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ABSTRACT 
 

 We began Senior Design thinking we were making a battlebot in the 15 lb class but 

ended up in the 1.5 kg beetle weight class due to funding cuts. This was not an issue for us as 

we had only done research and concept design at this point. Once we learned of the new 

weight class limitations, we refocused our research on beetlebots. After selecting our final 

design and undergoing one revision, our beetlebot began to take form.  

 

 We felt that the fabrication was an integral part of the project and wanted to do as much 

as could ourselves. The Victory Parkway Campus was where the precision machining took 

place. We spent many hours there fabricating our more complex components. Our beetlebot 

performed very well considering it was our first build, our team of two, and our inexperience 

in soldering. 
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PROBLEM DEFINITION AND RESEARCH 
 

PROBLEM STATEMENT 
 

Our team must design, fabricate, and pilot a 1.5 kg battlebot (beetle weight) to win a 

competition against other battlebots in the same weight class, while working within given parameters 

such as cost, time, and components. 
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RESEARCH  
 

BACKGROUND AND SCOPE OF THE PROBLEM 
 
History & Nature of the Problem 

To compete in and win an internal beetle weight competition amongst UC students in the 

battlebots club. Each team must design, build, and operate their battlebot until they win or are 

eliminated. The club is using Fighting Robots Association (FRA) Competition Regulations document 

as a guide to help determine the competition (1). The battlebot teams compete against each other to 

determine which of them has the superior build along with who executes their maneuvering strategies 

best. Managing trade-offs will also be critical in the design phase, as our limitation and design path 

will force us to pursue benefits of one area while sub-optimizing another. The critical trade-offs are: 

Speed, Time, Drive systems, Weight, Cost, and Energy storage (2). 

 

Who is impacted by the problem? 

All the competitors are impacted by this problem. Each team in this competition must work 

together to deliver their best battlebot build and strategy to win. The team will devote a good portion 

of their senior year to the development of their battlebot. The members of the teams must use 

knowledge of mechanical design and product development to create a design that will stand up to the 

other battlebots. 

 

What is the magnitude of the problem? 

This problem has the greatest of magnitude as it is a demonstration of our teams accumulated 

knowledge from our undergrad classes and five coop rotations to work as a team to design, fabricate, 

and compete with a battlebot. Both our graduation and the completion of our minor relies upon this 

competition. This project will cost us at least a semester’s worth of time for the design work and then 

another semester for the building, testing, and competition, approximately 30 weeks. This project will 

be funded by the UC Battlebots Club with a cap of $340 so any further investment will be out of our 

pockets.   
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How is the problem currently being addressed? 

The current problem is new to UC, as they have never done beetle weight class builds. The 

beetle weight class has been around for a while, although for this document’s research section we are 

being asked to use UC’s history. The problem is currently being addressed with different 

combinations of the three main variables between battle bots of this weight class: weapon, 

frame/armor, and drive train. A good majority of the battlebots are designed to have symmetrical top 

and bottom so they can operate after being flipped. The first-place winners of the Fall 2018 Collegiate 

Clash utilized a centralized single tooth disk in combination with ramp-like frame/armor on all sides 

(3). The ramp frame forced the other battlebots up it, exposing the under carriage to the CCW rotation 

of the single tooth disk. The disk would impact the other battlebot with great force, flipping it high 

into the air. The results to the other battlebot would be the initial impact of the disk and the ground 

impact from the flip. Also, the battlebot had a chance of ending up flipped on its top without a way of 

flipping itself back over.  

The current solutions are not so much inadequate, as almost any design of battlebot paired 

with an experienced operator can be a formidable opponent, but our goal is to optimize all factors 

during the creation process as to eliminate any inadequacies associated with different build types. 

There are general inherent inadequacies that appear with certain match ups of battlebots types that 

have a “rock-paper-scissor” relationship. Generally, “wedges tend to flip over the spinners, which in 

turn tend to cut off hammers, which tend to puncture or damage the wedges” (4). The ways to 

overcome these inherent inadequacies is quality of build and operation of the battlebot. The gap that 

our team will strive to fill is not a well-defined gap as we have little information on our direct 

competitors, but we aim to make up any weak points in our design with superior operating skills. The 

previous winners’ matches of Xtreme BOTS competitions will be studied and examined to learn 

different operating strategies and maneuvers. 

We have studied the last five years of battlebots created by seniors of UC for their senior design 

capstone projects. Below is the data from each teams’ robot and a listed of pros and cons associated 

with each. Not all the teams competed, but each report has value in the Recommendations section 

where they discuss what they learned from their experience.  
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Competition 2020 Xtreme Collegiate Clash 15lb combat competition 

Place COMPETITION CANCELED 

Team Members Team “Mamba” - Nicholas D’Angelo, Evan Ruthsatz, Daniel Wittmann (5) 

Battlebot Name Mamba 

Battlebot Type 

o Drive 

o Weapon 

o Frame 

o Armor 

Horizontal Spinner 

o Gearbox (47:1) (2 Wheel) 

o Horizontal Bar Spinner, v-belt pulley driven 

o Box, Aluminum 6061 alloy 

o Polycarbonate sheeting  

 

Figure 1: 2020 UC Senior Capstone - Mamba CAD 

Pros 

o Similar design to Battlebot champion “TOMBSTONE” 

o Weapon  

o Sturdy Frame 

o Symmetrical design (Functional if flipped) 

o Protected wheels 

 Cons 

o Was not completed 

o No testing done 

o Never fully assembled 

o Weapon is centered height wise, could be taken advantage of by ramp type bots 

 

This bot had a very promising design, having an overall similarity to the mighty TOMBSTONE. 

There is much to be speculated since it was never built and tested.  
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Competition 2020 Xtreme Collegiate Clash 15lb combat competition 

Place COMPETITION CANCELED 

Team Members Fred Schroeder, Isabella Long, Mathew Itapson (6) 

Battlebot Name N/A 

Battlebot Type 

o Drive 

o Weapon 

o Frame 

o Armor 

Drum Spinner One Piece Frame 

o Gearbox (47:1) (2 Wheel) 

o Horizontal Drum, timing belt driven 

o UHMWPE Polyethylene (one piece) 

o 0.09” 6061 aluminum plates 

 

Figure 2: 2020 UC Senior Capstone - CAD 

Pros 

o Unique Frame material 

o One-piece frame 

o Symmetrical design (Functional if flipped) 

Cons 

o Was not completed 

o No testing done 

o Never fully assembled 

o Limited attack range, weapon does not protrude very far from frame 

o Exposed wheels 

  

There is much to be speculated since it was never built and tested.  
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Competition 2019 Xtreme Collegiate Clash 15lb combat competition 

Place Knocked out after 1st match? 

Team Members Markus Cheslock, Justin Giese (7) 

Battlebot Name RATCHET 

Battlebot Type 

o Drive 

o Weapon 

o Frame 

o Armor 

Drum Spinner One Piece Frame 

o Gearbox (20:1), 2-wheel 

o vertical plate spinner with flared edges, timing belt driven  

o two side plates & three crossbars (7075-T6 Al) 

o Shell (6061 Al) 

  

Figure 3: 2019 UC Senior Capstone - RATCHET 

Pros: 

o Frame and armor prevented internal components from damage 

o Wheels had good traction 

o Weight distributed higher on wheels axis 

o Good maneuverability from drivetrain 

o Symmetrical design (Functional if flipped) 

o Large range of attack 

 

 

Cons: 

o Weapon too thin 

o Warped after multiple 

weapon-to-weapon hits 

o Bent shaft, prevented weapon 

from rotating 

o Exposed wheels 

o Semi exposed weapon drive 

 

Lost to the 1st place winner, Pramheda, of the competition. The match was ended in just under a 

minute. After the second weapon-to-weapon blow, RACHET’s plate spinner weapon stopped 

functioning. Both hits sent RACHET one to two feet into the air. 

Figure 4: RATCHET Combat 
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The match was brought to an end when Pramheda rammed RATCHET against the wall, 

flipping it to its backside and damaging the armor in such a way that the damaged, protruding armor 

prevented the wheels from making contact 

with the ground. This prevent RATCHET 

from moving at all and the match was called. 

Pramheda’s speed, ramp body type, and 

weapon all proved to counter RATCHET’s 

design. 

 

The resulting images show the damage done 

to the weapon (Warped) and the armor. 

 

  

 

 

 

Figure 6: Warped Weapon 

 

 
 

 

 

 

 

 

 

 

 

Figure 7: Crack in Weapon 

 

 
 

 

 

 

 

 

 

 

 

Figure 8: Puncture in Armor 

Figure 5: RATCHET’s Defeat 
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Competition 2018 UC 120 lb. Battlebot Team 

Place Did not compete (scheduling issues) 

Team Members James Brickell, Bryant Himes, Markus Peoples, Grace Pharo (8) 

Battlebot Name Ravager 

Battlebot Type 

o Drive 

o Weapon 

o Frame 

o Armor 

Drum Spinner  

o Timing belt (cogged belt), 4-wheel  

o Horizontal drum, 2 mounted teeth (S7 Tool Steel), v-belt driven 

o Box, exposed, 4140 Annealed Steel (Same as armor) 

o .5” 4141 Steel Plates: 2 front (angled), 2 side (horizontal), 1 

back(angled)  

   

Figure 9: 2018 UC Senior Capstone - Ravager 

Pros: 

o Utilized hexagonal holes (honeycomb) to lighten the frame’s weight, while still providing the 

needed structure 

o  Front ramps to get under opponents 

o Front and back ramps lessen the chance of opponent using 

ramps on them  

Cons: 

o No armor on top or bottom 

o Exposed internal components 

o Frame bent during drop test (2 story)  

o Front wheels had friction due to the use of bushings 

o Very small range of attack         

o Teeth of weapon do not protrude past round housing on either side of it 
 

If this team had competed, I do not think Ravager would have performed very well. If it were 

hit into the air, I would expect similar damage to the frame and fasteners as learned from their drop 

test. The weapon is also an issue as range to so small, due to the housing on either side, that the 

operator would need great skill to be able to land successful hits to the opponent. The lack of any 

protection on top is also a huge weak point. The best thing this bot had going for it was the ramps on 

the front and back that may flip the opponent or allow them to get underneath. 

Figure 10: Frame Drop Test Damage 
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Competition 2018 Battlebot competition (220lb) 

Place Report does not include competition data, competition post-graduation 

Team Members Benjamin Schenck, Nathan Hunt, Dan Schaefer, Reginald Glossett (9) 

Battlebot Name Robostein 

Battlebot Type 

o Drive 

o Weapon 

o Frame 

o Armor 

Horizontal Blade 

o Gear box, taken from 2011 CATastrophe team (2-wheel) 

o Horizontal rotating blade, v-belt driven  

o Welded extrusion, box shaped 

o Metal plating (AR400) 

 

Figure 11: 2018 UC Senior Capstone - Robostein 

Pros: 

o Large attacking diameter and large weapon 

o All components shielded with thick armor 

Cons: 

o Exposed belt system left their weapon open to potential damage. 

o Potential weapon slippage due to single sheave system 

o Cannot be operated if flipped over 

o Exposed wheels 

 

It is speculated that if Robostein was to compete in its current state that it may not do as well as it 

potentially could. If the exposed belt that powered their weapon was to be damaged this could leave 

Robostein defenseless. This would most likely cause them to be defeated. The current state also does 

not allow for Robostein to be operated if it were to be flipped over, which would again leave it open 

to defeat. Since it did not get to compete before the report was written the team picked out some 

design changes they wanted to implement before they would compete post-graduation. Many of these 

changes would fix the disadvantages that were listed above. 
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Competition 2018 RoboGames 60lb combat class 

Place Did not compete? 

