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ABSTRACT 
 

 As a requirement for graduation from the University of Cincinnati College of 

Engineering and Applied Science is the completion of a senior design project. The senior 

design project commences at the beginning of the student’s senior year and ends with their 

graduation.  

 

 For the past three years groups of four seniors from the University of Cincinnati have 

designed and built a battle bot for the sole purpose of competing in the BattleBots/BotsIQ 

competition. The BattleBots competition is open to both professional teams and student 

teams focused on battling each other while BotsIQ is focused more on the educational aspect 

of building a robot and competing with it. In both competitions two teams fight for three 

minutes with the purpose of disabling the other teams’ robot. Most battle are not won this 

way but instead by scoring points. Points are scored by inflicting damage, driving skill, 

number of hits landed, flipping robots, and more.  

 

 The 2008 team competed in the BotsIQ in Miami Florida and did very well in the 

competition ending up winning first place. They also took the award for best driver and best 

engineered robot. The 2009 competition was hosted by BattleBots and moved to California. 

The 2009 team did not do as well due to some rule changes and the addition of professional 

robots entering the competition. The 2010 team returned to Miami Florida to compete with 

BotsIQ once again. The team was knocked out in the second round due to a catastrophic 

failure of the weapon system. 

 

 The 2011 team is compromised of four seniors, Shaun Egan, Mark Larson, Alexis 

Owens, and Daniel Schmidt. Our goal for this year is to improve upon the last two years 

battle bots performances and bring home a finish in the top three. In order for the bot to be 

designed and built we broke it down into four different components. Shaun Egan was 

responsible for the weapon, Mark Larson was responsible for the frame and armor, Alexis 

Owens was responsible for the electronics and controls, and Daniel Schmidt was responsible 

for the drive train.    

 

 This report will cover the drive system and how it was designed and why. The drive 

system is a very vital part of the robot. It is responsible for getting the robot around the arena 

while avoiding the other bot and delivering damage to the other bot. If the drive system was 

to fail the robot would be considered disabled and knocked out of the competition. This is 

why a robust and quick drive system must be designed.  
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RESEARCH 
 

 Research for the drive train system was started by talking with the 2010 BattleBot team 

and what they had done. I also spoke with members of the faculty and other local sources that 

specialize in drive train systems for a variety of different applications. I also gathered 

research from various internet sites, watching previous BattleBots competitions, and looking 

at other BattleBots.   

 

 The drive systems for BattleBots have many different types. The three main categories 

are wheeled, walker and track. The most commonly used drive system is that of wheeled 

robots. These usually consist of two, three, or four wheeled bots that come in various 

configurations. The wheels are usually connected either directly to a motor or a gearbox that 

powers the robot. Most of the robots are not connected directly to the motor because the 

motors usually have a very high rpm but gives it a lower power in the low rpm, where most 

robots operate at. The gearbox reduces the high rpm for a lower one and the power that is 

needed to power the robot. 

 

 With wheeled robots come multiple configurations ranging from just two wheeled to 

four wheeled robots. Wheels can either be mounted on the inside of the frame work or on the 

outside frame work of the robot. Wheels mounted on the outside are more vulnerable to 

attack from an opponent but increase the robots wheel base. Wheels that are mounted to the 

inside of the frame work are protected by the robots armor but results in a smaller wheel base 

which can affect the maneuverability of the robot.  

 

 Track system robots are not as common as the wheeled robot type but do offer some 

advantages. The track system provides more traction for the robot because they have more 

contact area than the wheeled robots. However tracked bots are very vulnerable to attack and 

are easier to destroy by a weapon or arena hazards.  These are also heavier than a wheeled 

system which can be disadvantageous due to the weight restrictions of the robot.  

 

 They final type of robot that is very rarely seen is the walker type of robot. These robots 

are extremely hard to design and build and have a very slow speed. The only advantage of a 

walker robot is that the BotsIQ allows these robots to weigh more than the other two for the 

same weight class.  

 

I. SPEED/MOBILITY REQUIREMENTS 
 

 A battlebot robot must be able to move at a speed of at least two feet-per-second in an 

approximately straight line. A battlebot has to have a turning/rotating radius such that it can 

make a 360° turn in either direction while all parts of the robot remain within a 12 foot circle. 

 

II. SAFETY COVERS AND RESTRAINTS 
 

2.4.2 Pinch Hazard Restraint (1) 

Pinch hazards are where a body part can be squeezed between external robot parts that can 
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freely move relative to one another. A pinch hazard restraint can be either: 

a. A cover or guard that prevents placing a body part in the area of the pinch hazard. 

b. A pin, block, chain or similar restraint that prevents relative movement of the 

pinching parts.  

 

2.4.4 Installation and Removal (1) 

Installation and removal of any restraint cannot require placing any body part in the path of 

any moveable part of the robot, as required in “4.2.3 Activation/Deactivation Conditions”. 

 

III. EXTERNAL DESIGN AND DECORATION 
 

The exterior design and appearance of a battlebot robot is expected to conform to general 

standards of public decency, and to also consider the commercial sponsors of BattleBots Inc. 

 

2.8.1 External Appearance (1) 

The robot’s design and exterior surfaces cannot embody any form, words, pictures or 

graphics that impugn religious organizations, nationalities or racial groups, or are publicly 

indecent or offensive.  

BattleBots Inc. at its sole discretion, reserves the right to require removal or modification of 

any external markings, materials or designs that it determines are offensive or inappropriate. 

 

2.8.2 Sponsorship Space Allocation (1) 

BattleBots Inc. may make arrangements with certain advertisers and sponsors.  

A BattleBot robot is required to allocate space on the visible exterior of the robot for a 

minimum of two separate 5 inch by 8 inch “TV Panels” to be used by BattleBot sponsors for 

the display of sponsor logos. At BattleBots’ discretion additional panels may be required, 

using up to a maximum of 25% of the external visible area of the robot’s chassis. The 

location of the panels are to be, where possible, on diametrically opposite sides of the robot.  

The size, number and placement of the TV Panels may be modified by mutual agreement 

between BattleBots Inc. and the team, taking into account the nature and structure of the 

robot.  

 

2.8.3 Advertising (1) 

All builder applied advertising on the exterior of a BattleBots robot must be in good taste and 

cannot conflict with BattleBots Inc., its affiliates, its sponsors, or its affiliate’s sponsors in 

any way. 

BattleBots Inc., at its sole discretion, reserves the right to require removal or modification of 

any logos, signage or designs that conflict with any sponsors of a BattleBots tournament. 

 

2.8.4 Exterior Robot Name (1) 

The robots official name has to be clearly marked on the exterior of the robot in letters at 

least ½ inch high. The name has to be visible and readable when the robot is in its normal 

pre-battle configuration with all safety covers and restraints installed.  

