
i 

 

2011 UC CEAS BattleBot - CATastrophe 

 

Frame and Armor 

 
 

 

A thesis submitted to the 

Faculty of the Mechanical Engineering Technology Program 

of the University of Cincinnati 

in partial fulfillment of the 

requirements for the degree of 

 

Bachelor of Science 

 

 

in Mechanical Engineering Technology 

at the College of Engineering & Applied Science 

 

 

by 

 

 

 

 

 

 

MARK LARSON 

 

 

 

 

 

Bachelor of Science University of Cincinnati 

 

May 2011 

 

 

 

Faculty Advisor:  Dr. Janet Dong 

  



ii 

 

University of Cincinnati 

College of Engineering and Applied Sciences 

Mechanical Engineering Technology  

 

 

 

 

 

2011UC CEAS BattleBot - CATastrophe 

 
 

Frame and Armor 

 

 

 

 

 

 
Mark Larson 

 
 
 

 

 

 

 

 

Other Team Members: 

Daniel Schmidt – Drive System 

Alexis Owen – Electronics and Controls 

Shaun Egan-Weapon System



2011 UC CEAS Battlebot - Frame and Armor   Mark Larson 
 

I 

 

ABSTRACT 
 

 As a requirement to graduate with a Bachelors of Science in Mechanical Engineering 

Technology (BSMET), students at the University of Cincinnati (UC) are required to 

complete a senior design project. Students are encouraged to choose a project that not only 

interests them personally but also incorporates most of what the student learned throughout 

his or her time in the program. Every year since 2008, there has been a 4-person team to 

build and compete with a combat robot more commonly known as a “Battlebot”. Battlebots 

are remote controlled robots designed to compete against one or more other Battlebots in 

battle with the objective of disabling the other robot without becoming disabled themselves. 

This is a report for the 2011 BattleBot senior design project. My primary responsibility for 

the project was the frame and armor. 

 

  Since 2008 the University of Cincinnati (UC) has had a Battlebot team. There are two 

major competitions that the teams can perform in: BotsIQ and BattleBots. BotsIQ focuses 

more on the educational aspect of the competition. All of the teams are collegiate teams 

performing on behalf of their respective colleges and universities. Most of the teams are 

sponsored by company and corporation donations. BattleBots, however, is a professional 

level event that focuses much more on marketing and publicity. The battles are more 

competitive and most of the robots are personally funded by the pilots and designers. The 

competition arena has traps (called hazards) intended to disable or harm the competitors 

indiscriminately to add an unpredictable danger element to each battle. BattleBots features 

videos on Youtube, has an active Facebook page, and up until 2002, had a television show on 

Comedy Central called BattleBots. 

 

 The University of Cincinnati 2011 Battlebot team has many aspirations for its project. 

The overall objective is not only to create a successful Battlebot and to do well in its 

competition. It is to learn the concepts required to make a successful engineering team. 

Excellent communication among members, developing professional relationships with 

sponsors and major companies, and learning from mistakes made by previous engineering 

groups are all things the 2011 team hopes to accomplish.  

 

 As the leader for the frame and armor construction, there are also other more personal 

objectives I hope we as a team will accomplish throughout this entire experience. I would 

like our robot to be able to withstand attacks from our opponents without being destroyed or 

disabled. I hope that the frame will be strong enough to withstand hits even greater than our 

opponents can produce. I hope that the frame and armor chosen will create a competitive 

edge over our opposition.  
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INTRODUCTION 
 

Background 
 
 Since 2008 the University of Cincinnati (UC) has had a Battlebot team. There are two 

major competitions that the teams can perform in: BotsIQ and BattleBots. BotsIQ focuses 

more on the educational aspect of the competition. All of the teams are collegiate teams 

performing on behalf of their respective colleges and universities. Most of the teams are 

sponsored by company and corporation donations. BattleBots, however, is a professional 

level event that focuses much more on marketing and publicity. The battles are more 

competitive and most of the robots are personally funded by the pilots and designers. The 

competition arena has traps (called hazards) intended to disable or harm the competitors 

indiscriminately to add an unpredictable danger element to each battle. BattleBots features 

videos on Youtube, has an active Facebook page, and up until 2002, had a television show on 

Comedy Central called BattleBots. 

 

 In 2008, UC formed a team called “Bearclaw”. It was the first Battlebot team of UC that 

performed in competition. They competed in the BotsIQ competition in Miami, Florida and 

did considerably better than the first-time competitors had expected. They finished first place 

overall and won two other major awards: best design and best driver. This brought not only a 

good bit of pride to the team members, but brought good publicity to the sponsors and made 

a good reputation for UC. This team set the standard high for all of the succeeding teams and 

Bearclaw’s results are something that the 2011 team would like to reproduce. 

 

 In 2009, UC formed another Battlebot team named “Cattitude”. Because team Bearclaw 

did so well, team Cattitude set high expectation for themselves. This showed not only in their 

dedication, but in their robot design as well. Many of the positive features on the Bearclaw 

robot were duplicated on Cattitude. Cattitude, though, did not perform in the BotsIQ 

collegiate competition like their predecessors did. They performed at the BattleBots 

professional-level event in San Francisco, California. Because of the higher competition 

level, and some minor electrical issues, the team did not duplicate the results of the previous 

year. They finished fifth overall.  

 

 In 2010, the team was named “CATaclysm” and performed in the BotsIQ competition in 

Miami again. Because of monetary issues and sponsorship complications, the team was 

forced to use a compromised design.They did not perform as well as they hoped and 

CATaclysm was thoroughly destroyed after just two rounds of competition. Even though 

their robot was destroyed, there was still a lot to be learned from the design flaws of 

CATaclysm.  
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Problem Statement 
 
 The University of Cincinnati 2011 Battlebot team has many aspirations for its project. 

The overall objective is not only to create a successful Battlebot and to do well in its 

competition. It is to learn the concepts required to make a successful engineering team. 

Excellent communication among members, developing professional relationships with 

sponsors and major companies, and learning from mistakes made by previous engineering 

groups are all things the 2011 team hopes to accomplish.  

