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A Two-Dimensional Transmission Line Circuit Model for Multi-Module LTD-Based Pulsed
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Abstract: To accurately characterize the power-flow in multi-module pulsed power accelerators and diagnose electrical parameters
under asynchronous feeding or fault conditions, a two-dimensional circuit model of a six-module LTD-based pulsed power accelera-
tor was developed using the transmission line circuit code (TL-code). The model was validated against experimental data obtained
from two operational modes: synchronous feeding of multiple LTD pulse sources and pulse waveform shaping. Comparative analy-
sis demonstrates that the 2-D circuit model provides significantly improved accuracy in predicting system output characteristics over
conventional 1-D models, the relative deviation between the simulated and experimentally measured peak voltages and currents is
less than 5%, and the 2-D model is capable of analyzing the spatial distribution characteristics of the electric field strength and the
lineal current density that are challenging to measure directly in experiments. Radially inward along the insulator stack-Magnetically
Insulated Transmission Line (MITL) system, the angular non-uniformity coefficient of electric field strength decreases from 29% to
3%, and the angular non-uniformity coefficient of lineal current density decreases from 120% to 3%. When the accelerator is work-
ing in the pulse shaping mode, the 2-D model successfully simulated both the load current waveform under precisely configured trig-
ger sequences and the spatial distributions of voltage and current at different azimuthal positions in the insulator stack-MITL system.
The spatial distribution of electric field strength and lineal current density in the stack-MITL is extremely non-uniform. Moving in-
ward along the insulator stack, the angular non-uniformity coefficient of the electric field decreases from 319% to 26%, while the an-
gular non-uniformity coefficient of the lineal current density decreases from 1 330% to 265%. The established 2-D circuit model
serves as an effective tool to analyze power transmission characteristics and optimize pulse waveform control for multi-module LTD-
based pulsed power accelerators.

Key words: linear transformer drivers;two-dimensional circuit model;transmission line circuit code;pulse shaping;spatial distribu-
tion

FE3E 25 JUA4F B, — 588 K B I Ik P D 6 0 B g AR R RO A B 3 R S T S i s ZR B E A
Saturn % B, b [ TR Y FLE S0 B 8~10 MA %5 B 74 48 7 4 45 50 20 RO AR W AR 1F R MR RL S LSt
FR AR R b e M B A A T AR . T AR, DK e L 4R 7R A T 4% 9K 3 U (lin-
ear transformer drivers, LTD)$i AP & B ™, 3 A 2 W i F —AQ H i e+ 9k 2¢ . oh = 50w K T 3h
ik b 8 B A kR PR 2k .

1% % 28 4% 5 (transmission line code, TL-code)" ™" & — b 2 B 1) Hy B 07 207 5, BE 06 m BOR MUt AT 0 &
R AL SR Bkl DY R B B o i A m D R K e B st S B h R E AR . @

WCRE F 3 XXXX - XX - XX



BRI\ TFI LK XXXX 4E

W ) TL-code FE % 155 Y AR — 4E R, A 75 18 B D) AL fa 77 1n) b e AR Bk B2 o SR 0 T — e R RS
TR TS5, 8O R R S0 25 AF R (9 22 % B¢ LTD i b Jok v 3 1) D #RU R 37 23 8] A 38 5 40 A B, AR G )
— Y LI S AR () U BRORG R PR AIC , 75 SR A 4 X 2 SR AT B A AT

2 [E 2 Hh W [ 58 S0 = ZR 2% B R UK A o 4 R -2 G ME O U BN SR AR R ARG, e R — 4
F, % K T 5540, Struve 25 N\ K F A% i 48 46 K% : (transmission line matrix, TLM)P* 27 37 3 = 4 o R 40, 41
%100 000 % A& 4 2% B e BERUTE 545 SR 5 St B0 45 AT A BT . Allen A Struve 2 N Y fe o ik b 72
Saturn %% B - 4 2 HE I I B R AR 1m0 A% A RUORE , R L T O U BOK SR 4R A A4S B 1) W 4 S A% 2k
(magnetically insulated transmission line, MITL) HL i 15 S 56 45 B 57 & 804, JF 1 AS 3] 1 S50 b ik A W & 11
4 2% M ¥ Ik . D% [H First Light Fusion 2 & [ Giingen 25 A\ % F& 21| B 44 42 1] f£ 4 28 R ~F B K, 0 T AT e A7
TE ) JiL 8 i o B AN [R]85t i B 00, S 1 — AU T R AR K ik T 22 4% B Machine 4 B9 T 4E L%
B b B3 B AR ) A% i 2 TR 246 I 1 A tR R L O B A R S = Y i W R R S AT AR, 6 T4 g
-MITL , 75 98 5% Fl — 4 A% iy B SR B AUL , %of T L AT 68 A7 72 1) A1 0] A% B 20082 DA R v ik e 1) 225 1) 4 A R = R N
TC o B P K T 2R 2 (R AR 2 SR R 0 o g A L A T