Team Members Ryan South, Carson Burden (10) 

Battlebot Name  

Battlebot Type 

o Drive 

o Weapon 

o Frame 

o Armor 

Spinning Drum 

o Direct Drive? Built in gear box? (2-wheel) 

o Spinning drum with 2 teeth, belt driven  

o Welded aluminum extrusion, box 

o Aluminum plating 

 

Figure 12: 2018 UC Senior Capstone 

Pros: 

o Can be operated if flipped over 

o Solid weapon 

o Good traction 

Cons: 

o Slow; making it hard to avoid competitors’ robots 

o Teeth on weapon are welded which does not allow for adjustments or replacement  

o Low level of handling 

o Unable to address all issues identified during testing due to budget and time constraints 

o Vibration issues when running weapon at high speeds 

 

It does not appear that this robot was used in a competition as of the submission of this report. I 

assume that this robot would not have performed very well. I think the biggest issue would have been 

the combination of the robot’s slow speed and low level of handling. This would essentially make the 

robot a sitting duck against competitors. I believe this robot could probably cause a decent amount of 

damage if it could manage to land a hit on the competitor. The weapon was made from a very strong 

material and was pretty solid. This was probably the best feature on this robot as it could cause a lot 

of damage not be easily deformed or damaged.  
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Competition 2017 RoboGames competition (120lb) 

Place Did not compete 

Team Members Matt Riordan, Thomas Mooney, John Tzioumis, Kyle Bohman, Vincent 

Sobocinski (11) 

Battlebot Name  

Battlebot Type 

o Drive 

o Weapon 

o Frame 

o Armor 

Horizontal Spinner 

o Gear box (27:1) (4-wheel) 

o Horizontal rotating blade with chains, v-belt driven  

o Welded Aluminum extrusion, box 

o Acrylic sheet, titanium honeycomb and aluminum plate  

 

Figure 13: 2017 UC Senior Capstone 

Pros: 

o Armored wheels 

o Survived 15-foot drop test with minimal structural damage 

o Strong and durable weapon 

Cons: 

o Weld failures in the frame 

o Initial dimensioning issues when originally assembling 

 

This team was unable to compete due to scheduling issues with the Robogames competition. I 

believe that this robot would have done well in the Robogames competition. The robots weapon had a 

large diameter which not only would cause damage to opponents but also doubled as protection 

because shielded the entire robot. Allow the robot could not be operated if it were flipped over the 

spinning weapon would most likely be able to correct the robot’s orientation. I think these features 

would make this robot very successful if it were to compete. 
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Competition 2016 RoboGames (120lb) 

Place Won 3 matches 

Team Members Daniel Sizemore, Lance Stahler, Mathew Mideros, Brenton Cates (12) 

Battlebot Name HellCat 

Battlebot Type 

o Drive 

o Weapon 

o Frame 

o Armor 

Rotating Drum  

o Gearbox (chain and sprocket ratio 8.3:1) (2-wheel) 

o Rotating drum with 2 teeth, belt driven  

o Bolted aluminum extrusion (80/20), box 

o AL-6XN 1/8” plating 

 

Figure 14: 2016 UC Senior Capstone - HellCat 

Pros: 

o Weapon was very effective once exposed from frame (modification mid competition) 

o Symmetrical (functional when flipped) 

o Strong armor (won them the first match) 

 

Cons: 

o Small attack range 

o Drum teeth did not protrude far enough (flush with frame)  

o Was not able to damage opponents 

 

This battlebot had a huge design fall regarding its weapon, it had very limited range due to being 

so far inset into the frame. This team had a very interesting set of matches as they made a very risky 

modification that ended up earning them two more victories. They failed to directly attack their first 

opponent, but very victorious because the opponents’ bot became unresponsive after land a couple of 

hits. The front end of the bot was so damage that the team opted to cut a good deal of it off, allowing 

the weapon to be able to reach its opponents, but also exposing the weapons bearings. They defeated 

a wedge type and full-body spinner type during the two subsequentially matches. The fourth match 

was their final when a horizontal drum type bot that damaged the exposed bearing, rendering their 

weapon useless. 
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Competition 2014 USATL BotsIQ Competition (120-pound class) 

Place Report does not include competition data, competition post-graduation 

Team Members Nick Manning, Wesley Creed, Nicole Campbell, Tim Shallenberger (13) 

Battlebot Name  

Battlebot Type 

o Drive 

o Weapon 

o Frame 

o Armor 

Rotating Drum 

o Gearbox with 3 step chain & sprocket reduction (8.3:1) (4-wheel) 

o Rotating drum with 6 bolted “blades” with 2 teeth, belt driven 

o Salvaged 2024 Aluminum plating, box 

o Titanium honeycomb, for top armor plate 

 

Figure 15: 2014 UC Senior Capstone 

Pros: 

o Multiple “blades” 

o Good maneuverability and traction 

o Strong titanium honeycomb armor 

o Symmetrical (operates when flipped) 

 

Cons: 

o Bored weapon’s shaft, weakened the strength (tried to lessen overall weight) 

o Did not reinforces bearings 

o Controls became mirrored 

o Recommends gyro meter to detect orientation and auto correct controls 

o Weight problems, stemming from frame size 

o Titanium honeycomb not very machinable 

o Weapon drive belts exposed 

 

This battlebot had much potential. An overall well-rounded design, the only disadvantage would 

be match up type. A flipping or ramp type battlebot may be able to inflict damage by launching it into 

the air. The weapon system was also noted as a potential weak point. The team had hollowed out the 

shaft of the weapon in an attempt to save weight, but it significantly weakened it. When the controls 

were not mirrored, testing showed great mobility.  
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Competition Battle Bots IQ (120lb) (Robogames: Olympics of robotics) 2013 ComBots 

Place Eliminated during 2nd match, 36 total competitors 

Team Members Chris Ramhap, Preet Ahluwalia, Travis Copas, Jason Doerr (14) 

Battlebot Name Battlecat 

Battlebot Type 

o Drive 

o Weapon 

o Frame 

o Armor 

Spinning Drum 

o Gearbox(4-wheel) 

o Spinning drum with welded teeth, belt driven  

o Aluminum 6061-T651 Box 

o Frame doubled as armor 

 

Figure 16: 2013 UC Senior Capstone - Battlecat 

Pros: 

o Large attack range 

o Symmetrical (operational when flipped) 

 

Cons: 

o Did not handle well 

o Wheels did not provide enough traction 

(uneven arena floor) (used duct tape as quick 

fix) 

o Motor had too much torque 

o Poor wiring 

o Came undone when slammed into wall 

o Did not design with spare parts in mind 

o Frame tied directly into weapon functionality 

 

The Battlecat did not fare well in the competition. First round the frame was damaged resulting in 

the weapon being non-functional. The next match was against a ramp type battlebot. The opponent 

had speed and maneuverability advantages over the Battlecat. Battlecat was rammed into a wall that 

loosened the wiring of the bot resulting in a loss of power to both weapon and one of the drive 

motors. The match was lost and subsequently Battlecat was eliminated from the competition. This 

team did not provide research into the frame design or do any FEA testing besides the weapon. The 

frame breakage could have been avoided if they had run more initial tests. 

Figure 17: Battlecat Battle Damage 
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Electronics   

Because this year's battlebot will be in the beetle weight category there is a standard layout 

which is followed for Battlebots due to their size and weight requirement. The standard components 

used will be one 12-volt LiPo battery, at least two brushed drive motors, one brushed or brushless 

weapons motor, one receiver, two speed controllers and a universal battery elimination circuit. 

(15)  Depending on how many wheels you want your beetlebot to have an addition ESC and drive 

motor can be added for each wheel after two. The LiPo battery will be used to power all the 

electronics inside the battle bot include the two brushed motors used to drive the bot and the weapon 

motor, which has the option of being brushed or brushless. The receiver will allow for the robots 

drive and weapon to be controlled using a transmitter, which will be essential for using in a 

competition. The speed controllers, or ESCs, will allow you to control the amount of voltage 

powering the motors which will control the speed of your battlebot. The universal battery elimination 

circuit is what allows for the battery’s voltage to be stepped down to prevent it from frying things like 

the beetlebots ESCs and motors which may require a lower voltage. (15)  

 

 

Figure 18: Drive Circuit Layout (15) 
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Summary of FRA Build Guide 
1. General Rules 

All participants will be building and operating at their own risk. All must take precautions in 

order to prevent harming yourself or others during building, testing, and competing. All rules and 

regulations are mandatory and must be followed. If your design does not fit into a category 

specified in this document, please contact the FRA. Creativity is encouraged but using a loophole 

could cause you to be disqualified from a competition. Your robot must be inspected, and you are 

required to disclose and potential dangers to those inspecting it. Robots may only be activated in 

the arena or testing areas. You may not enter the arena with live robots without permission and 

supervision from the event organizer. All weapons must be secured using a locking bar. The 

design must ensure that the weapon cannot be fired during the activation process. All high-speed 

weaponry with a single linkage must have a tether to ensure moving parts cannot break free 

during operation. When not in an arena or testing area, all robots must be on carrying cradles so 

they cannot move if they are turned on and to prevent them from rolling or falling off tables. If 

safety restrictions are placed on your robot, you are responsible for ensuring they are always 

adhered to. Builders are expected to follow basic safety practices. Equipment which produces 

smoke, debris or other harmful substances may only be used in dedicated areas. 

2. Weight Class 

 The beetleweight weight class has a maximum weight of 1.5 kilograms. Robots with legs or 

walkers can weigh up to twice the specified weight in all classes. Legs must have at least two degrees 

of freedom. Robots with sliding or rolling mechanisms do not fit this classification. Max weight 

includes all consumables. Max weight does not include anything that will be removed when robot is 

operating. If robot has interchangeable parts the heaviest set up is used when measuring its weight. 

3. Mobility 

 All robots must have easily visible mobility to compete. Methods of mobility include rolling, 

walking, shuffling, ground effect (i.e. hovering) and jumping or hopping. Event organizers may 

impose additional restrictions for the safety of the event. 

4. Radio and Control Requirements 

 Transmitters may not be turned on at events without explicit permission from the organizer. 

Radio systems must comply with restrictions put in place by local regulatory bodies and applicable 

laws. Radio systems cannot cause interference to other frequency users. Commercial Digital Spread 

Spectrum 2.4 GHz is recommended for combat robotics in al weight classes. IR, 27/40 MHz AM/FM, 

40 MHz FM Digital, 2.4 GHz DSS, and 459 MHz Digital are all acceptable frequencies. All 

dangerous systems must have a failsafe device. The failsafe must bring the systems to an off position 

if the transmitter signal experiences interference or is lost. These devices must failsafe when receiver 

battery is low, or power is completely lost. Failsafe’s can be plug in commercial devices as well as 

digital switches. Failsafe’s must meet all the requirements listed. PCM failsafe’s must be set correctly 

to ensure safe operation of the robot and are strongly discouraged. Care must be taken when using 

servo/ pot/ micro-switch interfaces as these will remain in their last position with loss of power 

leaving the weapon active. Failsafe lights are encouraged but not required. Remote kills, which would 

be used to activate the failsafe, are encouraged as well as this will allow for deactivation of the robot 

outside a fully enclosed arena and would prevent accidental operation of controls. All devices must 

operate to the tech checkers satisfaction in order to compete. Frequencies must be easily changeable. 