 The team this year is constructed of four students assigned a specific task to focus on for 

this year’s battlebot: 

 Shaun Egan: Weapon system 

 Alexis Owen: Electronics and Controls 

 Dan Schmidt: Drive system 

 Mark Larson: Frame and Armor 

 As the leader for the frame and armor construction, there are also other more personal 

objectives I hope we as a team will accomplish throughout this entire experience. I would 

like our robot to be able to withstand attacks from our opponents without being destroyed or 

disabled. I hope that the frame will be strong enough to withstand hits even greater than our 

opponents can produce. I hope that the frame and armor chosen will create a competitive 

edge over our opposition.   

 

 

RESEARCH 
 

 The research for this year’s team started the same way many teams’ started. We met 

with the previous year’s team and talked about their experiences. We discussed many things 

including competition rules, problems they experienced in construction, and most 

importantly, the major things they suggested we focus on.  

 I met personally with Korn-eak Thramrongwang (Pann), the leader of the frame and 

armor construction on the 2010 Battlebot, Cataclysm. He and I talked about the frame and 

armor and why he made certain decisions on what materials he used and what designs he 

settled with. He told me that his primary concern while designing the robot was weight. 

Because the BattleBots rules specify that a college-class robot cannot exceed 120lbs, I 

needed to make sure the frame and armor weigh as little as possible without compromising 

strength. After meeting with Pann, the team and I reviewed the BattleBots official rules and 

noticed a few things that would likely become our primary concerns.  
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Rules 
 
 The BattleBots rules manual is very specific and lays out thorough instructions and 

conditions that the competitors must follow. Because of the professionalism of the BattleBots 

competition, the rules and regulations booklet is very extensive and covers nearly 40 pages of 

text. Not all of the rules and regulations applied directly to me, but there were some that will 

directly affect my design.  

Weight Limit 

 The absolute maximum weight for a college-class non-walker robot is 120lbs. Robots 

that walk rather than drive with wheels (more commonly known as Stompbots) have a 

maximum weight limit of 160lbs. [1] 

Size  

 The Battlebot must fit within an 8 feet by 8 feet cube. You must also notify the 

competition organizers if your robot is any bigger than 4 feet long and 5 feet wide. [1] 

Mobility 

 The robot needs to be able to move in a straight line at least 2 feet per second. It must 

also be able to make a full 360 degree turn, in either direction, with all parts of the robot 

contained within a maximum 12 foot radius circle. [1] 

 

Weapon and Frame/Armor Design 
 

 After being familiarized with the rules and regulations of the competition, I had to 

decide what shapes the robot could take, and what advantages each can provide for us. 

Researching the internet provided help in seeing what other successful robots have used. The 

first thing I looked at is what other robots were using as weapons. There are two major 

reasons to research Battlebot weapons in designing frame and armor. The first is to 

understand what attacks our opponents could do. You can’t build a good defense if you don’t 

know what you’re defending against. The second is to designate the shape of our robot. The 

shape of the weapon will dictate the overall shape of the frame and armor. 

  I broke down the different robot weapons into one of four major categories. (Results for 

the weapon analysis can be found in Appendix A.) 
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Category 1: Spinning Weapon 

 

   
Figure 1: Instigator [2]                                Figure 2: Chameleon [3]  

 

 Robots like this use one primary weapon that spins at a high rate of speed to disable their 

opponent. Whether they use a horizontal or vertical spinning weapon, these robots try to find 

a weak point in their opponents’ armor to destroy them. These robots usually have very good 

maneuverability and try to position themselves around their opponents’ sides or backside 

before going in for an attack. Their weapon can not only cause a lot of physical damage, but 

if spinning vertically can also flip their opponents on their backs. Defending against these 

kinds of weapons requires good armor that can either withstand their attacks, or deflect their 

attacks away from the most crucial components. Having curved sides is usually very 

effective because it can deflect a large amount of the attacking force upwards and away from 

important components. Being able to drive inverted will help against the threat of being 

flipped over.   

 

Category 2: Saw-Blade Weapon 

 

    
           Figure 3: Backlash [6] Figure 4: Nightmare [5]  

 

 Robots in category 2 like the ones in Figures 4 and 5 are similar to other spinning 

robots; however, these use most of their resources and weight restriction for powering their 

weapon. Often these robots have a significantly higher attacking force than others, but 

sacrifice defense to achieve this. These robots can disable their opponents in one single 

attack, causing lots of damage and often throwing their opponent into the air and on their 

back. One primary weakness to a strategy like this is, aside from poor defense, is if their 
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opponents are too low to the ground, their weapon might not be able to get a good hit. 

Having a robot that is low to the ground is very good against this strategy, as is being able to 

drive inverted.  

 

Category 3: Flipping Weapon  

  

       Figure 5: Biohazard [7]                                Figure 6 : Complete Control [4] 

 

Robots like Biohazard and Complete Conrol (Figure 7) use the simple strategy of 

flipping their opponents on their top.Complete Control has the added advantage of being able 

to actually pick up their opponent and shake them or drive them into the wall. Many robots 

are not designed to drive while inverted, and if they are flipped over, are forced to forfeit the 

match. Flipping weapon robots are usually designed very low to the ground so they can get 

underneath their opponents to lunge them into the air. If our robot can drive while on its top, 

we will have a strong advantage over these types of weapons.  

 

Category 4: Hammer Weapon 

   
Figure 7: Deadblow [9] Figure 8: Toe-Crusher [8] 

 

 Many robots do not cover the top of their robot with very strong armor. Many of them 

use either plastic or nothing at all. Hammer robots capitalize on this fact by using a strong 

downward force to drive a spike through the top of their opponents’ robots. Often times, 

hammer weapons can damage internal components and disable electronics. To defend against 
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this, we need to make sure we choose strong armor for the top. The frame needs to be able to 

withstand a hard hit from the top without cracking or breaking. 

