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Outline

EHT developed 4-kW repetitively-pulsed RMF power system.

UM made the first thrust measurement of a continuously operating RMF-FRC
thruster on an inverted-pendulum thrust stand in a vacuum environment.

* Motivation

e UM RMF-FRC Thruster V1

 EHT Power System Advancements
* UM RMF-FRC Thruster V2

e Future Work

* Conclusions
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Motivation

Rotating Magnetic Field-Field Reversed Configuration (RMF-FRC) Thruster

* RMF coils operate at lower voltages, thereby reducing risk of undesirable
breakdown and wear on the thruster and power system components

e The long, cylindrical geometry of an RMF-FRC plasmoid improves inductive
coupling with the power supply, raising the overall thruster efficiency.

* However, no demonstration of continuous operation with thrust stand
measurement has been published.
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UM Large Vacuum Test Facility
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Cryogenically pumped: 13
TM1200i Cryopumps and 6
PHPK Cryomech pumps

¢ « Pumping speed of 520
.~ kL/sec Xe (measured)

Can process up to 100 kw
continuous power
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UM RMF-FRC Thruster (V1)

RMF Antennas
(copper tubing)

Power system: underdamped LC circuit

Bias Coils
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EHT Resonant Power System

 Solid-state-driven LC circuit:
* Precision gate control

* Massive parallelization Y l e l

* High-frequency switching —L3 =E i =

e Drive at resonant frequency ‘ |
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* High voltage is limited to resonant L C=40nF
capacitor and the antenna. ‘ ‘ =

* Power system is robust to arcing o cs o Cs

* EHT has delivered commercial
resonant drivers to privately-funded
fusion energy companies.
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EHT 4-kW Power System

® Output Cu rreﬂt iZOOO A RMF Current Waveforms
1000 - 45 sccm Xe, 1.95 kA, 80G, #3

e Max frequency: 500 kHz
e Burst width: 200 us 0T i lm ”“W I
e Burst repetition frequency: oo f | il
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UM RMF-FRC Thruster (V2)
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Mica Plasma-
Bounding Cone

Scaffold structure simplified fab (sheet material only)

G10/FRP to minimize conduction

Plasma bounded by mica sheets formed into cones

Optical breadboard-style mount for modularity

Optional dielectric cone to better diffuse gas (not used in test)
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Neutral Diffuser Bias Magnets
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Energy Coupling and Coupling Efficiency

Total Plasma Input Energy for 80 Gauss Bias Field

<" ® e« Parameters
2 W E * Operated at 75 Hz for 1-5 minutes and 200 s
5 g burst width (RMF: 500 kHz).
5 .-  Xe flow rates: 10 - 60 sccm
: v 3 * Magnet field: 80 & 120 G
. 5 3 * Antennacurrent: 1.5-2 kA,
£ =
2 s * Max energy coupled: 20 J.
10 15 30 45
Flowrate [sccm Xe . « o

oo * Coupling efficiency ~50%.
_ Total Coupling Efficiency for 80 Gauss Bias Field . .
Tree T  » Thrust improves with stronger
] 0l magnetic field, higher flow rates, and
£ 8 higher currents.
£ 30 'Y
ﬁ 1.7 %
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Results Comparison
| PERLRMFVI | PEPLRMFV2

Waveform Underdamped LC circuit Driven LC circuit
RMF frequency [kHz] 20 or 125 400

Max antenna current [KA,, ] 2 4
Energy per pulse [J] 2 20*
Average power [kW] 1.2 4
Coupling efficiency 1-3% 50%
Thrust [mN] 0 8 (543 ‘active’)

* Operated at 2 kA,  max. Higher energy per pulse is expected at higher antenna current.
Design changes after V1 campaign led to dramatic performance
improvements:
 EHT PPU allows significantly higher sustained antenna currents
* Smaller, nonconductive body reduces structural coupling and aids
RMF penetration into plasma
* Annular neutral diffuser at mouth improves gasodensity profile
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Improvements in Future Work

* PPU Improvements
* Improved thermal management (water cooling)
* Increase peak antenna current (increase active thrust and
specific impulse)
* Increase pulse repetition frequency/average power (increases
gas efficiency, specific impulse and average thrust)

* Optimize thruster performance
* Magnetic field strength dependence
* Non-monotonic flow rate dependence
* Optimize pulse length and timing can improve efficiency

* Thruster configurations

* Magnetic field magnitudes

* Magnetic field configurations — larger radial component for
improved acceleration via Lorentz force

e Gas injection schemes — baffle on centerline to force radial
flow toward walls, where coupling is higher
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Conclusions

* EHT designed, built, and tested an
RMF power system.
* 4 kA o« switching at 500 kHz
e 4 kW continuous operation for 5 min

e UM conducted first thrust stand
measurement of CW RMF-FRC thruster
in space-like conditions.

UM characterized thruster
performance with EHT power system.
* Improved coupling from 3% to 50%

* Improved thrust from unmeasurable to 8
mN (543 mN ‘active’)

FEEAGLE HARBOR 12
EEEEEEEEEEEE

UNIVERSITY OF MICHIGAN