 

2.8.5 Warning Markers (1) 
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BattleBots Robots using certain components or systems are required to have special color-

coded markers permanently attached and clearly visible on both the top and bottom of the 

robot. Each marker has a minimum size of 2 by 2 inches and may be larger. Depending upon 

the robot’s configuration, it may require more than one marker type as follows: 

a. A robot with a pneumatic system requires Red Markers. 

b. A robot using High Voltage Electronics requires Blue Markers. 

c. A robot using Lithium-Polymer batteries requires Yellow Markers. 

BattleBots Inc. will supply the appropriate markers at the Tournament, but adequate space 

must be provided on the robot’s exterior for their application (1). 

 

IV. WHEELS 

 

 There are two main styles of wheels, a solid wheel and a wheel filled with air. Wheels 

filled with air are just like a wheel on a car that must be filled with air. The drawback of this 

type is that they can be punctured and destroyed more easily than the solid wheels. The solid 

wheels on the other hand are made of a solid rubber compound. These wheels cannot not be 

punctured and destroyed. The solid state wheel has the same grip and acceleration as an air 

filled wheel because it is made out of the same type of rubber compound found in a wheel 

filled with air. The solid wheels are also made up of one part which is better than those filled 

with air which is made up of three separate pieces. The solid wheels are also cheaper than 

those filled with air. 

 

 The wheel weight, width, and diameter also play a vital role in the selection of the wheel 

used. The weight of the wheel affects the overall weight of the robot along with its 

acceleration and deceleration. A lighter wheel allows a faster acceleration and deceleration 

while a heavy wheel decreases these. The diameter of the wheel also affects the acceleration 

and deceleration of the robot due to the rotational inertia, as well as the overall speed of the 

robot. A larger wheel decreases the acceleration and deceleration of the robot but allows it to 

have a higher speed while a smaller wheel increases the acceleration and deceleration but has 

a lower overall speed. The width of the wheel affects how stable the robot is while it is being 

driven. A wider wheel with have a larger area of contact thus making the robot more stable 

while increases the acceleration and deceleration of the robot. The only drawback of have a 

wider wheel is that it will have a decreased acceleration after a certain speed due to the 

increased contact area.   

 

V. MOTORS 
 

 Motors come in various sizes, powers, and ranges. The main features when selecting a 

motor for the BattleBots is the size, weight, power output, reliability, and the amperage that it 

can handle. The two most important features in considering a motor for the battlebot were the 

size and weight of the motor. These two are vital because of the weight restrictions that are 

on the battlebot and a smaller motor means the battlebot could be smaller and have less 

weight. The motor must also be able to withstand the abuse from another bot in competition.  

 

 The power output of a motor is measured in foot pounds of torque that can be amplified 

or reduced with a gearbox. When choosing a motor it is always good to start off with a motor 
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that has more torque than is necessary because it can be tuned down to the required power 

that is needed. A higher torque motor is also good because it means the battlebot will have 

more power which will be used to push the opponent around the arena. The only downfall of 

having a motor with a high torque is that the shafts that are connected to it need to be 

stronger to support the rotational forces that it exerts meaning a larger shaft that is heavier 

and costs more.  

 

 The most commonly used brand of motor in the battlebot is one made by Magmotors 

called the S28-150. This is the same motor that has been used for the past three years. Even 

though there are other motors they make that have a higher power this motor fits all the 

applications that we need.  

 

VI. GEARBOX 
 

 Due to the high rpm that the motor puts out a gearbox was necessary to tune it down so it 

could be usable in our battlebot. We wanted our battlebot to go about 12-14 mph and found 

that the Team Whyachi gearbox worked the best for this. It was also selected for its proven 

durability in past robots that were in competitions (2).  

 

VII. ALL WHEEL DRIVE VS. TWO WHEEL DRIVE 
 

 There are two different drive configurations that can be chosen when designing a 

battlebot which are two wheel drive and all wheel drive. A two wheel drive system does not 

have as much power and traction as an all wheel drive system since only two of the wheels 

are being driven. For that reason an all wheel drive system was selected so it would have 

better traction and power.  

 

 To make an all wheel drive system the motors must be connected to all the wheels so 

they all receive power. Any combination of gears, chains and sprockets, or timing belts and 

pulleys can be used to connect the drive system all together. Gears are usually not used for 

this because they are not only expensive but heavy and complicated to use for this purpose. 

The replacement of gears is also not an easy matter and is very costly and time consuming. 

Timing belts and pulleys are a more reasonable way to connect the drive system together. 

Belts are usually as strong as chains and also weigh less. One drawback of this system is that 

they are larger and take up more space inside the robot leaving less for other components. 

Also belt slippage is a very real possibility in an instance of two bots colliding together. The 

belts would slip on the pulleys and not provide the power needed to overpower the other bot 

and push them around. For these reasons sprockets and chains are the best alternative for 

connecting the system together. This system is heavier than the belts but is much smaller 

allowing for a smaller robot to reduce weight. Also with a chain system there is no slippage 

concerns involved when colliding with another bot. The chain system is also easier to tension 

with something as simple as a screw with nylon washers to provide the tension needed.  

 

VIII. AXLES 
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 The axles for the drive system have to be designed so that they can withstand the torques 

from the motors and any damage that may be inflicted from another bot. The material that 

seemed to fit our needs to best was aluminum 7075-T6. While this material is a little bit 

harder to find it has a higher strength that gives a little more ease of mind when in use.  

 

CUSTOMER NEEDS, SURVEY, AND PRODUCT FEATURES 
 

 Before we could design the battlebot we had to determine what factors were the most 

important. In order to identify the needs of the customer a survey was conducted to recognize 

these needs. For this project the customers surveyed were team members and other senior 

students graduating from the Mechanical Engineering Technologies (MET) program at the 

University of Cincinnati.   From this survey a quantitative analysis was done of the compiled 

data captured. This analysis provided the team with the relative importance of each need. The 

survey can be found in Appendix B1and the results in Appendix B2. 

 

I. SURVEY ANALYSIS 
 

 The survey that we used asked the customer to rate the importance of each feature in 

four different categories. Our categories were offense, defense, controls and maneuverability, 

and repairs and maintenance. The rating scale went from 1 being very low importance to a 5 

which was the most important. We collected a total of thirty completed surveys back from 

the customers that we surveyed. We took these surveys and found the relative frequency of 

the fours and fives for each question. Table 1 shows the results for the four different 

categories. 

 

 

 

  

 

 

 

 

 From the results we could see that the most important factor for the customer was that of 

offense. These results are not far off from what one would expect seeing that the main goal of 

the competition is to disable the opponent. After offense is taken care of defense, 

maneuverability and control, and maintenance can be taken care of.  

 

 To find which factors are most important in the offense category we once again found 

the relative frequency of the fours and fives for each of those questions. Table 2 shows those 

results.  

Customer Requirements Customer Importance Factor

Offense 4.00

Defense 3.70

Manuverability and control 2.00

Maintenance 1.50

Question Category

General

Table 1 Customer Importance Results for General Questions 
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               Table 2 Customer Importance Results for Offence Questions 

 From the results in Table 2 we can see that the most important offense factor is the 

capability to destroy the opponents while the least important is our own weapon causing us 

damage. These factors are the most important in designing our battlebot because it is based 

upon our customer’s needs. They are also the most important factors to be a good competitor.  