 Concluding the research of previously successful robots, there were a few defense 

details that repeated between many styles of weapon. The main points of defense that are 

focused on are: 

 Ability to drive inverted 

 Ramped/slanted sides 

 Low ground clearance 

 Secure internal components 

 

 

MATERIAL ALTERNATIVES 
 

  Frame 
 In selecting material for the frame, we had three feasible options: steel, aluminum, or 

titanium. Plastics or Styrofoam can be used on the smaller lightweight robots, but in the 

120lb weight class, it would get destroyed easily.  I had to do some research before I decided 

on which material to use and weigh the pros and cons of each.  

Aluminum: 

 Very inexpensive 

 Very light weight 

 Strength versus density is very high 

 Lower strength than steel or titanium 

 Easily attainable (scrap yards can have it for pennies per pound) 

 All past Battlebot teams for UC used aluminum frame 

Steel: 

 Has high yield strength 

 Easy to work with 

 Relatively Inexpensive 

 Easily attainable (recycling facilities and scrap yards sell it) 

 Very heavy    

Titanium: 

 Very expensive 
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 Hard to work with (low machinability) 

 Strongest strength versus density of the 3 feasible options 

 Difficult to get a hold of (not very many places sell titanium) 

 

Armor 
After talking to Pann from the 2010 Battlebot team, he urged me to try to get titanium 

honeycomb donated from Aeronca. In 2010, they used aluminum honeycomb because they 

could not get titanium for cheap enough. Their armor was destroyed within 2 battles. 

Titanium honeycomb will be very good to have because of its superior strength to density 

ratio and of its incredibly high impact resistance. Titanium honeycomb panels are built in 

such a way that there is honeycomb shaped titanium sandwiched between two thin layers of 

titanium sheet metal. Because of this, even if 

the top later gets destroyed, the honeycomb 

structure dissipates the force so the bottom 

later can stay intact.  

Figure 10 is an example how titanium honeycomb panels are resilient to impact. The top 

layer is completely crushed but the bottom layer remains unharmed. 

 Another alternative for armor is to use steel sheets or steel diamond plate. Even 

thought steel is plenty strong enough to work as armor, the main problem is that it is too 

heavy. If we can save enough weight in other areas of the robot, we could use steel as armor, 

but using steel as armor is not the biggest priority. 

 If we aren’t able to get titanium honeycomb, and don’t have very much weight to 

sacrifice for armor, another possible option could be aluminum honeycomb. The 2010 team 

used aluminum honeycomb. Though aluminum honeycomb is not as strong as titanium 

honeycomb or steel, it weighs much less than both. If titanium honeycomb is unattainable 

and steel is too heavy, aluminum honeycomb will give better protection than nothing. 

  

 

CUSTOMER NEEDS, SURVEY, AND QFD 
 

Before designing the Battlebot, the team needed to determine what design factors 

most important. In order to accomplish this task we needed to ask the customer what they 

believed was important to the success of our robot. The customers surveyed were team 

members and other students graduating from the Mechanical Engineering Technologies 

(MET) program in 2011. In order to easily compute the importance of the design factors, a 

survey was conducted to capture these results. (The survey and the survey results can be 

found in Appendix B.) 

The survey conducted included questions from four different categories: 

 Offense 

Figure 9: titanium honeycomb 
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 Defense 

 Controls and Maneuverability 

 Repairs and Maintenance 

The survey asked the customer to rate the importance of each feature on a scale of 1 

to 5 (one having low importance and five having high importance). The team surveyed 30 

customers. The relative frequency of the number of 4s and 5s responses was calculated for 

each question. Once the relative frequency was calculated the customer importance factors 

were calculated for all of the questions. Table 2 shows the customer importance factor results 

for the four different categories.  

 

 

According to the customers, the most important feature on our robot was to be 

offense. Next you can focus on the defense, maneuverability and control, and maintenance. 

The questions that were included in the offense category and their importance ratings can be 

seen in Table 3. 

 
 

 

The results showed in Table 2 show that the most important offense requirement was 

the ability to destroy our competitors and the least important was the chance that the primary 

weapon can cause damage to our robot. These customer requirements were very important in 

how we designed the robot in order to be a successful competitor that catered to our 

customer’s needs. 

 

 

DESIGN PROCESS 
 

After extensive research and customer surveys, I was able to begin designing the 

frame and armor. All design was modeled in Solid Works. Figure 11 shows the basic frame 

layout that was determined by the layout of the weapon, drive train, and the basic design 

features we wanted to include. Figure 12 shows the completed assembly including the 

Table 1: Customer Importance Results for General Questions 

 

Table 2: Customer Importance Results for Offense Questions 
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weapon, armor and drive train.  

 

 

 

Frame 
To determine which of the three common materials to use to build the frame, I used a 

weighted design matrix. Like the previous Battlebot teams, Aluminum was determined to be 

the best material to build the frame.  

Figure 10: Frame assembly 

Figure 11: Full assembly 
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The facts that it is inexpensive and lightweight were the major deciding factors. The 

thing I’m most worried about with the armor, aside from fracture, is weight. Aluminum has a 

good strength to density ratio and weighs a lot less than the other available options. The next 

thing to decide is what kind of aluminum to use.  

Al-6061: 

 Least expensive of the popular aluminum alloys 

 Most widely used 

 High machinability 

 Easily attainable (can be found in scrap yard for pennies per pound) 

 Able to be heat treated 

  Slightly lower yield strength than other alloys 

Al-7075-T6: 

 High machinability 

 Relatively expensive compared to other aluminum alloys 

 Highest tensile strength of all available aluminum alloys 

 Highest strength to density ratio 

We chose to use 7075-T6 primarily for its superior yield strength. The yield strength 

of 7075-T6 is 75,000 psi. The high cost might hurt a little bit but we should have enough 

money to afford the higher strength.  

