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Abstract 
 

Space exploration has been one of the most important revelations of the past and current 

century.  As technologies advance alongside human knowledge, the drive and capabilities of 

mankind grows.  Currently, the platform of discovery is Mars.  The primary objective of the 

Mars program is to answer the question regarding the possibility of past or future life on the 

planet.  In order to accomplish this goal a number of habitat characteristics must be determined 

through exploration.  At the moment the robotic rovers assigned with the task of exploration face 

many obstacles they must overcome in order to navigate and excavate on any extraterrestrial 

terrain.  These obstacles most directly affect the mobility system and communication system of 

the rover.  Therefore having a reliable and efficient mobility and communication system is 

essential to a successful mission.  M.E.C. Panthers is a team composed of mechanical, electrical 

and computer engineers at Florida International University that have undertaken the task of 

designing and building a model rover of reliability and efficiency.  This report documents the 

entire design process and details pertaining to the rover prototype. 
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1. Introduction 
 

1.1 Problem Statement 
 

The progression of society has always depended on the intellectual growth of mankind.  

Along with this intellectual growth comes the desire to explore and discover the unknowns of the 

universe. The National Aeronautics and Space Administration (NASA) is an agency dedicated to 

the exploration of the universeôs mysteries.  In the 1960ôs the agency was able to send man to the 

moon and revolutionize space exploration for the entire world. Todayôs focus has shifted 

somewhat from the moon towards exploration of the planet Mars. Such a task requires the hard 

work and dedication of passionate scientist and engineers alike. This passion is something that 

must be cultivated in young adults to encourage their imagination. NASA accomplishes this 

through challenges such as the Robotic Mining competition. 

The Robotic Mining Competition focused on a lunar environment demands the 

competitors to complete a functional design of a rover-like robotic vehicle with the capabilities 

of navigating through difficult terrain as well as excavating and transporting regolith samples 

across that terrain. At the start of the competition judges will perform various checks regarding 

the safety and communication capabilities of the rover. If the inspection is passed the team will 

be allowed to participate in the competition and be awarded a starting value of 1000 points. The 

robots will operate on a terrain that is meant to simulate a lunar environment. This presents many 

difficulties and constraints regarding the design of the rover. The most immediate is mobility; the 

density of the regolith which can range between 1.5 and 1.8 ÇÃÍϳ  when it is compacted and 

0.75 ÇÃÍϳ  on the top 2 cm of the pit where it is raked to a fluffy condition. The looseness of the 

regolith introduces mobility issues which must be addressed with much attention being focused 
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on the possibility that if the rover is not mobile then it will not be able to complete its mission.  

Another issue is the mass of the rover, which cannot exceed 80 kg. Referencing the competition 

rules, 8 points are deducted for every kilogram of mass of the rover up to the 80 kg limit. This 

presents a problem with designing the rover with enough equipment to perform a difficult task 

while keeping the mass as low as possible. Along with the safety inspection mentioned earlier, 

the judges will also inspect the dust tolerance of the design. Due to the characteristics of the 

regolith, the design must be dust tolerant to prevent the regolith particles to enter any part of the 

system and possibly damage the durability or performance of any component. During the actual 

run, they will also consider how dust free the rover operates, in other words, how messy or dirty 

the rover operates while it moves through the terrain. 

The second half of the design involves the communications part. For the competition 

attempt, the rover must be controlled from a separate room requiring the users to be able to 

communicate with the robot. However, similar to every other constraint there is a limit to the 

amount of average data used to communicate. For each 50 kb/s used, one mining point will be 

deducted. Therefore communication must be refined and efficient to avoid losing points. 

Regarding communication, there is an option to run the rover autonomously in order to receive 

extra points. This path of autonomously running the rover would present many more problems 

needing solutions in the design. Such a task would require adding sensors and intricate 

programming. To accomplish autonomy the rover would either have to travel across the terrain, 

travel across and excavate, travel across and excavate and drop off, or run for ten minutes 

continuously on its own. Depending on which task the rover was able to perform provides a 

certain amount of extra points, the last of which would be considered full autonomy and would 

reward the team with 500 mining points. 
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Accomplishing missions such as the exploration of the lunar surface is a difficult task that 

requires innovative ideas as well as proper funding. In addition, the overall cost of designing, 

building and testing a lunar rover must be considered. Therefore among the goals of the 

completion is that of being able to design the concept of an efficient rover. For the competition, 

the most pressing difficulties involve the mobility system and the communication system. The 

competition fosters a collective human perspective that NASA can use to implement new 

designs, while allowing young engineers to gain valuable hands on experience.  

