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Abstract
NASA's Lunabotics competition is held annually with participants worldwide competing for
both the winning position which offers scholarship money, as well as possible detainment by NASA to
further robot design and implement the ideas exhibited throughout the course of the competition. We
are to design a robot capable of traversing an obstacle course to reach a specified location in order to
mine moon “material”, reaching a minimum of 10 kilograms of mined material within 10 minutes. Other
rules and regulations apply such as size and weight limitations to the robot, as well as being able to
operate while completely autonomous, with a low energy-consumption operation that allows the robot
to operate for extended amounts of time. The robot also needs to operate at certain bandwidths in order
to reduce the possibility of radio-interference between other sensitive electronics and communication
devices that will be present should an excavation expedition ever make it to the moon. Dust-free
operation and structural integrity both serve as important qualifications for robot design in order to
improve the overall functionality of the robot.

Introduction
Problem Statement
The purpose of this project is to partake in NASA’s Lunabotics competition which consists of
excavating regolith or, rather, simulant known as Black-Point 1 (BP-1) and then transporting the
excavated material to a collecting bin. Along the way, the robot is encouraged to be fully autonomous or
semi-autonomous and must traverse through terrain similar to that found on the moon such as craters
and large rocks which would hinder the robot’s venture.

Motivation
The nature of our project is to design and build a robot that meets NASA's Lunabotics
competition criteria in order to test our capabilities in robot building as well as competing and winning
the Lunabotics competition, to improve the standing of our ABET accredited engineering programs at
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FIU, and to further our own understandings and expertise within the field of robotics and the
encompassing mechanical engineering spectrum.

Literature Survey
The NASA Lunabotics Mining Competition seeks to promote interest in space and STEM
(science, technology, engineering, and mathematics). The objective is to build a robotic excavator to
navigate an obstacle course to a designated area, collect an amount of moon dirt simulant called regolith
and carry it back to a dumping container. The purpose is to simulate the conditions of moon excavation
and exploration while operating semi- or fully autonomous. Using research done on space robots and
fully autonomous robots and companies that specialize in mining such as Caterpillar and Rio Tinto, the
attempted build would operate under such conditions.
Surface Mining
Defined by the Society for Mining, Metallurgy, and Exploration as “the initial exploitation of a
deposit involved rudimentary scratching at outcrops and picking up pieces of ore from the surface”. In
other words, it’s used to clear away the surface of an area in order to prep and area for mining out a
covered resource. In this case the machined used for surface mining must have an ability to navigate
throughout unknown terrain in order to clear away the surface; with this in mind, a part of our focus is to
develop a substantial means of locomotion.
Autonomy
Autonomy is explained as a “system capable of operating in the real-world environment without
any form of external control for extent periods of time” by George A. Bekey [2]. Full autonomy is sought
after because of the fact that in space there is very little room for error in communication. So if the
Lunabot can achieve a set task automatically, it cuts down on the components needed for remote
controls. If there is a break in communication, a task may still be accomplished without assistance from
an outside source. If autonomy is achieved then the Lunabot may be viewed as a robot, defined as a
machine that senses, thinks, and acts. When dealing with autonomy there are also set rules that must be
dealt with in order to keep high-level control which is defined by Asimov’s laws:
5

1.

A robot should never harm a human being.

2. A robot should obey a human being, unless this contradicts the first law.
3. A robot should not harm another robot, unless this contradicts the first or second law.

To insure the safety of all operating the Lunabot, a kill switch will be installed
into the design as well. Microcontrollers are used as the source for controlling
motors and sensors. Arduino is an open-source prototyping platform used by

Figure 1: Arduino due
board

designers and hobbyist with a lot of help on programming. BASIC stamp is a

very user-friendly interface and debugging method.
Frame and Locomotion
When designing a frame, NASA usually has specific dimensions set in place to fit into a space on
the rocket for travel. The smaller and lighter the weight, the better and easier for travel.