 

After the material was chosen and the basic design was laid out, the biggest thing to 

worry about was weight. With solid plate stock of aluminum, the frame would be much 

heavier than we could afford to use. The obvious choice was to have pockets cut out of the 

inside of the frame to reduce the amount of material the frame used. Once deciding to cut out 

pockets inside, I needed to determine what shapes to cut in the frame. There were three main 

options: 

1. Square bored holes 

2. Circle-shaped holes 

Criteria Weight score rating score rating score rating

Price 0.25 5 1.25 3 0.75 1 0.25

Strength 0.25 2 0.5 4 1 5 1.25

Weight 0.3 5 1.5 1 0.3 3 0.9

Machinability 0.1 4 0.4 4 0.4 1 0.1

total 3.65 total 2.45 total 2.5

Aluminum Steel Titanium

Table 3: Weighted design matrix – frame 

material 
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3. Triangular “truss” structure 

In determining what shape to use, I chose to run Finite Elemental Analysis (FEA) 

through the Solid Works Simulation Express Analysis Wizard on the largest frame piece (the 

side). First of all, I made a few assumptions in order to keep the variables to a minimum. All 

tests would be run on the same frame piece of the same thickness. Frame thickness would be 

0.5 inches based on what frame thickness past UC Battlebot teams have used. The square and 

triangle pockets would have inside radii of 0.25 inches on all corners (based on the basic tool 

diameter of the machine we would be using the machine it from.)The absolute minimum 

distance between pockets would be 0.25 inches. There would be a force coming down 

perpendicular on top of the frame of force 16,500 lbs (calculated in Appendix D). I used a 

distributed force across the entire top of the frame in order to show the weakest parts. The 

results of the analysis are pictured below in Figured 11-13. 

 

 

 

 

 

Figure 12: FEA Circular Pockets Figure 13: FEA Square Pockets 

Figure 14: FEA Triangular Pockets 
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Once the basic analysis was complete, I had the program highlight in red all areas 

with factor of safety below 3. As you can see, the square pockets have many weak points on 

the top side of the squares and the circular pockets have weak points between the circles.  

These both present likely areas that could rip and tear during battle. The triangular truss 

shaped pockets, however, have no areas that have a factor of safety less than 3. Because of 

this, I chose to have triangular shaped pockets cut out of the frame to save weight.  

In deciding the thickness of the frame material, I had to calculate the types of forces 

the fame would be undergoing. Using the force impulse theorem, I calculated a force and 

applied it in Solid Works Cosmos FEA software. The results are shown below.  

 

 
Figure 15: 0.375” frame thickness FEA 

 

 
Figure 16: 0.5” frame thickness FEA 

 

My eventual goal was to have a frame that had a factor of safety above 1.2. That 

means that the frame would be able to withstand a load 120% as much force as it could 

theoretically endure. As you can see, I tested both a half inch frame and a three eights inch 

frame. Even though it saved weight, because having a .375” frame resulted in a factor of 

safety less than 1, I needed to use the half inch frame. The lowest factor of safety on the 0.5 

inch frame was 1.4, proving that it should be strong enough to endure the attacks of our 

opponents.  
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Armor 
After many emails and phone conversations with Keith Wyman and Robert Garret 

from Aeronca, I’m excited to be able to use it as armor for our robot. Because titanium 

honeycomb was our number one priority and choice in what material to use for the frame, I 

immediately began talking with Aeronca about the features of the titanium honeycomb 

panels we will be using for our robot. They had plenty of Beta 21-S titanium, which is the 

highest grade they have, to make our panels out of. This is an upgrade to the previous 

titanium honeycomb that has been donated to the Battlebot teams in the past. I originally 

assumed that we would be receiving honeycomb with 0.450 inches, which was the thickness 

of all honeycomb donated by Aeronca in the past. Aeronca initially intended to give us 

panels of 0.450inches thickness but just two weeks before the date to send out the material, 

they found out they did not have enough titanium honeycomb core of the correct thickness so 

they had to improvise and use what they had. The final panel we received had total thickness 

of 0.780 inches.  

Fasteners 
In deciding how to put the frame together, I did not have many restrictions on what 

we could do. I knew that I did not want to have any welds holding the frame together because 

welding anneals aluminum will weaken it. I decided to use socket head cap screws just like 

the teams have used in the past because they are easy to use and inexpensive. The main thing 

I wanted out of the screws is that I wanted the yield strength of the screws to be greater than 

that of the frame. If something were to fail during competition, I did not want it to be 

something as petty as a screw. I finally decided on using 10-24 black-oxide coated full thread 

screws because it has a minimum yield strength of 144,000 psi, nearly twice as high as the 

strength of our frame.  

 

PRODUCT FEATURES 
 

 This portion of the report is to present the features of my frame and armor that show its 

unique features as compared to other existing products. I will also present some features of 

my portion of the project that show the implementation of the 

design concepts. 

  

Ramped sides 
 Having ramped sides worked out well for us in competition. 

They served the purpose of reducing the amount of area our 

opponents could hit us from the sides. Having ramped sides also 

served an alternative purpose of acting as a secondary weapon. In 

fact, during the competition, after one of the rounds, we were unable to use the weapon and Figure 17: CATastrophe’s ramped rear 
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went into combat without an active weapon. We pushed our opponent around and got 

underneath him and rammed him into the wall, showing how effecting having ramps on the 

sides were.  

 

Titanium Honeycomb Armor 
 The titanium honeycomb armor did exactly what we 

wanted it do during competition. As we were attacked 

from the sides and back, nearly all damage was deflected 

away and presented no damage to our internal components. 

The only problem that came up during competition was 

when out opponent was able to get underneath the top sheet 

of titanium and into the actual honeycomb. I believe that if 

we were able to use the thinner honeycomb like initially planned, that would not have 

happened. 

 

Secure Internal Components 
 Throughout the competition none of the components on the inside came loose and 

nothing on the inside was destroyed due to combat. It is true that a chain popped during one 

of the rounds, but that was due to a failed cotter pin, not insufficient protection. 

 

 

FABRICATION AND ASSEMBLY 
 

All machining of the frame was done in the machine 

shop at the College of Applied Sciences campus at UC. The 

truss design of the pockets inside the frame was done with the 

Haas CNC vertical milling machining center [10]. All screw 

holes were tapped by hand and most were drilled with a 

manual vertical mill. 

