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CSM activities

e Bucketwheel
e Bucket ladder LILII, 1V, V
e Backhoe

 Material transport

* Beneficiation

* Processing

* Measurement & Testing

e System Engineering and Decision making tools
* Economic Analysis, Chemical Processes
* Lunar Base & Lunar Telescope Construction
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ucketweel

50 kg/hr, auger, directly into processing unit, discard proceeds
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Bucketladder I, 11

SBIR I with sysRAND

500 kg/hr, transport, dump into collection bin,
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Bucketladder IlIa, b

Integrated with rover, 1500 kg/hr, transport, dump into collection bin, dump in
processing unit using ramp
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Bucketladder IV, V

. Lunabotlcs Competltlon

Integrated with rover, 1500 kg/hr, transpor ump into collection bin,dump in
processing unit by lifting collection bin
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Backhoe Design

Bucket Actuator

Bucket Actuator Mount Point Boom Actuator
Arm Actuator
Bucket
R P \
MY
Arm e 2 Rover Mount
e /
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Backhoe Prototype

Integrated with rover true ‘quick connect’, 100 kg/hr, 1m depth, 10 kg rock
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Integration of Science with
excavation
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» ISRU: Separate large fragments from fines

 Civil Engineering: Sort out fines, coarse, etc... by purpose — road
bed, landing pad, high traffic areas, etc...

« Science: Apollo Rake samples were excellent source of variety:
pristine crustal rocks, impact melt rocks, and basalts.*

Regolith Goes In

Ay - Fragments Out
e J/ \ Collect for Sample Return

or in situ analysis
Fine Regolith Out

~Wire Mesh
At CSM we are building a trommel (rotary screen) that
will be able to process fragments from fines at 600 kg/hr
rate of input regolith (approx excavation rate of CSM
excavation rover) assuming fragments are ~5% by weight.
Initial sorting by size followed by sorting by rapid 9|
analytical analysis (IR imaging) — sample triage. Diameter = 25cm; Length = 50cm

1: G. Lofgren, “Experience from Apollo and Challenges to Geology”, presentation, OSEWG, Workshop on Robots Supporting Human Science and
Exploration, Houston TX, August 2009.
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Trommel Regolith Sifter Test Results

» Engineering Physics Senior Design Project 2009/2010 (David Hall)
» Regolith Simulant
= Fines: Low-cost, high volume from landscaping gravel with grinding by Zybek
Adavanced Products (73 um mean diameter)
= Fragments: Jaw crusher for >1mm
» Lessons Learned
= Need a feed system for high feed rates, i.e. an excavation rover.... see excavation
rover lessons learned - Only completed low feedrate testing
= Testing suggests that when using regolith simulant, performance is not well
predicted by theory used in refuse sorting — attachment RPM is greater than

. edICtd RPMs vs Feedrate
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Experimentation
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Movies

Movie cent challenge
demo
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Things that went wrong

* Planning
— Ordering
— Machining
— Testing time
— Integration with class requirements
— Competing interests / claims on time
— Did not bring all tools needed to site
*  Group dynamics
— Personalities
— Different working methods and attitudes
* Unforeseen circumstances
— Dropping out of students
— Changing programs
*  Broken equipment / hardware

—  Electronics, motors, laptops, tools (drill bits)

*  Communication problems

— Things that work in the lab do not work well in the field, on site (networks)

e Lack of status of robot and communications

— Sensors, basic communication
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Lessons Learned

Some of the experience with the CSM excavator development and lessons learned from the
Centennial Challenge and Lunabotics development and :

*  Murphy never sleeps. If something can go wrong, it will at some point.

* Testing testing testing, of the whole system, every component and
subsystem/assembly. (Leave time to fix problems found during testing)

*  Working in parallel is important to meet deadlines.

* Team communication and a strong team leader is essential.

* Situational awareness of the excavator itself and its surroundings is crucial.

* Noise control in the electronics is very important in an ungrounded system.

* Asystem integration approach is important, the earlier the better.

* Lots of thin cuts work well for fast excavation.

* Traversing up a ramp costs a lot of power.

*  Dumping regolith simulant works well with smooth steep sides.

* Wheels are vulnerable to losing traction, tracks are more reliable and versatile.

» Different workstyles can give reason for friction in interdisciplinary team.

* |tisvery difficult to design a high production, low power, robust, working excavator
* Local climate can make a big difference

* Great Spirit and great interest / working together / helping together

* Experience disappears with students, retained in faculty, some other in neighborhood
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Force Measurements

Testbed to measure x, and y forces
Modified testbed to fly on 1/6t™" gravity campaign
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Excavation Power Use
1

s A

0.01

0.001

Power/Production {W/kg/hr)

0.0001 | | | | | |
0 500 1000 1500 2000 2500 3000

Non-stop Production kg/hr

=—4=2009 bucketladder =—l=gen 1 bucketladder  =d#e=bucketwheel



SRR & PTMSS, June 8-10, 2010 COLORADOSCHOOLOFMINES

EARTHSENERGY ®a ENVIRONMENT

 48” diameter (42" effective due to cryo shroud) 50”

long ‘dirty’ vacuum chamber (10! torr) at CSM for
testing using regolith, cold (-200 °C) or hot (200 °C)
temperatures.
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Overall CSM Integrated Picture

Fidelity
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QUESTIONS?
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Thanks to STUDENTS

(Free (cheap) Labor)