The

competitions rules limit a four person team to a maximum mass of 92 kg, while for a three person team
the maximum mass if 69 kg. With this limitation in mind, the build would need to fit more components
within a small space. The slight trade-off, though, is that in turn, the weight is reduced. The frames built
by FIU in past years have done well in regards to weight upon talking with the previous designers. After
such discussions, the conclusion was to use 80/20 extruded aluminum to keep it light but going with
much lighter fittings as seen in Figure 11.
Locomotion is either made up of tracks, which do very well on sand and hazardous road
conditions; and wheels, which are used primarily because they are specialized to grip and maneuver
through dirt, sand, or grass and hold no air to cope with the conditions of space (airless tires).
Regolith Collection
The load bin is positioned at the center of the Lunabot which prevents the motors from having to
compensate for a shift in center of gravity. This works very well in completion and NASA has used this
method as well Lunabots in competition.
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Previous designs have tried to acquire regolith by means of shoveling such
as that seen in most mining applications. The flaw in this design is that the
acceleration of gravity is different than that of the moon. On the moon you
are working with an acceleration of 1.622 m/s^2 as opposed to 9.81 m/s^2 on
Figure 2: Collection bin idea

Earth. When coupled with the light weight and power needed to push the shovel, the robot will often be
entrenched in the dirt making it useless. Designated motors for the collection method while the Lunabot
remains stationary would seem to be an ideal strategy and much more efficient given the conditions
prescribed.

Conceptual Design
Design 1
A load bin is positioned on actuators which rise and drop as well as tilt once at a certain height
to drop the load using a gear mechanism. Tracks will be used to guide the Lunabot through the dirt and
rocky terrain. The rising and lowering of the bin will improve the trek by being able to avoid larger
obstacles at variable heights. Once the Lunabot reaches the mining site, the bin will lower to the floor
opening a front panel as well as lower an attached rotary shoveling mechanism and scoop in regolith.
Once the bin is full, actuators will raise the bin to traveling position and travel to dump site and dump
load.

7

Figure 3: Conceived idea of design 1

Design 2
This design has a wheeled base locomotion using two conveyer belts with attached shovels as the
dig and dropping mechanism and motors that tilt the load bin to force the regolith back onto rear
conveyer belt. Additional motors will tilt both conveyer belts in order to travel through course once bin
is full and back at the dump sight the rear conveyer belt will dump regolith at the dump sight.

Figure 4: Laurentian University's 2011-2012 Lunabot

Design 3
Focusing on being light and mobile, the Lunabot will keep all components simple and light. Most
of the resources are placed on powerful motors and large wheels capable of overcoming uneven terrain.
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At the dig site, a shovel positioned opposite to the direction of traveled will drop down. The Lunabot will
travel in reverse in order to collect regolith thus reducing the chance of friction overcoming the light
weight. Once regolith is collected, a shovel will be raised and dumped into bin on top of the Lunabot.

Figure 5: Design 3 loosely based on the University of North Florida 2011-2012 Lunabot

Proposed Design
After brain storming and careful consideration, the first design was agreed upon because of its
meeting the competition’s as well as the team’s standards and desires. The second design is based mainly
on winning design for the 2012 Lunabotics Mining Competition. The focus was mostly on acquiring
regolith at a rapid pace as well as dumping it at an equally quick pace. The design had too many motors
which would possibly increase the chance of a malfunction. Another reason this design was not chosen
was because of the weight limitations. The design with all its components and motors would yield a
hefty Lunabot. The third design was more focused on low cost and lighter weight. But on the other hand,
because of the light weight, the Lunabot would not be able to retrieve a sufficient amount of regolith each
run. Because of this, more runs to and from the dump site would increase the chances of malfunction.
9