The armor came pre-machined from Aeronca. 

They used their water jet machine to cut the frame in the shape we needed. The only thing 

they were not able to machine for us was the screw holes. They were afraid that the water jet 

would tear the titanium honeycomb apart cutting circles that small. We used a standard drill 

press in the machine shop with cobalt coated steel bits to drill the screw holes. Standard high 

speed tool steel bits would not be strong enough to drill through the titanium.  

 

 

Figure 19: Haas cnc vertical milling 

machining center [10] 

Figure 18: CATastrophe’s 

titanium honeycomb armor 
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TESTING AND RESULTS 
 

Results for the Battlebot project were concluded in the Battlebot/BotsIQ national 

competition in Miami Florida February 25-27, 2011. After four rounds of competition the 

team finish fourth place in the college division with a record of 2 wins and 2 losses. Our only 

losses were to the first place competitor and to the most well known professional at the event. 

 

 

CONCLUSION AND RECOMMENDATIONS 

 
For succeeding years’ teams, the main thing I would do different was get the frame 

machined professionally. Once we got programs written for the CNC machine, the machining 

was quick, the problem is that machining was postponed several weeks because of 

complications with software.  

In designing the robot, one of the main topics we kept coming to is how much we 

wanted the robot to be able to drive inverted. In competition, the threat of being flipped over 

was very low. I feel like because of changes in how the competitors build their robots, it is no 

longer necessary to go out of your way to make the Battlebot invertible. If it won’t hinder 

development of the design, then it is always a benefit to be able to drive inverted, however, 

without this restriction, it opens up many possibilities in design.  

I should have used stronger screws. When looking over statistics for the screws, I 

should have looked more deeply into the shear strength of the screw. I would suggest that 

future teams use at least ¼-20 screws, or even thicker. I thought the screws I used would 

have been plenty strong enough to hold everything together but during competition 3 screws 

holding the armor together sheared apart, and 2 holding the armor to the frame.  

In other design considerations, I highly underestimated the amount of spinning shell 

robots there would be. I was told by a previous competitor that they had fallen out of fashion 

and were no longer popular. Out of 14 teams in our competition, 4 of them were spinning 

shells. In design considerations, I grouped the spinning shell robots as a horizontal spinning 

weapon but in retrospect, it should have been considered its own category to defend against. 

Future teams should definitely put more consideration on defending against a spinning shell 

robot, and possible consider designing one themselves. 
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APPENDIX A: RESEARCH RESULTS 
 

Category 1: Spinning Weapon 
 
 

Chameleon [3] 

 
Instrigator [2] 

 

Best ways to defend against 

Category1: 

 

 Small weak points 

 Inverted sides 

 Ability to drive inverted 

 Good maneuverability 

 

Category 2: Saw-blade weapons 

 

Nightmare [5] 

 

Backlash [6] 

Best ways to defend against 

Category2: 

 Low ground clearance 

 Strong side armor 

 Ability to drive inverted 

 Good maneuverability 
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Category 3: Flipping weapon 

 

Biohazard [6] 

 

Complete Control [4] 

Best ways to defend against 

Category 3: 

 Low ground clearance 

 Ability to drive inverted 

 Secure internal components 

 

Category 4: Hammer weapon 

 

Toe Crusher [8] 

 

Deadblow [9] 

Best ways to defend against 

Category4: 

 Strong top armor 

 Secure internal components 
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APPENDIX B: CUSTOMER SURVEY 

 Survey 
 
Dear Sir or Madam, 

 

This survey is for a student senior design team from the University of Cincinnati that is building a combat robot for the BotsIQ competition in 
spring of 2011.  The information gathered here will be directly linked to successful selection of components in our robot. Please keep in mind that 

this is for educational purpose and not intended to gain an advantage in any competition.  

 
Please rank the following in order of importance on a scale of (1-5) 

 

General Questions (1 – Low importance, 5-More importance) 
 

 Offense 

 Defense 

 Maneuverability and control 

 Maintenance 

 

              [      1       2        3        4        5      ] 

              [      1       2        3        4        5      ] 
              [      1       2        3        4        5      ] 

              [      1       2        3        4        5      ] 

 
Offensive Questions (1 – Low importance, 5-More importance) 

 

 Time weapon can be ready between uses or at start up. 

 Destructive capability to opponents 

 Prevention of stall or binding 

 Secondary Weapon (back up weapon) 

 Chance that the primary weapon can cause damage to own 
robot 

 

              [      1       2        3        4        5      ] 
 

              [      1       2        3        4        5      ] 

              [      1       2        3        4        5      ] 
              [      1       2        3        4        5      ] 

              [      1       2        3        4        5      ] 

Defensive Questions (1 – Low importance, 5-More importance) 

 

 Lightweight armor 

 Lightweight frame 

 Ability to withstand or redirect blows 

 Robot is functional even inverted (flipped upside down) 

 Frames ability to absorb shock 
 

              [      1       2        3        4        5      ] 

              [      1       2        3        4        5      ] 
              [      1       2        3        4        5      ] 

              [      1       2        3        4        5      ] 

               
              [      1       2        3        4        5      ] 

 

 Controls and Maneuverability Questions (1 – Low importance, 5-More importance) 
 

 User interface is adjustable 

 Simplistic controls 

 Turning radius 

 Time needed to accelerate or decelerate 

 Reliability of power supply systems 

 If one or more drive motors are disabled still has some 

drivability 

 Consistency of power supple throughout the duration of the 
match 

 

              [      1       2        3        4        5      ] 

              [      1       2        3        4        5      ] 

              [      1       2        3        4        5      ] 
              [      1       2        3        4        5      ] 

              [      1       2        3        4        5      ] 

              [      1       2        3        4        5      ] 
 

              [      1       2        3        4        5      ] 

 
              

 

Repairs and Maintenance Questions (1 – Low importance, 5-More importance) 
 

