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Abstract: To accurately characterize the power flow transmission of multi-module parallel high-
power accelerators and diagnose electrical parameters under asynchronous feeding or fault conditions in
pulse sources, a two-dimensional circuit model of a six-module parallel linear transformer driver (LLTD)
pulsed power accelerator was established based on the transmission line circuit code method. The
model was validated using experimental results from two operational modes: synchronous feeding

of LTD pulse sources and waveform regulation. The results show that, compared with the one-
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dimensional circuit model, the two-dimensional circuit model can more accurately predict the
output characteristics of the accelerator. The relative deviation between simulated and experimentally
measured voltage or current peaks is less than 5%, and the spatial distribution characteristics of
electric field strength and lineal current density, which are difficult to measure directly in experiments,
can be analyzed. 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 1%, and that of lineal current density decreases from 120% to 2%. During output waveform
regulation of the multi-module LTD pulse sources, the two-dimensional circuit model not only
provides the load current waveform under typical triggering sequences but also obtains the spatial
distributions of voltage and current at different angular positions in the insulator stack-MITL system.
The spatial distributions of electric field strength and lineal current density in the insulator stack-
MITL are highly non-uniform. Inward along the insulator stack, the angular non-uniformity coefficient
of the electric field decreases from 319% to 13%, and that of the lineal current density decreases
from 1 330% to 199%. The established two-dimensional circuit model can be used for waveform
regulation and power transmission characteristic analysis in multi-module parallel LTD accelerators.
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circuit and its equivalent circuit

R J IR B R A, R T A% i 4 ) 4% TR AT —
MG B VAT LRI R
Vj,gH,l ([) = Vj_z,'([) -

zkxb. xjtu. edu. cn

(Zi+21‘ +%)71 D

TERN LRI 20 ¢, 38 32 28 (1) W] RURA R B9 5 AL
) By 2 2 D AR L DT A 8 B A3 A A 400 B e R
FHLUE o B B B A% i 42 1 ) B 5K« o B A B 2k
LG R i EL R YRR R R AL T R R SR R R

Eioii(+o =2V, —E; (D (2)
Eo G+ =2V, () —E. () (3
Eion(t+7) =2V, 50 () —E; () (4)
E o+ =2V, () —E;,.n() (5
Sioia (t+1) =2V, (1) — S, () (6)
Sioit+o) =2V, 500 (D) — Sip0 (O (7
Siin(t+1) =2V, 1) —Siu () (8)
Sije(t+ 1) = 2V 000 (1) — S; 00 (1) (9

(2~ (ST FE, YL LR ¢ B2
TET H, F R R P P R, R 80, AT LSRR — I 2 i
JESR NS SR AW s G D T i A 1 A S S E
ZJa A B 2 E A R RC R, TS B 4 e ] S
T I 1 0 F RS R LR
1.2 SHWAKLITD XE _HBKER

B 228 6 fIFHE LTD kb o) 5 B i — 4 iy
i B S R S NS R R LB VAR o RS ST
Bl 6 B LTD Bkop U f15¢, 45 2% LTD kit 10
GBS P £ HX 2 B, A AT P I K o iR 22 18] R B 60°, 7E
FoRL LR 480 kV A, 2 B A% HE 265 k], LTD fikop
T8 i v 32 4% — B TE  BHL B 09 ) il oKk A o A% i 4k
[ Bl 7K 246 22 2ok 00 ol Al 4 B P ek Y 6 28 =P Al
TRk . 6 & = MA 5 4R F ik b 2R 31 X2 48 2%
He-H 25 MITL, i 5 IL R 3 k.

7 FEL BRI v ) Bl K A A% 2k TR - = AR
B SR R R R ] — A 2 AL, Bk S
B CRHBT AR B AnBfF s 3R AL s . 7Kl 4
ZEMERR  ELZS W W0 Ah MITL % ] — 4515 4 28 0 2% 4
BRI F R 18 B (m=18) , M0k 12 Bt (n=
12), B 2(b) A3 E A JZ4 S HE-MITL 4 5
BB RHZEM., % ATyt 5y
2 B RON A AE R BT 5 A 0

Z.. — [#0 h(r) _ 377Th(r) a0
€& W w e,

s g WEEBSF 60 HHEZI B B e, I
XEAr HL R R b Gr) O B BeA% B 2 9 A 8] 5 B
w A A B 1) A5 i A BE . A AR AT (R Y
12 B A% i 42 i BT A 45




4 (LT . ]

% 60 %

BmfEs Rl 2, ~ Z,.0 X 19 B b AL
LR R A7 A% il A5 AE BEL BT 2E 101 BT
QRN W

- [0 R _ 377Th(r) an
ee, Or Or Je.
K O BRI A AE .0 = 2n/n.