 

 For my design portion I was most concerned about what the customer thought was 

important for maneuverability and control. To find this we once again found the relative 

frequency for each of the questions. Table 3 shows the results of the survey for the 

maneuverability and control section.  

 

 
Table 3 Customer Importance Results for Maneuverability and Controls 

 

 From the results in Table 3 we can see that the reliability of the power supply is the most 

important followed by the ability to still drive if one of the motors are disabled. When I then 

designed the drive train I kept these factors in mind since they were the most important to the 

customer.  

 

II. DESIRED FEATURES 

 
 The following is a list of features that were used in the design of the drive train. 

1. Reliability 

a. The drive train system must be able to maneuver the robot quickly about the 

arena. 

b. The drive train system must be able to still drive if one of the chains or motors 

is broken during the battle. 

 

2. Durable 

a. The drive train system must be able to withstand the abuse it will take from an 

opponent. 

 

3. Ease of Maintenance 

a. Each team is only allowed twenty minutes between battles to repair the robot 

Customer Requirements Customer Importance Factor

Reliability of power supply system 4.67

If one or more drive motors are disabled still has some drivability 3.83

Consistency of power supply throughout the duration of the match 3.50

Time needed to accelerate and decelerate 2.33

Simplistic Controls 1.67

User interface is adjustable 1.33

Turning radius 1.17

Control and 

Maneuverability

Question Category
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making it essential to use parts that can be changed out quickly if needed. 

 

4. Drivability 

a. The drive train system must be simple to use for the driver and be able to push 

its own weight plus an opponent if needed. 

 

5. Compact 

a. The drive train system must be compact enough to allow other components 

space inside the robot. 

  

III. PRODUCT OBJECTIVES 
 

 The product objectives for the drive system are to move the robot around the arena and 

avoid opponents and arena hazards. It must be able to position itself quickly so that it can be 

in an attack position no matter where the opponent moves. The system should be strong 

enough to survive the attacks from an opponent while still being functional. The system 

should also be able to function even if one part of it starts to fail or does fail. It is also 

important that the robot can move no matter if it is on the top or the bottom.  

DRIVE SYSTEM DESIGN 
 

I. CONCEPTS 
 

 In order to find the best drive train for our team three different configurations were 

made. These three configurations can be seen below in Figure 1, Figure 2, and Figure 3. With 

these three different configurations a weighted objective method was used to find which of 

the three the best was. This weighted objective method can be seen in Table 3. From the 

results of the weighted objective method configuration 3 was the best. The factor that 

influenced this result the most was that it used the least amount of space and allowed room 

for the other components for the team. Along with the extra space with this system it was 

also the easiest to tension the chains since the chain did not run the length of the battlebot but 

was instead split.  
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Figure 1 Drive Train Configuration One 

 

 
Figure 2 Drive Train Configuration Two 

  

 
Figure 3 Drive Train Configuration Three 

 

Weighted Objective Results of the Three Drive Train Configurations 
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Table 4 Drive System Weighted Objective Results  

 

The program used to design the drive train was SolidWorks 3D. Every component was made 

in solidworks so that they could be put together and determines if everything would fit and 

work. Figure 4 shows what all of the final components looked like and how they were 

arranged.  
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Figure 4 Assembly of Drive Train  

II. DRIVE SYSTEM COMPONENTS 
 

 The major components that had to be found were the chain and tires. The motors and 

gearboxes were not major components to be decided on because we would use the same as 

previous years. These motors and gearboxes proved there worth in prior years and still 

provided the specifications we needed. The comparisons between the components can be 

seen in Tables 4 and 5.  

 

i. Chain 
Based on a weighted objective method (Table 4), an ANSI 35 single strand flexible 

roller-chain was chosen for the ease of tensioning and strength were ideal for the 

design. 

 

Axle 

Gearbox 

Motor 

Gearbox Axle 

Wheel 

Sprocket 
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Table 5 Chain Weighted Objective Method Results 

 

ii. Wheels 

Based on a weighted objective method (Table 5), the 6 inch wheel was chosen for its 

weight and size was ideal for the design. 

 

 
Table 6 Wheel Weighted Objective Method Results 

 

III. LOADING CONDITIONS 
 

 It was determined that there would be two ways that the drive train could be damaged. 

There was only two ways this year since there were not any arena hazards being used this 

year. One way would be torsional stress exerted on the shafts due to the motors and the other 

would be a nine foot fall. The more severe of these two would be the torsional stress caused 

by the motor. To make the calculations easier a spreadsheet was set up where all the forces 

could be found. The diameter of the shaft was the main factor in finding these forces since 

they had to fit a bore of a wheel and sprockets.  

 

 From speaking with last year’s team we learned that a force from the robot being thrown 

was a very real threat. They told us that they saw robots being thrown anywhere from four to 

six feet in the air (2). From this information I decided that a fall from nine feet, the height of 

the arena ceiling, would need to be calculated to guarantee the shafts would not break. The 

worst case of this would be if the robot fell directly on one axle that took all of the force. It 

was found that the max stress that the shaft would experience was 13,809.76 psi. This 

calculation can be found in Appendix F.   

 

 The torsional stress applied to the shafts from the motor was found to be the worst. This 

was the worst case because of the instantaneous torque that would be delivered by the motor 

Score Rating Score Rating

Tensioning 0.25 6 1.5 10 2.5

Cost 0.15 7 1.05 7 1.05

Weight 0.2 9 1.8 7 1.4

Strength 0.2 8 1.6 10 2

Size Available 0.2 8 1.6 9 1.8

Total 7.55 Total 8.75

Criteria
Weight 

Factor

25 Non Flexible Chain 35 Flexible Chain

Score Rating Score Rating Score Rating

Weight 0.2 9 1.8 8 1.6 6 1.2

Cost 0.15 6 0.9 6 0.9 6 0.9

Diameter 0.25 5 1.25 10 2.5 8 2

Bore 0.1 8 0.8 8 0.8 7 0.7

Width 0.15 8 1.2 8 1.2 8 1.2

Team Agreement 0.2 5 1 7 1.4 6 1.2

Total 6.95 Total 8.4 Total 7.2

Weight 

Factor

5" Wheel 6" Wheel 8" Wheel
Criteria
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and snap the axle. The stress was found to be 19,572.11 psi. This calculation can be found in 

Appendix F. 

 

IV. DRIVE SHAFT MATERIAL SELECTION 
  

 Once all the loads and diameters were found a material that could meet these 

requirements had to be found. We found the material best suited for this was aluminum. The 

two aluminums that were being considered were 7075-T6 and 6061-T6. It was decided that 

7075-T6 would be used since it had a better strength to weight ratio and was only a bit more 

expensive. Table 6 shows the strength of both the aluminums.  