Transmitter power may not exceed what is specified by local regulatory body or applicable laws. 

Home built remote control systems must first be approved by the event organizer and tech checker. 

These are not recommended. Radio equipment can be operated independently of the removable link. 

Certain frequencies may be reserved by the event for testing and safety and cannot be used by 

builders. Radio telemetry is permitted on 433 MHz and 2.4 GHz but must be approved by event 

organizer. 

 

5. Autonomous/ Semi-Autonomous Robots 
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 Please contact event organizer ahead of time if you plan to bring an autonomous robot or a robot 

with significant autonomous function. Autonomous robots must have the ability to be remotely armed 

and disarmed. While disarmed or deactivated the robot may not function autonomously. Must have 

additional lights to signify if it is in autonomous mode or not. Must have a failsafe if there is loss of 

power or radio signal. In case of damage to components that remotely disarm the robot, the robot 

must automatically deactivate after 4 minutes. 

6. Electrical Power 

 Robots must incorporate a way or removing all power to weapons and drive systems that can be 

operated easily without easily without endangering the person turning it off. The main power cutoff 

must be a removeable link. This link must be accessible, visible, and clearly marked. The removable 

link can be covered but the cover must be able to be removed without the use of any tools. Cabling 

must be of sufficient grade and suitably insulated for max operational voltage and current. Current 

cannot be carried through exposed components. Robots must have at least one surface mounted power 

light. Robot must be able to be activated and deactivated using a removeable link. Voltage cannot 

exceed 75V for DC or 50V for AC except where prior approval has been confirmed. 

7. Batteries 

 Batteries must be adequately protected within the body shell and securely fixed to minimize the 

chance of being punctured or coming loose during combat. Battery terminals must be protected to 

prevent short circuits. Permitted batteries are ones that cannot spill or spray any of their contents 

when inverted. Car and Motorcycle batteries are prohibited. Nickel-cadmium, Nickel-metal Hydride, 

Sealed Lead Acid, Lithium Iron Phosphate, and Lithium Polymer batteries are all approved for use in 

the beetleweight weight class. The maximum cell count and voltage for each battery is 30 cells and 

36V for Nickel-cadmium, 30 cells and 36V for Nickel-metal Hydride, 18 cells and 36V for Sealed 

Lead Acid, 12 cells and 39.6V for Lithium Iron Phosphate, and 12 cells and 44.4V for Lithium 

Polymer. Battery cells may be connected in parallel to increase capacity and discharge current. 

Improper charging may result in fire and/ or explosion. Only chargers specifically designed for the 

battery may be used. The rate of charge may not exceed the manufacturers specification. Sealed Lead 

Acid, Nickel-cadmium, Nickel-metal Hydride, and Lithium Iron Phosphate can all be used without 

any specific precautions. Lithium Polymer batteries have specific limitations and extra precautions 

which must be adhered to. They must be balance charged to prevent damage from occurring to the 

cells. Chargers that do not have incorporated balancing circuitry are not permitted. A voltage cut-out 

or alarm is recommended to help prevent the batteries from becoming damaged by over-discharge. A 

fuse rated below the max burst discharge of the battery must be fitted. Roboteers using LiPo batteries 

must provide a LiPo sack. LiPo batteries must be removed, inspected, and placed into a LiPo sack 

before and during the charging process. LiPo batteries must not be left unattended at any time during 

the charging process. If this rule is broken your robot will be removed from the event. LiPo batteries 

with any evidence of damage must be placed into a LiPo sack and removed to a safe area. 

8.  Rotational Weapons 

 The weapon must spin down to a full stop in under 60 seconds. If a robot exceeds 2 or more of 

the 3 requirements it must be submitted for review and be pre-approved by the even organizer: the 

spinning element is more than 20% of the robot’s total weight, the spinning element spins above 500 

RPM, or the spinning element is greater than 500 mm in diameter. 

9. Weapon Restrictions 

 Weapons that are forbidden from use due to invisible damage include electricity, radio 

frequency, radio frequency noise, and electromagnetic fields. Weapons which cause combat to stop 

such as entanglement devices are forbidden. Any rotating weapon that exceeds the manufacturers 

specifications are forbidden. Commercially manufactured, hardened steel blades that may shatter are 

not allowed. Commercial blades cannot exceed a length of 20 cm. Projectiles must be able to be 

stopped at full speed via a tether no longer than 2.5 m. Heat and fire are forbidden as weapons but 

may be acceptable in some events in the form of generated heat to damage an opponent, flammable 

liquids, or gases, or explosive or flammable solids. 
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CURRENT STATE OF THE ART 
 

Armor/Frame: 

Team Members Nick Manning, Wesley Creed, Nicole Campbell, Tim Shallenberger (13) 

Battlebot Name  

Battlebot Type 

o Frame 

o Armor 

Rotating Drum 

o Salvaged 2024 Aluminum plating, box 

o Titanium honeycomb, for top armor plate 

 

Figure 15: 2014 UC Senior Capstone 

Pros: 

o The frame has well placed structural walls that create compartments of negative space to place 

the components 

o The front corners were eliminated, creating air pockets to better absorb hits 

o Both were recycled from previous battlebots 

o Armor plate very light weight 

 

Cons:  

o Titanium honeycomb armor plate not very machinable 

o Large frame 

 

 

While the frame has good structure and provides compartments for all the components the overall 

size could have been shrunk. Shrinking the frame to have less open area would have also saved some 

weight that would have benefitted the bot better than hollowing out the drum. Armor plate could have 

been made out of an easier to handle material, but the build was limited to using all recycled 

components. 
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Team Members Black Lighting Robotics (16) 

Battlebot Name Phantom II 

Battlebot Type 

o Frame 

o Armor 

Horizontal Spinner 

o Aluminum frame, box 

o Onyx (3D printed), for top armor plate; UHMW, Side 

armor; 0.05” 4130 steel, heat treated wedge 

 

  

Figure 19:  Black Lighting Robotics – Phantom II 

 

Pros: 

o UHMW armor (17) 

o Tough and durable 

o Low friction, self-lubricating 

o Excellent abrasion resistance 

o “Chunks off” when hit 

o Low cost 

o Onyx armor 

o Protected itself from its own blade deflection 

o 3D printed, can create complex shapes easily  

o Wedge 

o Modular 

o Full wedge has shock absorbers 

Cons:  

o Not enough clearance between weapon and top armor plate 

o Onyx armor didn’t hold up to a direct hit from another horizontal spinner  
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Team Members Black Lightning Robotics (18) 

Battlebot Name Vortex 

Battlebot Type 

o Frame 

o Armor 

Shell spinner (full body spinner) 

o Aluminum “H” 

o Aluminum shell spinner 

  

Figure 20: Black Lighting Robotics – Vortex 

 
Pros: 

o Armor doubles as a weapon 

o Simple design 

 

Cons:  

o Openings too large on top surface of shell spinner 

o Shell spinner made from aluminum 

 

There is a lot of potential for shell spinner type bots. Having a dual-purpose armor that also 

serves as the weapon and enclose the whole bot is very efficient with size and materials. The downfall 

of this particular bot is its material selection and manufacturing of its shell. The aluminum shell was 

stitch welded together and did not hold up very well. Also, the large openings on the top do not 

provide the protection needed for the internal components. With a different approach for the material 

and design of the spinner, this design can be more successful.   
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Drive Train: 

Team Members Robert Cowan (19) 

Battlebot Name Anxiety Attack 

Battlebot Type 

o Drive 

Horizontal Spinner 

o Brushless motor to planetary gear box, rear wheels; belt driven 

front wheels 

  

Figure 21: Robert Cowan – Anxiety Attack 

 

Pros: 

o Two motors to drive the four-wheel setup 

o Saved power consumption 

o Saved weight 

o More compact design  

o Small turning radius 

o Even if the belts are damaged, it still should have rear drive 

 

Cons:  

o Some front wheel slippage 

o No belt tensioner 

o Brushless motors harder to program 

 

This build utilizes two brushless motors attach to 22 mm planetary gear boxes driving the rear 

wheels with belts running from the rear wheel to the front wheels. this give the bot tank like controls 

allowing it to rotate about its center when the wheels are being driven in opposite directions. 
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Team Members Mario Jayes (20) 

Battlebot Name Cheat Code 

Battlebot Type 

o Drive 

Drum Spinner 

o Brushed motor to gearbox, Rear wheels; Timing belt driven front 

wheels 

 

  

Figure 22: Mario Jayes – Cheat Code 

Pros: 

o Belt protection  

o Small turning radius 

o No belt slippage 

 

Cons:  

o Brushed motors generally weigh more than brushless 

o Small clearances around drive system 

 

This build’s drive train suffered from damaged armor that created friction on the wheels. The use 

of timing belts eliminates the possibility of slippage and ensures the power transferred is used by the 

front, driven wheels.   
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Team Members Carter Schultz (21) 

Battlebot Name Cpt. Hook 

Battlebot Type 

o Drive 

Vertical crusher 

o Brushed motor to gearbox 

  

 

Figure 23: Carter Schultz – Cpt. Hook 

Pros: 

o Direct drive to the wheel, no other secondary wheels to drive 

o Simplicity 

o Responsive 

o Less power consumption 

o Tight turning radius 

 

Cons:  

o Heavier motor/gearbox assembly 

 

 This Drive system is simple and straight forward. It is easily replaceable. The larger diameter 

wheel will provide plenty of ground contact. The use of brushed motors allows for an easier wiring 

setup. 
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Drum Spinner 

 

Drum Spinners are one of the most common weapon types for all weight classes of 

battlebots. These weapons typically consist of a solid drum with one or more teeth attached 

to it. This allows for a high force to be exerted upon its opponents due to large mass and high 

acceleration. The drums solid body makes the weapon less susceptible to damage that would 

render it unusable. The two most common ways for this weapon to be operated are either via 

chain or belt drives. One feature that makes this weapon versatile is the chosen direction of 

rotation. If it rotates upwards it “has the ability to fling a robot in the air” which allows the 

fall to add to the total damage. (22) The other option is to have it rotate downwards. In this 

case the spinner will be used to break pieces off of the opponent otherwise the robot with the 

spinner could be thrown into the air and in turn cause damage to itself instead. Another 

benefit to this style of weapon is that the robot can be designed to operate after being flipped. 

