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Motivations

* Developing Adamantane-based ion thruster at USC ASPEN Lab

« Need to characterize the thrust and plasma to compare different iterations of

the the thruster
« Constructing double langmuir probe and thrust stand for indirect and direct

characterization
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Adamantane Thruster

1000 V
» 3D printed resin thruster I I
« Solid adamantane (C, H, ) propellant that
is sublimated under vacuum |
« Neutral adamantane particles are P 1
simultaneously ionized by electrons
Cathode Orifice

emitted from the cathode and accelerated

.pe Propell —
towards the orifice Bty

2.54 cm I
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Langmuir Probe

« Previously, created and utilized Langmuir Probe

Teflon Coated Wire
Nickel Chromium Wire
Tantalum Sheet

Unconnected wire

Kapton Tape Spot Weld Connection BNC Feedthrough
Planar . . supported by Shrink / Flange
¢ , Alumina tubing W d Electrical
Probe Tip ) Moldable rap and Electrica
........ / Spot Weld Connection ™\ Tape N
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Diameter: 6.12 mm T T
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Plasma Characterization
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Double Langmuir Probe

« Next step: double langmuir probe
« Saturation and prevention of Debye sheath shielding

« Probe tips are biased against each other
« One probe tip is connected to ground of variable power supply
« Second probe tip is biased to voltage set by power supply A

Current, /
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Ideal I-V Curve for a Double Langmuir Probe
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Double Langmuir Probe Setup

* Tungsten wire probe tips

» Concentric layers of alumina tube, copper,
and glGSS Thruster stand gy | - Thruster orifice

Probe insulation

« Positioned probe tips near center of plume

« Probe tips close to plasma exit point on

thruster
Tungsten l_l ] Smm
Wire

—

Alumina
Tube

r o
7

Probe stand

Copper
Sleeve

Glass
Sleeve
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Probe Data Collection

« Non-Inverting Amplifier Circuit

« A waveform generator varies a
voltage

« Voltage over a 100 kQ resistor
measured using an analog
DAQ device

« Designed for PCB
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Probe Data Collection

V
4 - —
2 l_O 100 kQ
Probe ©

Plasma is at /l/
Floating Potential (P S
0

Probe ©
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Double Probe Results

* Collected data with LabView

60

50

* Processed to create I-V curve
40 +
« Unusable results recorded < 30}
g 201
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20 s . . . . |
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Bias Voltage, V

Data processed from ambient
plasma

USC Viterbi

School of Engineering University of Southern California 10




Thrust Stand Background

EP produces low thrust that cannot be measured with typical load cells. Specialized
measurement equipment is required to resolve pN forces.
- Torsional configuration uses moment arm to convert thrust £, to torque about central

frictionless pivot point
« Length L and spring constant k can be adjusted to control resolution
e L:03m
e« k 0.311 N*m/rad
« Displacement measured with LVDT corresponds to thrust.

y
- L 4 8 =0.000125 * V
X __ 2k*tan(6/L)
® L Ft _ L
/ : /
Thruster LVDT
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Thrust Stand Design

« Active/Passive Control
« Active uses voice coil actuator to hold stand at O position
« Passive measures displacement with LVDT

LVDT LVDT
Voice /
Riverhawk .

Flexure

Electrostatic
Fins

Thruster moun

with thruster Thruster

!
.....
1) S

Flexure
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Thrust Stand Data Collection

Data collection with NI DAQ and LabView VI
Testing conducted primarily at 15.7 Torr

T Thruster & i § = 0.000125 * V
Rlume 4 -~ — . . ;

2k * tan(8/L)

Ft= .

Riverhaw j/.

Flexu re
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Thrust Stand Results

1000 V with plasma
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Plasma thrust test
- 15.7 Torr (Roughing Pump)
- No waterfall for wired connections
- Passive Configuration

USC Viterbi

School of Engineering ( ]Ili\‘L‘I'Sit}' of Southern California 14




Thrust, uN

Thrust Stand Results

1000 V with plasma Power on Power off
150 - ( A 50 - \ \
100 -
:|:~40 uN
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-150 |- w
2200 F L J
Power ofF Y, 1000 V without plasma
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Time, min

Plasma thrust test

- 15.7 Torr (Roughing Pump)
- No waterfall for wired connections

- Passive Configuration
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15.7 Torr (Roughing Pump)
No waterfall for wired connections
Passive Configuration
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Thrust Stand Results

Initial Configuration Current Configuration
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Thrust Stand Results

1000 V without plasma 1000 V with plasma
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Electrostatic test Plasma thrust test
- 0.22 mlorr (Turbo Pump) - 15.7 Torr (Roughing Pump)
- Coax waterfall for wired connections - Coax waterfall for wired connections
- Passive Configuration - Passive Configuration
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Discussion

Double Langmuir Probe:
« Carbon buildup observed on cathode
« Probe showed significant contamination reducing
measurements below observable resolution
« Resinthruster likely had outgassing
« Resin likely reacted with adamantane fragments

Thrust Stand:
« Itit crucial fo test the thruster under high vacuum
o Adamantane sublimating too quickly
« Electrostatic issues mostly fixed
o Significant electrostatic interference due to thruster
power wires has been removed
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Conclusion

« Thrust measured to on the order of 40 uN
o  Future plans to incorporate active control of

stand j_l_LD J_% ma \u
A

« Continued development of langmuir probe |
iterations — - —
« New diagnostic tools to validate results _ Ba Cone e
T —
« Thruster redesign needed I

S i
L1 l ly

. . - I[I
o Reduce outgassing and carbon buildup B q

o Increase control of adamantane release ﬂ mill mil

in the ionization chamber Enlarged - Enlarged ~ Extenal
Orifice Chamber Cathode
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Q&A

Contact Information
fisherjr@usc.edu 4 nkiley@usc.edu € mbdavis@usc.edu € brianphu@usc.edu
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Bonus slides

Previous measurements recorded
- Electron density of 4.17 1017 m-3
 Electron temperature of 29 eV
« Plasma potential of 12.63V,
« Floating potential of 99 V
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Bonus slides

<V

ion saturation region

Merikallio, Sini. (2007). Analysis and visualisation software for Demeter Langmuir probe instrument
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Bonus slides
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Bonus slides
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Data from automated method showing a) I-V trace of the probe in ambient plasma and b) In(I
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Data from manual method showing a) I-V trace of the probe in adamantane plasma and b) In(I
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Current , In(A)
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pmbe-lsat) plotted against bias voltage.
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pmbe-lsat) plotted against bias voltage.
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Bonus slides
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Data from automated method showing a) I-V trace of the probe in adamantane plasma and b) ln(Ipmbe-Ism) plotted against bias voltage.
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Data from manual method showing a) I-V trace of the probe in ambient plasma and b) In(I plotted against bias voltage.
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Bonus slides

Overlay of Manual and Automated Data Collection
Ambient Plasma
Manual @ Automated
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Bonus slides

L= — Iprobe (1)
(I e = Lo = AWy, = GI/KT, 2)
slope = k(;g (3)
kT
Yot = Lpopm = O 6‘7145‘1"‘19\/% (4)
n= in6 kj; (5)
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