The first design can be made light weight but have additional support by placing the payload
strategically. By using two opposing forces when regolith is collected, it reduces the chance of the
machine getting stuck due to non-friction. The literature review provides great insight on the design by
having multiple functions per motor. With the help of pivoting linkages, the amount of motors needed is
reduced while still providing the functionality needed to accomplish the tasks.
The design in mind utilizes caterpillar tracks in order to provide optimal contact with the lunar
soil simulant (BP-1) providing the stability and grip needed to traverse the obstacle course area
effectively. This reduces possibly flipping over or becoming entrenched in the BP-1 material. The tracks
and the motors driving them will have reversible rotary directions and the software will be coded
accordingly in order to provide the Lunabot with turning capability akin to other track-driven vehicles
such as tanks and construction vehicles. In the front of the Lunabot, we will have a rotary auger dredge in
order to dig into the BP-1 and propel the material inwards and into a collection bin. The means by which
the regolith will be transported into the collection bin is that of a vacuum. The pump of a vacuum cleaner
will work much like how it does normally; it will draw the shifted soil, due to the auger, into the bin. The
auger itself will be raised during the robots transitory stage, and lowered when needed to engage with
the BP-1. The holding bin will be designed similar to those in construction or waste management, with
the capability of being lowered during the mining process, raised during transportation in order to
provide ground clearance while traversing the obstacle course. Finally, the receptacle bin will be raised
when the robot has reached the loading station, lifting the bin and depositing the collected BP-1 into the
competition bins. The bin will be tilted via a mechanism as opposed to an individually regulated motor to
cut back on power consumption and weight because the mechanism will function only to tilt the bin in
order to deliver the payload into the reception bins. Our design focuses on the concepts of keeping the
robot at a low center of gravity in order to provide operational stability, as well as keeping the overall
weight of the robot light in order to both reduce energy consumption and to allow ease of handling and
possible transportation to the moon itself. While bandwidth issues have yet to be addressed, that issue is
relatively low when compared to how much dust will be generated during operation as well as making
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our robot itself dust-free and having longer operational life without a possible need for maintenance. We
are considering seals to reduce the contamination of components with BP-1 as well as other mechanical
modifications to improve structural integrity and reduce unnecessary stresses; ball bearings and the like
will be used on an as needed basis. Robot d
design
esign is currently underway, with acquisition of materials,
parts, and scheduling of work and actual construction to be determined within the coming months,

considering the 2014 Lunabotics competition is taking place in the middle of May.
To develop a fully autonomous machine a number of sensors, microchips and microcontrollers
will be used in order to detect distances, depth perceptions, actuator control as well as power usage and
output depending on situation. The ideal microcontroller for running the Lunabot may be an Arduino

board or BASIC stamp board due to it
itss simplicity and open source coding.

This will help the

programming stage go smoother.

Figure 6: Proposed design
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Figure 7: Side view

Figure 8: Top view
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Project Management
Timeline
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Roles and Responsibilities
Roles and responsibilities have been broken down into equal parts based on personal experience
and are chosen by each individual. The responsibilities are given to ensure that the task is completed but
every member has a hand in the project as a whole. This will ensure that the transitions are smooth with
full communication on expectations and opinions in order to come up with the best reasonable decisions.
The three main members of the project are Michael Sewar, Mark Tuazon and Zhen-hua Wang, all
Mechanical Engineering majors. An electrical engineer will be brought in during the assembly and
testing phase to double check, run and oversee the electrical components and wiring so that the Lunabot
runs smoothly.
Mark Tuazon
As team leader, Mark will oversee the overall progress of the project, keep track of deadlines,
registration and find issues that may develop into a bigger. He is doing most of the research and
collecting a lot of concepts which will provide the basis for the design. He is also in charge of data
analysis during testing which will be put into our records as well as be used for the calculations.
Zhen-hua Wang
As the lead designer of the Lunar Excavation Robot, Zhen will oversee the modeling and
simulation portion of the project. This includes the initial design concepts, simulation of the design and
component analysis of material and build using SolidWorks. Zhen will also provide a bill of materials,
set of drawings and diagram parts and assembly. He will also take the lead in the testing phase of the
project due to the design may have to be modified based on real world interaction.
Michael Sewar
Michael is in charge of building and programming the Lunabot. Using the SolidWorks models
and diagram as a base, he will find parts that match the specifications drawn and fabricate parts that
can’t be bought in order to develop a physical model of the Lunabot. Once built, he will work hand in
hand with an electrical engineer and, if possible, a programmer to develop the electrical components and
programming of the Lunabot with the goal of creating a fully autonomous system.
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Projected Hours
Projected amounts of hours put into the Lunabot from Spring 2013 semester through Fall 2013.
These hours include work being over the summer. Work over the summer will decrease slightly due to
summer internships but work will be non-stop through Fall 2013.
Table 1: Projected hours