If designed and correctly used this style of weapon can be very effective. One disadvantage 

to this design is the robot’s “small strike zone”. (23)  

 

 
Figure 2: 2020 UC Senior Capstone - CAD (6) 

 

 

 

 

 

Horizontal Spinner  

 

 Horizontal spinners, like drum spinners, are a very common weapon choice for battlebot 

competitions. These weapons are often a thick bar or disc that is rotated about its center on a 

shaft at a high speed. Horizontal spinners can be very versatile in their designs which can be 

altered to allow for maximized damage. (22) These weapons are typically driven with either 

belts or chains. Depending on the design of the frame that could leave this system open and 

vulnerable to attack which could then disable the robots weapon costing it the battle. (23) 

Another potential issue with this weapon choice is the possibility that with the high RPM of 

the weapon the robot could face recoiling effects after hitting an opponent or a wall of the 

arena. (23) 
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Figure 1: 2020 UC Senior Capstone - Mamba CAD (5) 

 

 

 

Hammer/Axe Bots  

 

 Hammer or axe bots are another popular style of weapons used for battlebots. Like the 

name suggests these robots use a hammer or axe style weapon to try land a deadly hit on the 

tops of their opponents. There are a couple of different ways these weapons can be driven 

such as chain and gear drives. (24) These weapons are good for damaging an often-

vulnerable part of the robot and cause severe damage to the internals of its opponent. The key 

to using this style of weapon is to increase the mass of your hammer. (22) A larger mass is 

needed to make up for the short amount of time the hammer must swing. (22) This is done in 

order to increase the energy of impact the hammer has. (22) One issue with this is that if the 

mass of the hammer is too large the momentum of using it can send the bot into the air which 

it would most likely cause damage to itself. (24) These weapons are also out in the open 

leaving them vulnerable to bots with spinners.  

 

 

 
Figure 24: Example of a battlebot utilizing the hammer style weapon (24) 
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END USER 
 

Our end user is a beginner wanting to start their first build of a battlebot. There is a wide 

range of ages and amount of technical experience for end users. Age ranges start at the high school 

level and don’t really have a ceiling. The technical experience required that would be very helpful is 

fluency in CAD and simulation software. Also, fabrication experience would be beneficial depending 

on what materials are being used. Mechanical and electrical experience will help with powering and 

determining outputs of components. Besides that, not much prior knowledge is required for building a 

battlebot due to the number of guides in print and video that are freely available. A team structure is 

beneficial to a first build but not required.  

The needs of the end user would be internet access, CAD software, a minimum budget of a 

couple hundred dollars, fabrication equipment, and a competition. Some of these needs can be 

outsourced, but that comes with a cost. The internet access provides a way for researching building 

guides and accessing online stores that specialize in battlebot and hobbyist components. CAD 

software lets you flesh oust design concepts, create drawings, and models for fabrication. The 

simulation software checks your design for weaknesses prior to fabrication, helping inform the final 

design. The budget is for materials, components, equipment, or any outsource manufacturing 

processes you may need. The fabrication equipment required is based on the materials that are being 

used but are commonly: soldering iron, mill, 3D printer, grinder, and/or welder. Heat treating is a 

commonly used secondary process used for weapons as well. The final need is to compete in a 

competition, as that is the real test of how successful your battlebot is. 

The main concerns for the end use are time management and keeping the bot under a certain 

weight. There are many different weight classes to compete in and for this end user it is a beetle 

weight competition which requires the bot to be between 150 and 1500 g (0.33 – 3.31lbs). This 

balance is often reached by compromise. Time management is also a concern as most teams aim to 

compete in a specific competition. It is very beneficial to be able to create and stick to a schedule to 

make sure the build is complete, any testing is conducted, and modifications made are done prior to 

the competition. 

The end user for this beetlebot would be ourselves along with any other first-time beetle 

weight battlebot builder. Since this is the first time that UC is participating in a beetle weight 

battlebot competition it will be up to us to lay the groundwork for future UC BattleBot Club 

members. Our designs will be available to future club members to use for parts, inspiration, or both. 

Although there are many design specifications for the beetle weight battlebot competitions, we will be 

focusing mainly on the weight and size specifications along with any battery safety standards set in 

the rule book by the Fighting Robots Association. Other specifications are not as important to us 

primarily because our competition will be an inhouse competition amongst other senior design 

students and club members. 
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CONCLUSIONS AND SUMMARY OF RESEARCH 
 

The specific problem that needs to be addressed is creating a durable and reliable build. This 

conclusion has come from the data from the survey as well as countless forum entries were members 

reiterated it. The durability speaks to how many hits can your bot receive and still function. How 

many time times can it get knocked into the air and impact the ground? How will the wiring hold up? 

What level of functionality will remain after receiving multiple hit? How reliable are your bot’s 

components? Do they function to 100% of their ability? Can your weapon reliably startup in the same 

amount of time consistently? These are the questions we hope to solve during our first build. 

This is not an easy task for beginners, as a lot of the learning process is hands on when 

building. From the research done, the battlebot creators benefit greatly from iteration. They learn 

what they can from each match they compete in and adapt their battlebot to fix the weakness or 

inadequacy. The best performing beetlebots are generally well-rounded bots that have benefitted from 

multiple iterations. There is nothing really missing from the current technology, but there will always 

be room for innovation. Our goal is to provide the battlebot club with a well performing beetlebot that 

will potentially win the competition, but also be an opportunity for club members iterate on and learn 

from. 
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QUALITY FUNCTION DEPLOYMENT 
 

CUSTOMER FEATURES 
 

These features were presented on our customer survey to help us determine the demanded quality 

of the consumer. The survey polled 30 people with a scale of 1 through 7 (whole number increments) 

from least important to very important. The features were averaged and consolidated to better fit the 

HoQ template. 

1. Armor  

2. Durability  

3. Frame  

4. Large range of attack  

5. Maneuverability  

6. Overall size  

7. Ramp-like armor/frame (Front)  

8. Small turning radius  

9. Speed  

10. Weapon type  
 

 

 
 

 

ENGINEERING CHARACTERISTICS 
 

The characteristics were developed to best measure the customer features. 

1. Total Weight [kgs] 

2. Footprint Size [m^2] 

3. Frame Material Yield Strength [MPa] 

4. Armor Yield Strength [MPa] 

5. Armor Hardness [HB] 

6. Torque to Wheels [N*m] 

7. Battery life [mA*h] 

8. Weapon Fatigue Strength [MPa] 

9. Torque to Weapon [N*m] 

10. Weapon Yield Strength [MPa] 

11. Range of attack [m^3] 

12. Wheel Diameter [m]  
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HOUSE OF QUALITY 

 
Table 1: House of Quality 
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PRODUCT OBJECTIVES 
The objectives listed below are ordered from most important to least based on their calculated relative 

weight from the HoQ. 

 

1. Armor Hardness (12.1%) 

a. Type of material 

b. Treatments/secondary processes 

2. Armor Yield Strength (10.9%) 

a. Type of material  

b. Thickness of armor 

3. Weapon Fatigue Strength (9.7%) 

a. Type of material 

b. Geometry of weapon 

4. Weapon Yield Strength (9.7%) 

a. Type of material 

b. Geometry of weapon 

5. Wheel Diameter (9.1%) 

a. Size of wheels 

6. Range of Attack (9.0%) 

a. Size of weapon 

b. Type of weapon 

7. Frame Material Yield Strength (8.7%) 

a. Type of material 

b. Geometry of frame 

8. Total Weight (8.1%) 

a. Weight must not exceed 1.5 kg (not counting safety restraints) 

9. Footprint Size (6.2%) 

a. Must be large enough to accommodate all components 

10. Torque to Wheels (5.9%) 

a. The wheels must be provided with enough torque to maneuver robot 

11. Battery Life (5.3%) 

a. Must last long enough for match duration 

12. Torque to Weapon (5.2%) 

a. The weapon must be provided with enough torque to impact opponent robots 
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DESIGN 
 

DESIGN SELECTION  
 

To make the final selection, our team used a series a of weighted matrixes to determine the 

best combination of our individual concepts for the final beetlebot design. Table 2 depicts a weighted 

score for each individual concept with and equal weight of 25% for each of the criteria. Table 3 rates 

the compatibility, how well/easy the concepts can be merged into one design of each armor/frame 

concept to each weapon concept. Table 4 takes the compatibility scores, weights them 25%, and sums 

them with the individual scores from Table 2. The final design will incorporate a drum spinner style 

weapon with a box type frame/armor and a front wedge.  

 

 
Table 2: Concept Selection Weighted Matrix 

 

 
Table 3: Concept Compatibility Matrix 

 

 
Table 4: Final Concept Selection Weighted Matrix 

 

 



Battlebot: Beetle Weight 1.5kg Henry Harrington & Bradon Lewis 

32 

Concept 1 – Armor/Frame 

 

Figure 25: Concept 1 Trimetric Exploded, Transparent, & Normal Views   

 

Frame – Box  

Armor – Fully covered, wedge plate at front  

Drive – Motor to gearbox, two-wheel rear, timing belt to two front wheels  
 

This bot concept utilizes four wheels, front wedge, and box frame construction. The front 

wedge will help deflect hits and get under opponents to flip them. Mostly symmetrical design allows 

for bot to operate when inverted. Four-wheel drive system will provide adequate torque as project 

objective states. Rear wheels will be driven by gear box to motor assemblies. Attached to those 

wheels will be timing belts to transfer power to the front wheels. Frame and armor materials will meet 

product objectives for properties and will have equal priority on this build. Weight and footprint size 

are able to be met as this design is scalable and can be adjusted to meet the criteria.  
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 Concept 1 – Weapon - Drum Spinner 

 

 
Figure 26: Isometric and side views of concept 1 – drum spinner 

 

 

 

 Drum spinners are a simple, yet effective weapon when it comes to battlebots and this design is 

no different. This drum spinner would rotate with the “teeth” of the weapon spinning upwards 

(clockwise). This would allow for the weapon to fling opponents into the air and cause a great deal of 

damage upon impact on the arena floor. The weapon will also be effective in chipping away at the 

armor of the opponent’s robot. The drum spinner would be driven in one of two different ways. The 

first option is to use direct drive which would be achieved by connecting the weapons motor directly 

to the drive shaft (green). The other option would be to have the weapon driven by a belt. The belt 

would be connected to one end of the shaft (green) and the other to the motor’s shaft. The belt drive 

has some advantages to it as it does not require the motor to be in line with the weapon, which saves 

space and protects the weapon from being disabled. It will also be better at absorbing shock than the 

motor would be if it were in direct contact with the weapon. This design would be effective in 

achieving our product objectives because by using the right materials the geometry and thickness of 

this weapon would allow for a strong yield and fatigue strength for the weapon. This weapon would 

also be effective in achieving a decent range of attack due to the size of the weapon. 
 

Page Break  
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DESIGN ALTERNATIVES 
 

Concept 2 - Armor/Frame 

   

  
Figure 27: Concept 2 Trimetric Exploded, Transparent, & Normal Views   

 
Frame – Box  

Armor – Fully covered, Ramps on all sides, Larger wedge plate at front  

Drive – Motor to gearbox, two-wheel drive, rear  

 

This bot concept features armor on all sides, a compact box frame, and a two-wheel 

drive. The armor provides protection on all sides and incorporates a heavier plate at the front. The 

ramp like armor present on the front, sides, and rear allow for deflection of  hits and helps get under 

bots. Getting under other bots can flip them. Armor plates protect the wheels. Low profile design 

makes it hard for other bots to get under it. The box style frame provides structure for the armor and 

keeps the internal components safe. The triangular wedges around the perimeter of the box provide 

support for the armor. The bot will be driven via motor to gearbox assemblies located in the rear of 

the frame. There will be low friction nubs or free wheels located at the front of the bot. This design 

can allow for meeting the product objectives for yield strength and hardness of the armor and frame. 