P A6 A% BB 72 BT SO B T N % 9 I LTD 2 82027 by ko U5 6 B0 D, 8 i ik o A 4% s
5 I 48 2% ME-MITL (1) A1 [e) 4% B 2805 Jo V% 20mE , R 17 o ff 38 E T 23 U0 A% 0 R 1k 5 9 R ok VR AN () 235 40t F, B
i BEOIR 25 I 1) L 2 BBk AT 12 W, AR SO T AR 2R G 5 U7 0% ESL T /NS T B LTD 3% B 4R e R RO, X A%
B AE LTD ik e U8 [7] A2 45t v 0038 T8 42 9 B B =X 16 i eH RS PR 0 AT 0 B0, 20 b 0 I R AR BN L G MR
MITL [ B ik v 2% 8] 73 A 4 1 o

1 MG BRRERE

11 TR R E
A o B T A B o A AR B T AL R R 2, A R AR B DU BB R . T A
ST 95 1 B0 A 7 46 5 HE ML, o 5 10 1 3 77 170 0 72 160 B8 A0 160 om0 43 90 o s i 24 190 66 400 140 R £ 160 43
BOSCH o T Ca) Feom — 4 HE A 42 I 2 Tt (i) 4 R B AR BT, <= j<mn, T AR T i 4 B4 7 B A BEL
RN Z R Z,, =1, 2, 3, m) St kT r BRI 7 1 a F67 A RS 3 77 1o T 1 (o) S5 B o
R T 45 5] 4R 36 42 TR0 fi 160 B 202 90 0 00 N S 0 2 0 0 R o P U . MR R R e TR
S 100 4% AT — 3 ) s T LR VAT LR A
E, Ei i T,
z ot
Vi ()= V()= o Soit e

+ +
Zoi L 2

r i

FEA] U6 B %) 2,368 3 b 20T DUR & B A 5 A (0 1% A 28 452 0 B2 DT A 5 R A 1 R0 A0 R AT L
AR ¥ Ak BUAR i £k (10 I S8 D o, Ak BUA i 2k 5 78 79 g L s 50 R T N T L IR SR RO

Ei,2j~1

Lo (D

asi

E,, (t+7c)=2V,,(1)—E,;, (1) (2)
E.(t+7)=2V,,, (t)—E, , (1) (3
E o (t+10)=2V, 0 ,(t)—E, ,.,(1) (4
E o (t+70)=2V,,  (t)—E; (1) (5)
Ty (t+10)=2V, ()= T,, (1) (6)
T.(t+7)=2V,_ | (t)—= T,y (1) (7
T (t+10)=2V, (1) —=T,,.,(1) (8
Ty (t+10)=2V, 0 (£)—= T,y (2) (D

(2)-C9) 3R BT U5 RE 4 1% Hin 2 o, I 20 {0 5 T R e AT fL T 95 PR I 2 0, AT DASROHY R — I 220 ) fE T 9 vl
S AR I 21D BB T 55 5 i A R, S BT I ) B R R T SRD R T 45 B A A AR BT A
H, s R FRL VAL
2

=



BRI\ TFI LK XXXX 4E

(D% MEERELYGFHERA
Bl —EEmACRHELAEARLFRELER
Fig. 1 Basic element for two-dimensional transmission line circuit and its equivalent
circuit
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Fig. 2 2-D transmission line model of the multi-module LTD-based accelerator and the two-—

dimensional model of the A-level stack-MITL system
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Fig. 3 Load current from experiment and simulations
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Fig. 6 Electric field and the lineal current density distributions at different positions
of the stack-MITL system at the moment of peak MITL voltage
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Fig. 8 Stack voltage waveforms at different azimuthal positions
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