Estimated Man Hours
Mark Tuazon Zhen-hua Wang
Research
SolidWorks Model
SolidWorks Simulation
Component Selection
Parts Purchase
Fabrication
Assembly
Programming
Testing
Total:

120
30
30
110
100
80
80
70
80
700

70
70
90
60
70
90
70
70
110
700

Michael Sewar
70
50
30
70
80
120
100
100
80
700

Engineering Design
Major Components
The Lunabot was initially conceived utilizing the basic concept of a snow thrower. A snow
thrower operates with either a single or double augers that rotates fast enough to break down snow and
shoot it out of a chute. Operating out of this mindset, the design makes use of the auger component, but
was determined that instead of shooting regolith at that rate, the auger design would be solid (rather
than a double helix design that most snow throwers use). So rather than a snow thrower, the design
shifted towards that of an auger dredge. Auger dredges are machines used to clear out soil underwater
through the use of augers much like a snow thrower, but the soil, instead of being thrown, is taken up
through a chute with the help of a vacuum.
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Figure 9: Snow Demon snow thrower

Figure 10: Auger dredge

Auger
The auger design was based primarily on those of auger dredges. It is comprised of two augers in

opposite directions that push dirt towards a center point at which the soil is picked up by a vacuum. The
two augers converge towards a center point, but not in such a way that the two create a sharp, acute

angle but instead create a type of horizontal flap that “catches” the dirt.

Figure 11: Auger design

Vacuum
As described, a vacuum will be placed towards the bottom behind the auger in order to pick up
the collected dirt. It was concluded by determining how the dir
dirtt would be transported from collection to
holding. The Lunabot would need a means of doing so and was concluded that a vacuum attachment

would achieve what was needed. The vacuum would need to be particularly powerful in order to keep up

with the demand of the soil being collected.
Holding Bin
The holding bin is designed to 1) hold the collected dirt and 2) deliver the payload to the
competition bins. They are meant to be kept light weight yet durable. Prior teams have done so by using
Plexiglas to keep things lightweight. Plexiglas had its applications early on such as “periscope ports on
submarines and for windshields, canopies, and gun turrets on airplanes” [6]. Durability and saving

weight was solved by using such material. The holding bin itself will be lifted in order to have clearance
for the competition bins. Linear actuators will be on the sides of the holding bin, lifting it vertically
straight. On the rear will be hooks that are guided by vertically straight bars. These hooks will catch at
the end of the bar thus causing the holding bin to pivot and dump the soil. The actuators will then
descend and cause the holding bin to return to its normal position. A visual of this can be seen in Figure 6

and 7.

Figure 12: Linear actuator

Tracked Wheels
Tracked wheels, as seen on tanks and bulldozers, are implemented in the design of the Lunabot
because of traction needed due to the surface terrain faced during competition. The type of terrain is that
similar to flour, in that it is mostly fine and compacted. Tracked wheels give the advantage of providing
continuous traction and stability. Mobili
Mobility
ty is key yet not necessarily nimble mobility. Stability is of much
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more priority than quickness which may cause the Lunabot to turn over, as seen from previous
competitors. Also the wheels will turn due to them being connected through the use of a sprocket and
chain. The sprocket will be fixed and not freewheeling; that is, as the wheels are moving the sprocket and
chain will always be moving at the same speed.

Figure 13: Possible solution for sprocket and chain

Figure 14: Second possible solution to sprocket and
chain

Structural Design
The frame will be constructed out of an aluminum frame. Minimalism with regards to the frame
is predominantly the driving factor. Because minimalism is valued, that means that limiting weight is a
priority as well as rigidity. It will serve much like a skeleton with Plexiglas-like panels between the
aluminum bars. Smaller components, remote parts, and the power source will be housed within the
robot. This design is very similar to that of FIU’s previous team’s in which a larger rectangular frame was
constructed. The design for their frame was also focused on minimizing any unnecessary parts and
materials.

