
Development of the Advanced Regolith Ground Operations (ARGO) Test Bed: 
A Robotic Excavation and Construction Test Facility with Simulated Lunar Environments

Presented by – Evan Bell
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ARGO Overview
Advanced Regolith Ground Operations

• A system of capabilities
• ASSIST
• ARGO Gantry
• Cryo Shrouds

• Mini & Mega
• Power Systems

• 15kW PSUs
• Induction

• Data Acquisition 
• Implements

• Extruder
• More to Come!
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ASSIST Chamber
Atmospherically Sealed Simulator for In-situ System Testing (ASSIST)
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• Features
– Dedicated dirty chamber
– Large Internal Dimensions (1.5m x 1.5m x 1.2m)
– ≤10-2 Torr to 1 Atm Pressure Range (Turbo TBC)
– External Water Cooling for Chamber Walls
– 10” Diameter Quartz Viewport (Top)
– 2x Front Windows or 1xGlass + 1xIR Viewport

ASSIST Chamber
Atmospherically Sealed Simulator for In-situ System Testing (ASSIST)
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Fast Testing (MMPACT)

• Fast rough pump down rate
• 4x4” bolting grid
• High and Low Watt PSUs 

w/Feedthroughs
• Significant Filtration
• Vents Outside of Lab
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Pump Down Rate & Turbo Pump Upgrade
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ARGO Gantry

• Designed for XYZ+E Manipulation
• Additive Construction
• Excavation/Site Preparation Tool Demos
• Test Fixture Adjustment w/o Venting
• Load Testing

• Gcode
• T-Slot Mounting

• Mountable Forklift Points

• Dust Tolerant
• Crash Tolerant (“whoops” tested)
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Specification Current Estimated Value

Build Volume X/Y/Z ~754/754/804 mm (~29/29/31 in)

Space Claim Volume 
X/Y/Z

~1320/1070/1370 mm (~54/42.8/54 in)

Max Payload 
(Including Media)

90kg (~200lbs)

Max Velocity X/Y/Z 100/100/25 mm/s (~4/4/1 in/s)

Max Accel. X/Y/Z 1000/1000/1000 mm/s2 (39.4/39.4/39.4 in/s2)

Accuracy X/Y/Z 
(% of Travel)

0.033% 

Repeatability X/Y/Z
(Due to Lash)

±0.025/±0.025/±0.000 (Z axis orientation makes 
lash negligible)

Temperature Range -10 to 80˚C (14 to 176˚F). 
Cryoshroud/Bed may be colder/hot if motors are insulated.

Dust Tolerance 
Measures

Metal Shielding Bands on Carriage Rails

Heated Bed Ambient to 100˚C

ARGO Gantry - Specifications



Cryo Capabilities 
AL600/AL325

• Liquid Helium Refrigeration Loop
• AL600: 600W@80K (Base Temp 25K)
• AL325: 100W@25K
• Cryo Pumping Effect 

• ≤10-3Torr Pressures
• RGA Confirmed Mostly Water

• Mega Cryo Shroud
• 1.4m x 1.1m x 1.4m

• Mini Cryo Shroud
• 0.27m x 0.27m x 0.25m

6/20/23 10



Power Capabilities

• 15KW Output PSUs
• Keysight N8932A - 200V, 210A
• Keysight N8931A - 80V, 510A

• Outlets
• 480V 3Ph 30A (1x)
• 208V 3Ph 60A (3x)
• 120V 1Ph 20A (2x circuits)
• Additional 480, 208, and 120 Throughout Lab

• Induction Coil PSU
• 10KW Output

• Solar Simulator Lamp
• 7.14KW / 280k Lumens (~40 lm/w)
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REACT 
Relevant Environment Additive Construction Technology

6/20/23 12



REACT 
Relevant Environment Additive Construction Technology
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• ≤ -200˚C Wall
• ≤ -90˚C Print Surface
• 85% Simulant by 

Weight

• Material strength 
testing in progress



GaLORE
Gaseous Lunar Oxygen from Regolith Electrolysis
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• 1600˚C Reactor Temps
• Utilized High-Watt PSUs and 

Induction Coil System
• Purge O2 Production with 

GN2 Just Before Pump
• MRE project to integrate 

system



Thank You for Listening
Contact info:

Evan Bell – Evan.a.bell@nasa.gov

mailto:Evan.a.bell@nasa.gov


Backups
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ASSIST Performance Pump down Log
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AL600
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Structural Analysis Description MoS (or FS When Notated)

X-Carriage Forces and Moments (90 kg payload) 0.02

Gantry X, Y, & Z Carriage Loads FEA (90 kg payload) 0.02

Payload Mounting Screw Loads 1.3

Hopper Loading FEA 32

Forklift Beam Loading 0.11

Stepper Motor Selection X/Y 3 (FS)

Stepper Motor Selection Z 4 (FS)

REACT - Relevant Environment Additive Construction Technology

Structural Analysis Summary
General (KSC) - K0000466712-GEN, REACT STRUCTURAL 
ANALYSIS REPORT, 22264, -.1 (nasa.gov)

https://kddms.ndc.nasa.gov/Windchill/app/


Gantry Analysis
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Hopper Analysis
Planar Constraints at Support Plates
Pin Constraints at Fasteners’ Bearing Surfaces
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Hopper Analysis
Planar Constraints at Support Plates
Pin Constraints at Fasteners’ Bearing Surfaces

Front 

Right 

Right 

Front 
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Hopper Analysis
PETG Filament
Tensile Strength @ Yield
50 MPa
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ØForklift Beam Loading



Motor Selection (X-Axis/Y-Axis)
Torque During Accel: 53N*cm
Speed:600rev/min



Alternative Motor Selection (Z-Axis)
Torque During Accel: 60N*cm
Speed:375rev/min



Wire and Wire Bundle Calcs
General (KSC) - K0000466735-GEN, REACT ELECTRICAL 
ANALYSIS REPORT, 22264, -.1 (nasa.gov)

https://kddms.ndc.nasa.gov/Windchill/app/






Fx (N) Fy (N) Fz (N) Mx (Nm) My (Nm) Mz (Nm)

X Carriage 90 800 880 900 90 1000 68 125 4 120 25 90

Y Carriage 51 800 140 900 640 1000 97 125 42 120 1 90

Z Carriage 550 800 45 900 82 1000 5 125 98 120 54 90

REACT - Relevant Environment Additive Construction Technology

Gantry Carriage Loads
Gantry – Nook DLK120/DLT120
Loads Shown are Labeled Based on Carriage 
Local Axis System

90 kg Payload



Fx (N) Fy (N) Fz (N) Mx (Nm) My (Nm) Mz (Nm)

X Carriage 90 800 880 900 90 1000 68 125 4 120 25 90

Y Carriage 51 800 140 900 640 1000 97 125 42 120 1 90

Z Carriage 550 800 45 900 82 1000 5 125 98 120 54 90

REACT - Relevant Environment Additive Construction Technology
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24VDC Supply

5VDC USB-C

Raspberry Pi 4 Print Computer

Print Microcontroller (MCU) 1: SKR-1.4

Print microconrtoller
(MCU) 2: SKR-1.4

Z-Axis
Steppers (4)

Y-Axis
Steppers (2)

X-Axis
Stepper

Pellet Feeder
Stepper

Z-Stop

Y-Stop

X-Stop

Extruder
Heaters (3)

3x Extruder TCs

Vacuum Chamber

Legend
USB
Power

Stepper

Signal

Stepper Drivers (DM860I)

110 VAC Supply

DC-DC 
Converter

Inductive Homing Sensor

60 VDC Supply

Relay (3x)

Bed TC(s)

110 VAC Supply

Bed Heater



Wires in Z echain N wires Gauge (awg) cond dia (in) insulator dia 
(in)

Max Current ea 
(A)

4x steppers (extruder + x 
+2y) 16 16 0.0508 0.08 6.0

3 K TCs 6 20 TBD 0.06 0.0

3x heaters (E) 6 18 0.0403 0.069 3.5

2x limits (x+y) 4 20 (or smaller) 0.032 0.058 0.0

Total 32 bundle size 0.407

Length (m) 5.5

https://www.remingtonindustries.com/content/PTFE%20Hook
%20Up%20Wire%20Data%20Sheet.pdf



Motor Selection (X/Y-Axis)
NEMA 34 – 86x86x80mm
6.0A, 48V
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~250N*cm

375 RPM