1.2 Motivation 
 

NASA is determined to successfully explore the extraterrestrial surfaces through the use 

of mining rovers to gather data and testing samples. The primary objective of the team is to 

design the rover component of space missions as efficiently as possible implementing ideas not 

currently integrated in current rover designs. The rover being used at this moment is a six 

wheeled, car-sized robot that weighs 899 kg. The team will explore alternate designs to the 

current rover.  Whether the stage is Mars, the moon or an asteroid excavation of regolith may aid 

in the possible extraction of Helium-3.  Helium-3 is a non-radioactive gas that is scarce on Earth 

and is useful in many fields of work such as medicine and energy.  This non-radioactive gas may 

be used to as fuel for nuclear fusion without creating radioactive byproducts and may resolve the 

worldôs dependency on fossil fuels. (Popular Mechanics, 2013)  
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1.3 Literature Survey 
 

1.3.1Tracks versus Wheels  
 

The first thing that was looked at in the mining robot is the mobility. The term mobility is 

very important because it defines how well a vehicle can move over a given landscape. In Mars, 

the moon or an asteroid there are no roads. Automatically this puts wheeled vehicles at a 

disadvantage because wheeled vehicles see a decreased reliability when they are offroad. 

(Hornback, 1998) 

Wheeled vehicles ñoffer better fuel economy and reliabilityò (Hornback, 1998) compared 

to tracked vehicles but only while on paved roads. It has been shown that for Army missions 

requiring ñunrestricted terrian movementò (Hornback, 1998) tracked vehicles are the best choice 

because they have a lower ground pressure due to the increased surface area. This lower ground 

pressure allows these vehicles to go over terrain that would be impossible for a wheeled vehicle. 

The downside to this improvement is that they require more maintenance and are less reliable. 

(Hornback, 1998) Each type of mobility has a set advantage and disadvantage.  The key to a 

successful project will be to design around the disadvantages while maintaining the advantages 

of track or wheeled vehicles.  

1.3.2 Elastic Loop System versus Rocker-Bogie System 
 

A recurring debate exists between the use of a conventional rocker-bogie system and a 

type of track system known as the elastic loop mobility system (EMLS). The ELMS concept was 

fortified through a joint effort between scientist Dr. Nicholas Costes of NASAôs Marshall Space 

Flight Center, W. Trautwein of Lockheed Missile and Space Company and Dr. Stein Sture of 

University of Colorado. (Nildeep Patel, 2002) The resulting design concept proved to be more 
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effective than a wheeled system through the distribution of the vehicle weight over a larger area 

providing the vehicle with better traction and a more compact size. (Nildeep Patel, 2002) 

Another advantage the ELMS concept has over a rocker-bogie system is its simplicity. 

(Nildeep Patel, 2002)  The ELMS does not require the mechanical complexities needed by the 

rocker-bogie system and hence ends up being lighter. (Nildeep Patel, 2002) Range of mobility 

through obstacles is also another category where the ELMS can prove to be more effective than 

the wheeled system.  Where the wheeled system was only capable of climbing 18-degree slopes, 

the ELMS was able to climb a 35-degree slope. (Nildeep Patel, 2002) Table 1 shows a 

comparison between a rocker-bogie system and an ELMS system after a series of tests conducted 

at the U.S. Army Waterways Experiment Station. (Nildeep Patel, 2002) 

 

Table 1: Rocker-Bogie vs. ELMS 

Subsystem Rocker-Bogie   ELMS  

Dimension 60x40x30 cm 60x40x30 cm 

No. of wheels 6   4 

Wheel diameter 13 cm 6 cm 

Wheel Width 7 cm 10 cm 

Wheel rim thickness 1.5 cm 1.5 cm 

Wheel weight 1.031 kg 0.576 kg 

No of loops 0 2 

Weight of each loop 0 1 kg 

Total weight of Mobility 

System 

6.2 kg 4.3 kg 

Motors Maxon REO ï16 Maxon REO-16 

No. of motors 6 4 

Gearing 2000:1 2000:1 

Stall Torque 13 Nm (110 in-lb.) 13 Nm (110 in-lb.) 

Torque/wheel 1.2 Nm (10 in-lb.) 4 Nm (34 in-lb.) 

Speed 0.4 m/min 0.4 m/min 

Steering Rate 7 degrees/sec Skid steering 

Power/motor 14 v (normal operation) 14 v (normal operation) 

Operating Range 100 m 1000 m 

Slope Climbing 21 degrees max. 38 degrees max. 