 Modular frame 

 Modular armor 

 Modular weapon 

 Easy accessibility to components 

 Time taken to completely replace a component under 
20 minutes  

 Use of standard parts/components 

              [      1       2        3        4        5      ] 

              [      1       2        3        4        5      ] 
              [      1       2        3        4        5      ] 

              [      1       2        3        4        5      ] 

              [      1       2        3        4        5      ] 
              

              [      1       2        3        4        5      ] 

 
 

Thank you for your time. 
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 Survey results 
 

 
 

 



University of Cincinnati Battlebot 2011-Frame and Armor Mark Larson 
 

 

1 

 

 Importance Rating 
 

 
 

 

 

 

 

 

 

 

 

 

 

Importance Rating Sample Calculations: 
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APPENDIX C : QUALITY FUNCION DEPLOYMENT 
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APPENDIX D:  DESIGN CALCULATIONS 
 

 

Force impulse theorem equation [11]: the purpose of this calculation is to find the force 

applied to the frame and armor. The force later is used to help design the shape and size of the 

frame, armor, and fasteners. 

Assumptions:  

 Max velocity of the weapon is 400 ft/s (based on Battlebot rules regulations) 

 The impulse time for the weapon to go from full velocity to stop is 0.03 seconds 

 Weight of the opponent weapons is 40lbs (1/3 of total weight) 
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APPENDIX E: SCHEDULE 
Proposed Schedule 
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Actual Schedule 
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APPENDIX F: BUDGET 

Proposed Budget: 

Total

 

Part (number or description) Cost of Part Quantity Cost of Shipping Total Cost Vendor Order Number

Drivetrain

Aluminum 7065-T6 Round Stock 1.50$           31 12.32 58.82$                   Speedy Metals

Colson Wheel 6x2 7.75$           6 46.50$                   Robot Market Place

Mag S28-150 299.99$      2 599.98$                Robot Market Place

TW-TWM3M (Gearbox) 450.00$      2 900.00$                Robot Market Place

Shaft Bearing 8.14$           10 81.40$                   McMater Carr

Sprocket 14.19$         8 113.52$                McMater Carr

Drive Chain 10 ft 28.80$         1 28.80$                   McMater Carr

Total Cost 1,829.02$             

Weapon

Metric Class 12.9 Socket Head Cap 

Screw Alloy Stl, M8 Thread, 50mm 

Length, 1.25mm Pitch( 25 per pack) 8.02$           1 8.02$                     Mcmaster Carr 91290A448

Alloy Stl Self-Lock Cup Point Sckt Set 

Screw 1/4"-20 Thread, 3/4" 

Length(per pack of 25) 11.57$         1 11.57$                   Mcmaster Carr 91385A540

High-Load/High Speed Steel Ball 

Bearing Dbl Sealed, W/Ring, for 1" 

Shaft Dia, 2" ODI 23.51$         4 94.04$                   Mcmaster Carr 2782T870

Heavy Duty External Retaining Ring 

Style 1, for 1" Shaft DiameterIn stock 

at $4.80 per PackThis product is sold 

in Packs of 10 4.80$           1 4.80$                     Mcmaster Carr 98585A121 

Black-Oxide Alloy Steel Socket Head 

Cap Screw 1/4"-20 Thread, 4-1/2" 

LengthIn stock at $8.26 per PackThis 

product is sold in Packs of 5 8.26$           1 8.26$                     Mcmaster Carr 91251A089

Solid type, mahined turned steel 

pulley 2.5 OD 1/2 bore 4L BELT 

SECTION 11.00$         3 33.00$                   

belts 10.00$         4 40.00$                   
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4140 Alloy Steel Square Bar 1-1/8" 

Square, 6' LengthIn stock at $87.96 

Each 87.96$         1 87.96$                   6552K336

4142 Stl Hardened Tight-Tolerance 

Flat Stock 1" Thick, 6" Width, 3' 

LengthIn stock at $257.91 Each 257.91$      1 257.91$                89715K324

rebuilt motor Kit for a28-400 38.99$         1 38.99$                   

Replacement Caps and Insulator 

Set for 3 inch Ampflow / 

Magmotors 15.99$         1 15.99$                   Part# 0-140330002 

Total Cost 600.54$                

Frame and Armor

Socket Cap Screws 9.77$           3 29.31$                   McMaster-Carr 92210A251

Outside Frames-Al 7075 173.78$      4 695.12$                McMaster-Carr 9055K463

Side Frame Pieces-Al 7075 71.91$         4 287.64$                McMaster-Carr 9055K461

Inside Frame-Al 7075 350.22$      1 350.22$                McMaster-Carr 1190T26

Gear Box Mounts-Al 7075 368.02$      1 368.02$                McMaster-Carr 9055K333

Titanium Honeycomb 3,500.00$   1 3,500.00$             Aeronca

Total Cost 5,230.31$             

Controls

Lithium Polymer Battery Packs 189.99$      8 0 1,519.92$              DragonFly Innovations Inc. TP-3250-6SP45

Battery Charger 99.95$         1 0 99.95$                    DragonFly Innovations Inc. TP-610C

Fire Safety Sack 5.00$           8 0 40.00$                   Esky-Heli.com LIPO-SAFE-BAG-W

Battery Disconnect 1.49$           5 5.4 12.85$                   Robot Marketplace 0C-PP45

4 GA Wire Connector For 3/8" Stud 9.26$           1 0 9.26$                     McMasterCarr 7113K471

10 GA Wire Connector For 3/8" Stud 11.04$         1 0 11.04$                   McMasterCarr 7113K442

10-12 GA Wire Connector For #8 Stud 15.88$         1 0 15.88$                   McMasterCarr 7113K464

10 GA Wire Red 0.79$           30 6.2 29.90$                   Robot Marketplace 0C-WI10Gr

10 GA Wire Black 0.79$           30 6.2 29.90$                   Robot Marketplace 0C-WI10Gb

Heat Shrink Tubing 4.99$           1 0 4.99$                     Harbor Freight 67530

Victor 885 Speed Controller 179.00$      4 7.2 723.20$                Robot Marketplace IFI-V885

