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ABSTRACT 
 
In order to graduate from the University of Cincinnati with a Bachelor’s of Science in 
Mechanical Engineering Technology you must successfully complete a senior design project. 
There are many different projects that you can choose from such as a Baja Car, Super 
Mileage Car, BUV, any individual project that gets approved. Typically, the senior design 
project starts in the autumn of the students fifth year and ends once the student graduates 
with the Bachelor’s of Science in MET. This report is a senior design report based on the 
BattleBot senior design project. 
 
A BattleBot competition basically consists of two robots from the same weight class that try 
to disable one another in a three minute match. There are many ways that a competitor can 
disable their opponent such as flipping, cutting, ramming, etc. In some cases the opponent 
can push the other into arena hazards to damage the other. Points are given to the robot that 
disables their opponent or to the robot with the least amount of damage by the end of the 
three minute match.  
 
Since 2008 the University of Cincinnati’s College of Applied Science has had 3 teams 
compete in national BattleBot competitions sponsored by either BotsIQ or BattleBots. 
BotsIQ hosts a competition it is more educational based, colleges are the only participants, 
and there are little to no arena hazards. On the other hand, when BattleBots sponsors a 
competition, professionals are allowed and there are more arena hazards.  
 
In 2008, the team of four seniors participated in a competition in Miami, Florida hosted by 
the BotsIQ. The 2008 UC BattleBots team (Bearclaw) won best design, best driver and the 
competition.  In 2009, the team of four seniors participated in San Francisco, California 
which was a competition sponsored by BattleBots. The 2009 team (Cattitude) did not do as 
well as they hoped due to the fact that they ran into electrical issues and there were 
unexpected rule changes with the new sponsor. In 2010 the team (CATaclysm) competed in a 
competition in Miami, Florida sponsored by BattleBots. This year did not win any prizes 
either due to their weapon becoming disabled and their armor/frame being damaged. 
 
The University of Cincinnati’s BattleBots 2011 team would like to create a BattleBot that 
will successfully defeat its opponents in the 2011 BattleBots competition held in Miami, 
Florida. Our team consists of four senior Mechanical Engineering Technology students. 
These team members and their responsibilities are Alexis Owen-Electronics and Controls, 
Daniel Schmidt-Drive System, Mark Larson-Frame and Armor, and Shaun Egan-Weapon 
System.   
 
Since I did the electronics and controls I will be discussing from the beginning to the end of 
how I chose what components and how I arranged them to create a successful power system. 
This report includes research, design, fabrication, and recommendations to emphasize how 
the electronics and controls system works as well as its successes and failures.  
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INTRODUCTION 
 
BACKGROUND 
 
A BattleBot competition basically consists of two robots from the same weight class that try 
to disable one another in a three minute match. There are many ways that a competitor can 
disable their opponent such as flipping, cutting, ramming, etc. In some cases the opponent 
can push the other into arena hazards to damage the other. Points are given to the robot that 
disables their opponent or to the robot with the least amount of damage by the end of the 
three minute match.  
 
Since 2008 the University of Cincinnati’s College of Applied Science has had 3 teams 
compete in national BattleBot competitions sponsored by either BotsIQ or BattleBots. 
BotsIQ hosts a competition it is more educational based, colleges are the only participants, 
and there are little to no arena hazards. On the other hand, when BattleBots sponsors a 
competition, professionals are allowed and there are more arena hazards.  
 
In 2008, the team of four seniors participated in a competition in Miami, Florida hosted by 
the BotsIQ. The 2008 UC BattleBots team (Bearclaw) won best design, best driver and the 
competition.  In 2009, the team of four seniors participated in San Francisco, California 
which was a competition sponsored by BattleBots. The 2009 team (Cattitude) did not do as 
well as they hoped due to the fact that they ran into electrical issues and there were 
unexpected rule changes with the new sponsor. In 2010 the team (CATaclysm) competed in a 
competition in Miami, Florida sponsored by BattleBots. This year did not win any prizes 
either due to their weapon becoming disabled and their armor/frame being damaged. 
 
PROBLEM STATEMENT 
 
The University of Cincinnati’s BattleBots 2011 team (CATastrophe) would like to create a 
BattleBot that will successfully defeat its opponents in the 2011 BattleBots competition held 
in Miami, Florida. Our team consists of four senior Mechanical Engineering Technology 
students. These team members are Alexis Owen, Daniel Schmidt, Mark Larson, and Shaun 
Egan.  Each member was designated a part of the design of the BattleBot: 
 

 Alexis Owen-Electronics and Controls 
 Daniel Schmidt-Drive System 
 Mark Larson-Frame and Armor 
 Shaun Egan-Weapon System 

 
RESEARCH  

 
The research for the electrical and control system started once I chose this role at the end of 
my junior year. This year’s team met up with the 2010 team in order to get acquainted with 
the rules and any pertinent information that they learned from last year’s competition. I met 
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with Tim Henninger in order to get some suggestions about how to start my research and 
what issues they had last year that I could avoid. After meeting with Tim I started looking 
into the rules from the BattleBots.com in order to comply with the rules before I started 
choosing components for the electrical system. I started to research how the voltage and 
current affect the electrical components. Next, I started to research other teams that 
incorporated lithium batteries into their electronics system. I studied BattleBot resources, 
other internet sources, and books that focused on the creation of BattleBots to gather my 
research.  
 
RULES 
 
Weight Limits 
 
The maximum weight for non-walker BattleBots in both the professional and college classes 
is 120 pounds.  Stompbots (robots that uses walking locomotion as their means of motion) in 
the college class may have a maximum weight of 160 pounds and the professional class is 
allowed a maximum weight of 300 pounds (1).  
 
 Size and Mobility 
 
The size of a BattleBot is limited to an 8 foot by 8 foot square area, BattleBots Inc. requires 
notification if the bot is longer than 5 feet long or 4 feet wide due to pit locations. A 
BattleBot needs to be able to move approximately in a straight line at a speed of at least 2 
feet-per-second. The BattleBot must also be able to rotate 360 degrees either left or right with 
all parts on the BattleBot remaining within a 12 foot circle (1). 
 
Remote Control 
 
The BattleBot cannot be controlled by more than two operators (a person who remotely 
controls the BattleBot during competition). The primary control of the BattleBot and the 
BattleBot itself must be wirelessly linked. The controller cannot interfere with other 
contestants or BattleBot officials and can only be controlled by a maximum of two operators. 
If the remote-control transmitter is switched off, or otherwise stops transmitting or the 
remote-control receiver electrical power is lost the BattleBot must have a robust fail-safe 
system that electronically or mechanically shuts off all motion-system and weapons power 
within 2 seconds. A BattleBot remote control may not cause interference from any event 
communication, broadcast equipment, or any commercially-available remote controllers. 
Commercially-available 2.4 GHz digital spread-spectrum radio controllers are allowed 
provided that they have a fail-safe that fits the same requirements as mentioned above. Using 
a Spectrum DX6 or DX7 controller with a BR6000 receiver (the DX6 or DX7 transmitter can 
be used only with the BR6000 receiver) is recommended by BattleBots Inc (1). 
 