Obstacle Negotiation 20 cm max Twice the linear dimension of loop 

Payload capacity 5 kg 5-8 kg 
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1.3.3 Soil 
 

In the NASA rulebook (NASA, 2014) it states that there is a dust tolerance design. The 

judges will evaluate the robot for operating in a clean manner, the amount of dust that is thrown 

into the atmosphere and how much soil gets into the electrical components. This issue is very 

important because most mining machines on earth have dust and dirt imbedded into them. Figure 

1 shows the tracks of an excavator, a buildup of dirt can be seen on the interior of the track 

system. This image is common on earth, which means the soil on the moon, and mars must be 

different. 

 On the moon, dust that is disturbed can stay in a cloud due to the weaker gravitational 

forces and magnetic forces that can overcome this force (Taylor, 2007). Due to the composition 

of the soil, it can be magnetic. (Taylor, 2007) This means that a motor can easily be destroyed by 

the soil by creating a short circuit. Any electronic device that is not protected properly can be 

damaged by the lunar terrain. In addition to being harmful to electronics, the dust is also harmful 

to humans. (Taylor, 2007) (NASA, 2014) NASA requires participants to wear a breathing 

apparatus and a suit while in the mining area. (NASA, 2014) 

Figure 1: Picture of embedded dirt on excavator tracks 
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1.3.4 Material-UHMW 
 

 UHMW (Ultra High Molecular Weight Polyethylene) is a thermoplastic polymer that has 

a high molecular weight (10 times greater than standard polyethylene resins) (Liaison 

Consulting, 2014). UHMWôs high molecular weight leads it to having superior abrasion 

resistance, while it is self-lubricating with a low coefficient of friction (slightly less than Teflon). 

Along with its relatively light weight, its properties make UHMW ideal for the drive sprockets 

for our tread system. The high abrasion resistance ensures durability when coming into contact 

with the terrain and belt, the low coefficient of friction reduces sticking of the belt onto the 

sprocket and its light weight allows the weight to be kept low. (Goodfellow, 2014) (Liaison 

Consulting, 2014) 

1.3.5 Material-ACM 
 

ACM (Aluminum Composite Material) is a sheet metal like material that consists of two 

thin sheets of aluminum of varying thicknesses sandwiching a sheet of non-aluminum 

(polyethylene). This material was designed to allow for quick and easy fabrication as well as 

being lightweight and retaining strength. The main applications tend to be for false panels and 

quick set-up objects (such as temporary buildings). This material can be cut with a standard 

metal cutting tools (such as a jigsaw with metal blade) and can be formed by using a router to 

remove one later of aluminum and the non-aluminum core, this leaves the uncut layer aluminum 

to be hand-formed easily. After the shape has been formed, rivets or bolts can be used to hold the 

material in place. The ACM is to be cut and formed into the electronics box for the lunar rover 
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due to its lightweight properties as well as ease of manufacturing. (Alcoa, 2012) (John W. 

McDougal Company, 2014) 

 

Figure 2: Composition of ACM material 

 

1.3.6 Lithium Polymer Batteries 
 

Lithium polymer (LiPo) batteries are rechargeable batteries, generally packs, that produce 

a high number of amp hours while maintaining a significantly lower weight than lead acidôs with 

similar amp ratings as well as better amp ratings and charge capacities compared to lithium ion 

batteries. LiPo batteries are often used in RC applications, so their integration in the lunar rover 

should be easy. There are several issues present with lithium polymer batteries, many regarding 

their sensitivity to charging. When overcharged, lithium polymer batteries expand and overheat, 

which could lead to explosion. Lithium polymer batteries also require a specific charger to 

ensure an even charge; non-even charging can reduce cycle life and also lead to fire/explosion. 

(Battery University, 2014) 
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2. Project Formulation 
 

2.1 Project Objectives 
 

One of the motives of our design is to contribute evidence in favor of using a track 

system as opposed to the traditional wheel system.  Theoretically, the track system would benefit 

many aspects of mobility including weight distribution, suspension and traction resulting in a 

more efficient overall system.  Through the implementation of a track system in the design, the 

team hopes to further support the use of track system in future rover designs.  Another aspect of 

designing an efficient rover involves the communication system.  Autonomy is a difficult task 

that involves complex programming; however, the more the rover is able to perform on its own, 

the less amount of data transfer is needed to perform tasks, facilitating communication with the 

rover. By limiting the communication, weight, and increasing the lunar roverôs overall efficiency 

the power system can be designed to last longer than the current design. This would make it 

possible for NASA to have more missions by reducing the cost or increasing the life cycle of the 

lunar rovers. The ultimate goal of the M.E.C Panthers is to meet all design specifications and 

pass the safety check during competition. This will allow the team to participate in the 

competition. Making it to competition is an accomplishment by its own right. 
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3. Design Alternatives 
 

3.1 Conceptual Design 
 

 Several design variables were conceptualized for the lunar rover. The design was split 

between several different sections, mobility, collection and deposit. Each of the sections is to be 

designed separately in the order listed. The reason for designing the rover in chunks in that 

specific order is to allow fabrication of the initially completed sections while the design of the 

latter sections is still occurring. This allows us to further manage our limited time and put out a 

better end product.  