 

 
Table 7 Strengths of Aluminum 7075 and 6061 

 

V. CHAIN TENSIONING SYSTEM 
  

 The system used to tension the chain in the drive system is something that has always 

been overlooked in the past. In recent years they have just drilled a hole and put some type of 

plastic tube over the screw to create the needed in tension. In the configuration that we 

decided on this would not be possible since there was not a frame piece on either side that a 

screw could go through. From my experience in working with different types of drives I 

came across a free floating chain tensioning device that would work. It did not need to have 

any extra pieces that would have to be screwed into 

the frame and did not weigh a lot. Figure 2 shows 

what this tensioning system looks like and how it fit 

onto the chain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Aluminum 7075 T6 Aluminum 6061 T6

Tensile Strength Ultimate 83000 psi 45000 psi

Tensile Strength, Yield 73000 psi 40000 psi

Fatigue Strength 23000 psi 14000 psi

Shear Strength 48000 psi 30000 psi

Figure 5 Chain Tensioning System 



2011 UC CEAS BattleBot-Drive System Daniel Schmidt 

13 

VI. MOTOR SELECTION 
 

The motor chosen for this year’s design was the MagMotor S28-150. After comparing 

the motors that are shown in Table 7 we decided on these motors because they had the 

required horsepower and torque that we needed. It was also the right size and weight that we 

needed for the design. This motor was also chosen due to the fact that we had a lot of extra 

motors from previous years. Brushless motors were also an option but none could be found 

that would provide the same power and torque that we needed.  

 

 
Table 8 Comparison of Motors 

 

VII. GEARBOX 
  

 Due to the output RPM of the motor a gearbox had to be selected to reduce this down to 

a reasonable level. Rebuilding the gearboxes from last year to get the RPM geared down was 

looked into but ultimately decided that it would be too expensive to do. The gearboxes from 

the previous years were determined to work fine. It would take the 6,000 RPM output from 

the motors and take it down to 840 RPM. With this RPM it was calculated that the battlebot 

would reach approximately 14.99 mph which was well above what we needed. This 

calculation can be seen in Appendix F.   

 

FABRICATION AND ASSEMBLY 
 

 All of the fabrications of the drive train components were done by the team using the 

University of Cincinnati’s College of Applied Science machine shop. None of the 

components of the drive train had to be sent out to be fabricated.  

 

I. AXLES 
  

 The axles were fabricated out of aluminum 7075-T6 round stock. This material could be 

machined on a conventional lathe and vertical mill that were located at the College of 

Applied Science’s machine shop.  

 

C40-300 S28-400 S28-150

3.8 hp 4.5 hp 3 hp

4" Diameter 3" Diameter 3" Diameter

6.9" Long 6.7" Long 4" Long

3840 oz-in Torque 3720 oz-in Torque 1970 oz-in Torque

84% Efficiency 83% Efficiency 82% Efficiency

24 Volts 24 Volts 24 Volts

4000 RPM 4900 RPM 6000 RPM

11.9 Pounds 6.9 Pounds 3.8 Pounds

Built-in Capacitors Built-in Capacitors Built-in Capacitors

Ferrite Magnets Neodymium Magnets Neodymium Magnets
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 The dimensions for the axles could be found from drawings (Appendix H) that were 

made in SolidWorks. The stock material was turned down to the correct diameters and 

lengths and then separated. The key ways were made using a vertical mill along with the set 

screw holes. The set screw holes were then also tapped using the vertical mill.  

 

 Calipers were used to assure that the dimensions on the axles matched that of the 

drawings.  

 

II. KEYS 
 

 In order to hold the wheels to the axle’s keys were made out of stock material that was 

purchased. The keys were cut to length using a band saw and then the burrs were cleaned off 

using files.  

 

III. WHEELS 
 

 The wheels did not come with key-ways and had to be machined out manually. To 

achieve this a press and a key-way tool were used to cut a slot in the wheel that would fit the 

keys. 

 

IV. CHAIN 
 

 A ten foot length of chain was purchased and therefore had to be cut down to the proper 

size. A grinder was used to grind off the pin and then a hammer and punch were used to push 

out the pin. After being cut to the proper length a master key was used to connect the chain 

again.  

 

V. ASSEMBLY 
 

 Figure 4 shows the final assembly of the drive train system. In order to get the system to 

look like this an assembly had to be done first. The assembly was as follows: 

- The motors were bolted into the gearboxes.  

- The gearbox axles were slid over the gearbox and secured using three set screws. 

- The sprockets were then slid over the gearbox axle at the correct spacing and secured 

using two set screws each.  

- The gearboxes were bolted to the bottom of the armor. 

- The wheel axles were pressed into the wheels lining the keyways up in the wheels 

and the axles.  

- The sprockets were then put onto the outside of the axles and secured into place with 

two set screws after lining them up.  

- The axles were then placed in the bearings that were in the frame. 

- The chains were then laced between the sprockets and tensioned using the free 

floating chain tensioners.  
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TESTING 
 

 The testing of the battlebot Catastrophe was performed by the 2011 team at the 

University of Cincinnati’s College of Applied Science.  

 

I. MOTORS 
 

 The motors had to be tested since we were reusing motors from previous years. The 

covers were taken off and the brushes were inspected to see if there was any damage. After 

looking at the brushes it was decided that all of the brushes needed to be replaced in all the 

motors. While the covers were off the magnets were checked to see if there was any damage 

on them. The brushes were replaced and then the motor was rebuilt. The motors were then 

tested to assure that they functioned properly.  

 

 The motors were also tested further by assembling the robot and driving it around the 

machine shop at the College of Applied Science.  

 

II. GEARBOXES 
 

 There gearboxes were taken apart and checked for any imperfections or flaws. They 

were then cleaned and greased and reassembled. The gearboxes then had motors attached to 

them along with batteries and speed controllers and tested.  

 

 The gearboxes were further tested in the full assembly of the robot and driving it around 

the machine shop at the College of Applied Science.  

 

III. WHEELS 
 

 Due to a larger armor being received than previously expected during design the tires 

had to become larger. To add more material to the tires we used gorilla tape to add ¼” of 

clearance to the robot. To try to add some traction different materials were applied but none 

worked and only tape was added. The wheels still gave the desired traction for acceleration, 

braking, and control.   

 

IV. DRIVE SYSTEM TESTING 
 

 The fully assembled drive system was tested inside the machine shop at the College of 

Applied Science. It was tested in four wheel drive with all of the chains connected at all 

times. Braking and acceleration of the drive train was tested by going full throttle and then 

going in full reverse. The robot stopped with minimal slipping and achieved the correct speed 

when going forward. The handling was tested by avoiding obstacles found in the machine 

shop. The testing proved to be satisfactory and what we wanted for the competition.  
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PROOF OF DESIGN 
 

 The proof of design was conducted at the 2011 BattleBots BotsIQ competition in Miami, 

Florida. The handling in the arena was not what we expected due to the arena being uneven. 

We fixed the handling issues by turning the power up from 50% to 75% which gave the robot 

more power to accelerate and turn. The arena also had many cuts and scratches which after 

about three minutes or so started to cut up the tape on the wheels. The wheels were fixed by 

taking off a layer of tape and then adding on the layers again with more tape.  