Activation and Deactivation 
 
A BattleBot must be in one of two states, deactivated or activated, unless the BattleBot is 
changing from one state to the other. If the BattleBot is in the activated state that means the 
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BattleBot is ready for battle. If the BattleBot is in the deactivated state that means that the 
BattleBot fits these minimum requirements: 

 Remote control transmitters are turned off 
 Electrical primary-power master switches are off 
 No internal or external parts are moving 
 Tension on spring-loaded devices is released 
 Safety covers and restraints are installed 

 
The BattleBot must be designed in order to be completely safe and non-hazardous to all 
personnel and objects near the robot when the robot is not being tested or in combat. The 
activation and deactivation times cannot exceed 60 seconds. The activation and deactivation 
sequences cannot require: 

 More than one person to perform each sequence 
 A person to place any body part in the path of the weapon system or any other 

powered part of the robot that can cause injury 
 A person to place any body part inside the external frame or shell of the robot. 
 A person or the robot to balance or be balanced in any unstable position 
 The installation or removal of any panels, covers or fasteners from the robot, other 

than the safety cover and restraints 
 

Special tools may be used for activation and deactivation subject to the following: 
 A maximum of two tools or devices can be used 
 Any tool is required to have an identical backup spare (1) 

 
Electrical Power 
 
The maximum nominal voltage allowed to power a BattleBot is 36 DC Volts or 36 AC RMS 
Volts. The allowed battery types for the BattleBots competition are: 

 Dry-cell batteries (Zinc-Carbon, Alkaline) 
 Leakproof Lead-Acid 
 Nickel-Cadmium (Ni-Cad) and Nickel-Metal Hydride (Ni-MH) 
 Lithium-Ion (Li-Ion) batteries 
 Lithium-Polymer (LiPo) batteries 
 

All batteries and electrolytic-type capacitors must be securely mounted and located so that 
they are enclosed within the structural frame of the robot and reasonably armored against 
impact. Master switches or a combination of master switches are required for the BattleBots 
electrical system and they must: 

 Directly shut off power from all on-board batteries, and not indirectly shut off power 
using a relay or contactor 

 Be completely mechanical and operate directly to make or break the circuit, without 
any electronic components 

 Be a two-position switch that is stable in both the on and off positions. Momentary-
operation and push on/push-off master switches are not allowed 
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 Be an enclosed type, so that any electrical arcing will occur on the interior of the 
switch 

 
Electrical wiring must be installed such that: 

 Multi-stranded wiring is used for connecting the batteries to the input of any master 
switch  

 Exposed terminals and bare wire-ends from the batteries to the master switch(es) are 
covered with electrical insulation 

 All wires are insulated using the factory-applied insulation and/or heat-shrink tubing 
and/or quality electrical tape (non-electrical type tapes such as duct tape or masking 
tape can’t be used for insulation 

 A BattleBot must have an easily visible external light or combination of lights that 
light automatically whenever a master switch is turned on (1). 

 
Special Rules for Lithium Polymer Batteries 
 
There are several rules that govern a BattleBot using lithium polymer batteries with regards 
to the installation and use of the batteries due to the fact that they are dangerous when 
damaged, overcharged or over-discharged. The following rules apply: 

 The lithium polymer batteries must be stored in a vented aluminum, steel, or titanium 
container mounted as far from the outer shell of the frame as possible that can prevent 
any damage from combat impacts  

 The battery container must be removable from the BattleBot for charging 
 The chargers used for the lithium polymer batteries must be commercially available, 

designed specifically for lithium polymer batteries, and have overcharge protection 
built-in 

 The lithium polymer batteries must be fitted with an undervoltage cut-out that is set at 
a voltage that will prevent the batteries damage caused by over-discharge (2). 
 

BATTERIES 
 
There are six different types of batteries that are allowed in the BattleBots competition. 
These batteries include: 

 Dry-cell batteries (Zinc-Carbon, Alkaline) 
 Leakproof Lead-Acid 
 Nickel-Cadmium (Ni-Cad) and Nickel-Metal Hydride (Ni-MH) 
 Lithium-Ion (Li-Ion) batteries 
 Lithium-Polymer (LiPo) batteries (1) 

 
When determining whether you can replace one type of battery with another there are two 
ratings that you need to pay attention to, voltage and amp-hours. The voltage of the new 
battery needs to be the same as the old battery to get the same performance. That being said, 
you can use a lower voltage or higher voltage but you will not see the same performance. The 
amp-hour rating needs to be either the same or higher than the batteries being replaced. The 
higher the amp-hour rating, the longer the battery will be able to supply energy before 
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needing to be recharged or replaced (3). 
 
 
 
Dry-cell batteries (Zinc-Carbon, Alkaline) (Figure 1) 
 
General Information:  

 Replaced wet cell batteries 
 Durable and portable 
 Instead of liquid the cathode is made out of paste 

or gel in order to be more safe 
 The common zinc carbon battery produces 

approximately 1.5 volts 
 Common dry-cell batteries are watch batteries, D 

cells, C cells, 9 volt, A, AA, and AAA 
 

Advantages: 
 Compact 
 Safe 
 Inexpensive 

 
Disadvantages: 

 Expense 
 Explosion and corrosion 
 Environmental and Health Concerns 

 
Applications: 

 Small portable electric devices (4) 
 
 
 
Leakproof Lead-Acid (Figure 2) 
 
 
General Information: 

 Used for starting, lighting, and 
ignition applications for cars 
since they are robust, tolerant 
to abuse, tried and tested, and 
low cost 

 Specified for PowerNet 
applications 

 Lead-dioxide cathode 
 Sponge metallic Lead anode 
 Sulphuric acid solution electrolyte  

Figure 1: Dry Cell Battery (11) 

Figure 2: Leakproof Lead-Acid (12) 
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 Cell voltage is 2 volts 
 Varieties-lead calcium batteries, lead antimony batteries, valve regulated lead acid 

(VRLA) batteries,  absorbed glass mat (AGM) batteries, gel cell, starting lighting and 
ignition (SLI) batteries, and deep cycle batteries 

 
Advantages: 

 Low cost 
 Reliable 
 Robust 
 Tolerant 

 
Disadvantages: 

 Heavy and bulky 
 Not suitable for fast charging 
 300 to 500 cycles for typical life cycle 
 Can only be stored in a charged state once the electrolyte has been introduced to 

avoid deterioration of the active chemicals  
 
Applications: 

 Standby/Back-up/Emergency power for electrical installations 
 Submarines 
 UPS (Uninterruptible Power Supplies) 
 Lighting (5) 

Nickel-Cadmium (Ni-Cad) (Figure 3) and Nickel-Metal Hydride (Ni-MH) (Figure 4) 
 
General Information: 

 1.2 nominal voltage 
 Nickel hydroxide for positive electrode, 

cadmium for negative electrode, and alkaline 
potassium hydroxide for the electrolyte  

 Made portable tools and other consumer 
application practical due to their small size 
and high discharge rate capacity 

 
Advantages: 

 Low internal resistance 
 High rate charge and discharge rates possible 
 Wide temperature range 
 Typical cycle life is over 500 cycles  

Disadvantages: 

 Susceptible to memory effect (doesn’t limit recharge life of the battery) 

Figure 3: Nickel Cadmium Battery (13) 
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 Prone to damage from overcharging 
 Low cell voltage (1.2 volts) 
 Overheating and pressure built up will happen 

unless self re-sealing safety cents are 
incorporated 

Applications: 

 Power tools 
 Two way radios 
 Electric razors  
 Commercial and industrial portable products (5) 

 
Lithium Batteries (General)  
 
General Information: 

 High energy and power densities  
 Many variations of the basic lithium chemistry for special applications or to get 

around the original patent 
 Rechargeable battery of choice for portable consumer electronics equipment 

 
Advantages: 

 High cell voltage (3.6 volts) 
 Very high energy density 
 Very high power density 
 Very small batteries available 
 Low weight 

 
Disadvantages: 

 Internal impedance higher than equivalent NiCad’s 
 Higher cost 
 Stability of the chemicals was a huge concern (most problems have been overcome) 

 
Applications: 

 Cameras 
 Camcorders 
 Electric razors 
 Toothbrushes (5) 

 
  
 
 
 
 

Figure 4: Nickel-Metal Hydride 
Battery (14) 
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Lithium-Ion (Li-Ion) batteries (Figure 5) 
 

 Designed to overcome the safety problems 
caused by the high reactive properties of 
the lithium metal 

 At no stage of the charge-discharge rate is 
the lithium metal present (lithium ions are 
intercalated into the positive electrode in 
the discharged state and into the negative 
electrode in the charged state and move 
from one to the other across the 
electrolyte) 

 The anode is typically made of lithium 
dissolved into ions, carbon, or metallic 
lithium, the cathode is typically composed 
of lithium cobalt-oxide, lithium manganese-
oxide, or lithium nickel-oxide, and the electrolyte is made of lithium salts 

 No memory effect 
 Long cycle life 
 Excellent discharge performance 
 Charge control circuitry is required for all applications due to safety reasons 
 Handles very high current since they use a liquid or gel type electrolyte which allows 

for power applications  
 Modern cell chemistries have virtually eliminated the need for extra packaging 

(which made the batteries cost and weigh more) to  contain hazardous/flammable 
chemicals (5) 

 
 Lithium-Polymer (LiPo) batteries 

 Use liquid Lithium-ion electrochemistry in a matrix of ion conductive polymers that 
eliminate free electrolyte within the cell. 