Figure 15: FIU's Pantera frame
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Prototyping
Prototype Cost Analysis
As of right now, this is a very rough approximation. We would mostly like expect the cost to go
up as we continue to research the components and continue to test them under prescribed conditions.
Most likely the cost could increase upwards to $2000. But fortunately, we may be able to salvage parts, if
not most, from previous Lunabots. These components include the motors and actuators. Multiple motors
were used previously and would be incredibly helpful to salvage them for use on this year’s Lunabot. For
the tracked wheels, they will be designed much like that of a fixed bicycle wheel with a sprocket and
chain. Solutions are being researched to do so at a low-cost, most likely done by modifying chains with
screws inserted between the links. By this, tracks can be created by screwing them on. This is seen
clearly in Figure 7. This possible solution can greatly reduce the overall cost of the Lunabot.
Table 2: Cost Analysis Approximation

Component

No.

Electronics

1

Arduino Mega 2560

$28.85

1

Wi-Fi Shield

$94.95

5

Ultrasonic Sonars

$15.99

4

Kill Switch

$14.99

1

Gear head Webcam

$10.99

Motors

2

2" Linear Actuators

$137.90

Auger Dredge

1

Snow Demon

$67.99

Power source

1

Powerhouse Battery

$21.95

1

Battery Charger

$35.00

1

Metal Track Set

$79.00

2

Ametek DC Motor

$46.06

8

Extruded Aluminum

$200

20

Fittings

$50.00

2

.060” 24” x 48”
Plexiglas Sheets

$86

Suspension
Frame

Total

Part

Price

$889.67
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Testing
During testing, data will be collected such as on the strength of the frame as well as the
maximum load the bin can handle before it becomes too heavy for the actuators to function properly.
The effectiveness of the suspension will be tested in sand, dirt and grass to ensure it will be able to
maneuver throughout the course without much difficulty. The auger will also be tested using a variety of
mediums such as sand and flour to see find how effective the collecting ability is for the competition. The
test will also determine the durability of the motors under dusty conditions and will give an idea of how
to modify the design in order to prevent failures due to the conditions of a very dusty mining site. At this
stage, the code will be debugged of running the bot. Full autonomy will be sought after which will cut
test time by testing both the physical and electrical aspects of the Lunabot. Once all testing is completed
a series of mock competition runs will be held to find any unforeseen hindrance that may be encountered
in competition.

Conclusion
As of right now we cannot conclude anything as we are still in the research and development
phase, with no physical calculations or manufactured parts or systems, but what we would like to see is
to be able to get the Lunabot up and running, running fully autonomous. That would look like it
operating without us inputting information in real time. Our budget is limited at the moment but
hopefully would like to acquire funds to manifest our proposed design into reality.

References
[1] "BASIC Stamp General Information." BASIC Stamp General Information. Parallax Inc., n.d. Web.
[2] Bekey, George A. Autonomous Robots: From Biological Inspiration to Implementation and Control.
Cambridge, MA: MIT, 2005. Print.

20

[3] Briette, Stephanie, Diego Bolivar, Maria Wilhelm, and Ibrahim N. Tansel, Ph.D. Lunar Excavator:
NASA Lunabotics Competition. Rep. Final ed. Miami: FIU, 2012. Print.
[4] Garo, Ramon, Narine Harrylall, Janet F. Reyes, and Sabri Tosunoglu, Ph.D. Pantera: Lunar Regolith
Excavator. Rep. Final ed. Miami: FIU, 2012. Print.
[5] Kennedy, B. A. Surface Mining. Littleton, CO: Society for Mining, Metallurgy, and Exploration,
1990. Print.
[6] Cavette, C. (n.d.). Retrieved from http://www.enotes.com/acrylic-plastic-reference/acrylicplastic. Web.

21