The wheel diameter is adjustable and can be increased further if the triangular wedges are spaced 

further apart. This design is also scalable to meet the footprint and weight objectives.  
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Concept 3 -  Armor/Frame 

 

 
Figure 28: Concept 3 Trimetric Exploded, Transparent, & Normal Views   

 

 

Frame – Hexagonal box  

Armor – Fully covered, Insertable armor plates  

Drive – Motor to gearbox, two-wheel drive, central  
 

This bot utilizes a hexagonal frame with replaceable armor plates that can be inserted into the 

frame. The panel armor design allows for easy access to the inside of bot. The two wheels are driven 

by motor to gearbox assemblies and are centrally located. The wheels are as protected as they can be 

in a flippable design. The bot would have low friction nubs to help movement. The design is 

symmetrical, allowing for operation when inverted. There is a larger job to be done by the fame, 

sense it exposed and can receive hits, so the frame material would take priority over the armor panels. 

The armor material could be made out of different materials to increase strength in certain areas, like 

the panels over the wheels. the hexagonal shape of the frame creates chambers where components can 

be safely mounted. Total weight will be a tradeoff between the armor and frame, with the frame 

taking priority in importance. This design should adequately meet the project objectives.  
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Concept 2 – Weapon – Vertical Spinner  

 

 
Figure 29: Isometric and top view of concept 2 – vertical spinner 

 

 

Vertical spinners are a great way to defend yourself due to their large range of attack. This 

vertical spinner would rotate with the “front” edge of the weapon spinner clockwise. This would 

allow for the weapon to smash into the opponent like a blade and cause a great deal of damage upon 

impact. The weapon may also be effective in defending itself from the opponent’s robot, depending 

on their type of weapon. The reason for the chamfers on opposite sides of the weapon is so that is the 

robot was flipped upside down the bladed edge would still be what is hitting the opponent. The 

vertical spinner would be driven in one of two different ways. The first option is to use chain drive 

which would be achieved by attaching a sprocket to the drive shaft (orange) and the motor shaft and 

then connecting them with a chain. The other option would be to have the weapon driven by a belt. 

The belt would be connected to one end of the shaft (orange) and the other to the motor’s shaft. The 

belt drive has some advantages to because unlike the chain, debris will be much less likely to get 

caught in it which could cause the chain to break or fall off of the sprocket making the weapon 

disabled. It will also be better at absorbing shock than the chain would be. Although the chain would 

be made of metal making it less likely to be cut during a battle, the belt is less rigid allowing it to 

absorb a hit whereas the chain could break. This design would be effective in achieving our product 

objectives because by using the right materials and thickness combined with the geometry of this 

design would allow for a strong yield and fatigue strength for the weapon. This design concept has 

the largest range of attack as it would span most of the diameter of the weapon, which would help us 

to achieve our product objectives. 
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Concept 3 – Weapon - Eggbeater 

 

  
Figure 30: Isometric and top view of concept 3 – eggbeater 

 

 

 Eggbeaters are similar in their working concept to a drum spinner style weapon. This eggbeater 

would rotate clockwise so that the edge of the weapon can fling opponents into the air and cause a 

great deal of damage upon impact on the arena floor. The weapon will also be effective in chipping 

away at the armor of the opponent’s robot. The bearing assemblies on the sides of the weapon will 

allow for it to rotate smoothly while being driven by the weapon’s motor. The eggbeater would be 

driven in one of two different ways. The first option is to use direct drive which would be achieved by 

connecting the weapons motor directly to the bearing assembly (red). The other option would be to 

have the weapon driven by a belt. The belt would be connected to one bearing assembly (red) and the 

other to the motor’s shaft. The belt drive has some advantages to it as it does not require the motor to 

be in line with the weapon, which saves space and protects the weapon from being disabled. It will 

also be better at absorbing shock than the motor would be if it were in direct contact with the weapon. 

This design would be effective in achieving our product objectives as long as we use the right 

materials and thickness then the geometry of this weapon would allow for a strong yield and fatigue 

strength for the weapon. This weapon would also achieve our product objective, range of attack as it 

would do an effective job of defending the robot. 
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ENGINEERING CALCULATIONS 
 

List of equations (in order of use)  

 
 Inertia [kg∙m2] 

  Hollow Cylinder: 𝐼 =
1

2
𝑚(𝑟1

2 +  𝑟2
2) 

 

 Angular Velocity [
𝑟𝑎𝑑

𝑠
] 

  𝜔 = 𝑅𝑃𝑀 ∗ (
2𝜋

60
) 

   

 Kinetic Energy [J] 

  𝐾𝐸𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 =
1

2
𝐼𝜔2 

  𝐾𝐸𝑙𝑖𝑛𝑒𝑎𝑟 =
1

2
𝑚𝑣2 

  

 Impulse [N]  

  𝐽 = 𝐹𝐴𝑣𝑔∆𝑡 
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Loading Conditions – required yield and tensile strength of material 
 

 Max Force expected to be exerted on frame & armor: 

 

This will be the expected impact force that the beetlebot could receive during a match. This 

analysis will consider the maximum force that could be delt as a worst-case scenario. The 

assumptions about the motor and weapon are based of the 30-30-25-15 rule, where 30% of the 

beetlebot’s total weight is devoted to the weapon system (4). The determined max force, that will 

be applied to our beetlebot’s components, is found to be 185 N (208 lbf). 

 

 Assumptions → Beetlebot is at full 1.5 kg limit [𝑚𝑏𝑜𝑡
 ] 

      → Beetlebot has a forward-facing, CCW rotating, horizontal drum weapon 

      → Drum weapon will be approx. as a hollow cylinder [𝐼] 
      → Weapon system is 4.5 kg 

      → Weapon drum has an outer radius of 0.025 m [𝑟2
 ]                                   

                             → Weapon drum has an inner radius of 0.0047625 m [𝑟1
 ] 

      → Weapon drum has a mass of 3.5 kg [𝑚] 
      → Weapon motor has an RPM of 20000 

      → Velocity of beetlebot is 2 m/s [𝑣𝑏𝑜𝑡
 ] 

      → Time of impact is 0.1 s [∆𝑡] 

  

𝐼 =
1

2
𝑚(𝑟1

2 + 𝑟2
2) = (

1

2
) (3.5)(. 00476252 + . 00252) = 5.063𝐸−5 𝑘𝑔 ∙ 𝑚2 

 

𝜔 = 𝑅𝑃𝑀 ∗ (
2𝜋

60
) = 20000 ∗ (

2𝜋

60
) =  2094.395

𝑟𝑎𝑑

𝑠
 

  

𝐾𝐸𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 =
1

2
𝐼𝜔2 = (

1

2
) (5.063𝐸−5)(2094.3952) = 111.044  𝐽𝑜𝑢𝑙𝑒𝑠 

 

𝐾𝐸𝑀𝑜𝑣𝑖𝑛𝑔 𝐵𝑜𝑡 =
1

2
𝑚𝑏𝑜𝑡

 𝑣𝑏𝑜𝑡
 2 = (

1

2
) (1.5)(22) =  3.000 𝐽𝑜𝑢𝑙𝑒𝑠 

 

𝐾𝐸𝑇𝑜𝑡𝑎𝑙 = 𝐾𝐸𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 + 𝐾𝐸𝑀𝑜𝑣𝑖𝑛𝑔 𝐵𝑜𝑡 = 111.044 + 3.000 = 114.044 𝐽𝑜𝑢𝑙𝑒𝑠 

 

𝐾𝐸𝑇𝑜𝑡𝑎𝑙 =
1

2
𝑚𝑏𝑜𝑡

 𝑣𝑓
 2 → 114.044 = (

1

2
) (1.5)(𝑣𝑓

 2) = 12.331
𝑚

𝑠
 

 

𝐽 = 𝐹𝐴𝑣𝑔∆𝑡 = 𝑚∆𝑣 → 𝐹𝐴𝑣𝑔(0.1) = (1.5)(12.331) = 184.965 𝑁 ≈ 185 𝑁 
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Material Selection 

 

Frame 

Material UHMW 

Polyethylene 

(25)   

Density 0.949 𝑔

𝑐𝑚3
 0.0343 𝑙𝑏

𝑖𝑛3
 

Tensile Strength 305.8-407.8 𝑘𝑔𝑓

𝑐𝑚2
 

4350 – 5800 psi 

Yield Tensile 

Strength 

39 MPa 5660 psi 

Impact Strength 8.968 𝐽

𝑐𝑚
 

16.8 𝑓𝑡 − 𝑙𝑏𝑠

𝑖𝑛
 

Hardness Durometer 65D-

67D 

(Medium)  

Table 5: UHMW Polyethylene Properties 

 

Armor 

Material Polycarbonate (26)   

Density 1.24 𝑔

𝑐𝑚3
 0.0448 𝑙𝑏

𝑖𝑛3
 

Tensile Strength 713 𝑘𝑔𝑓

𝑐𝑚2
 

10000 psi 

Yield Tensile 

Strength 

58.6-70.0 MPa 8500-10200 psi 

Impact Strength 0.481-9.61 𝐽

𝑐𝑚
 

0.900-18.0 𝑓𝑡 − 𝑙𝑏𝑠

𝑖𝑛
 

Hardness Rockwell M 70.0-

75.0 

  

Table 6: Polycarbonate Properties 
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Weapon, Drum & Shaft 

 

Material 7075-T6 Al (27)   

Density 2.81 𝑔

𝑐𝑚3
 0.102 𝑙𝑏

𝑖𝑛3
 

Tensile Strength 572 MPa 83000 psi 

Yield Tensile 

Strength 

503 MPa 73000 psi 

Hardness Rockwell A 53.5   

 
Table 7: 7075-T6 Aluminum Properties 
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Power & Torque Calculations 

 

Drivetrain 

 
Determining wheel diameter and RPM needed to cross full length of the arena: 

𝐴𝑟𝑒𝑛𝑎 𝐴𝑟𝑒𝑎 → 𝐴𝐴𝑟𝑒𝑛𝑎 = 17.361 𝑓𝑡2 = 2500 𝑖𝑛2 

𝐴𝑟𝑒𝑛𝑎 𝐿𝑒𝑛𝑔𝑡ℎ → 𝐿𝐴𝑟𝑒𝑛𝑎 = 4.167 𝑓𝑡 = 50 𝑖𝑛 

𝐷𝑖𝑠𝑒𝑟𝑒𝑑 𝑡𝑖𝑚𝑒 𝑡𝑜 𝑡𝑟𝑎𝑛𝑠𝑣𝑒𝑟𝑠𝑒 𝑎𝑟𝑒𝑛𝑎 = 2 sec  

𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 → 𝑉𝐷𝑒𝑠𝑖𝑟𝑒𝑑 =
𝑢𝑛𝑖𝑡 𝑙𝑒𝑔𝑛𝑡ℎ

𝑢𝑛𝑖𝑡 𝑡𝑖𝑚𝑒
=

4.167 𝑓𝑡

2 𝑠𝑒𝑐
→ 2.083

𝑓𝑡

𝑠
= 25

𝑖𝑛

𝑠
 

𝑊ℎ𝑒𝑒𝑙 𝐷𝑖𝑎𝑚𝑡𝑒𝑟 → 𝐷𝑊ℎ𝑒𝑒𝑙 = 2.875 in  
𝑊ℎ𝑒𝑒𝑙 𝐶𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 → 𝐶𝑊ℎ𝑒𝑒𝑙 = 𝜋𝐷𝑊ℎ𝑒𝑒𝑙 → 𝜋(2.875) = 9.032 𝑖𝑛  

𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑊ℎ𝑒𝑒𝑙 𝑅𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠 → 𝑅𝑛,𝑚𝑖𝑛 =
𝐿𝐴𝑟𝑒𝑛𝑎

𝐶𝑊ℎ𝑒𝑒𝑙
=

50 𝑖𝑛

9.032 𝑖𝑛
= 5.536 𝑟𝑒𝑣𝑠 

 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑊ℎ𝑒𝑒𝑙 𝑅𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠 𝑝𝑒𝑟 𝑈𝑛𝑖𝑡 𝑇𝑖𝑚𝑒 →=
5.536 𝑟𝑒𝑣𝑠

2 𝑠𝑒𝑐
= 2.768

𝑟𝑒𝑣

𝑠𝑒𝑐
= 166.076 𝑅𝑃𝑀 

 

Torque: 

   Assumptions → weight is evenly distributed between its two rear wheels 

             → wheel material (rubber Tread Durometer 40 Shore A) approx. as clean & dry rubber 

             → arena floor material approx. as clean & dry steel  

 

𝐿𝑜𝑎𝑑 𝑜𝑛 𝑊ℎ𝑒𝑒𝑙 → 𝐿1 𝑊ℎ𝑒𝑒𝑙 = (
𝑊𝐵𝑒𝑒𝑡𝑙𝑒𝑏𝑜𝑡

# 𝑜𝑓 𝑤ℎ𝑒𝑒𝑙𝑠
) = (

3.307𝑙𝑏

2
) = 1.653𝑙𝑏 

(28) Coefficient of friction between wheel and arena floor → 𝑓 = 0.95 

𝑊ℎ𝑒𝑒𝑙 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝐹𝑜𝑟𝑐𝑒 → 𝐹𝑓,𝑤ℎ𝑒𝑒𝑙 = 𝐿1 𝑊ℎ𝑒𝑒𝑙𝑓 = (1.653)(0.95) = 1.570𝑙𝑏 

𝑊ℎ𝑒𝑒𝑙 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑇𝑜𝑟𝑞𝑢𝑒 → 𝜏𝑓,𝑤ℎ𝑒𝑒𝑙 = 𝐹𝑓,𝑤ℎ𝑒𝑒𝑙 (
𝐷𝑊ℎ𝑒𝑒𝑙

2
)

 
→ (1.570𝑙𝑏) (

2.875𝑖𝑛

2
)

= 2.257𝑖𝑛 − 𝑙𝑏 

 

Drive Motors Properties 

𝐺𝑒𝑎𝑟 𝑅𝑎𝑡𝑖𝑜 = 63: 1  

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 = 12 𝑉  

𝑁𝑜 𝐿𝑜𝑎𝑑 𝑅𝑃𝑀 =  220 𝑅𝑃𝑀   

𝑅𝑎𝑡𝑒𝑑 𝑅𝑃𝑀 = 180 𝑅𝑃𝑀  

𝑅𝑎𝑡𝑒𝑑 𝑇𝑜𝑟𝑞𝑢𝑒 = 0.8 𝑘𝑔 − 𝑐𝑚  

𝑆𝑡𝑎𝑙𝑙 𝑇𝑜𝑟𝑞𝑢𝑒 = 4.6 𝑘𝑔 − 𝑐𝑚  

𝑁𝑜 𝐿𝑜𝑎𝑑 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 = 0.08 𝐴  

𝑆𝑡𝑎𝑙𝑙 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 = 1.6 𝐴  

 

Theoretical max speed of bot with selected motor: 

𝑉𝐵𝑒𝑒𝑡𝑙𝑒𝑏𝑜𝑡 = (
𝐷𝑊ℎ𝑒𝑒𝑙

2
) (

2𝜋

60
) 𝑅𝑃𝑀 = (

2.875

2
) (

2𝜋

60
) (180) = 27.096

𝑖𝑛

𝑠
= 2.258

𝑓𝑡

𝑠
= 0.688

𝑚

𝑠
 

 

Motor torque to overcome static friction of wheels on arena: 

 𝑅𝑎𝑡𝑒𝑑 𝑇𝑜𝑟𝑞𝑢𝑒 = 0.8 𝑘𝑔 − 𝑐𝑚 = 0.694 𝑖𝑛 − 𝑙𝑏 

 

  𝑅𝑎𝑡𝑒𝑑 𝑇𝑜𝑟𝑞𝑢𝑒 𝑤𝑖𝑡ℎ 63: 1 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = (0.694 𝑖𝑛 − 𝑙𝑏)(63) = 43.745 𝑖𝑛 − 𝑙𝑏  
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Turning Radius: 

𝑊ℎ𝑒𝑒𝑙 𝐶𝑒𝑛𝑡𝑒𝑟 𝑡𝑜 𝐶𝑒𝑛𝑡𝑒𝑟 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 → 𝑑𝑊ℎ𝑒𝑒𝑙,𝐶2𝐶 = 8.918𝑖𝑛 

 

180° 𝑇𝑢𝑟𝑛 𝐴𝑟𝑐 𝐿𝑒𝑛𝑔𝑡ℎ = (
𝐶𝑇𝑢𝑟𝑛𝑖𝑛𝑔 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟

2
) = (

2𝜋8.918

2
) = 28.017𝑖𝑛 = 2.335𝑓𝑡 

 

180° 𝑡𝑢𝑟𝑛 𝑡𝑖𝑚𝑒 → 𝑡180° 𝑇𝑢𝑟𝑛 = (
180° 𝑇𝑢𝑟𝑛 𝐴𝑟𝑐 𝐿𝑒𝑛𝑔𝑡ℎ

𝑉𝐵𝑒𝑒𝑡𝑙𝑒𝑏𝑜𝑡
) = (

2.335

2.258
) = 1.034𝑠 

 

Weapon 

 
Weapon Motor Properties 

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 = 12 𝑉 (4000 𝐾𝑉)  

𝑁𝑜 𝐿𝑜𝑎𝑑 𝑅𝑃𝑀 =  44440 𝑅𝑃𝑀   

𝐿𝑜𝑎𝑑 𝑅𝑃𝑀 = 36360 𝑅𝑃𝑀  

𝑁𝑜 𝐿𝑜𝑎𝑑 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 = 2.5 𝐴  

𝐿𝑜𝑎𝑑 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 = 26.5 𝐴  

 

𝑀𝑎𝑥 𝑃𝑜𝑤𝑒𝑟 = 𝑙𝑜𝑎𝑑 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑥 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 = 26.5 𝐴 𝑥 12 𝑉 = 318 𝑊𝑎𝑡𝑡𝑠  

 

𝑇𝑜𝑟𝑞𝑢𝑒𝑜𝑢𝑡𝑝𝑢𝑡 =  
𝑃𝑜𝑤𝑒𝑟

𝜔
 =

318

1903.81
= 0.167 𝑁𝑚  

 

𝜔 = 𝑅𝑃𝑀 ∗ (
2𝜋

60
) = 18180 ∗ (

2𝜋

60
) = 1903.81 

𝑟𝑎𝑑

𝑠𝑒𝑐
  

 

𝑀𝑊𝑒𝑎𝑝𝑜𝑛 = 93.715 𝑔 = 0.093715 𝑘𝑔  

 

𝐼 =
1

2
𝑀(𝑅1

2 +  𝑅2
2) =

1

2
∗ .093715 ∗ (. 00476252 + . 026112) = 3.3 ∗ 10−5 𝑘𝑔 ∗ 𝑚2  

 

𝐾𝐸𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 =
1

2
𝐼𝜔2 =

1

2
∗ (3.3 ∗ 10−5) ∗ 1903.812 =  59.8 𝐽𝑜𝑢𝑙𝑒𝑠 

 

𝐾𝐸𝑀𝑜𝑣𝑖𝑛𝑔 𝐵𝑜𝑡 =
1

2
𝑚𝑣2 =

1

2
∗ (1.5) ∗ 0.6882 =  0.355 𝐽𝑜𝑢𝑙𝑒𝑠 

  

𝑊𝑒𝑎𝑝𝑜𝑛 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 = 52.21 𝑚𝑚 =  0.05221 𝑚  

 

𝑠𝑝𝑖𝑛 𝑢𝑝 𝑡𝑖𝑚𝑒 = 3 ∗ [
0.63∗𝜔∗𝐼

𝑇𝑜𝑟𝑞𝑢𝑒
] = 3 ∗ [

0.63∗1903.81∗3.3∗10−5

0.167
] = 0.71 𝑠  

 

𝐿 (𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚) = 𝐼𝜔 =  3.3 ∗ 10−5 ∗ 1903.81 = 0.0628 
𝑘𝑔𝑚2

𝑠
    

𝑣 = 𝑟𝜔 = 0.02611 ∗ 1903.81 = 49.7
𝑚

𝑠
  

 

Shaft and Key Calculations 

𝐹𝑎𝑣𝑔 𝑜𝑛 𝑠ℎ𝑎𝑓𝑡 =  
𝑊𝑒𝑎𝑝𝑜𝑛 𝑀𝑎𝑠𝑠 𝑥 𝑣

𝐼𝑚𝑝𝑎𝑐𝑡 𝑇𝑖𝑚𝑒
=  

0.093715∗49.7

.01
= 465.8 𝑁  

𝑇𝑒𝑛𝑠𝑖𝑙𝑒 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 7075 − 𝑇6 𝐴𝑙𝑢𝑚𝑖𝑛𝑢𝑚 = 572 𝑀𝑃𝑎  

𝑆ℎ𝑎𝑓𝑡 𝑆𝑛 = 0.5(𝑈𝑙𝑡𝑖𝑚𝑎𝑡𝑒 𝑇𝑒𝑛𝑠𝑖𝑙𝑒 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ) = 0.5(572000000) = 286 𝑀𝑃𝑎  
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𝐶𝑠 =  (
𝐷

0.3
)

−.11
=  (

0.375

0.3
)

−.11
= 0.9758  

𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑟𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 0.999 →  𝐶𝑅 = 0.75  

𝐶𝑠𝑡 = 1.0  

𝐶𝑚 = 1.0  

𝑆ℎ𝑎𝑓𝑡 𝑆𝑛
′ =  𝑆𝑛𝐶𝑚𝐶𝑠𝑡𝐶𝑅𝐶𝑠 = 286(1)(1)(0.75)(0.9758) = 209.3 𝑀𝑃𝑎  

 

 

Key Dimensions = 0.09375” x 0.09375” = 0.00238125m x 0.00238125m ; L = ? 