 There is no liquid so there is no need for a heavy protective case that conventional 
batteries use 

o Less cost and weight 
o More design flexibility 
o More stable and less vulnerable to problems caused by overcharge, damage or 

abuse 
 Long storage lives 
 Low discharge rates 
 Ideal high capacity low power application usage (5) 

 
 

 
 
 

Figure 5: Lithium-Ion Battery (15) 
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CONTROLLERS AND RECEIVERS 
 
The rules state that these primary controls of the BattleBot must 
be linked wirelessly. This wireless system consists of a transmitter 
(controller) and a receiver. The transmitter is the part that allows 
you to send radio signals to control the robot. On the other hand, 
the receiver is the piece that rides within the robot, picks up the 
signals from the controller and interprets them (sends the 
commands to speed controls, servos and relays). There are two 
major routes you can go chose from when considering wireless 
systems; off-the –shelf standard radio control and IFIrobotics 
controls. Standard radio control (R/C) is the easiest and cheapest 
way to control a robot. On the other hand, an IFIrobotics system is 
stable, robust, and considered safer than R/C. Some controllers 
that are available are Specktrum DX2S 2-Channel 2.4 GHz DSM 
Surface Radio with Telemetry and 1SX, Hitec Laser 4 Radio 
System Package-75MHz, and Specktrum DX6i 6-channel 2.4 
GHz Radio System Mode1(Figure 6) (6).  Using a Spectrum DX6 or DX7 controller with a 
BR6000 receiver (the DX6 or DX7 transmitter can be used only with the BR6000 receiver) is 
recommended by BattleBots Inc (1).  
 

SPEED CONTROLS 
 
The main reason that speed controls are used is to 
transfer power from batteries to a motor in an efficient 
and controlled way. The speed control regulates the 
voltage by interpreting the PVM signal coming from the 
receiver and determines the speed and direction to turn 
the motor. The polarity determines the direction of the 
motor and the higher the average voltage, the faster the 
motor. The factors that come into play when choosing a 
speed control are the following: current handling, 
durability, size and weight, mixing capability, and cost. 
Some commercially available speed controls are 
Vantec, IFIrobotics (Figure 7), 4QD, Open Source 
Motor Controllers, Robotic Sporting Goods, RoboteQ AX2500, Hobby-Grade Speed 
Controls, and Nonproportional Speed Controls (7).  
 
 
POWER SWITCHES 
 
Power Switches are required by the rules of competition as 
well as by the University of Cincinnati. The rules state that a 
mechanical switch is needed to turn ON and OFF switch in 
order to directly shut off power from all on-board batteries. 

Figure 8: 701 Contour Master 
Power Switch (8) 

Figure 6: Spectrum DX6i 
(8) 

Figure 7: IFI Vex Pro Victor 885 
(8) 
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The university requires a master power switch that directly turns off power to weapon. An 
example of a power switch is the 701 Contour Master Power Switch (Figure 8). This power 
switch is able to handle 275A continuously and 455A intermittently (8). The power switch 
must be able to handle the high current that is needed to power the robot.  
 
WIRING 
 
Wiring is a very important part of the electrical system of the BattleBot. There are not many 
restrictions on what type of wiring to use besides using a minimum length of the wire to 
minimize weight. Also, the wire needs to be capable of handling high currents that are 
needed to operate the BattleBot. In addition to the wiring needed to power the robot, the wire 
needs to be connected with connectors (6). 
 

CUSTOMER NEEDS, SURVEY, & QUALITY FUNCTION 
DEPLOYMENT 

 
Before designing the BattleBot the team needed to determine what design factors were the 
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 senior students graduating from the Mechanical Engineering 
Technologies (MET) program at the University of Cincinnati. 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 
 Defense 
 Controls and Maneuverability 
 Repairs and Maintenance 

 
The survey used asked the customer to rate the importance of each feature on a scale of 1 to 5 
(one having low importance and five more importance). The team received 30 surveys back 
from the customers. After the survey was conducted the relative frequency of the number of 
responses of 4s and 5s was calculated for each question. Once the relative frequency was 
calculated the customer importance factors were calculated for all of the questions. Table 1 
shows the customer importance factor results for the four different categories.  

 
Table 1: Customer Importance Results for General Questions 

 
 
According to the customers the most important general requirement was offense. These 
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results are reasonable due to the fact that the main goal of the competition is to disable the 
opposing BattleBot. 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 2. 
 

Table 2: Customer Importance Results for Offense Questions 

 
 
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 BattleBot in order to be a successful competitor that catered to our 
customer’s needs. 
 

PRODUCT FEATURES & OBJECTIVES 
 
PRODUCT FEATURES 
 
When designing the electronics and controls for the BattleBot there were many features that 
the system had to incorporate to create a successful robot. These features included: 
 

Weight 
 
The weight of the electronics and control system needed to be light weight in order to 
incorporate the features needed for other systems within the robot. Our team will use a lighter 
battery such as a lithium polymer instead of nickel cadmium in order to reduce weight. As a 
result, this year’s weight requirement for the batteries was roughly a quarter of the weight 
allowed in previous years.  
 

Size 
 
The size of the system needed to be compact in order to fit the other components from the 
frame and armor, drive train, and weapon systems. If the design was not compact the team 
would most likely become over weight. In order to accomplish a compact size, the new 
batteries will have smaller dimensions than previous years. The wiring will be as compact as 
possible as well. 
 

Robustness 
 
The electronics need to be durable enough to continue functioning even if the BattleBot itself 
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is injured by a competitor. In order to accomplish being robust our frame needs to be able to 
protect the inner workings of the BattleBot, i.e. the electronics. In addition, the lithium 
polymer batteries will have to be covered by a metal container to provide more protection. 
 

Reliability 
 
Without power the BattleBot will fail in a competition. As a result, the electronics and 
controls must be reliable throughout every match to supply the power to each motor 
effectively in order for the robot to work correctly. The controls and electronics will need to 
be tested in order to determine their reliability to make sure they are working correctly. In 
addition, the batteries will need to be charged to their full capacity without overcharging. 
 

Ease of Operation 
 
The driver of the BattleBot must be able to drive the robot easily in order to be successful. 
For example, if the controls were counterintuitive the driver would not be able to easily 
operate the robot in a competition setting. As a result, the controls will be made to easily and 
intuitively control the BattleBot. 
 

Ease of Maintenance 
 
The BattleBots competition only allows 20 minutes between matches to recharge the 
batteries and to make any needed repairs. The electronics and controls system must be easy 
to maintain in order to be able to recharge or switch out the batteries and to fix any problems 
that could occur during the limited time allowed. Therefore, the controls and electronics will 
be accessed by opening the top of the frame by unscrewing standard tools. Once inside the 
BattleBot all parts of the electronics and controls will be easily accessible and no special 
tools will be needed. 
 