 

 During the battles we never faced an opponent that would throw us into the air so the 

shafts could not be tested to see if they would take the force from a nine foot fall. The axles 

did not bend or break due to the torsional stress from rapid acceleration or braking. The 

chains on the system did come off in two of the battles due to the coder pins coming off of 

the master link. This was an element that was not foreseen since this had never happened 

before. This problem was solved by using extra pins that were brought and wrapping them 

more than before.  

 

 During the first battle our opponent was able to get on the inside of the weapon and tear 

our armor and frame apart and can be seen in Figure 6. This caused one of the links in the 

chain to bend and break off and another length of chain had to be installed and can be seen in 

Figure 8. When the frame was bent and broken it also caused two bearings that were holding 

the front axles up to come out making the front wheels disabled and can be seen in Figure 7. 

The back wheels still worked fine and were able to maneuver the robot out of the way of our 

opponent. This showed that the robot would meet the requirement of being able to drive if 

one or more wheels were disabled during a fight.  

 

 The competition in Miami was a tough and beneficial this year. The opponents we went 

against were very robust and well built. Most of the teams already had some experience 

unlike our team with no experience. Even though we received heavy damage in our first 

battle we were able to rebuild the robot and still come in fourth in our bracket. 

 

 
Figure 6 Frame Damage 
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Figure 7 Bearing Pressed Out From Frame Damage 

 

 
Figure 8 Chain Tenioner Broken Off 

 

 

 

PROJECT MANAGEMENT  
 

I. SCHEDULE 
 

 Table 8 shows the major dates for the project with the proposed and actual dates. The 

full schedule can be seen in Appendix D. 
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Table 9 Major Milestone Schedule 

 

 The design freeze is a part of the requirements for senior design completion and was 

completed before the planned date. The assembly and testing of the robot was behind due to 

the contractors not getting the parts done on time. This led to the team not being able to test 

the robot to the extent that we wanted and resulted in us having to test down in Miami before 

the competition.  

 

II. BUDGET 
 

 Table 9 shows the drive trains estimated budget while the team’s full estimated budget 

can be seen in Appendix E. 

 

 
Table 10 Proposed Budget 

 

 The estimated budget for the drive train came out to be $2,458.40. The most expensive 

part of the system came from the motors and the gearboxes. We were able to avoid these 

costs by reusing the motors and gearboxes from the previous years. This saved us about 

$1,500.00. The sprockets did not have to be purchased either due to the fact that we could use 

the leftovers from the previous years also that saved about $113.52. The total for the entire 

drive train system came out to be around $844.88. 

 

CONCLUSIONS AND RECOMMENDATIONS 
 

Description Planned Date Actual Date

Senior Seminar Report 9/22/2010 10/20/2010

Complete Design 10/3/2010 9/20/2010

Design Freeze 10/10/2010 9/20/2010

Ordering Components 11/2/2010 12/20/2010

Assembly of Robot 1/31/2011 2/19/2011

Testing and Troubleshooting 1/31/2011 2/21/2011

BattleBot Competition 2/24/2011 - 2/27/2011 2/24/2011 - 2/27/2011

Major Milestones

Axle Material (per inch) 180 $1.02 $183.60

Motor 2 $299.99 $599.98

Gearbox 2 $450.00 $900.00

Wheels 6 $7.75 $46.50

Chain 1 $158.00 $158.00

Chain Tensioner 4 $35.42 $141.68

Bearings 8 $8.14 $65.12

Sprockets 8 $14.19 $113.52

Miscellaneous 1 $250.00 $250.00

$2,458.40Total
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I. MOTORS 
 

 The MagMotor S28-150 performed great as it had in the previous years. It has great 

power to weight ratio and the correct size. I would recommend however that next year’s team 

look into brushless motors since they are a step above a brushed motor like the MagMotor 

S28-150. 

 

II. GEARBOXES 
 

 The Team Whyachi TWM3 also performed great with no flaws. These gearboxes are 

very robust and seem to be able to take quite a beating. The gear ratio of them is perfect to 

give a desired RPM that can be easily worked with. If next year’s team does use a brushless 

motor next year they will have to look into getting new gearboxes or possibly making their 

own.  

 

III. AXLE MATERIAL 
 

 Aluminum 7075-T6 is a great material to make the drive system axles out of. This 

material is light weight and very strong. This material is also very easy to machine and can 

be done with the machines at the College of Applied Science machine shop. While this 

material is not as available as others it can still be found with a little bit of research. I would 

recommend this material to future teams.  

 

IV. WHEELS 
 

 The colson wheels used are great wheels with only one drawback which is the diameter. 

The diameter of the wheels only goes up to 6” which is usually good unless you run into 

problems like we did this year. My advice to the future teams is make sure that when you 

design the robot makes sure these wheels are the diameter needed and no surprises will come 

up. If a problem does arise however the duct tape solution worked great and is a very viable 

option.  

 

V. CHAIN TENSIONING SYSTEM 
 

 The free floating chain tensioners used this year worked flawlessly once they were 

installed properly. Previous years used some sort of nylon rod that would have to be screwed 

into the sides of the frame which can have a positioning problem like we had this year. The 

chain tensioners used take this problem away since it can be installed anywhere on the chain 

and move as they need to. I would highly recommend the future teams to use these 

tensioners.  

 

VI. ALL WHEEL DRIVE DESIGN 
 

 An all wheel drive system is the best system that can be used. It has better power and 
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handling than a two wheel drive system. An all wheel drive system also has the capability to 

continue to function even if two of the wheels are disabled. I would advise the future teams 

to use an all wheel drive system over any other drive system.  

 

VII. FABRICATION 
 

 By making all of the pieces myself in our machine shop saved a lot of time and money. 

The material used can be machined easily with little to no guidance needed. This also 

ensured that the axles were exactly to the dimensions that were needed. I would recommend 

purchasing extra material because mistakes will happen when machining a piece. This 

happened to me so I had to purchase extra material and wait for it to be shipped again which 

added time.  

 

 A big time restraint happened with the rest of the team when they tried to make complex 

pieces in the machine shop. For this reason I would recommend that any piece that cannot be 

made easily in our machine shop be sent out to another machine shop, especially if they 

already said they would donate the time.  

 

VIII. MANEUVERABLE ROBOT 
 

 A robot that is very quick is a must for the future of the battlebots. Most of the robots 

that are seen today are very fast and do not always have a very strong weapon. Throughout 

the competition the outcome of a battle usually depended on if the robots could avoid the 

other bots weapon and get around to the side of their opponent. If this could be done then 

they usually came out the victor. For this reason I would suggest on looking into a robot that 

is tightly packed and very maneuverable. If this is done it will make it harder for an opponent 

to get to a weak point and create havoc.  

 

IX. OVERALL FUTURE  
 

 As last year’s team and teams before them have stated the difference in winning these 

competitions is experience. By creating some sort of club as mentioned in the past would be 

the greatest way to do this. Freshman, sophomores, and juniors need to somehow be 

incorporated into building and designing a bot so they don’t make the same mistakes that we 

have in the past. Almost all of the teams that do well in this competition have some sort of 

club that they have been in for years before they came to the competition and this experience 

shows.  