3.1.1 Mobility  

 The first section designed was the mobility of the lunar rover. This section had the most 

variance between designs, ranging from quick, simple to complex, and precise. Some major 

design factors that were taken into account for the mobility of the rover are the terrain, precision 

and reliability.  

 The first option considered was wheels. One issue with wheels was that pneumatic 

wheels would not be allowed in the competition since they would not function properly in the 

lunar atmosphere. Therefore, only solid wheels were considered for the conceptual designs. 

Larger diameter wheels are preferred due to the greater ground clearance they provide as well as 

their higher rate of traction. In addition, wheels provide a cheap method for implementing 

mobility vs. other methods due to their simple design. Wheels also provide a high degree of 

reliability due to their simplistic design as well as the redundancy they provide. Redundancy was 

important for the design because only two runs are allowed at the competition and the 
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redundancy provided by wheels would ensure continued mobility even with the failure of part of 

the drive system.  

A subdivision of wheels that was considered was the ñswerve driveò setup. This setup 

requires an individual gearbox for each of the wheels as well as a separate gearbox that is tied 

into each of the wheels to allow for rotation around each of the wheelsô vertical Z-axis. A basic 

3-D modeling of the swerve drive setup is shown in Figure 3 below. This design would allow an 

extremely high degree of drive precision by allowing the rover to be able to drive in any 

direction without having to turn along the frameôs central vertical Z-axis. While this design 

offers the highest degree of precision, it also provides the highest degree of difficulty to 

implement as well as highest cost and lowest reliability. By having not only each wheel 

individual driven, but also another driving motor for the wheel rotation, another failure point is 

added, reducing reliability of the rover. In the end, the negatives of this design far outweigh the 

positives and thus were not chosen.  

 

Figure 3: Swerve Drive System 
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 A hybrid wheel/tread system was evaluated next. The hybrid system uses wheels as the 

driven components, but supplements their traction by have a tread system loop around the wheel. 

The treads for this system are generally metal links joined together and wrapped around the 

wheels, as indicated in Figure 4. Using a metal tread system would drastically increase the 

weight of the lunar rover. Given the restrictions imposed upon the weight, a lighter option would 

have to be fabricated in order to reduce the weight. This method would still be the heaviest to 

implement, as well as significantly costlier than the wheels due to the custom machining 

required. Therefore, in spite of the redundancy that this system provides comparable to wheels, 

the weight and cost of implementation negate the benefits. 

 

Figure 4: Predator Hybrid System, courtesy of Predator Inc. 

 

 The final mobility design conceptualized was ñtank driveò or treads. This design provides 

the highest traction of any of the other designs. Treads allow for a higher ñflotationò of the rover. 

Flotation is, by definition of Miriam Webster Dictionary, ñThe capacity to stay on the surface of 

a soft material, such as sand or snowò. Treads provide a high degree of flotation due to their 

ability to evenly distribute weight along their length, as opposed to wheels where the weight is 

distributed solely on the contact points of the wheels. Treads do not offer as high a degree of 

reliability as wheels do, but their reliability is still in an acceptable range. Treads also carry a 
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higher cost than wheels since they require pulleys for their drive implementation, but again, the 

cost associated with them was not enough to detract from their high degree of traction. 

 

3.1.2 Collection 

 Several concepts for the collection mechanism were analyzed. After deliberation on 

preliminary research, two designs were selected for conceptualization, a scoop mechanism and a 

conveyor belt mechanism. These were looked at in reference to their cost, rate of collection, 

reliability and how they affect the drive system. 

 The initial methods was the scoop mechanism, akin to a bulldozer, as in Figure 5 and 

Figure 5: Conceptual Design 1 



15 | P a g e 

 

Figure 6. This method offers the lowest cost and highest simplicity of design. The 

implementation of this design is a scoop attached to a pivot arm. To drive this system, all that is 

needed is a single motor or linear actuator. However, while this method is simple to implement, 

it is highly inefficient in regards to collection as well as adversely affecting the mobility. The 

way bulldozers work is by lowering the bucket to below ground level and driving forward so the

 

Figure 6: Conceptual Design 2 

collection bin fills. Figure 7 shows a typical bulldozer with a scoop and four large tires. There 

are several issues with this method, the first being the limited collection amount. This method 

requires single buckets to be collected at a time, limiting collection by the size of the bucket. 