PRODUCT OBJECTIVES 
 
The product objective for the electronics and controls system is to power the BattleBot 
throughout the entire series of matches at the BattleBots competition. The product objective 
for the BattleBot as a whole is to disable/damage the opposing robot in each competition in 
order to win the BattleBots competition. Without the electronics and controls system the 
BattleBot as a whole would fail and would not be able to successfully complete the product 
objective of the battle as a whole. 
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ELECTRONICS AND CONTROLS DESIGN 
 

 
Figure 9: CATastrophe Design with Electrical Components Included 

 
BATTERIES 
 
The main components of the electrical and control system are the batteries that power the 
entire BattleBot. The rules state that you can use the following batteries: Dry-cell batteries 
(Zinc-Carbon, Alkaline), Leakproof Lead-Acid, Nickel-Cadmium (Ni-Cad) and Nickel-Metal 
Hydride (Ni-MH), Lithium-Ion (Li-Ion) batteries, or Lithium-Polymer (LiPo) batteries (1). 
Our design has more weight than any of the other designs previously due to the fact that we 
have incorporated both titanium honeycomb (unlike the aluminum honeycomb of 
CATaclysm-2010 team) and ramps on the sides. This made it imperative that our batteries be 
very light weight in order to stay under the 120 lb limit. With this in mind, the dry-cell and 
leakproof lead-acid batteries were thrown out in the beginning of the research process due to 
the fact that they are extremely heavy and don’t have much power. Previous teams used 
nickel-cadmium or nickel-metal hydride in their designs; the 2008 and 2009 teams used 
nickel-metal hydride while the 2010 used both nickel-cadmium and nickel-metal hydride. 
When considering the weight of our design both nickel-cadmium and nickel-metal hydride 
were still too heavy for the power they put out (16 pounds for 4 battery packs). The only 

Distribution Block 

 
Battery Box 

 

Receiver and 
Receiver Battery 
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batteries that were left to consider were the Lithium-Ion and Lithium-Polymer. The Lithium 
batteries have very high energy and power densities which makes it so they can produce the 
same amount of power as the nickel-cadmium or nickel-metal hydride but they are much 
lighter.  
 
In order to determine the exact battery pack that we wanted to use for this application I 
decided to use a weighted design matrix as seen in Table 3. When considering the batteries I 
chose to use price, weight, dimensions, RPM average, time active, and ease of adaptation as 
determining factors. As stated before the weight is one of the most important factors which is 
why I decided to make it have the highest weight of 30%, the price also has the weight of 
30% since it was also a huge determining factor due to the fact that we only had a budget of 
$10,000. The dimensions and ease of adaptation were the next highest factors within this 
consideration since there is only a small space to place the batteries in the BattleBot and we 
wanted to have the batteries easy to install and maintain in order to decrease the possibility of 
errors. The RPM average and time active were the less important factors due to the fact that 
they were all in an acceptable range that we could work with. The results of the weighted 
design matrix showed that the Lithium-Polymer-3.25ah 22.2v battery pack would be the best 
suited match for our application. 
 

Table 3: Weighted Design Matrix 

 
 
After deciding that the Lithium-Polymer-3.25ah 22.2v was a good match for our application 
it needed to be determined whether or not our batteries could produce the current that would 
be drawn by the motors of the drive train and the weapon. In order to determine how much 
current the motors would draw the load profile method was used which can be found in 
APPENDIX D. The load profile method estimates the number of amp-hours needed to power 
the motors based on five different conditions. Those conditions in stall (max), pushing, 
accelerating, cruising, and stopped. The stall condition is defined as when the motor is not 
running but 100% of the power is available to the motor. The pushing condition is when the 
motor draws 80% of the power available. The accelerating condition is when the motor 
draws 40% of the power available. The cruising condition is when the motor draws 15% of 
the power available. The stopped condition is when the motor draws 0% of the power 
available.  
 

Criteria (4 packs) Weight Magnitude Score Rating Magnitude Score Rating Magnitude Score Rating Magnitude Score Rating
Price 0.3 - 10 3 - 10 3 759.96 8 2.4 999.96 6 1.8
Weight 0.3 16 2 0.6 16 2 0.6 4.68 9 2.7 3.54 10 3
Dimensions (1 pack) 0.15 - 3 0.45 5.75 x 2.2 x 4.5 3 0.45 1.54x1.73x5.35 10 1.5 1.10x1.97x12.79 5 0.75
RPM Average 0.05 5520 5 0.25 5520 5 0.25 5106 3 0.15 5106 3 0.15
Time Active (minutes) 0.05 15.84 4 0.2 17.28 5 0.25 15.6 3 0.15 24 10 0.5
Ease of adaptation 0.15 - 10 1.5 - 10 1.5 - 6 0.9 - 6 0.9

1 6 6.05 7.8 7.1

Criteria (4 packs) Weight Magnitude Score Rating Magnitude Score Rating Magnitude Score Rating Magnitude Score Rating
Price 0.3 819.96 7 2.1 1339.96 3 0.9 1116.36 4 1.2 1005.76 5 1.5
Weight 0.3 5.28 8 2.4 8.24 6 1.8 7.22 7 2.1 8.46 5 1.5
Dimensions (1 pack) 0.15 1.89x1.69x5.35 9 1.35 2.36x1.85x6.10 8 1.2 2.56x2.19x5.1 7 1.05 2.76x2.2x7.72 6 0.9
RPM Average 0.05 5957 10 0.5 5957 10 0.5 5313 7 0.35 5313 7 0.35
Time Active (minutes) 0.05 15.84 4 0.2 24 10 0.5 15.84 4 0.2 22.08 8 0.4
Ease of adaptation 0.15 - 5 0.75 - 5 0.75 - 7 1.05 - 7 1.05

1 7.3 5.65 5.95 5.7

Lipo-3.3ah25.9v Lipo-5ah25.9v Li-Ion-3.3ah23.1v Li-Ion-4.6ah23.1v

Nicad-3.3ah24v Nicad-3.6ah24v Lipo-3.25ah22.2v Lipo-5ah22.2v
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The percentages of power for each condition then are multiplied by the available current of 
each motor in order to get the scaled values of the current needed for each condition. The 
scaled currents are then multiplied by the amount of seconds in the match (an entire match 
lasts 3 minutes) that it is estimated the BattleBot will be in each condition. The drive train 
motors were estimated to be in the stall condition for 25 seconds, pushing condition for 15 
seconds, accelerating condition for 35 seconds, cruising condition for 90 seconds, and 
stopped condition for 15 seconds. The weapon motor was estimated to be in the stall 
condition for 10 seconds, pushing condition for 40 seconds, accelerating condition for 90 
seconds, cruising condition for 30 seconds, and stopped condition for 10 seconds.  
 
The scaled currents and the amount of time that the BattleBot is estimated to be in those 
conditions are multiplied together to get the estimated amp-seconds that are needed. This 
value is then converted to amp-hours to get a unit that is compatible with normal battery 
current ratings. All of the amp-hours of the different conditions (drive train and weapon are 
done separately) are then added together to get the total amount of amp-hours needed for one 
motor to last a 3 minute match. The total amp-hours are then multiplied by the number of 
motors that are used to supply the power to either the drive train or weapon. For example, the 
drive train uses two motors so the total value for one motor, 5.11 Ah, is multiplied by 2 in 
order to get a total of 10.21 Ah for the entire drive train system. The totals for the drive train 
(10.21 Ah) and weapon (8.94 Ah) are then added together to determine the total amp-hours 
needed for the electrical system (19.15 Ah). A design factor (extra padding in case the 
estimates are off a little) of 1.5 is included to get an adjusted total of 28.73 Ah that will be 
used to determine if the battery has enough capacity to last the entire match. The battery 
capacity for one hour is determined by multiplying the battery capacity during rapid 
discharge by the number of battery packs. Grant Imahara states that “the hourly current is 
linearly reduced by half…the current capacity inversely increased linearly by double” (6). 
Therefore, at 3.75 minutes our 4 battery packs will provide 187 Amp-hours of current. This 
value is more than sufficient to provide the 28.73 Ah needed to power the BattleBot for a 3 
minutes match. Technically the BattleBot could run between 15 and 30 minutes which will 
be beneficial while testing the BattleBot and to give extra power during the 3 minute match.  
 