 

 Another recommendation that I have is to look into making some other type of weapon 

besides a spinning drum or bar. While these can be very effective if made properly they also 

have some major drawbacks to them. There are two main weapon systems that I would 

recommend being a full body spinner or an under cutter. These types of bots did very well in 

the competition with a full body spinner winning the college class. An under cutter would 

also be a very good weapon and should be modeled after that of blue flame.  
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APPENDIX A – RESEARCH 
 

Two Wheeled Robots 

 
- All new INVERTIBLE design (yes, Backlash can 
run upside-down now!) 
- New 3" S28 Magmotor for weapon motor 
- New Astroflight drive motors 
- New battery system, featuring BattlePacks 
- Even wider stance, increasing stability 
- Totally enclosed components- no more weapon 
motor out the side 
- Lightweight structural components, including 
Magnesium, Polycarbonate and Titanium 
- Custom designed parts, cut by DCWaterjet 

 

 

 Wheels are exposed leaving them 

vulnerable to attack. 

 Robot is not very maneuverable and 

handling not the best. 

 Speed and acceleration is average.  

 

 
- A new heavy-duty TITANIUM plow to kill just 
about any spinner out there.  
- New dual-servo design for greater lifting 
capacity- using new, smaller metal-gear servos.  
- Center-mount servo arm, pushing the wheels 
further back, making the bot easier to drive, while 
reducing the overall length required for the lifting 
arm 
- Lithium Polymer batteries, no more bulky and 
heavy NiMh battery pack. 
- Side-mount charging plug, just plug in the 
charger and go. 

 

 Wheels are placed in the center of the 

bot making it rock back and forth. 

 Not very moveable with only two 

wheels.  

 Wheels are mostly covered giving 

them better protection. 

http://www.robotmarketplace.com/bac

klash_sf02.html8/20/2010  

Backlash- Two wheeled robot 

robotmarketplace.com 

http://www.robotcombat.com/shazbot1

.html8/20/2010 

Shazbot – Two wheeled pusher 

robot 

 robotmarketplace.com 

http://www.robotbooks.com/robot-motors.htm
http://www.battlepack.com/motors.asp
http://www.battlepacks.com/
http://www.dcwaterjet.com/
http://www.robotcombat.com/marketplace_lipoly.html
http://www.robotcombat.com/shazbot1.html8/20/2010
http://www.robotcombat.com/shazbot1.html8/20/2010
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Four Wheeled Robots 

 
 

 

 

 

 

 

 

 

 

 

 

 More maneuverable than two wheeled 

robots. 

 Wheels are exposed to on the outside 

allowing them to be damaged. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.teamdelta.com/hazard/haza

rd-main.htm 

 Hazard-Middleweight four wheeled 

bot 

teamdelta.com 

http://www.teamdelta.com/hazard/hazard-main.htm
http://www.teamdelta.com/hazard/hazard-main.htm
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APPENDIX B – SURVEY AND SURVEY RESULTS 

   

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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Question #

Importance Rating of Customer Needs

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 = 𝑅𝐹 

𝐼𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒 𝑅𝑎𝑡𝑖𝑛𝑔 = 𝐼𝑅 

𝐼𝑅 =
4 ∗ (𝑅𝐹 − 𝑅𝐹𝑚𝑖𝑛 )

𝑅𝐹𝑚𝑎𝑥 − 𝑅𝐹𝑚𝑖𝑛
+ 1 

𝐼𝑅12 =
4 ∗ (0.97 − 0.17)

0.97 − 0.17
+ 1 = 5 

 

𝐼𝑅19 =
4 ∗ (0.90 − 0.17)

0.97 − 0.17
+ 1 = 4.67 

 

Importance Rating Sample Calculations: 
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APPENDIX C – QUALITY FUNCTION DEPLOYMENT RESULTS 
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APPENDIX D – PROPOSED AND ACTUAL SCHEDULES  
 

Quarter

Week

Date/ Tasks 6/7/10 6/13/10 6/14/10 6/20/10 6/21/10 6/27/10 6/28/10 7/4/10 7/5/10 7/11/10 7/12/10 7/18/10 7/19/10 7/25/10 7/26/10 8/1/10 8/2/10 8/8/10 8/9/10 8/15/10 8/16/10 8/22/10 8/23/10 8/29/10 8/30/10 9/5/10 9/6/10 9/12/10 9/13/10 9/19/10

Problem Statement

Research and Documentation

List of Features

Sponsorship Letters

Send Out Letters

Budget

Schedule

Rough Draft/Appendices

Quarter

Week

Date 9/20/10 9/26/10 9/27/10 10/3/10 10/4/10 10/10/10 10/11/10 10/17/10 10/18/10 10/24/10 10/25/10 10/31/10 11/1/10 11/7/10 11/8/10 11/14/10 11/15/10 11/21/10 11/22/10 11/28/10 11/29/10 12/5/10 12/6/10 12/12/10 12/13/10 12/19/10 12/20/10 12/26/10 12/27/10 1/2/11

Holidays/Exam/Start & End Date

Seminar Final Report

Weighted Objective Method

QFD

Proof of Design Statement

Proof of Design Agreement

Final Bill Of Materials

Final Drawings

Design Completed

Design Freeze

Order Material

Rough Cut Frame & Armor Pieces

Manufacture of Frame & Armor

Frame & Armor Subassembly

Rough Cut Pieces

Manufacture of Electrical System

Electrical System Ready For Assembly

Rough Cut Pieces

Manufacture of Weapon System

Weapon System Ready For Assembly

Rough Cut Pieces

Manufacture of Powertrain Components

Powertrain Ready For Assembly

Quarter

Week

Date 1/3/10 1/9/10 1/10/10 1/16/10 1/17/10 1/23/10 1/24/10 1/30/10 1/31/10 2/6/10 2/7/10 2/13/10 2/14/10 2/20/10 2/21/10 2/27/10 2/28/10 3/6/10 3/7/10 3/13/10 3/14/10 3/20/10 3/21/10 3/27/10

Holidays/Exam/Start & End Date

Oral Design Presentation

Design Reports

Rough Cut Frame & Armor Pieces

Manufacture of Frame & Armor

Frame & Armor Subassembly

Rough Cut Pieces

Manufacture of Electrical System

Electrical System Ready For Assembly

Rough Cut Pieces

Manufacture of Weapon System

Weapon System Ready For Assembly

Rough Cut Pieces

Manufacture of Powertrain Components

Powertrain Ready For Assembly

Assembly of Robot

Installation of Components

Test/ Troubleshoot/Practice

Fly to Competition

Competition

Fly Home

Quarter

Week

Date 3/28/10 4/3/10 4/4/10 4/10/10 4/11/10 4/17/10 4/18/10 4/24/10 4/25/10 5/1/10 5/2/10 5/8/10 5/9/10 5/15/10 5/16/10 5/22/10 5/23/10 5/29/10 5/30/10 6/5/10 6/6/10 6/12/10