Key Material – 6061 Aluminum 

Key Seat Depth and Key Hub Depth = h/2 = 0.046875” = 0.001190625 m 

𝐹𝑜𝑟𝑐𝑒 𝑜𝑛 𝐾𝑒𝑦 =  
𝑇𝑜𝑟𝑞𝑢𝑒

𝑠ℎ𝑎𝑓𝑡 𝑟𝑎𝑑𝑖𝑢𝑠
=  

0.167

0.0047625
= 35.1 𝑁  

𝑆ℎ𝑒𝑎𝑟 𝐹𝑜𝑟𝑐𝑒 (𝜏) =  
𝐹

𝐴𝑠
=  

35.1

0.002381252 = 6184028.7 𝑃𝑎 = 6.18 𝑀𝑃𝑎  

 𝜏𝑑 =  𝜎𝑑 =
0.5𝑆𝑦

𝑁
 ; 𝑁 = 3, 𝑆𝑦 = 83 𝑀𝑃𝑎; 

0.5∗83

3
= 13.83 𝑀𝑃𝑎  

𝑆ℎ𝑒𝑎𝑟 𝐿𝑚𝑖𝑛 =  
2𝑇

𝜏𝑑𝐷𝑊
=  

2(0.167)

13830000(.0047625)(.00238125)
= 0.00213 𝑚   

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝐿𝑚𝑖𝑛 =  
4𝑇

𝜎𝑑𝐷𝐻
=  

4(0.167)

13830000(.0047625)(.00238125)
= 0.00426 𝑚   

∴ 𝐿 = 0.5" =  0.0127 𝑚  

 

 

 

 

 

 

 

Factors of Safety  
 

Frame 

 Each of the Finite Element Analysis (FEA) depicted in the figures below were simulated in 

SOLIDWORKS 2020 Simulation software. The material of the frame (UHMW Polyethylene) is 

closely approx. with PE High Density Film. In the figures below, he directional green arrows 

represent the fixturing of the frame, while the purply-pink directional arrows represent the force 

enacted on the frame. The fixturing represents the beetlebot being pinned against the arena wall 

and receiving the impact. 

 

 Based on the results of the FEAs and the calculated safety factors, the combination of the 

frame’s geometry and material will be sufficient for withstanding a minimum 2.4X the max 

expected force before yielding. 
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Figure 31: Frame Stress Analysis 1 – Pinned against wall, Force applied to right side 

 

 
Figure 32: Frame Stress Analysis 2 – Pinned against wall, Force applied to corner 

 

Applied Force: 185 N 

Max Stress: 16.25 MPa 

Yield Strength: 39 MPa 

Safety Factor: 2.4 
 

Applied Force: 185 N 

Max Stress: 9.99 MPa 

Yield Strength: 39 MPa 

Safety Factor: 3.9 
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Figure 33: Frame Stress Analysis 2 – Pinned against wall, Force applied to diagonal wall 

 
  

Applied Force: 185 N 

Max Stress: 3.875 MPa 

Yield Strength: 39 MPa 

Safety Factor: 10.06 
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Armor 

 Each of the Finite Element Analysis (FEA) depicted in the figures below were simulated in 

SOLIDWORKS 2020 Simulation software. The material of the frame (UHMW Polyethylene) is 

closely approx. with PE High Density Film. The material of the armor is Polycarbonate. In the 

figures below, he directional green arrows represent the fixturing of the frame and armor, while 

the purply-pink directional arrows represent the force enacted on the armor and frame.  

 

 Based on the results of the FEAs and the calculated safety factors, the combination of the 

armor’s geometry and material with added structure from the frame, will be sufficient for 

withstanding a minimum 1.59X the max expected force before yielding. 

 

 
Figure 34: Armor/Frame Stress Analysis, Force applied to wedge 

  

Applied Force: 185 N 

Max Stress: 40.37 MPa 

Yield Strength: 64.3 MPa 

Safety Factor: 1.59 
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Figure 35: Armor/Frame Stress Analysis, Force applied to top plate 

 

 
Figure 36: Armor/Frame Stress Analysis, Force applied to bottom plate 

Applied Force: 185 N 

Max Stress: 11.94 MPa 

Yield Strength: 64.3 MPa 

Safety Factor: 5.39 
 

Applied Force: 185 N 

Max Stress: 4.94 MPa 

Yield Strength: 64.3 MPa 

Safety Factor: 13.02 
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Weapon shaft 

  

 
 

Figure 37: Weapon Stress Analysis, Motor Torque Applied to Shaft 

 

 

 

 
Figure 38: Weapon Stress Analysis, Average Weapon Force Applied to Itself 

 

  

Applied Force: 486.5 N 

Max Stress: 39.64 MPa 

Yield Strength: 503 MPa 

Safety Factor: 12.69 

 

Applied Torque: 0.167 Nm 

Max Stress: 203 MPa 

Yield Strength: 490 MPa 

Safety Factor: 2.41 
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MANUFACTURING DRAWINGS 
 

 The drawings below are all in inches unless otherwise specified. Drawings were only 

created for the more complex components that needed to be fabricated. 

 

 
Figure 39: Frame, Center Right, Drawing 
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Figure 40: Frame, Center Left, Drawing 
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Figure 41: Frame, Sides, Flat, Drawing 
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Figure 42: Wedge, Armor, Drawing 
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Figure 43: Drum, Weapon, Drawing 
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Figure 44: Shaft, Weapon, Drawing 
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BILL OF MATERIAL  
 

 
 

Table 8: BOM 
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BUILD AND TEST 
 

DISCUSSION OF THE MANUFACTURING PROCESSES UTILIZED  
 
 For the fabrication and manufacturing of our components we chose to utilize the labs within 

UC’s Victory Parkway campus for our machining needs. Shoutout to Nicholas Plataniotis & Brian 

Yockey who were invaluable for their expertise and guidance in the machine shop. For the electrical 

components we soldered them ourselves off campus with a borrowed soldering kit. For the other 

components we fabricated off campus we utilized tools we had around such as circular saws, 

jigsaws, and a 3D printer. 
 

Machining 

 

Component → Weapon Shaft Pulley, S3M Timing Pulley, 30 Tooth 

Operation → 1x 0.25”Through Drill → Increase ID for weapon Shaft 
Machine → Mill 
Location → Victory Parkway or Off Campus 
Operator → Self 

 

 
Figure 45: Increasing Center Hole for Shaft, Weapon Pulley, Fabrication 

 
Component → Drum, Weapon, 7075 T6 Aluminum Round Bar, OD 1.75" X L 0.75" 
Operation → 4x Facing, 4x Drill & Tap, 1x Drill, Key Slot 
Machine → Bandsaw, Mill, Hand Tap, Broach Press 
Location → Victory Parkway 
Operator → Self 
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Figure 46: Weapon Drum Fabrication 

 
Component → Shaft, Weapon, 7075 T6 Aluminum Round Bar 3/8, L 3.25” 
Operation → 1x Turning, Cut, Key Slot 
Machine → Bandsaw, Lathe, Mill 
Location → Victory Parkway 
Operator → Self 

 

  
Figure 47: Weapon Shaft Fabrication\ 
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Component →      Key, Weapon, Zinc-Plated 1018-1045 Steel Square Bar 0.093”, L0.5” 
Operation → Cut to Length 
Machine → Bandsaw 
Location → Victory Parkway 
Operator → Self 

 
Component → Armor Plate Material, Polycarbonate Sheet 1/8 & 1/16, L8" x W10" 
Operation → Cut, Drill 
Machine → Jig Saw, Hand Drill 
Location → Off Campus 
Operator → Self 

 

 
Figure 48: Polycarbonate Wedge Fabrication 

 
Component → Frame Material, UHMW Polyethylene Sheet 8" x 10", 0.375" & 0.125” 
Operation → Cut, Drill, Bend 
Machine → Circular Saw, Jig Saw, Mill 
Location → Victory Parkway and Off Campus 
Operator → Self 

 

  
Figure 49: Frame Fabrication 
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Electrical 

 

 The electrical components were wired and soldered at off campus by us after a short 

demonstration from the club. The circuit diagrams (Figure 18) were used as an example and 

general layout to create our final wiring diagram (Figure 51).  

 

    
Figure 50: Soldering Electrical components 

 

 
Figure 51: Actual Wiring Diagram 
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Assembly 

 

 Our Beetlebot was assembled with a mix of hardware (such as bolts, screws, and nuts) 

along with some adhesives. For most of the frame’s assembly we first glued the pieces 

together and drill in hardware after the glue had set. The material was ruffed with sandpaper 

prior to gluing to insure a strong bond. The glue and clamps helped the material stay together 

while drilling in hardware.  

  

 One design iteration that was done here was with the curved side panels. The 

polyethylene did not want to hold a bend, so we opted to just attach them to the back of the 

bot and clamp them into position up by the ball caster. This gave the sides a curve rather than 

the designed bend. With the frame having changed shape slightly we outline the new shape 

of the bottom plate right on the polycarbonate sheet from the frame and cut it out.  

 

   

 
Figure 52: Beetlebot Assembly Stages 
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TEST PROCEDURE AND CRITERIA 
  

 The tests below will be conducted in the order they appear. These tests will take place at 

Victory Parkway campus and off campus. The tests that we decided to conduct on our 

battlebot were influenced heavily by the results of our Quality Function Deployment. The 

QFD allowed us to see what “customers” valued most in a battlebot. Depending on what 

features they found most important we compiled a list of testing we planned on completing.     

  

 Other than the testing listen below we had originally planned on doing a drop test of our 

frame and a test to determine whether or not our battlebot could flip itself over from the 

upside-down position to the right side up position. Due to time constraints coupled with the 

fact that we did not want to break our battlebot before the competition, we did not proceed 

with these tests. Overall, the tests we were unable to complete would have been somewhat 

unnecessary as nothing related to these tests took place in the competition. 

 

Assemble and Test Electronics 

 

 Criteria: Transmitter functions as expected (drive controls & weapon spin up) 

           No loose connections or solder joints/ stay intact after some jostling/pulling 

 

  Verify that outputs respond to controls 

  Verify transmitter is functional 

 

Complete Assembly 

 

 Criteria:  Beetlebot is able to reach calculated speed 

            Weapon spin up time is as calculated 

            Weapon is able to deal damaging impact 

 

  Drive Test  

  Weapon spin up time 

  Weapon Impact Test 
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TEST RESULTS AND FINDINGS 
 

 Our initial testing took place at the beginning of April. For our test we plugged our 

battery into our electrical circuit and powered up all of our components for the first time. 

Initially we were unfamiliar with which channels on our receiver correlated with what 

controls but were eventually able to verify it through plug and play. Once this was complete, 

we were able to then test the outputs of our controller, verifying that moving the control 

sticks drove our beetlebots wheels and a dial drove our weapon. This verified both the 

transmitter and control’s output.  

  

 The next set of testing was done about two weeks later. For these tests we tested to make 

sure our beetlebots drive functioned properly with a drive test. For this we simply drove the 

beetlebot around testing its ability to turn and move in different directions. We then tested the 

weapon’s ability to spin up to full speed and its ability to cause damage. These took place in 

the UC Battlebot club’s testing chamber, which doubled as the battle arena for our 

competition. We tested our weapon on spare pieces of material that the club had from 

previous builds. The pieces that we used were a mix of extruded plastic, 3D printed filament 

and sheet metal. Overall, our beetlebot did some noticeable damage, but nothing as extreme 

as we initially expected. We believe this was largely due to the fact that the “teeth” on our 

weapon were not very long and therefore struggled somewhat to get a grip on opponents. 

Due to these findings, we determined we would lie a little more heavily on the wedge aspect 

of our beettlebot and operate primarily as a defensive style beetlebot instead of offensive. 

  

 Finally, the competition hosted by the UC battlebots club was the final test. This did the 

best job of testing our project objectives which included armor hardness, armor and weapon 

yield strength, weapon fatigue strength, frame material yield strength, total weight, battery 

life, and torque to the weapon and wheels. These product objectives were determined through 

our QFD and are what we determined would be a good measure of what features our 

customers felt were the most important.  

