SAND2011-4473C

TRANSMISSION LINE AND
ELECTROMAGNETIC MODELS OF THE
MYKONOS-2 ACCELERATOR*

E. A. Madrid~, C. L. Miller, D. V. Rose, D. R. Welch, R. E. Clark, C. B. Mostrom
Voss Scientific

W. A. Stygar, M. E. Savage
Sandia National Laboratories

D. D. Hinshelwood
Naval Research Laboratories

K. R. LeChien
National Nuclear Security Administration

Voss Scientific, LLC

418 Washington Street SE
Albuquerque NM 87108
(505) 255-4201

1/ , *Sandia is a multiprogram laboratory operated by Sandia Corporation,
1/ Voss Scientific  a Lockheed-Martin company, for the United States Department of Energy’s
National Nuclear Security Administration, under contract DE-AC04-94AL85000.



Abstract

Mykonos is a linear transformer driver (LTD) pulsed power accelerator
currently undergoing testing at Sandia National Laboratories. Mykonos-2, the
initial configuration, includes two 1-MA, 200-kV LTD cavities driving a water-
filled transmission line terminated by a resistive load. Transmission line and 3D
electromagnetic (EM) simulation models of high-current LTD cavities have been
developed [D.V. Rose ef al. Phys. Rev. ST Accel. Beams 13, 90401 (2010)]. These
models have been used to develop an equivalent two-cavity transmission line model
of Mykonos-2 using the BERTHA transmission line code. The model explicitly
includes 40 bricks per cavity and detailed representations of the water-filled
transmission line and resistive load. (A brick consists of two capacitors and a
switch connected in series.) This model is compared to 3D EM simulations of the
entire accelerator including detailed representations of the individual capacitors and
switches in each cavity. Good agreement is obtained between the two simulation
models and both models are in good agreement with preliminary electrical data
from Mykonos-2.
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Single Cavity Circuit Schematic
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Transmission Line Model of
Mykonos-2
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D.V. Rose et al., “Circuit models and three-dimensional electromagnetic simulations of a

1-MA linear transformer driver stage,” Phys. Rev. Spec. Top. Accel. and Beams. Vol. 13,
pp- 90401-1—-90401-11, 2010.

Circuit schematic of two
LTD cavities driving a
common water-filled
coaxial transmission line
terminated by a resistive
load.
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Mykonos 2-cavity Transmission Line and
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The transmission line and load geometry for the Mykonos-2. Detailed modeling of the load is
necessary to accurately produce reflections for the transmission line field structure.
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Length (cm)

Cross-sectional view
of a 2-cavity system
model in Lsp. Such a
model can be used to
study field stresses 1n
the Mykonos-2
accelerator.

D.V. Rose et al., “Circuit models and three-dimensional electromagnetic
simulations of a 1-MA linear transformer driver stage,” Phys. Rev. Spec.
Top. Accel. and Beams. Vol. 13, pp. 90401-1 — 90401-11, 2010.



Lsp Model Components

| \ A
\ ’ \/ b L Voss Scientific



Mykonos Load Design
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LSP Simulation Description
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A single LTD brick consists of two capacitors connected in series by
a low-inductance switch. Forty bricks inside a low-inductance
cavity, connected to a load and including ferromagnetic cores,
comprise a single LTD cauvity.

Circuit simulations successfully model LTD cavity output.
Electromagnetic models compliment these circuit models and hold
information about field stresses and non-linear behavior.

LSP simulations use a fully electromagnetic treatment in 3D
cylindrical coordinates (r, 0, z). The 40-fold azimuthally periodic
brick arrangement intrinsic to the LTD design simplifies the
simulations, requiring only 1/40%" of a cavity to be modeled.
Additional bricks or cavities can be modeled as necessatry.



Single-Brick 3D Model

a) t=0 b) =80 ns

A Poisson electrostatic solver initializes  Core-loss [T [T T kV/cm
the simulation by setting a 100 kV Resistor —— 70
potential across the simplified
capacitors. The switch, a time- 140}
dependent conductivity channel M6
spanning the switch housings, triggers Resijsﬁve/r
the discharge of the capacitors. Here, switch

. channel
the core losses are modeled using a
resistor set at high-R. 120} 1
Cell sizes vary from 0.25 to 0.5 cm in s
R, 0.15°to 0.45° in theta, and 0.125to ~ Dielectric = _— N
0.576 cm in Z. Over 360 thousand Cfgjcri:g;
cells for 1 brick, and nearly 1.5 million 100l
cells for 1 cavity comprised of 40
bricks. 14
Single-cavity, sm_gle-bnck simulations | oad
(0 — 300 ns) run in 6 hours on 4 ReSiStor\Bo~ _ "
processors. \1A MAAMARAIN NP

2-cavity, 40-brick model runs in 12 =S Zig:m;s SR ZIam;5 20

hours on 320 processors.

C. L. Miller et al., “3D electromagnetic and transmissionline models of a 1-
IWAYA VoSS Scientific MA linear transformer driver cavity for high-current z pinch accelerators,” 10
in 37" IEEE International Conference of Plasma Science, 2010.



40-brick 3D Model
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D.V. Rose et al., “Circuit models and three-dimensional electromagnetic simulations of a
Voes Scientifi 1-MA linear transformer driver stage,” Phys. Rev. Spec. Top. Accel. and Beams. Vol. 13,
Oss Scientific pp. 90401-1— 90401-11, 2010.
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Cross-sectional view
of a 2-cavity system
model in Lsp. Such a
model can be used to
study field stresses 1n
the Mykonos-2
accelerator.

D.V. Rose et al., “Circuit models and three-dimensional electromagnetic
simulations of a 1-MA linear transformer driver stage,” Phys. Rev. Spec. 12
Top. Accel. and Beams. Vol. 13, pp. 90401-1 — 90401-11, 2010.
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Synchronous Shot Analysis
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Comparison of Load Currents

Demonstrates Model

These load current traces
are from a synchronous
shot configuration, all 40
switches in each of the two
cavities break down
simultaneously.

The transmission line
model predicts a 67.5ns
10-90% rise-time pulse

with a peak value of

925kA, which is 1n
excellent agreement with
experimental data.
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Sample Comparison Between Transmission Line
and EM Models and Data —Ref paper from 2010
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Transmission line model comparison with published LTDIII
shot data. The model agrees very well with experimental
results well beyond peak power.
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