042.

[3] LI Zhuo, LIU Liangliang, YAN Jian, et al. An efficient
simplification scheme for modeling crosstalk of complex
cable bundles above an orthogonal ground plane[J]. IEEE
Transactions on Electromagnetic Compatibility, 2013, 55(5):
975-978. doi: 10.1109/TEMC.2012.2237033.

4]  EEI%E, @b, TR, & SRR AUAIEIR AR R

BURREE 7 A PRI []. 35 MOR S22 T2 AR, 2015, 45(3):
946-952. doi: 10.13229/j.cnki.jdxbgxb201503038.
GAO Yinhan, AN Zhanyang, WANG Juxian, et al.
Application of equivalent cable bundle method in time
domain radiation sensitivity of automotive cable harness[J].
Journal of Jilin University: Engineering and Technology
Edition, 2015, 45(3): 946-952. doi: 10.13229/j.cnki.
jdxbgxb201503038.

[5] XIE Li and LEI Yinzhao. Transient response of a
multiconductor transmission line with nonlinear
terminations excited by an electric dipole[J]. IEEE

Transactions on Electromagnetic Compatibility, 2009, 51(3):

805-810. doi: 10.1109/TEMC.2009.2023327.


https://doi.org/10.1109/TEMC.2007.911914
https://doi.org/10.1109/TEMC.2007.911914
https://doi.org/10.1109/TEMC.2012.2200042
https://doi.org/10.1109/TEMC.2012.2200042
https://doi.org/10.1109/TEMC.2012.2237033
https://doi.org/10.1109/TEMC.2012.2237033
https://doi.org/10.13229/j.cnki.jdxbgxb201503038
https://doi.org/10.13229/j.cnki.jdxbgxb201503038
https://doi.org/10.13229/j.cnki.jdxbgxb201503038
https://doi.org/10.13229/j.cnki.jdxbgxb201503038
https://doi.org/10.1109/TEMC.2009.2023327
https://doi.org/10.1109/TEMC.2009.2023327

12

M ELLAE: LR T LG 4 R LA & 20 BT AR I SR 5 B0

4351

(6]

[7]

(8]

(9]

(10]

(11]

(12]

FHEA, A2z, TTALBR BRSP4 2k SR BT 32 B TP A
MrE ). BB 5 RT3, 2016, 28(12): 123201. doi: 10.
11884/HPLPB201628.160421.

YIN Mingchu and DU Ping’an. Analytic formulation for
load response of transmission line enclosed in enclosure with
apertures[J]. High Power Laser and Particle Beams, 2016,
28(12): 123201. doi: 10.11884/HPLPB201628.160421.

P}, KTz, BRI, &8 3T UL AL X BLT 7 2 s i 1 37
SMETEINEMA)]. BT HER%M, 2017, 39(8):
2014-2018. doi: 10.11999/JEIT161101.

REN Da, DU Ping’an, CHEN Ke, et al. Analytic method
based on mode matching and BLT equation for field to wire
coupling in an enclosure[J]. Journal of Electronics &
Information Technology, 2017, 39(8): 2014-2018. doi: 10.
11999/JEIT161101.

FErf, skES, BE, S5 SFIIE ST USSR B TR P
B[] BRI, 2019, 34(4): 429-435. doi: 10.13443/
j.cjors.2018111902.

WANG Yi, ZHANG Xindan, ZHEN Qi, et al. Fast
algorithm of plane wave coupling to transmission lines
penetrating through metallic enclosure[J]. Chinese Journal
of Radio Science, 2019, 34(4): 429-435. doi: 10.13443/].
cjors.2018111902.

R, BN, W S BB S R LR A RO U
FERLT]. il 23R, 2013, 29(2): 66-70. doi: 10.14183/j.cnki.
1005-6122.2013.02.020.

LI Chunrong, LI Shuai, WANG Xinzheng, et al. Numerical
simulation on coupling effects of electromagnetic pulse onto
microstrip line[J]. Journal of Microwave, 2013, 29(2): 66-70.
doi: 10.14183/j.cnki.1005-6122.2013.02.020.

e, F5, 57, §. AFESESDFRMPEGRE T PCB R
VR A AL [T]. BRSO SRR, 2016, 28(3): 033016. doi:
10.11884 /HPLPB201628.033016.

XIE Haiyan, LI Yong, XUAN Chun, et al. Mixed simulation
of PCB circuit illuminated by high power microwave with
different frequencies[J]. High Power Laser and Particle
Beams, 2016, 28(3): 033016. doi: 10.11884/HPLPB201628.
033016.

CHEN Hongcai, DU Yaping, YUAN Mengqing, et al.
Lightning-induced voltages on a distribution line with surge
arresters using a hybrid FDTD-SPICE method[J]. IEEE
Transactions on Power Delivery, 2018, 33(5): 2354-2363.
doi: 10.1109/TPWRD.2017.2788046.

MELL, HE, SRR, S AR R Ak LR Y AR A
By OTED). BT 5 1E B, 2021, 43(1): 242-248. doi:
10.11999/JEIT191026.