Holidays/Exam/Start & End Date

Tech Expo Display

Tech Expo

Final Oral Presentations

Final Report Due

Commencement

Start Design

4/16/10

Spring 2011

51

5/3/10

6/11/10

3/30/10

5/27/10

2/16/10

2/23/10

52

3/28/10 5/30/10 Exam Week

42 43 44 45 46 47 48 49 50

1/30/10

Powertrain

1/30/10

Weapon Systems

1/30/10

Electrical System

1/30/10

Frame/ Armor

Exam Week

38 39 40 41

3/18/10

Start 1/3/10 1/17/09

Winter 2011

30 31 32 33 34 35 36 37

10/3/10

10/10/10

9/27/10

9/27/10

10/20/10

10/20/10

10/13/10

10/6/10

11/11/2009

23

9/22/10

11/25/09-11/28/09 Exam Week

16 17

6/23/10

9/1/10

6/27/10

6/7/10

10 11 12 13

6/7/10

1 2 3 4 5 6 7 8

7/7/10

9/15/10

Summer 2010

Senior Seminar Schedule

9/15/10

14 159

29 30

Autumn 2010

18 19 20 21 22 24 25 26 27 28

Start 9/22/2010

Assembly and Competition

1/31/10

1/31/10

1/31/10

2/14/10

1/29/10

1/29/10

1/29/10

1/29/10

11/2/10

12/19/10

Powertrain

Frame/ Armor

1/29/10

1/29/10

1/29/10

1/29/10

Electrical System

Weapon Systems

3/18/10

12/19/10

12/19/10

12/19/10
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Quarter

Week

Date/ Tasks 6/7/10 6/13/10 6/14/10 6/20/10 6/21/10 6/27/10 6/28/10 7/4/10 7/5/10 7/11/10 7/12/10 7/18/10 7/19/10 7/25/10 7/26/10 8/1/10 8/2/10 8/8/10 8/9/10 8/15/10 8/16/10 8/22/10 8/23/10 8/29/10 8/30/10 9/5/10 9/6/10 9/12/10 9/13/10 9/19/10

Problem Statement

Research and Documentation

List of Features

Sponsorship Letters

Send Out Letters

Budget

Schedule

Quarter

Week 29 30

Date 9/20/10 9/26/10 9/27/10 10/3/10 10/4/10 10/10/10 10/11/10 10/17/10 10/18/10 10/24/10 10/25/10 10/31/10 11/1/10 11/7/10 11/8/10 11/14/10 11/15/10 11/21/10 11/22/10 11/28/10 11/29/10 12/5/10 12/6/10 12/12/10 12/13/10 12/19/10 12/20/10 12/26/10 12/27/10 1/2/11

Holidays/Exam/Start & End Date

Rough Draft/Appendices

Seminar Final Report

Weighted Objective Method

QFD

Proof of Design Statement

Proof of Design Agreement

Final Bill Of Materials

Final Drawings

Design Completed

Design Freeze

Order Material

Rough Cut Frame & Armor Pieces

Manufacture of Frame & Armor

Frame & Armor Ready Assembly

Rough Cut Pieces

Manufacture of Electrical System

Electrical System Ready For Assembly

Rough Cut Pieces

Manufacture of Weapon System

Weapon System Ready For Assembly

Rough Cut Pieces

Manufacture of Powertrain Components

Powertrain Ready For Assembly

Quarter

Week

Date 1/3/11 1/9/11 1/10/11 1/16/11 1/17/11 1/23/11 1/24/11 1/30/11 1/31/11 2/6/11 2/7/11 2/13/11 2/14/11 2/20/11 2/21/11 2/27/11 2/28/11 3/6/11 3/7/11 3/13/11 3/14/11 3/20/11 3/21/11 3/27/11

Holidays/Exam/Start & End Date

Oral Design Presentation

Design Reports

Rough Cut Frame & Armor Pieces

Manufacture of Frame & Armor

Frame & Armor Subassembly

Rough Cut Pieces

Manufacture of Electrical System

Electrical System Ready For Assembly

Rough Cut Pieces

Manufacture of Weapon System

Weapon System Ready For Assembly

Rough Cut Pieces

Manufacture of Powertrain Components

Powertrain Ready For Assembly

Assembly of Robot

Installation of Components

Test/ Troubleshoot/Practice

Drive to Comperition

Competition

Drive Home from Competition

Quarter

Week

Date 3/28/11 4/3/11 4/4/11 4/10/11 4/11/11 4/17/11 4/18/11 4/24/11 4/25/11 5/1/11 5/2/11 5/8/11 5/9/11 5/15/11 5/16/11 5/22/11 5/23/11 5/29/11 5/30/11 6/5/11 6/6/11 6/12/11

Holidays/Exam/Start & End Date

Tech Expo Display

Tech Expo

Final Oral Presentations

Final Report Due

Commencement

Weapon Systems

Frame/ Armor

Autumn 2011

1514

Senior Seminar Schedule

98

9/9/10

10 11 12 13

9/16/10

2/16/11

2/17/11

3/18/11

Summer 2011

12/19/10

Electrical System

3/3/11

1/17/11

1/17/11

Powertrain

Start 1/3/11 1/17/11

37

1/29/11

1/26/11

2/21/11

2/22/11

2/28/2011

Assembly and Competition

2/19/11

2/20/11

18 19 20 21 22 24 25 26 27 28

1 2 3 4 5 6 7

6/26/10

8/11/10

8/11/10

8/26/10

10/20/11

23

11/11/2011

9/2/10

Start Design

16 17

11/25/11-11/28/11 Exam WeekStart 9/22/2011

10/20/11

10/20/11

10/20/11

10/20/11

11/7/11

10/20/11

10/20/11

9/20/11

9/20/11

12/10/11

Winter 2011

30 31 32 33 34 35

Exam Week

38 39 40 4136

Frame/ Armor

2/17/11

2/16/11

2/2/11

Electrical System

2/17/11

1/26/11

2/9/11

Weapon Systems

1/29/11

Powertrain

2/13/11

1/17/11

1/17/11

1/17/11

42 43 44 45 46 47 48 49 50

3/28/11

2/23-2/27

52

5/30/11 Exam Week

6/11/11

3/30/11

5/27/11

4/16/11

Spring 2011

51

5/3/11
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APPENDIX E – PROPOSED AND ACTUAL BUDGET 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Aluminum 7065-T6 Round Stock 1.50$       31 46.50$        

Colson Wheel 6x2 7.75$       6 46.50$        

Mag S28-150 299.99$  2 599.98$      

TW-TWM3M (Gearbox) 450.00$  2 900.00$      

Shaft Bearing 8.14$       10 81.40$        

Sprocket 14.19$    8 113.52$      

Drive Chain 10 ft 28.80$    1 28.80$        

1,816.70$  

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$          
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$        
High-Load/High Speed Steel Ball 