However, increasing the size of the bucket drastically affects the moment it exerts on the arm it 

is mounted to. By increasing the moment, it increases the necessary force needing to be exerted 

by the motor/actuator, increasing cost and weight. The second major issue with this is how the 

collection would adversely affect the mobility. By needing to collect a large amount of soil at 

once, a large amount of resistance is going to act against the drive system and will have a higher 
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likelihood of inducing drive train slippage as well as increased current draw from the drive 

motors. 

 

Figure 7: Bulldozer 

  

The second collection method is the conveyor belt method. This is done by having a 

continuous belt driven from the surface of the soil to a collection bin, able to be lowered below 

the surface of the soil. On the belts is a series of collection bins that act as scoops, pictured in 

Figure 8. As the belt spins, the scoops pick up a small amount of soil, and upon reaching the 

vertical apex, deposit the soil into the collection bin. This method is significantly harder to 

implement, but will yield a much higher collection rate as well as low resistance against the 

drivetrain. By collecting a small amount of soil, but continuously, this method offers fast 

collection with minimal resistance. This method also allows for adjustable collection by allowing 

for faster/slow spinning of the collection belt. Ultimately, this method is costlier, but more 

effective for achieving the final design goal.  
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Figure 8: Conveyer Belt 

 

3.1.3 Deposit 

 The design of the mechanism that will deposit the soil was conceptualized last, but had 

the least number of variables taken into account for the design. Overall reliability and simplicity 

were the two major factors desired for this mechanism and were heavily reflected on the final 

design chosen. 

 The first method conceptualized was having another conveyor belt to deposit the lunar 

soil into the collection bin in a similar fashion to how collection occurred. This method would 

have been costly, unreliable as well as complex. While it would allow the design to implement 

two similar features to reduce overall design time, there were virtually no benefits to this system. 

It would have been nearly impossible to ensure full soil extraction from the collection bin 

without adding a significantly higher degree of complexity to the design, as well as a high 

number of failure points. This method was deemed ineffective almost immediately. 

 The chosen method was a moveable dumping mechanism with a door. The soil collection 

will take place at the front of the robot while the dumping of the content will be at the back. The 
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dumping mechanism will sit on bearings that will be pulled by two motors via wire. This brings a 

high degree of simplicity to the design, as well as the ability to extract all of the soil from the 

collection bin. This method, being the most reliable, cheapest and easiest to implement, was 

chosen for the final design. 

3.2 Proposed Design 
 

 The final proposed design used the most effective elements from the conceptual designs. 

The treads, conveyor collection and dump deposit system were all chosen to be implemented into 

the final design. For the final proposed design, a four motor drivetrain, variable speed collector 

and variable placement dumping mechanism will be added to the design. The initial finalized 

design is pictured below in Figure 9. 

 

Figure 9: Initial  Design 
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3.2.1 Drivetrain 
 

 The first iteration of the drivetrain utilized two pulley driven belts from Breccoflex. 

These belts were to be custom sized, weld-on profile and self-tracking. The custom sizing of the 

belts was due to the overall length of the frame. Due to this, pre-fabricated belts would be too 

short to implement in the design, requiring custom lengths. The weld-on profiles provided by 

Breccoflex were to be custom sized to the width of the treads (100mm), with a height of 40 mm. 

The self-tracking pulleys for the belts are designed with a center groove and curved tooth profile 

to prevent the belts from moving along the pulleys axially. The circular tooth pattern also 

provides a greater contact area per tooth, adding superior power transmission. There were several 

issues with these belts however, the first being the dust interference. Given that the regolith is 

extremely fine, it would have a high tendency of massing between the tread and pulley. This 

would have caused issues with the traction between the tread and pulley given enough of a 

buildup. The main issue with this design however, is cost. After contacting Breccoflex for 

pricing information, we were quoted $1000 per pulley, given that our design used 4 drive pulleys 

and 6 idler pulleys, this would have entailed a cost of $10,000 for just the pulleys, with 

additional cost being added for the treads itself. This would have taken us well beyond our 

budget, therefore this design was scrapped.  