Radio Controller 149.00$      1 11.9 160.90$                Robot Marketplace 0-SPM6600

Battery Charger Power Supply 69.95$         1 14.95 84.90$                    DragonFly Innovations Inc. RM-PPEAK

Hella Contour Master Power Switch 21.99$         2 6.8 50.78$                   Robot Marketplace 0-SWHELLA2

Radio Receiver SPM_6000BR 49.99$         2 0 99.98$                   Robot Marketplace 0-SPM6000BR
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Personal 

 

  

Radio Receiver Battery 24.99$         2 6.8 56.78$                   Robot Marketplace 0-SPM9520

Radio Receiver Switch 6.29$           1 5.6 11.89$                   Robot Marketplace 0-EXRA050

Grounding Block 54.81$         1 0 54.81$                   McMasterCarr 9290T2

IFI PWM Signal Driver Wire 15.00$         12 16 196.00$                Robot Marketplace IFIW-SIG36

Radio Receiver Armor 54.42$         1 0 54.42$                   McMasterCarr 9115K42

Total Cost 3,267.35$             

Grand Total 10,927.22$          
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Actual Budget: 
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Personal:  
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APPENDIX G:  DESIGN DRAWINGS 
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APPENDIX H: SPONSORS  
 

University of Cincinnati 

 

 

 
Procter & Gamble
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Magellan Aerospace/Aeronca 

 

 
Trutec 
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J.F. Berns 

 

 
W.H. Heimkreiter Mfg. Inc. 
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APPENDIX J: SPONSOR LETTER 

 
Dear Potential Sponsor,  

 

The Mechanical Engineering Technology Department at the University of Cincinnati requires 

that all students must complete a capstone senior project which is a culmination of their years 

spent in the program.  This project is the closest scenario to a real world engineering project.  

The senior design project involves the conception, design, building, and testing of a functional 

application of the material learned over the years.  This year, a team of four students will 

challenge their knowledge and skills with a project only attempted once in the college’s history. 

The team includes four students: Shaun Egan, Mark Larson, Daniel Schmidt and Alexis Owen, 

along with our faculty advisor, Dr. Janet Dong.  We will be designing and building a BattleBot 

and competing in the BattleBots IQ National Competition next spring <www.BotsIQ.com>.  A 

BattleBot is a battling robot which is remotely controlled and must possess offensive and 

defensive capabilities.  The BattleBot then faces other BattleBots in a competition held in an 

enclosed arena with the ultimate goal to disable their opponent typically with the use of 

destructive means.  If you remember the show, “Battlebots” that aired several years ago, this 

competition was founded by its creators and now includes collegiate and high school levels with 

a full curriculum and regulations.  For more information on the competition, we have included a 

short description taken from the website of the competition.   

 

The collegiate level competition of BattleBots IQ requires a robot with a gross weight of 120 

pounds.  The Battlebot must have some type of weapon which is used to disable its opponent 

both quickly and effectively.  At the same time the BattleBot must be able to accept hits, blows, 

and tumbles, from it opposition and still be able to function.  The Battlebot must also be able to 

move itself throughout the arena.  Within this general description of the BattleBot’s 

functionality, strict rules and guidelines provided by BattleBots IQ, must be incorporated into the 

design.   

 

As you can imagine, this project will require time, perseverance, parts, materials, and money.   

Preliminary estimates of the building of the BattleBot and traveling for the competition fall close 

to the $10,000 mark.  This amount is overwhelming for four students at the college level.  We 

are requested your aid in the form of materials, parts, or funding to help us complete our project.  

Any amount or form of donation is greatly appreciated and will not go unrecognized.  As a 

sponsor, your company’s name will be displayed in all of our reports and presentations which 

will be viewed by collegiate professors and the community.  Your company’s name will also be 

displayed on the BattleBot itself as well as on the back of the team shirts.  Your company will 

also get publicity at the University’s Tech Expo held next spring which attracts thousands of 

those involved in the industry.   Sponsoring a senior project at the University of Cincinnati goes 
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to a non-profit cause, which is recognized as a tax write-off for your company.    

 

Remember, ANY donation in any amount or form will not only help us immensely but it is 

greatly appreciated.  Please see the following page where a general list of needed items with 

estimated prices are given along with funds payable information.  We thank you in advance for 

your time and consideration in the aid of our project and the betterment of our careers and 

futures.  For more information on donations or any other questions please contact Daniel 

Schmidt at (513-633-8473) or by email at dan.schmidt04@gmail.com . 

 

 

Sincerely, 

 

2011 College of Applied Science BattleBot Team 

Shaun Egan 

Mark Larson 

Daniel Schmidt 

Alexis Owen 

 

 

Donations: 

 

If you wish to donate materials or parts you think would be useful in our project, please contact 

Daniel Schmidt at (513-633-8473) or by email at dan.schmidt04@gmail.com.  For donations in 

the form of money, please make checks payable to "UC Foundation".  Please include on the 

check and the envelope the phrase "For CAS BattleBot Team".  Please mail checks to: 

 

University of Cincinnati 

College of Applied Science 

Attn: Sharon Knecht, MET Dept. 

2220 Victory Parkway 

Cincinnati, OH 45206 

 

Thank you for your consideration! 

 

 

Projected Costs and Needed Items:    

 

*Note: These are estimated values and predicted parts.  Not everything below is guaranteed 

incorporation into the final design.    

 

Entry Fee - $500 

Travel Expenses (hotel) - $1500 

Rental Van + insurance - $500 

Gas (1200 miles @ $3.50/gallon) - $$ 

Team Shirts - $250 

Compact battery pacts for power 

mailto:dan.schmidt04@gmail.com
mailto:dan.schmidt04@gmail.com
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Multi-channel remote control system 

Servo motors 

Drive motors  

Chassis material (frame of robot) 

Armor material 

Weapon parts (chains, gears, bearings, titanium material, etc) 

Pneumatic supplies (compact compressed air cylinders, regulators, air actuators, hoses, solenoid  

 valves, etc) 

Drive wheels 

Drive wheel bearings 

Nuts, bolts, screws, fasteners, washers, set screws, etc.   