BATTERY ACCESSORIES 
 
In order to charge these batteries there is a special bag that needs to be purchased in order to 
contain a fire if the lithium-polymer batteries were to be overcharged. The bags that were 
chosen were the Li Polymer Battery Safe Charging Bag since they are capable of holding up 
to 6 lipoly cells and are made out of fire-resistant material that contains the fire within the 
bag and vents smoke outside of the bag (9).  
In addition to the extra safety precautions needed while charging the lithium polymer 
batteries, the rules require that the “batteries must be stored in a vented aluminum, steel, or 
titanium container mounted as far from the outer shell of the frame as possible that can 
prevent any damage from combat impacts” (2). A drawing of this container can be seen in 
APPENDIX I. 
 
The charger that was chosen is the Thunder Power RC TP610C Li Poly A123 NiCd NiMH 
PB Battery Balance Multi Charger. This charger was chosen since it is specified to be able to 
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charge and balance six LiPo cells and it can charge them to the voltage that we need them to 
be at. This charger was purchased from Dragonfly Innovations, Inc (10). 
 
The Thunder Power RC TP610C Li Poly A123 NiCd NiMH PB Battery Balance Multi 
Charger specifies that in order to operate the power supply should be a 12V car battery or 11-
16V DC power supply capable of supplying 10 Amps (10). After some preliminary research 
it was determined that we would use a power supply that Shaun Egan already possessed since 
it fit the requirements. 
 
CONTROLLER & RECEIVER 
 
The rules state that 2.4 GHz digital spread-spectrum radio controllers are allowed provided 
that they have a fail-safe that fits the same requirements as mentioned above. Using a 
Spectrum DX6 or DX7 controller with a BR6000 receiver (the DX6 or DX7 transmitter can 
be used only with the BR6000 receiver) is recommended by BattleBots Inc (1). Due to the 
fact that our team only got funding from one donor we decided that it would save money to 
use the same controller and receiver that the previous teams have used. The controller that 
the previous teams have used is the Specktrum DXi6, a six channel 2.4 GHz model airplane 
remote control. This remote control allows the driver to operate the drive train and weapon 
motors simultaneously. In addition to being able to power the drive train and weapon motors 
simultaneously the remote control also allows you to program the controls to control both 
direction and speed. These controls allow us to get the best efficiency out of our motors by 
being able to control the speed, running them at full speed the entire match would overheat 
and possibly damage the motors.  In addition to using the same controller as previous years 
we decided that incorporating the same receiver would save money as well. The receiver is a 
Spectrum BR6000, a six channel BattleBot receiver, which is allowed by the rules as well. 
This receiver has a failsafe feature (which is required by the rules) that means that the 
receiver will shut down if a signal is not detected from the remote controller. The receiver 
also needed a radio receiver battery (6.0 volts) in order to power the receiver separately from 
the main electrical system. A radio receiver switch was used to make sure that the radio 
receiver battery did not discharge while not competing. In order to prevent damage to the 
receiver, which could possibly ruin any chance of competing; it was decided to use the same 
enclosure that Tim Henninger built last year since it will again save money and provide the 
function that it is needed for.  
 
 

SPEED CONTROLLERS 
 
The speed controllers that were selected are the IFI Victor885 speed controllers. These 
controllers were used in the previous BattleBots since they can handle the high amount of 
current that the motors will draw during the matches. The speed controllers are capable of 
capable of handling 300 amps for less than 1 second and 200 amps for less than 2 seconds 
during the stall condition (8). In our design we will use one IFI Victor 885 speed controller 
for both S28-150 motors and we will be using one IFI Victor 885 speed controllers for the 
S28-400 motor.  
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POWER SWITCHES 
 
The rules require that a power switch must be used to allow the power to be shut off from all 
on-board batteries by a mechanical switch. The power switches that we will be using came 
from last year’s BattleBot and is called the 701 Contour Master Power Switch. This power 
switch is able to handle 275A continuously and 455A intermittently (8). These power 
switches are more than capable to current that will be used to power the drive train and 
weapon of our BattleBot.   

 
WIRING & CONNECTIONS 
 
The wire size that was chosen was 10-gauge wire since it can handle 600V and has the 
smallest diameter that can handle the current that runs through it. The 10-gauge wire will 
connect the following components:  

 Grounding block to batteries 
 Batteries to batteries 
 Batteries to power switches 
 Power switches to speed controllers 
 

The motors already come with 2 twisted 12-gauge wires that will connect to the speed 
controllers. A grounding block was used to provide a ground circuit that is connected to all of 
the ground wires from the batteries and speed controllers.  
 
IFI PWM Signal Driver Cables will be connected from the radio receiver to the speed 
controllers in order to drive the motors with the remote control.  
 
In order to connect the 10-gauge wire to the components we needed various sizes of 
connectors depending on the size of the connection of the component. These connectors 
included the Standard Crimp-On Ring Terminal Nylon Insulated, 12-10 Wire Gauge, 3/8" 
Stud and Standard Crimp-On Ring Terminal Nylon Insulated, 12-10 Wire Gauge, #8 Stud, 
600V. The battery’s wires will be connected to the other batteries and components using the 
45 Amp PowerPole Connector Set. 
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BILL OF MATERIALS 
 
The bill of materials was estimated to be around $3500 this year. This large amount was 
estimated since 8 new lithium polymer battery packs are being purchased which includes the 
need for a new battery charger and other accessories to accommodate. The majority of the 
electrical system was made up of the components that were purchased for the previous 
BattleBots. The entire Actual Bill of Materials can be found in APPENDIX H. 
 

Table 4:Budget 

 
 

FABRICATION OF COMPONENTS 
 
Many components were used from previous year’s 
BattleBots. These components included the speed 
controllers, transmitter, receiver, power switches, 
grounding block, and IFI PVM Signal Driver Wire. Since 
all of these components were purchased previously the 
fabrication of the electrical system included new 
wiring, connections, battery box, and the 
consideration of the location of components.  
The new flexible wire (Figure 10) that was purchased for this year’s BattleBot was much 
easier to work with than the stiff wire used previously. This new wire allowed the 
components to be positioned in various places around the BattleBot and not having any issue 
with feeding the wires around frame pieces.  
 
 

The connectors that were purchased were chosen to easily 
fit onto the  screw terminals of the speed controllers, power 
switches and grounding block as well as easily connect the 
batteries to the grounding block and power switches. The 
wire was first stripped about a half of an inch in order for 
the exposed wire to be 
connected to a connector 

or quick disconnect. Before 
the wires were connected to 

a piece of heat shrink tubing was placed on the wire. As for 
the wires that were used with the quick disconnects (Figure 
11) for the batteries, the exposed wire was soldered then 

Proposed Cost Actual Cost Actual Spent Amount Saved
Drive Train 1829.02 1829.02 1829.02 0

Weapon 600.54 600.54 600.54 0
Frame and Armor 5230.31 5230.31 5230.31 0

Electronics and Controls 3267.35 3137.82 1767.25 1370.57
Competition and Travel 3000 3830.33 3830.33 0

Total 13927.22 14628.02 13257.45 1370.57

Budget

Figure 10: 10 GA Flexible Wire 

Figure 12: Quick Disconnects 

Figure 11: Wire Connectors 
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the metal part of the quick disconnect was crimped on then the plastic part was attached. All 
of the other connectors (Figure 12) were simply crimped onto the exposed wire with a 
ratcheting crimping tool. After all connections were connected with solder or by crimping the 
heat shrink tubing was placed over the connection and heated with a lighter to help seal the 
connection.  
 