The finalized drivetrain consist of two sprocket-driven treaded belts. The sprocket driven 

design is implemented in order to decrease failure points due to the soil. Given the small size of 

the soil particles and their nature to get kicked up due to their low density, standard pulley driven 

belts run the risk of getting the soil caked between the pulley and belt, possibly causing a 
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derailing of the belt from the pulley and causing failure for half of the drive system. By using a 

sprocket driven tread, the drive sprocket physically pushes through the treads, allowing the soil 

to escape through the holes in the belts, eliminating a failure point. Sprocket driven treads also 

have a lower slippage rate, allowing for a higher reliability in the design. The treads were 

purchased from Superdroid Robots. While the treads themselves are priced within our budget, at 

$560 for the pair, the drive sprockets were priced at $300 apiece, taking the system out of the 

proposed budget. After contacting Superdroid Robots about a discounted price or engineering 

drawings of the drive sprockets so that they can be independently manufactured for a lower 

price, we were denied our request for both. The sprockets were custom engineered by us after 

receiving the treads. They are machined out of UHMW (Ultra High Molecular Weight 

Polyethylene).  

 

Figure 10: Frame with gearbox, idlers and pulleys 
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 A four motor drivetrain is implemented, consisting of each tread being driven by two 

motors. This design factor is used to add a form of redundancy to the drivetrain. If one motor 

were to fail for any reason, the other motor would still be able to drive that side of the rover. In 

addition, the four motor setup has a specific motor called CCL Industrial Motor Limited (CIM) 

motors; chosen for the drivetrain due to their high availability, large amount of relevant literature 

and familiarity.  

Torque calculations were performed using the ñDrive Wheel Motor Torque Calculationsò 

sheet from the University of Florida. This series of calculations take into account gross weight, 

number of wheels (pulleys), wheel radius, and desired speed, and acceleration, surface being 

traversed and maximum incline. The gross weight was determined by taking the maximum 

allowable weight and adding the maximum desired amount of regolith to be collected in a single 

pass. The pulley radius is 3 in, a desired top speed of 3.5 ft/s was chosen as well as a 2 second 

acceleration time. The incline chosen was 15°, given that was the estimated worst grade that 

might be traversed. Finally the calculation sheet provided a list of surfaces and their rolling 

resistances. Given the low density of the regolith, the surface with the highest rolling resistance 

(sand dune) was chosen from the table.  

The two motors on each side will be combined together in a 15:1 custom gearbox. This 

ratio was determined with a final drive speed of 3.5 ft/s in mind. The maximum speed was 

determined by the amount of time necessary to traverse the entirety of the field at full speed.  

3.2.2 Collection 
 

 The final collection method implements a chain drive on which buckets are attached. The 

chain collection offers two major benefits, collection speed and a reduced torque required to 
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power them. By having a chain collection system, more collection buckets can be placed on the 

belt, allowing a higher volume of soil to be collected with each revolution of the belt. A total of 

10 collecting buckets are attached to the chain drive. This allows for a more efficient collection 

of the soil and less time needed to reach the collection maximum load.  

 

Figure 11: Improved Design 

 

The collection buckets are individually constructed out of ACM (Aluminum Composite 

Material), bent to the required shapes and epoxied in the seams to prevent leaks. These buckets 

are mounted to a #40 hollow chain belt via 8-32 screws. The entire system will be able to move 

vertically to allow the buckets to plunge into the surface of the soil to allow for the pickup. Two, 
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6 in stroke actuators will raise and lower the conveyer frame. One, gear motor will drive the 

conveyer belt. A total of six sprocket will be used and ten collecting buckets.  

3.2.3 Deposit 
 

 The dumping mechanism is constructed from a single sheet of ACM bent into the 

necessary shape and riveted together as well as epoxied to prevent leaks. A 20° angle bend is 

incorporated on the bottom of the dumping mechanism to prevent the soil from being stuck when 

depositing. The angle allows for the soil to smoothly slide out of the collection bin, preventing 

excessive dust aeration (another score penalty). A door will prevent the soil from escaping until 

reaching the dump site. 

 The collection bin is driven by two motors via wire. Two pieces of UHMV are used as 

sliding plates. The plates have four bolts on which bearings sit. One of the bolts is an eye hook 

onto which wire is attached. The wire follows a pulley located at the top-back part of the frame. 

Below this pulley a larger pulley is fixed to the motor. 

 

3.3 Design Changes 
 

 One of the components that underwent the many changes was the gearbox.  Throughout 

each design change the goal was simplicity, accessibility and a gear reduction as close as 

possible to 15:1.  The original design had individually sealed gearboxes attached to the upper 

section of the base.  The reduction obtained in this design from the motor to the output shaft was 

12.25:1.  Combinations of a 16 teeth and 56 teeth gears in two stages were to be used to achieve 

the reduction.  The output shaft of the gearbox was to complete the power transfer as well as the 
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reduction desired to the sprocket drive shaft through a chain sprocket connection. Figure 12 

below shows the positioning of the gearbox in the original design. 