Electric wiring 

Tools (ratchet sets, TIG welder, pliers, screw drivers, safety glasses, gloves, etc)  
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BattleBot IQ information:      www.BotsIQ.com  

 
WHAT IS BATTLEBOTS IQ? 

BattleBots IQ (BBIQ) is an educational program created by the producers of the 

wildly successful BattleBots television series (in which homemade, remote controlled 

robots face-off in competition). As the television show grew in popularity, so did the 

number of student fans who wanted to build competitive robots of their own. It soon 

became evident that this activity, the sport of robots in competition, had the unique 

potential to impact middle school, high school and college students in a powerful and 

positive way: Through the process of robot building, student's imaginations are 

captured as they design, build and compete with their own robotic creations; and through this hands-on effort 

students gain practical knowledge of math, science, engineering and manufacturing.  

 

 

In 2001, the creators of BattleBots started BattleBots IQ, the educational program 

comprising of: A Robotics Curriculum based on the National Curriculum Standards 

and Massachusetts Institute of Technology's (MIT) mechanical engineering 

methodology; Teacher Training; and a National Competition where students showcase 

their custom built robots, and compete for top honors.  

 

The reception to the BBIQ program in the educational, manufacturing and technology 

communities has been overwhelming. What started as a program for middle and high 

schools has grown to include post secondary schools and institutions. Manufacturing 

and technology sectors have been impressed with what BBIQ has done for workforce 

development, and creating an awareness of Industry that until now was lackluster.  

 

BotsIQ is a 501(c)(3) Public Charity and donations to BotsIQ are tax deductible to the 

extent provided by current IRS tax laws and regulations.  

 

The BattleBots IQ Educational Program consists of three main initiatives:  

 

» Download a PDF about Bots IQ  

 

1. BATTLEBOTS IQ ROBOTICS CURRICULUM 

The BattleBots IQ Robotics Curriculum is a program of studies that unleashes the creative potential of mathematical 

reasoning, scientific analysis and the clear articulation of ideas. BattleBots IQ is about inventing-fostering creativity, 

innovation, learning and doing through the creation of competitive robots.  

 

Key components of the BattleBots IQ Robotics Curriculum include:  

 Physical science essentials  

 Algebra  

 Geometry  

 Design methodology  

 Visualization (3D Computer Aided Design)  

 Tools, materials & building techniques  

 Electronics  

 Motors  

 Pneumatics  

 Robot control systems & computer programming  

 

The key philosophy behind the BBIQ Curriculum is: 

Building a competitive robot is an attractive and engaging activity, and students learn and retain knowledge best 

http://www.botsiq.com/
http://www.battlebotsiq.com/files/what-is-botsiq.pdf
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when activity engaged in something they enjoy. As Benjamin Franklin paraphrased Confucius, "Tell me, and I 

forget. Teach me, and I may remember. Involve me, and I will learn."  

 

The BattleBots IQ Robotics Curriculum can be implemented in schools in a variety of ways. As each school is 

different, they have the option to use the curriculum as a stand-alone robotics class, integrate the curriculum into an 

existing class such as technology studies, electronics, physics or other related subjects, or opt to initiate the 

BattleBots IQ program as an after school club. It has proven effective in all implemented areas.  

 

The BattleBot IQ Robotics Curriculum is mapped to national science, math and technology.  

 

» Learn more about the BattleBots IQ Robotics Curriculum, and see a sample lesson  

 

» Learn how to implement BattleBots IQ into your school or Qualified Youth Organization by emailing BattleBots 

IQ National Education Director Nola Garcia.  

 

2. BATTLEBOTS IQ TEACHER TRAINING 

The BattleBots IQ Teachers Training is a week long, in-depth program whereby 

educators learn the requisite engineering skills and 

successful academic strategies necessary to implement 

the BattleBots IQ Robotic Curriculum into their 

schools. Educators participating in the BattleBots IQ 

Teacher Training learn these skills through the 

invention and fabrication of 12-pound, competitive, 

tele-robotic machines designed to meet an engineering challenge. The process of 

designing and fabricating robust, competitive machines requires the development and 

application of the academic skills and knowledge necessary for starting and 

maintaining the BattleBots IQ program.  

 

The BattleBots IQ Teachers Training also outlines the structure, strategies and costs of participating in the 

BattleBots IQ National Competition-the robotics competition where students demonstrate what they have built and 

learned.  

 

» Learn more about the BattleBots IQ Teacher's Training  

 

3. THE BATTLEBOTS IQ NATIONAL COMPETITION 

The BattleBots IQ National Competition in an event held every spring as the culmination of the BattleBots IQ 

Robotic Curriculum, and the student's work designing, building, testing and implementing their ideas into a fully 

functional robotic creation. At the competition students from middle schools, high schools, colleges, universities and 

technology centers converge to test their final products.  

 

SPONSORING BATTLEBOTS IQ: 

Corporate sponsors have a vested interest in the BattleBots IQ program. Not only does BBIQ help to create 

intelligent, bright, self-confident kids with a full palette of engineering skills, not only does BBIQ make engineering 

cool, but BattleBots IQ is also creating our future innovators. BattleBots IQ is training a workforce who knows how 

to trouble shoot, problem solve and invent new technology-the exact kind of employee that corporations are looking 

for-indeed the exact kind of employee that will help keep corporations thriving in this ever changing climate of 

globalization and outsourcing.  

 

» To learn more about sponsoring BattleBots please email BattleBots IQ National Education Director Nola Garcia. 

 

Courtesy of: www.BotsIQ.com  - http://botsiq.com/manage.aboutbbiq.php 

 

http://www.battlebotsiq.com/preview.preview.php
mailto:nola@battlebots.com
mailto:nola@battlebots.com
http://www.battlebotsiq.com/teachertraining.php
mailto:nola@battlebots.com
http://www.botsiq.com/
http://botsiq.com/manage.aboutbbiq.php