YE Zhihong, GOU Dan, WU Xiaolin, et al. Time domain

[13]

[14]

[15]

[16]

[17]

[18]

L R

analysis method for the coupling problem of transmission
lines terminated with complex circuits[J]. Journal of
Electronics & Information Technology, 2021, 43(1):
242-248. doi: 10.11999/JEIT191026.

WEI Jinhong, YAN Youjie, WANG Shengtao, et al. FDTD-
TL method for the prediction of the transient response of
shielded cable above the ground[C]. 2021 International
Applied Computational Electromagnetics Society (ACES-
China) Symposium, Chengdu, China, 2021: 1-2. doi: 10.
23919/ACES-China52398.2021.9581658.

PEAS, ART, SERE. —RET AL s N A IR 2 43 TR,
TH5ER%M, 2020, 42(2): 425-429. doi: 10.11999/
JEIT190050.

XU Jie, XU Ke, and HUANG Zhixiang. A new high order
finite difference time domain method[J]. Journal of
Electronics & Information Technology, 2020, 42(2):
425-429. doi: 10.11999/JEIT190050.

YE Zhihong, WU Xiaolin, and ZHANG Jie. Time domain
hybrid method for the coupling analysis of oblique
transmission line network excited by ambient wave[J]. IEEE
Transactions on Electromagnetic Compatibility, 2020, 62(6):
2450-2457. doi: 10.1109/TEMC.2020.2982430.

MENG Xuesong, BAO Xianfeng, ZHENG Yuteng, et al. An
efficient modeling technique for time domain field-to-wire
coupling in the massively parallel computer codes JEMS-
FDTDIC]. 2019 International Conference on Microwave and
Millimeter Wave Technology (ICMMT), Guangzhou, China,
2019: 1-3. doi: 10.1109/ICMMT45702.2019.8992178.

MENG Xuesong, BAO Xianfeng, ZHENG Yuteng, et al.
Time-domain modeling of field-to-wire coupling in obliquely
oriented multiwire cables with junctions using JEMS-
FDTD[J]. IEEE Transactions on Electromagnetic
Compatibility, 2020, 62(6): 2458-2467. doi: 10.1109/TEMC.
2020.2968076.

ROTGERINK J L, SERRA R, and LEFERINK F.
Multiconductor transmission line modeling of crosstalk
between cables in the presence of composite ground
planes[J]. IEEE Transactions on Electromagnetic
Compatibility, 2021, 63(4): 1231-1239. doi: 10.1109/TEMC.
2020.3040689.

B RIS, BTN B e S R T
LR

BUE: Ao, WRAE, BFFCTS AN R A
+

¢ 2, WA, BRI IR AR

TR R R


https://doi.org/10.11884/HPLPB201628.160421
https://doi.org/10.11884/HPLPB201628.160421
https://doi.org/10.11884/HPLPB201628.160421
https://doi.org/10.11884/HPLPB201628.160421
https://doi.org/10.11999/JEIT161101
https://doi.org/10.11999/JEIT161101
https://doi.org/10.11999/JEIT161101
https://doi.org/10.11999/JEIT161101
https://doi.org/10.13443/j.cjors.2018111902
https://doi.org/10.13443/j.cjors.2018111902
https://doi.org/10.13443/j.cjors.2018111902
https://doi.org/10.13443/j.cjors.2018111902
https://doi.org/10.13443/j.cjors.2018111902
https://doi.org/10.14183/j.cnki.1005-6122.2013.02.020
https://doi.org/10.14183/j.cnki.1005-6122.2013.02.020
https://doi.org/10.14183/j.cnki.1005-6122.2013.02.020
https://doi.org/10.14183/j.cnki.1005-6122.2013.02.020
https://doi.org/10.11884/HPLPB201628.033016
https://doi.org/10.11884/HPLPB201628.033016
https://doi.org/10.11884/HPLPB201628.033016
https://doi.org/10.11884/HPLPB201628.033016
https://doi.org/10.1109/TPWRD.2017.2788046
https://doi.org/10.1109/TPWRD.2017.2788046
https://doi.org/10.11999/JEIT191026
https://doi.org/10.11999/JEIT191026
https://doi.org/10.11999/JEIT191026
https://doi.org/10.23919/ACES-China52398.2021.9581658
https://doi.org/10.23919/ACES-China52398.2021.9581658
https://doi.org/10.11999/JEIT190050
https://doi.org/10.11999/JEIT190050
https://doi.org/10.11999/JEIT190050
https://doi.org/10.11999/JEIT190050
https://doi.org/10.1109/TEMC.2020.2982430
https://doi.org/10.1109/TEMC.2020.2982430
https://doi.org/10.1109/ICMMT45702.2019.8992178
https://doi.org/10.1109/TEMC.2020.2968076
https://doi.org/10.1109/TEMC.2020.2968076
https://doi.org/10.1109/TEMC.2020.2968076
https://doi.org/10.1109/TEMC.2020.3040689
https://doi.org/10.1109/TEMC.2020.3040689
https://doi.org/10.1109/TEMC.2020.3040689

	1 引言
	2 时域混合算法理论
	2.1 子线束的场线耦合模型
	2.2 弯折节点的电磁耦合计算

	3 数值验证
	4 结论
	参考文献