 

 

Figure 12: Original Gearbox Design 

 

 In order to improve the accessibility to the gears and motors in the presence of some 

failure during use, the second design maintained the same gear ratios and chain sprocket 

connection, but changed from a closed individually sealed unit to an open unit.  The set of gears 

and motors for the rear drive sprockets would share a compartment attached in a similar manner 

to the electronics bin and covered with a removable lid allowing easy overhead access for 
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servicing. Figure 13 below shows the change in the housing units for the gears and motors 

proposed by the second gearbox design. 

 

 

 

Figure 13: Second Gearbox Design. 

 

 Later the design was changed back to being an individually sealed unit with the gears 

being housed within 2x4, 0.25 in aluminum 6063 tubing and the motor being attached to the 

outside of the housing with its shaft entering the gearbox.  The gear ratio and chain sprocket 

aspects of power transmission remained unchanged however the new housing would be cut to the 

needed size from a stock rectangular tube with a wing like extension that would span from one 

end of the frame to the following perpendicular support.  This would allow the gear box to rest 
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on top of the frame and be bolted on allowing for a quick removal of the entire unit should it 

need to be changed or repaired. Figure 14 below is a drawing of a design idea for the gearbox.  

 

 

Figure 14: Third Gearbox Design 

 

 

 More changes in the design led to the fourth and final gearbox design.  In this design the 

positioning of the gearbox was changed to a more vertical alignment of the gears aligning the 

output shaft of the gearbox with the shaft of the driving sprocket.  This would allow the output 

shaft of the motor directly drive the sprocket eliminating the need for the chain sprocket 

connection.  Performing this repositioning of the gearbox meant the last reduction needed from 

the chain and sprocket connection was lost.  In order to compensate for the lack of final 

reduction a decision was made to redesign the gear sizes and ratio in order to complete the 15:1 
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reduction within the gearbox.  The reduction in all of the cases was to be done in two stages.  A 

combination of a 16 teeth and 72 teeth gear in one stage while keeping the 56 to 16 teeth relation 

in the other stage gave a reduction slightly larger than 15:1 and was the first proposed 

combination.  However an issue regarding interference between the gear of the first stage and the 

shaft of the second stage discarded this combination.  To fix the issue, the team searched from 

the available gear sizes and selected a combination of 60 teeth with 16 teeth in the first stage 

followed by 64 teeth with a 16 teeth gear in the second stage.  The resulting reduction between 

both stages was 15:1.  A Solid works section view model of the final gear design is shown in 

Figure 15. 

 

 

Figure 15:  Section view of Final Gearbox Design 
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The collection mechanism, along with the dumping mechanism is two components that 

were essentially designed together.  Similar to the design process undergone by the gearbox, the 

collecting/dumping mechanisms underwent many alterations and iterations regarding its final 

design.  A continuous pick up system using buckets attached to a conveyer loop was the decided 

concept for the method of collecting regolith.  At first it was to sit at an incline with the ability to 

travel down into the ground when needed to pick up regolith.  Meanwhile the collecting bin was 

to sit above the electronics, run across the length of the base with an angled back side hinged at a 

point above 0.5 m to allow clearance of the bin where the regolith needs to be deposited.  The 

bin would then pivot about the hinge, being lifted by an actuator to ultimately dump the collected 

regolith. 

 Certain obstacles encountered with the first design forced a rethinking of both the 

collector and dumping mechanism.  For the collector, the mechanism setup required to have the 

collector at an angle with the ability to be lowered into the ground proved to be too complex.  

Also, the buckets on the conveyer would have encountered issues clearing the collection bin on 

the robot, especially when lowered.  Hence, for the second design, rather than be at an angle, the 

collector would be positioned vertically and be lowered as needed by actuators.  Then as the 

buckets reached the peak of the collector, the regolith would fall onto a moving conveyer belt 

angled to provide more space between the moving buckets and the bin.  The bin in this design 

remained unchanged.  The second design is shown in Figure 16 below. 
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Figure 16: Second Design of Collecting/Dumping Components 

 