Bearing Dbl Sealed, W/Ring, for 1" 

Shaft Dia, 2" ODI 23.51$    4 94.04$        
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$          

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$          

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$        
4140 Alloy Steel Square Bar 1-1/8" 

Square, 6' LengthIn stock at $87.96 

Each 87.96$    1 87.96$        
4142 Stl Hardened Tight-Tolerance Flat 

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

stock at $257.91 Each 257.91$  1 257.91$      

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$        

600.54$      

Drivetrain

Total Cost

Weapon

Total Cost
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Socket Cap Screws 9.77$          3 29.31$        

Outside Frames-Al 7075 173.78$      4 695.12$      

Side Frame Pieces-Al 7075 71.91$        4 287.64$      

Inside Frame-Al 7075 350.22$      1 350.22$      

Gear Box Mounts-Al 7075 368.02$      1 368.02$      

Titanium Honeycomb 3,500.00$  1 3,500.00$  

5,230.31$  

Lithium Polymer Battery Packs 189.99$      8 1,519.92$  

Battery Charger 99.95$        1 99.95$        

Fire Safety Sack 5.00$          8 40.00$        

Battery Disconnect 1.49$          5 7.45$          

4 GA Wire Connector For 3/8" Stud 9.26$          1 9.26$          

10 GA Wire Connector For 3/8" Stud 11.04$        1 11.04$        

10-12 GA Wire Connector For #8 Stud 15.88$        1 15.88$        

10 GA Wire Red 0.79$          30 23.70$        

10 GA Wire Black 0.79$          30 23.70$        

Heat Shrink Tubing 4.99$          1 4.99$          

Victor 885 Speed Controller 179.00$      4 716.00$      

Radio Controller 149.00$      1 149.00$      

Battery Charger Power Supply 69.95$        1 69.95$        

Hella Contour Master Power Switch 21.99$        2 43.98$        

Radio Receiver SPM_6000BR 49.99$        2 99.98$        

Radio Receiver Battery 24.99$        2 49.98$        

Radio Receiver Switch 6.29$          1 6.29$          

Grounding Block 54.81$        1 54.81$        

IFI PWM Signal Driver Wire 15.00$        12 180.00$      

Radio Receiver Armor 54.42$        1 54.42$        

3,180.30$  

Total Cost

Electrical and Controls

Total Cost

Frame and Armor
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APPENDIX F – CALCULATIONS 
 

This calculation shows the maximum 

shear stress on the shafts due to a nine 

foot fall.  

 
 

 
 

 

 

 

 

 

 

 

 

Weight (lbs) 120

Height (ft) 9

Gravity (ft/s
2
) 32.2

Potential Energy (ftlb) 1080

Velocity 24.075

Work (ftlb) 1080

Time (s) 0.1

Acceleration (ft/s2) 240.749

Force (lb) 897.201

Distance (in) 2

Moment on each side 448.6003

Shear Stress (psi) 1015.423

Final Shear Stress (psi) 13809.76

Acceleration  

Impact Force

Stress from Nine Foot Fall

Gravitational Potential Energy

Impact Velocity

Work

Impact Time

Motor HP 2.12

RPM In 5638.8

RPM Out 789.75

Torque 169.12

D out 0.875

D in 0.5

J 0.051

Tau Max (PSI) 1439.126

Final (PSI) 19572.11

Torsional Stress Due to Motors

Torque

Moment of Inertia

Max Shear

This calculation shows the maximum 

torsional stress that will act on the shaft due 

to the motors.  
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I. CHAIN LENGTH 
 

𝑅𝑒𝑎𝑟 𝑃𝑖𝑡𝑐 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑃𝑖𝑡𝑐
=  

9.187𝑖𝑛

0.375𝑖𝑛
=  24.498𝑖𝑛 

 

𝑅𝑒𝑎𝑟 𝐶𝑎𝑖𝑛 𝐿𝑒𝑛𝑔𝑡 =  2 × 24.498 +  16 = 64.996 𝑝𝑖𝑡𝑐𝑒𝑠 
 

𝑅𝑒𝑎𝑟 𝐶𝑎𝑖𝑛 𝐿𝑒𝑛𝑔𝑡 𝑃𝑙𝑢𝑠 𝑇𝑤𝑜 𝑃𝑖𝑡𝑐𝑒𝑠 = 64.996 +  2 × 0.375 =  65.747 = 5.48 𝑓𝑡 
 

𝐹𝑟𝑜𝑛𝑡 𝑃𝑖𝑡𝑐 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑃𝑖𝑡𝑐
=  

5.438𝑖𝑛

0.375𝑖𝑛
=  14.501𝑖𝑛 

 

𝐹𝑟𝑜𝑛𝑡 𝐶𝑎𝑖𝑛 𝐿𝑒𝑛𝑔𝑡 =  2 × 14.501 +  16 = 45.003 𝑝𝑖𝑡𝑐𝑒𝑠 
 

𝐹𝑟𝑜𝑛𝑡 𝐶𝑎𝑖𝑛 𝐿𝑒𝑛𝑔𝑡 𝑃𝑙𝑢𝑠 𝑇𝑤𝑜 𝑃𝑖𝑡𝑐𝑒𝑠 = 45.003 +  2 × 0.375 =  45.753 = 3.813 𝑓𝑡 
 

II. GEARBOX REDUCTION 
 

𝑅𝑃𝑀𝑜𝑢𝑡 =
𝑅𝑃𝑀𝑖𝑛

𝑅𝑎𝑡𝑖𝑜
=

6000

7.14
= 840𝑅𝑃𝑀 

III. MAX SPEED 
 

𝑊𝑒𝑒𝑙 𝐶𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 𝜋 × 𝐷 = 𝜋 × 6 = 18.8496 𝑖𝑛 
 

𝑀𝑎𝑥 𝑆𝑝𝑒𝑒𝑑 = 𝑊𝑒𝑒𝑙𝑐 × 𝑅𝑃𝑀𝑜𝑢𝑡 = 18.8496𝑖𝑛 × 840𝑅𝑃𝑀 = 15833
𝑖𝑛

𝑚𝑖𝑛
= 15𝑚𝑝 
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APPENDIX G – DRAWINGS 
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APPENDIX H – 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 to the competition fall close 

to the $15,000 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 

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
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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, 

 

2010 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, OH45206 

 

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 

Travel expenses (flight/driving) - $$ 

Team Shirts - $250 

Compact battery pacts for power 

Multi-channel remote control system 

Servo motors 

Drive motors  

Chassis material (frame of robot) 

mailto:dan.schmidt04@gmail.com
mailto:dan.schmidt04@gmail.com
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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  

 

http://www.botsiq.com/
http://www.battlebotsiq.com/files/what-is-botsiq.pdf
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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 

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 emailBattleBots 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
http://www.battlebotsiq.com/teachertraining.php
mailto:nola@battlebots.com
mailto:nola@battlebots.com
http://www.botsiq.com/
http://botsiq.com/manage.aboutbbiq.php
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APPENDIX I – SPONSORS  
 