 
 
A led power strip was used to indicate whether or not either power switch or both where 
activated. With the connections from previous year’s set ups the strip powered on and made 
it so both the weapon and drive train would have power when either switch was turned on. 
The rules state that one power switch needs to allow power to the weapon and have the light 
turned on when activated and the other power switch needs to allow power to the drive train 
and turn the light on. In order to solve this issue, all the wiring that was attached to the strip 
was rewired with larger wire (we had issues with the think wire breaking off) and a diode 
was attached. The diode allowed power to flow to the power switch that was activated 
instead of turning on both the weapon and drive train when either switch was activated.  
 
The rules stated that if lithium polymer batteries were used they 
must be stored in a vented aluminum, steel, or titanium container 
mounted as far from the outer shell of the frame as possible that 
can prevent any damage from combat impacts and the container 
must be removable from the BattleBot for charging. The battery 
box that was designed to solve this problem is shown in Figure 
13. The box was made out of carburized steel from the machine 
shop. The design was cut out using the plasma cutter in the 
welding shop by loading the drawing into the computer that runs 
the plasma cutter (Figure 14). The sides were bent 90 degrees and 
held together by spot welds that were also done in the machine 
shop. A simple u-shape lid was used as a top 
and electrical taped to the box for easy removal 
of the batteries. Poster board was placed in 
between the batteries themselves and the 
batteries and the exterior metal in order to 
avoid any rubbing which could damage the 
batteries.  
 
 

 
 

 
 

  

Figure 14: Plasma Cutter 

Figure 13: Battery Box 
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ASSEMBLY  
 
 
Due to the compact design of the BattleBot it was 
very hard to find enough space to fit all of the 
electrical components. A piece of birch (2’ x 2’) 
was used to outline the BattleBot in order to 
position the electrical components in a real 3D 
layout (Figure 15). This method was used 
because the bottom honeycomb was not available 
yet and the BattleBot was not fully assembled yet 
either. The layout that was on the birch allowed 
me to move around the components until they fit 
correctly and easily within the frame and allowed 
me to cut the wires before the final assembly was 
complete.  

 
The assembly of the electronic and controls system included the following components was 
quite simplistic. Each wire was connected to its corresponding screw terminal with the 
connectors that were purchased. The grounding block, speed controllers, and power switches 
were all screwed down to the bottom piece of honeycomb. The receiver battery, battery box, 
and receiver were both Velcro and gorilla taped to the titanium honeycomb to ensure that it 
would not move during the competition. The LED strip was electrical taped to the front of 
the BattleBot around a piece of frame. The complete wiring diagram for this year’s BattleBot 
can be found below (Figure 16): 
 
 
  

Figure 15: 3D Layout on Birch Sheet 

Figure 16: Wiring Diagram 
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TESTING AND PROOF OF DESIGN 
 
The first part of testing that occurred was 
testing all of the components that were to be 
used from previous year’s BattleBots. All 
motors, speed controllers, and power switches 
were tested using a test stand (Figure 15) that 
was used in previous years testing. Once all 
components were individually tested the birch 
board was used to test all the connections and 
made sure everything ran as expected including 
programming the controller due to the fact that 
the rest of the BattleBot took so long to 
complete. Once the BattleBot was completed 
(about 2 days before competition) I was able to 
test the electrical system in the actual setting. This was the first time I was able to run the 
system with the loads that would be used in competition, all tests beforehand were run 
without the loads of the weapon or drive train. As a result, I had to make sure that the 
electrical system worked perfectly before being able to fully test the setup. The only 
problems that were run into were some loose connections with the diode and led strip (solved 
by attaching heavier wire), a receiver battery that needed to be replaced, and a few tweaks 
with the programming of the controller such as the speed of the drive train.  
 
In order to prove the design, the BattleBot was entered into the BattleBots/BotsIQ 
competition. The competition was held February 23-27th in Miami, Florida. Our BattleBot 
was entered into the Large Class (120 lb) College Competition (C-L) class. This class was 
composed of 12 teams from across the nation. In addition to the college class we competed 
against 3 professional teams with 120 lb BattleBots. The competition was set up with a 
randomized bracket system that used double elimination. 
 
Our first round was a bye so the team did not compete until the second day of competition 
and we were given a 1-0 record before out BattleBot even entered the arena. Before our first 
match we decided to electrical tape all quick disconnects and screw terminals and hot glue 
the IFI PVM Signal Driver wires in order to ensure they would stay connected throughout the 
matches. During our first actual match we went up against The Blender from UTDallas. The 
teeth on the full body spinner ripped out the aluminum supports in the front of the BattleBot 
which caused the weapon to be useless. Our team ended up tapping out before The Blender 
could cause more damage. The Blender was given the win of this match and we were left 
with a 1-1 record. The team then held a meeting and decided that we wanted to continue to 
compete without a weapon and go in as a wedge to our next match.  
 
The electrical system performed perfectly throughout the first match. While the rest of the 
team worked on fixing the BattleBot in order to compete again, I focused on recharging the 
batteries in order to continue to compete. Due to the fact that we switched around the 
BattleBot to a wedge we had to drive backwards. There was not enough time to switch the 
controls to adjust for this so the driver had to drive forward and backward counter intuitively 

Figure 17: Test Stand 
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which made it a little difficult. Our second match was against Smashious Clay from Miami, 
Florida. Smashious Clay ended up getting stuck against a wall and was unable to move which 
gave our team another automatic win. Our record was now 2-1.  
 
Once again the electrical system worked well minus two of the speed controllers became 
unattached (the screws broke through the thin plastic that was holding them to the titanium) 
due to the rigor of the competition. In order to fix this issue I gorilla taped the speed 
controllers to the titanium so they would not move around during the next match. While the 
team was working on fixing the BattleBot up for another match, I focused my time on 
charging the batteries. Our third match was against a professional called Grasshopper. Before 
the match could start it our BattleBot would not move. I determined that it was an 
undercharged receiver battery that was the cause to this problem. We asked for five minutes 
and I switched the battery to a completely charged battery. By the end of this match I saw 
that our power indicator light was not functioning and this was probably due to a loose 
connection. The match lasted the entire three minutes and was sent to the judges to determine 
the winner. They contemplated for around ten to fifteen minutes before giving the match to 
Grasshopper. We now had a record of 2-2 and were out of the competition. As, a result we 
ended up with fourth place in the Large Class (120 lb) College Competition (C-L) class. 
 

PROJECT MANAGEMENT 
 
At the end of the 2010 school year the team for the 2011 BattleBot team was selected. At this 
time a weekly meeting was scheduled with the entire team and Dr. Dong. Our first goal was 
to estimate a cost of the BattleBot. From speaking to other teams we determined that $10,000 
was the minimum funds that we needed to continue with the pursuit of the BattleBot project. 
The team sent out many sponsorship letters to many different companies. The companies that 
ended up donating machining time or material consisted of the University of Cincinnati, P & 
G, Magellan Aerospace-Aeronca, Trutec, J.F. Berns, and W.H. Heimkreit; their logos can be 
seen in APPENDIX J. While we were sending out letters for sponsorship we focused on our 
schedule to make sure we were ready to compete on time as well as our design. The final 
design was supposed to be completed on October 3rd but we actually completed it on 
September 9th.  
 
During the autumn quarter our main focus was purchasing parts and getting them machined. 
Our BattleBot was supposed to be completely assembled and ready to test by January 31st. 
The machining of the weapon, frame, and armor took much longer than expected and as a 
result the assembly was not completed until February 19th. Since the team did not purchase 
the machining time and materials we were put last on all of the sponsor’s priority lists and as 
a result we should have expected more delays that we did originally. The BattleBot was not 
in complete running condition until one day before we left for competition, February 21st. 
The complete proposed schedule in APPENDIX E and the complete actual schedule can be 
found in APPENDIX F. 
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Table 5: Major Milestones 
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RECOMMENDATIONS/CONCLUSION 
 
This year’s BattleBot team wanted to save weight and space by using lithium polymer 
batteries. Due to budget restrictions we could not optimize every other component within the 
BattleBot. I would suggest that the next year’s team should look into buying smaller and 
lighter speed controllers and power switches. Some speed controllers that were used by other 
teams were from a company called Castle Creations, Inc. The power switches that other 
teams used were purchased from Team Whyachi Robotics. Both of these items will help to 
reduce the weight of the electrical system as well as help to solve the space issue that I had to 
deal with. 
 