 Eventually it was determined that the process of using a conveyer belt to catch the falling 

regolith from the bucket and transfer it to the bin might not be the most efficient collection 

system.  Also, there were some doubts as to whether the buckets would clear the conveyer belt 

with the space needed for the falling regolith to land on the belt.  This led to the consideration of 

an L-shaped collector.  This shape would allow the buckets to have ample clearance from the bin 

even when lowered.  Regarding the lowering of the collector, the second design simplified the 

process by only requiring vertical displacement driven by actuators.  The bin was also redesigned 

around efficiency.  In the previous designs, a practically square bin was to be lifted, or rotated 

about a pivot point to dump the regolith.  This process would require two actuators with a 

significant stroke length and had a higher possibility of having some regolith get trapped in the 

corners of the bin.  The fix to these issues was making the entire length of the bin a downward 

slope.  By doing so, the idea was that as the regolith was collected in the bin it would accumulate 
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towards the rear.  Then when it needed to dump the regolith it would simply open a rear gate and 

the weight of the regolith would carry it down the incline and out the back of the robot.  To be 

certain the regolith slid out, a small actuator would lift the bin slightly to increase the incline.  

Figure 17 below shows the thought process that went into this design.  As can be seen the 

collector wraps around in an L shape over where the bin would be placed.  On the upper right 

corner of the figure is a modified version of the bin were rather than a straight slope along the 

length of the robot, the slope ends earlier and for the remainder of the length the bin is more 

square.  Doing so allowed nearly double the capacity of the completely inclined bin.  On the 

same day many alternate designs were discussed, therefore, this design never left the white 

board. 

 

Figure 17: Fresh Ideas and Calculations 

 

 The second design ended up being too complex in the sense of making the loop return to 

make an L-shape; this required too many parts and possibly too much weight.  Another issue that 
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caused some concern was whether the regolith in the bucket would fall out during the horizontal 

section and fall either into the returning buckets below, or just not in the bin.  These issues were 

addressed in the final design.  The collector was modified so that the buckets do not travel 

horizontally.  Following the vertical segment of the collector is an inclined section.  At the peak 

of the inclination the buckets turn and begin descending at an incline.  It is during this turn that 

the buckets would release the regolith into a bin below.  The collector would be attached to two 

actuators and guided by two vertical supports fixed to the base.  Vertical travel would be 

controlled by the actuators with guided support from the supports.  The collector should be able 

to dig 4 inches below ground level, therefore, that was the height used to determine the size of 

the bin possible with the buckets clearing the bin.  The bin design is quite different from the 

previous designs; however, it incorporates some of the ideas.  A Solidworks rendering of the 

design can be seen in Figure 18.  The bin is sitting on the front of the base, below the descending 

buckets.  The sides of the bin are attached to a diagonal rail using a combination of aluminum 

plates and roller bearings both above and below the rail.  At the end of the rail a motored device 

will pull the bin up along the rails once it has been filled and is ready to dump.  Once it reaches 

its final position at the top, the inclined back door of the bin will be opened to release the 

regolith.  The height of the bin will be such that when the door is opened downwards, it will rest 

on the collection bin on the field and ensure the regolith travels into the large bin at the same 

angle as the floor of the bin on the robot. 
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Figure 18: Final Collecting/Dumping Design 
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4. Project Management 
 

The task of the mining rover has been broken down by the various components that make 

up the robot. In addition, it has been further divided to account for design, analysis and 

justification for each component. The design and analysis tasks are separated because the team 

must verify that the ideas can work through calculations. The justification is the pricing of the 

component and is meant to prevent unnecessary spending and overspending.  Implementing this 

type of role breakdown allows the project to be divided into mini-task. The Gantt chart shown in 

Figure 19 shows the completed and uncompleted task from the beginning to the day of 

competition with these mini-tasks in mind.  The goal of the group was to meet up every Tuesday 

and Friday and take care of the mini-task that was assigned. The focus of the task assigned for 

this semester deal with the frame, the motor, the gearbox and the track system. Focusing on these 

components would ensure a prototype to be built by the end of the semester.  

Table 2 shows how each member has been assigned his or her respective task and the 

breakdown of hours estimated to take to complete each task. Each member is required to do 

research and attend the meetings. The team meetings last on average two to three hours. Below 

Figure 20, Figure 21, Figure 22, and Figure 23 shows the timeline of events for the months of 

August to May. This timeline reflects the pace of the group and shows the progress and setbacks 

that the team faces. The days allotted allow the team to verify that the calculations work with the 

design and obtain a price that is within budget. If this were not met then the team would have to 

redesign and recalculate the analysis.  
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4.1Timeline 
 

 

 

 

 

Figure 19: Timeline of Task for Project
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Figure 20: August to September 2013 Timeline 

 

 

 

 

 

Figure 21: October 2013 Timeline 
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Figure 22: November to December 2013 Timeline 

 

 

 

 

Figure 23: January to May 2014 Timeline 












































































































































