Y g M- EL s MITL Z 4 v 45080 v £ g 22 1)

2% B R BELA7T 042 i I S A BfS SRe A2 BITR

A A i 2 L RS R £ ) 0 BR =0 I

R0V Ay 368 4 — 2 A i 2 ri A R

M =0 H m=1 B}, B g4 X 38 5 1L —A4

EBRSHOTHE Ry F LRI,

EEVKmIWN 460 (202wl [ MITL

AR X 6 Yl Hi -

LTDIkP i [l 4h4iek X 6 Ialh- =l JE B X 6

[LTD 6

MITL A%
A

Rl WMITL - fidk

Tmncr
l‘lnud

B . Rygs

[LtDs
[LTD 4
[LTD3 :
| LtD2 Ap
LTD 1 T T,
Ty,

i i F4h

() Z BEIFI LTD 32 B~ 4 A% i 2 HL B AR A

180°
(b)A 2482 - MITL — 4 g, g 455 751
B 2 ZigEIFEC LTD 25 8 A0 4 (L G2k vl A5 0 DL R 3 8 A J2 46 S0 k- MITL 4k A B 00

Fig. 2 2D 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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Table Al Impedances and transit times of coaxial transmission line, the transition part between coaxial and tri-plate line, and

the tri-plate transmission line

B L5 L/ Q MK JE /ns

[t 7K 2 Teon 1. 82 90. 4
T 3. 60 1.5

T, 30. 54 0.4

Ty 3.72 1.4

I7i) - = A U Bt To 1.95 1.4
T,s 1. 82 1.4

T 4.73 3.8

T, 2.88 1.5

Ty 3.70 50. 0

X2

Tap 3.70 55. 0

FA2 WHE-MITL ZRMZEF A s &R &b K&

Table A2 Impedances and transit times of radial transmission lines and azimuthal transmission lines of the stack-MITL system

e AZ B Z

Z,/Q 7, /ns Z,/Q 7,/ns Z./Q 7,/ns Z./Q 7,/ns
1 5.49 0.4 249. 00 18.0 5.49 0.4 249. 00 18.0
2 6. 31 0.4 283.08 17.8 6. 31 0.4 283.08 17.8
3 7.26 0.4 321. 85 17. 6 7.26 0.4 321. 85 17. 6
4 8. 35 0.4 365. 95 17. 4 8. 35 0.4 365. 95 17. 4
5 9.61 0.4 416. 08 17.2 9.61 0.4 416. 08 17.2
6 11. 06 0.4 473.08 17.0 11. 06 0.4 473.08 17.0
7 12.73 0.6 343. 22 16.7 12.73 0.6 343. 22 16. 7
8 12.98 0.6 343.22 16. 4 12.98 0.6 343.22 16. 4
9 13.23 0.6 343.22 16. 1 13.23 0.6 343.22 16. 1
10 13.49 0.6 343.22 15. 8 13.49 0.6 343.22 15. 8
11 84. 00 0.3 130. 09 2.3 84.00 0.3 130. 09 2.3
12 130. 67 0.1 191. 16 1.6 130. 67 0.1 191. 16 1.6
13 136. 47 0.3 158. 96 1.5 136. 47 0.3 158. 96 1.5
14 86. 96 0.3 133. 20 1.4 86. 96 0.3 133. 20 1.4
15 30. 00 0.7 44. 81 1.2 30. 00 0.7 43. 54 1.2
16 30. 00 0.7 36. 76 0.9 30. 00 0.7 35.52 0.9
17 30. 00 0.7 27.70 0.6 30. 00 0.7 26. 51 0.6
18 31.40 0.3 31.53 0.3 31. 40 0.3 31.53 0.3
19 50. 57 0.2 50. 57 0.2
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