One of my main problems that I encountered was powering the receiver that allowed the 
transmitter to power the BattleBot. We used a receiver battery that was purchased previously 
as well as a new replacement that we bought due to the fact that the old batteries did not hold 
their charge as we expected. When talking to other teams we found that with these other 
speed controllers and a different connection than our IFI PVM Signal Driver wires there was 
a way to power the receiver by the main power source instead of an extra battery. By 
powering the receiver by the main power supply this will save a little weight by excluding 
the extra battery and make it so you only have to charge the main batteries and the 
transmitter batteries instead of those and the extra receiver battery. 
 
As a final recommendation I believe that it would be beneficial to the team if the person 
responsible for the electrical system were from an electrical field like Electrical Engineering 
for example. I say this because the huge learning curve that I had to overcome was very 
interesting but I feel that I did not get to use all of the skills that I learned from the past 4 
years like my other teammates did. Although I was put in a different field of work for this 
project I feel that the curriculum of the MET program did allow me to complete this project. 
In addition, even though we only made 4th in the competition I believe that we did fantastic 
after being almost completely destroyed after our first match. 
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KIT COMPARISON 
Battlekit-Lightweight Combat Robot Kit 

 
 

Part Number: MAG-BKT60 
Parts Included: 

(2) E-150 Motors 
(1) Feather-Pack Battery Mount 

(1) NiCad Battery Charger 
(1) Ampflow 2-Channel Controller 

 

 

 
Battlekit-Middleweight Combat Robot Kit 

 
 

Part Number: MAG-BKT120 
Parts Included: 

(2) E-150 Motors 
(1) MC-545 Batteries & Mounts 
(1) Lead Acid Battery Charger 

(1) Ampflow 2-Channel Controller 

 

 

 
 

Combat Class Light-60 lb
Length 17.7"
Width 15.6"

Bare Weight 20.9 lb
Kit Weight 33.7 lb

Price $699.00

Combat Class Middle-120 lb
Length 22.4"
Width 21.3"

Bare Weight 29.9 lb
Kit Weight 70 lb

Price $849.00

http://www.robotmarketplace.com/pro
ducts/MAG-BKT60.html 
8/20/2010 Battlekit-Lightweight 
Combat Robot Kit 
robotmarketplace.com 

http://www.robotmarketplace.com/pro
ducts/MAG-BKT120.html 
8/20/2010 Battlekit-Middleweight 
Combat Robot Kit 
robotmarketplace.com 
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Battlekit-Heavyweight Combat Robot Kit 

 
 

Part Number: MAG-BKT220 
Parts Included: 

(2) E-150 Motors 
(1) MC-545 Batteries & Mounts 
(1) Lead Acid Battery Charger 

(1) Ampflow 2-Channel Controller 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Combat Class Heavy-220 lb
Length 29.9"
Width 24.0"

Bare Weight 43 lb
Kit Weight 85 lb

Price $975.00

http://www.robotmarketplace.com/pro
ducts/MAG-BKT220.html 
8/20/2010 Battlekit-Heavyweight 
Combat Robot Kit 
robotmarketplace.com 
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BATTERY PACK COMPARISON 

Lithium-Polymer 
 

 
 

 
Part Number: TP-3250-6SP45 

 

 
 
 
 
 
 
 

 
 

Lithium-Ion 
 

 
 

Part Number: A123-400140-000 

 
 
 
 
 
 
 
 

 

Part Number TP-3250-6SP45
Voltage (pack) 22.2

Amp-Hours 3.25 Ah
Continuous Current 146A

Pack Dimensions (without rings) 1.54x1.73x5.35
Weight (pack) 1.17 lb

Number of Cells 6
Price of Pack $189.99

http://www.enerland.com/upload/prod
uct/26650.pdf  
8/20/2010 Proper Operation of 
A123Racing Nanophosphate 
Developer Kit 
 www.enerland.com 

Part Number A123-400140-000
Diameter (1 cell) 1.02"

Height (1 Cell) 2.62"
Voltage (pack) 26.4
Weight (pack) 2.47 lb

Capacity 2300 mAh
Maximum Current 138A

Continuous Current 276A
Voltage per cell 3.3
Number of Cells 16

Price of Pack $287.36

http://www.rctoys.com/rc-toys-and-
parts/TP-3250-6SP45/RC-PARTS-
THUNDER-POWER-6-CELL-
LITHIUM-BATTERIES.html 
8/20/2010 Thunder Power RC G4 Pro 
Power 45C 3250mAh 22.2V 6 Cell LiPo 
6SP45 3250 Lipo Battery 
www.rctoys.com 
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Nickel-Cadmium 
 

 
 

Part Number: BPK-3000-24 

 

 
 
 
 
 
 
 
 

 
Nickel-Metal Hydride 

 

 
 

Part Number: BPK-4600N-24 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Voltage (pack) 24
Amp-Hours 3.0 Ah

Cell Size C cells
Continuous Current 80A

Pack Dimensions (with rings) 5.75W x 2.2H x 4.5D

Pack Dimensions (without rings) 5.125W x 2.2H x 4.0D

Weight (pack) 4 lb
Number of Cells 20

Price of Pack $192.50

Voltage (pack) 24
Amp-Hours 4.6 Ah

Cell Size Sub-C cells
Continuous Current 70A

Pack Dimensions (with rings) 5.153W x 1.901H x 4.122D
Pack Dimensions (without rings) 4.528W x 1.901H x 3.622D

Weight (pack) 3.12 lb
Number of Cells 20

Price of Pack $190.00

http://www.robotmarketplace.com/pro
ducts/BPK-3000-24.html 
8/20/2010 24V 3.0ah NiCad 
BattlePack  
robotmarketplace.com 

http://www.robotmarketplace.com/pro
ducts/BPK-4600N-24.html 
8/20/2010 24V 4.6ah NiMH 
BattlePack 
robotmarketplace.com 
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SPEED CONTROLLER COMPARISON 
IFI Victor 885 

 

 
 

Part Number: IFI-V885 

 

 
 
 
 
 
 
 
 

 
IFI Victor HV-48V 

 

 
 

Part Number: IFI-HV48 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Voltage Range 16V to 30V
Maximum Current 120A continuous

Surge Current
200A for <2 seconds 300A for 

<1 second

Typical Application
Power one motor with 

variable speed forward, 
reverse, or off

Weight 0.25 lb
Price $179.00

Voltage Range 16V to 30V
Maximum Current 90A continuous

Surge Current 220A for <3 seconds 

Typical Application
Power one motor with 

variable speed forward, 
reverse, or off

Weight 0.25 lb
Price $199.00

http://www.robotmarketplace.com/pro
ducts/IFI-V885.html 
8/20/2010 IFI Victor 885 
robotmarketplace.com 

http://www.robotmarketplace.com/pro
ducts/IFI-HV48.html 
8/20/2010 IFI Victor HV-48V 
robotmarketplace.com 
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Vantec RDFR47E Speed 
Controller 

 

 
 

Part Number: VT-RDFR47E 

 

 
 
 
 
 
 
 
 

 
Simple H-H  

 

 
 

Part Number: 0-SMPH 

 

 
 
 
 
 
 
 
 

 
OSMC Speed Controller 

 

 
 

Part Number: 0-OMSC 

 

 
 
 
 
 
 
 
 

 

