5 467 55 2 W BT 5 fF B % ik Vol. 46No. 2
202442 H Journal of Electronics & Information Technology Feb. 2024

ik 8 ZRF B AT I S P R RV BRI S BT T E R A

b ok 20 fegeg®

D&k $il15 515 & TR%% FK  400065)
O MIBEMRF AT ERRE KX 430074)

7 OE: BB A AL 2 (TL) 2% (1 RS & 108, ATk Z i AU A s D R LR o 12O 2 7
P ST R 22 5 (FDTD) ik W50 3R B #e e 31 UL A NGSPICES M 45 &, FE5INTH BAL s 0 (MPI) 7
PR, SR — R R NHER & 94T 51 (FDTDTL-NCGSPICE) . H%%, MR M E e B, Bieid
WGl AR T RAME AR T RE, BN RS AL . S5, ([FHFDTDTLHATHIE AL
BT R GRS s I R R FLIA I SRR R 1 40 45 A r B T AR VR R S LR AR . e, ERING-
SPICEX} & R L T R AT T T, SRAFE A s & ootk LIBRasm R, 4o 1 i R R IR AR i 2 1
RGAERILTE, SIAL L M 28 RS & (M I 2B G D R 3o Gl X 328 A S g ok B s, 4 At el
BB A AT FE A R AR CST RS TAE 2 (CS) i AT BUE IR L, 30IF Frie HvE M BIEE .

KRR fERZNZG . SR RTUER: BIICE IR SERA TR R G T EVE . NGSPICE#
FESES: TN711; TM15 XHRFRIREG: A XEHS: 1009-5896(2024)02-0713-07
DOL: 10.11999/JEIT230098

Time Domain Parallel Calculation Method for the Coupling of
Transmission Line Network Terminated with Complex Circuits

YE Zhihong®®  ZHANG Yu® LU Changchang®
®(Sch00l of Communication and Information Engineering, Chongging University of Posts and
Telecommunications, Chongqing 400065, China)

®(Stat6 Key Laboratory of Power Grid Environmental Protection, Wuhan 430074, China)

Abstract: Efficient field-circuit synchronous simulation techniques used for the coupling analysis of
Transmission Line (TL) network with complex circuits excited by ambient wave are still rare. In this work, the
TL equations are combined with the Norton’s theorem, the Substitution theorem Finite-Difference Time-
Domain (FDTD) method, NGSPICE software and parallel technique based on Message Passing Interface (MPI)
to form an efficient parallel time domain hybrid method (FDTD-Transmission Line equation-NGSPICE,
FDTDTL-NGSPICE). Firstly, the overall structure of transmission line network is decomposed into the
transmission line subsystem and complex circuit subsystems according to the Norton’s theorem and
Substitution theorem, and the corresponding equivalent circuit models are constructed. Then the parallel
FDTDTL method is employed to solve the voltage and current responses along the transmission line subsystem,
which are utilized to extract the current sources and equivalent admittance of the Norton’s equivalent circuits.
Finally, the NGSPICE software is applied for the conducted interference analysis of the complex circuit
subsystems to obtain the transient responses on the ports and all elements of the complex circuits, and then the
port voltages are fed back to the transmission line subsystem as boundary conditions. The significant feature of
this time domain hybrid method is that it realizes the field-line-circuit synchronous simulation of transmission
line network. And the confidence of this method is verified by the comparison of three typical scenario examples
simulated by this method and the electromagnetic software CST Cable Studio (CS).
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