  

 Our beetlebot stood up well to the others we faced in the competition. We were able to 

win our first battle against a vertical spinner, which we were most concerned about. Our 

armor did a great job of deflecting the opponents hits other than a small cut in the back of bot 

and a crack in one of our wheels, which remained functional. The second round is where we 

took the most damage. The beetlebot we faced used a saw blade, which shredded one of our 

tires and cut a hole in the side of our beetlebots frame. Luckily, the bot remained fully 

functional although we did swap out our extra wheels for the final “round robin” round. For 

the overall results of the competition, we came in second place, therefore we feel as though 

our beetlebot was a good solution to our defined problem statement. 
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PROJECT MANAGEMENT 
 

BUDGET, PROPOSED/ACTUAL 
 

 At the end of Senior Design II, we had a total budget of $380.55. We were able to find a 

pair brushed ESCs on Amazon.com that were cheaper than just one of the DFRobot ones. We 

found a couple more cost saving component changes and were able to get the total cost down 

to about $360 by the start of SDIII. Some of the added costs to this was hardware that needed 

to be longer due to design changes. One of the late design iterations that was added was the 

inclusion of brass inserts. The inserts would better allow for removing the wedge and top 

polycarbonate pieces instead of screwing them directly to the frame material. The inserts 

their screws were an added cost. 16 gauge was also purchased late into fabrication because 

the club supplied wire was too large of gauge for our liking. 

 

 One of the components that we ended up not needing was the UBEC. It was originally 

going to step down the battery voltage to power the receiver. Since we were unexperienced 

on the wiring side of things, we had created the wiring diagram and reviewed with the club 

president. We later learned it was not needed because our specific ESCs provided power to 

the receiver. 

 

 Some of the used components were not counted towards the overall budget. The PETG 

3D printed components were not counted as the 3D printer and material was already owned. 

The Krazy glue and some of the larger hardware was also not counted as it was just on hand. 

Solder was purchased to replace the solder we used in our borrowed soldering kit.   
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Table 9: Proposed Budget  
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Table 10: Actual Budget  
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SCHEDULE, PROPOSED /ACTUAL 
 

 The proposed schedule was created near the end of Senior Design II, so the actual 

schedule only depicts the schedule of Senior Design III. The delays for the actual schedule 

were comprised of mainly communication issues. We waited until after our first meeting 

(01/21/2021) with professor Dong to start ordering parts. We submitted the majority of our 

purchase requests the next day. Some of them the school took care of and order, but there 

were multiple orders that the school couldn’t place, and we were required to do a RSO for 

them.  

 

 Fabrication and assembly were delayed due to our weapon shaft order being misplaced. 

We were waiting to receive the drum and shaft material before we went to VPC to begin 

machining. The shaft was addressed incorrectly and delivered to the Automotive Club. The 

shaft was thought to be found but we were given the wrong material. The correct shaft was 

finally located, and we swapped it with the incorrect material. Once we had both materials, 

we went to VPC on the first day we were both available. 

 

 The issue with receiving all of our parts were a credit card issue. The original order of 

wheels and hubs from Banebots was canceled due to issues with UC’s payment method. The 

problem with that was it was never communicated to us and the Banebots person was very 

hard to get a hold of. Mr. Banebots eventually called us back and told us what had happened 

to our original order. We then re-ordered the wheels and hubs and finally received them on 

04/08/2021. 

  

 With us undertaking all the fabrication ourselves, it took a lot longer than originally 

anticipated. One reason fabrication took longer was we were making duplicates of our 

components since the material had to be ordered in larger then needed quantities. Soldering 

of the electrical components was a real learning experience since neither of us had any real 

experience. There was some guidance needed at a club meeting to help complete the wiring.  

 

 Testing wasn’t started until we completed the electrical system, so that was delayed until 

we finished the fabrication and assembly. Testing I was just for the electrical system and 

checking control layout. A second round of testing was for the actual running of the beetlebot 

as a whole. We didn’t assemble the wheel components until the week of the tech expo and 

competition, so we ran out of time for any design revisions, although we didn’t really learn of 

any changes to be made until after the competition. We did have a design revision at the 

beginning of SDIII though and we made some design iterations and additions as we went 

assembling the beetlebot. 
 

 The rest of the delays were out of our hands as they were the competition date and presentation 

dates.  
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Table 11: Proposed Schedule 

 

 
Table 12: Actual Schedule 
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SUSTAINABILITY AND MATERIAL USAGE 
 

 Sustainability and Material usage was not a concern or consideration for this project. As 

far as using material more efficiently, this could have been accomplished with more 

communication between the other beetlebot teams. There could have been some connectors, 

wiring, and other components bought together to save some money. Communication would 

have been easier if we had all been taking classes in person. Also having some prior build 

knowledge would have helped select various components as a group, as this was most of the 

teams’ first build.  
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CONCLUSIONS 

 
 Our beetlebot was a success and we were able to accomplish most of what we set out to 

do in our problem statement. Although we started out to design a 15 lb battlebot, the switch 

to the beetlebot weight was early enough where it didn’t affect any designs. We designed, 

fabricated, and piloted our beetlebot to great success during the competition. Our final weight 

was well within the 1.5 kg limits (1.3 kg), it was completed on time and we had only external 

damage done to our beetlebot during the competition. Total cost was higher than our allotted 

budget, but our total cost of $400 was the lowest out of all four groups. Although we did not 

win the competition, our beetlebot was the only one that was still functioning as designed by 

the end. 

 

 The research gathered helped us narrow down the type of battlebot that we were going to 

design and informed us of the inherent tradeoffs between each design. Looking at previous 

years of battlebots designed by UC seniors was helpful in some ways even though we were 

designing a beetlebot. Not only were we able to see the design of the various systems, but the 

senior design reports were a great look into the whole build process. The research into 

beetlebots was more directly helpful as their design featured components and ideas that were 

specific to the weight limitations. These designs had less information compared to reading 

through a whole senior design report, but we located a couple breakdown videos and 

instructional vlogs that helped us get started with component and material selection. We 

compared the pros and cons of each of the battlebots we researched and selected from them 

to focus on for state of the art for each system. 

 

 The current state of the art examples we selected definitely informed part of our design. 

The wedge and weapon combination that appeared on some of them spoke to us. Since the 

competition arena we were to fight in had no traps or pits our main focus was doing direct 

damage to opponents. Having a wedge that forces opponents into a weapon was the idea we 

stuck with and elaborated on. 

 

 From the survey responses the customer features were gathered, and the engineering 

characteristics were developed from them. We met most of our project objectives that were 

determined from the HoQ. The top four criteria of the armor and weapon properties were met 

with their material selection of polycarbonate and 7075-T6 Al. Our wheel diameter was 

incorporated into our design very well as there were centered vertically on the frame and 

lined up perfectly with our selected ball caster and the downward angle of the frame was 

designed to allow the full sheet of the wedge material to skim the same plane as the wheels. 

The total weight was not exceeded. All the components had plenty of room within our 

beetlebot. Our battery also performed great and was able to provide plenty of juice for the 

duration of the matches (three minutes). The torque to the wheels and weapon was one area 

that we would improve in. After the competition we learned that increased torque for the 

drive motors would have helped forcing lower profile bots up onto the ramp. Our weapons 

damaging ability would have also benefited from a better motor. The torques were towards 

the bottom of the list with less importance weighted to them, so our beetlebot successfully 

met 10/12 of the objectives. 
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 Building the beetlebot was completed slower than we would have liked, but the results 

were still satisfactory. We choose to undertake the fabrication process ourselves utilizing the 

machines at VPC. We wanted to do the work ourselves and not just hand over our 

components to 1819 to be made for us. This was a lengthy process since we were both only 

able to fit two nights a week into our schedule. Both Nicholas Plataniotis & Brian Yockey 

were a great help at refreshing us on the machines and providing advice on processes such as 

cutting the keyway into the weapon drum. We machined multiple of weapon components 

successfully and machined the more complex frame pieces there.  

 

 The electrical system was the most challenging for us since we were inexperienced with 

soldering. Kyle Pecenko graciously lent us his soldering kit, so we could do it on our own 

time and not just at the club meetings. It was slow going at first trying to solder improperly 

with an oxidized tip but with practice, youtube videos, and some advice from Chase Pownell 

(Battlebot Club President) we were successful in soldering all needed electrical components. 

 

  Testing was negatively affected by the lengthy build process as we finished on 12th of 

April, the Tech Expo started on the 14th and the competition was held on the 17th. With only 

a few days to test and create a tech expo video, we limited our testing to only the essentials. 

If we had been able to complete the build earlier, we would have done more in-depth testing 

and possibly a design revision if needed. We were already $60 out of our pockets at this point 

so we probably wouldn’t have made any major changes.  

  

 Our teams project management was overall good. We only went $60 over budget which 

is the least amount of all four teams. There were a couple components that we ended up not 

needing but that only accounted for about $9. Not counting the unneeded items our total 

budget would have been $390 which would have been better than our real total of $400. The 

shipping and receiving of some of the components led to delays in our building process and 

ideally, we would have ordered parts at the end of SDII. We would also suggest just ordering 

the components yourself and let UC repay via RSOs. Even though you will not get 

reimbursed for the tax it would ensure that you oversee the shipping and receiving and not 

have packages get misplaced. Although you can save some money by letting UC order 

components at McMaster-Carr because they don’t have to pay shipping. Ordering 

components earlier and by ourselves would have better helped us stick to our proposed 

schedule. Although we completed our build fairly close to the competition, we were still 

happy with our final result and didn’t have a whole lot to troubleshoot.  

 

 This being our first build and our team only comprised of only two people, compared to 

two other groups of three and one group of four, we consider our beetlebot highly successful. 

During the competition, our beetlebot only suffered exterior damage. All of our wiring and 

internal components remained together and functional throughout the competition. Other 

opponents suffered from damaged wiring rendering their systems nonfunctional. The only 

component that we replaced between matches was our wheels because they had been cut up 

by a horizontal saw blade. They were still plenty functional, but we had another set. Our 

beetlebot was still fully functional by the end of the competition. 
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APPENDIX C: FINAL PRESENTATION 
 

Full slideshow is available in the UC repository. 

 

 
 

 

  



 

108 

 
 

 

 
  



 

109 

 
 

 

 



 

110 

 
 

 

 
  



 

111 

 

 
 

 

 
  



 

112 

 

 
 

 

 
  



 

113 

 

 
 

 

 
  



 

114 

 

 
 

 

 
  



 

115 

 

 
 

 

 
  



 

116 

 
 

 

 
  



 

117 

 
 

 

 
  



 

118 

 
 

 

 
  



 

119 

 
 

 

 
  



 

120 

 
 

 

 
  



 

121 

 
 

 

 
  



 

122 

 
 

 

 
  



 

123 

 
 

 

 
  



 

124 

 
 

 

 
  



 

125 

 
 

 

 
  



 

126 

 
 

 

 
  



 

127 

 
 

 

 
  



 

128 

 
 

 

 
  



 

129 

 
 

 

 
  



 

130 

 
 

 

 
  



 

131 

 
 

 

 
  



 

132 

 
 

 

 
  



 

133 

 
 

 

 
  



 

134 

 
 

 

 
  



 

135 

 
 

 

 
  



 

136 

 
 

 

 
  



 

137 

 
 

 

 



 

138 

APPENDIX D: TECH EXPO VIDEO 
 

Video available in the UC repository. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