Voltage Range 9-55 VDC
Continuous Amps (each side) 75

Starting Amps (each side) 220
Weight 43 oz

Wire 8 AWG
Price $724.88

Supply Voltage 5V to 28V
Continuous Discharge 20A
Maximum Discharge >45A

Cooling Heatsinks
Weight 1.3 oz

Price $79.99

Supply Voltage 13V to 50V
Continuous Current 160A

Surge Current >400A
Cooling 40 CFM fan
Weight 0.6 lb

Price $219.00

http://www.robotmarketplace.com/pro
ducts/VT-RDFR47E.html 
8/20/2010 Vantec RDFR47E Speed 
Controller 
robotmarketplace.com 

http://www.robotmarketplace.com/pro
ducts/0-SMPH.html 
8/20/2010 Simple H-H 
robotmarketplace.com 

http://www.robotmarketplace.com/pro
ducts/0-OSMC.html 
8/20/2010 OMSC Speed Controller 
robotmarketplace.com 
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RoboteQ ax2550 SC Single-
Channel Motor Controller 

 

 
 
Part Number: RTQ-AX2550SC 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supply Voltage 12V to 40V
Maximum Current 240A after 30 seconds

Surge Current >500A
Cooling Heatsinking Case
Weight 3.3 lb

Price $495.00

http://www.robotmarketplace.com/pro
ducts/RTQ-AX2550SC.html 
8/20/2010 RoboteQ ax2550 SC 
Single-Channel Motor Controller 
robotmarketplace.com 
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POWER SWITCH COMPARISON 
 

Hella Master Power Switch 
 

 
 

Part Number: 0-SWHELLA1 

 

 
 
 
 
 
 
 
 

 
US General Master Power Switch 

 

 
 
Part Number: 0-USGENSWITCH 

 

 
 
 
 
 
 
 
 

 

Continuous Rating 100A
Surge Current Up to 1000A

Features
One red plastic key 

included
Weight 5 oz

Price $17.99

Capacity @ 12V 100A/1000A Surge
Capacity @ 24V 50A/500A Surge

Features
One red plastic key 

included
Weight Not Specified

Price $9.99

http://www.robotmarketplace.com/pro
ducts/0-SWHELLA1.html 
8/20/2010 Hella Master Power 
Switch 
robotmarketplace.com 

http://www.robotmarketplace.com/pro
ducts/0-USGENSWITCH.html 
8/20/2010 US General Master Power 
Switch 
robotmarketplace.com 
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701 Contour Master Power Switch 
 

 
 

Part Number: 0-SWHELLA 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Continuous Rating 275A
Intermittent Rating 455A

Size 2.75x2.75X3.0 in
Weight 7 oz

Price $21.00

http://www.robotmarketplace.com/pro
ducts/0-SWHELLA2.html 
8/20/2010 701 Contour Master 
Power Switch 
robotmarketplace.com 
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CONTROLLER COMPARISON 
 

Specktrum DX2S 2-
Channel 2.4 GHz 

DSM Surface Radio 
with Telemetry and 

1SX 
 

 
 

Part Number: 0-
SPM2120 

 

 
 
 
 
 
 
 
 

 
Hitec Laser 4 Radio 
System Package-75 

MHz 
 

 
 

Part Number: 0-
HRC156751 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Number of Channels 2
Modulation DSM

Servos S100 (1 included)
Receiver SR3300T (included)

Model Memory 5
Modes Expert and Standard

Transmitter Battery Type AA Alkaline (4 included)
Price $199.99

Number of Channels 4
Servos All Channel Servo Reverse

Receiver 8 Channel Dual Conversion Receiver
Transmitter Battery Type AA Alkaline (4 included)

Price $113.99

http://www.robotmarketplace.com/products/0-
SPM2120.html 
8/20/2010 Specktrum DX2S 2-Channel 2.4 GHz 
DSM Surface Radio with Telemetry and 1SX 
robotmarketplace.com 
 

http://www.robotmarketplace.com/products/0-
HRC156751.html 
8/20/2010 Hitec Laser 4 Radio System Package-75 
MHz 
robotmarketplace.com 
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Specktrum DX6i 6-

channel 2.4GHz 
Radio System Mode 

1 
 

 
 

Part Number: 0-
SPM66001 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Number of Channels 6
Model Memory 10

Modulation DSM and DSM2
Features ModelMatch

ServoSync
Large LCD Display

Adjustable Stick Length
Price $149.99

http://www.robotmarketplace.com/products/0-
SPM66001.html 
8/20/2010 Specktrum DX6i 6-channel 2.4GHz Radio 
System Mode 1 
robotmarketplace.com 
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APPENDIX B-SURVEY AND SURVEY RESULTS 
 
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. 

 
 



2011 UC CEAS BattleBot-Electronics and Controls Alexis Owen 
 

Appendix B2 

SURVEY RESULTS 
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IMPORTANCE RATING 
 

 
 

 
 

 

푅푒푙푎푡푖푣푒	퐹푟푒푞푢푒푛푐푦 = 푅퐹 

퐼푚푝표푟푡푎푛푐푒	푅푎푡푖푛푔 = 퐼푅 

퐼푅 =
4 ∗ (푅퐹 − 푅퐹 )
푅퐹 − 푅퐹 + 1 

퐼푅 =
4 ∗ (0.97− 0.17)

0.97− 0.17 + 1 = 5 
 

퐼푅 =
4 ∗ (0.90− 0.17)

0.97 − 0.17 + 1 = 4.67 
 

Importance Rating Sample Calculations: 
 

 

 

 



2011 UC CEAS BattleBot-Electronics and Controls Alexis Owen 
 

Appendix C1 
 

APPENDIX C – QUALITY FUNCTION DEPLOYMENT 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



2011 UC CEAS BattleBot-Electronics and Controls Alexis Owen 
 

Appendix D1 

APPENDIX D –DESIGN CALCULATIONS 
 
LOAD PROFILE OF 2009 BATTERIES 

 
 
 

Ah Ah

4

5.32 254
5.32 254

oz-in in-lbs
1277 79.8 6096 watts hp
1277 79.8 6096 watts hp

320 Amp

100% 320
80% 256
40% 128
15% 48

0% 0

Ah
1.78
2.84
2.13
0.67
0.00
7.42 14.84 Ah

Ah
0.89
2.84
3.20
0.40 Ah
0.00 13
7.33 14.67 Ah 25.9

29.51 Ah 51.8
1.5 104

44.27 Ah 207

Total 15
Design Factor 7.5
Adjusted Total 3.75

Match Conditions

30 Minutes
Stopped 0 10 0 60

180 26400 30

Condition Scaled Current Duration
A Sec Amp-sec

2      
Motors

Stall (Max) 320 10 3200
Pushing 256 40 10240

Accelerating 128 90 11520
Cruising 48

Scaled Current Duration
A Sec Amp-sec

2                                                                                
Motors

Stall (Max) 320 20 6400
Pushing 256 40 10240

Accelerating 128 60 7680
Cruising 48 50 2400

0Stopped 0 10
180 26720

Weapon Calculations

Battery Capacity

Scaled Current Factor Condition Current
Minutes

Amps

Amps
AmpsPushing

Accelerating
Cruising
Stopped

Stall (Max)
3

Seconds

Drive Train Calculations
Condition

Weight Per Battery

lbs

Torque Constant 
(oz-in)

Number of Battery 
Packs

Motor                 
(Position & Type)

Peak Horse PowerTorque RPM Peak Power

24V 3.3ah BattlePack
Number of Cells Per Battery 

Pack
20

60

Individual Battery 
Capacity

Maximum 
Current

24024 4

1440

Available Current
Match Length

Amps
Amps

180

5760
99.83%

Power Out 
(Watts)

Power In 
(Watts)

5750.13
5750.13

Efficiency

99.83%
Weapon S28-150
Drive  S28-150 1.931437.53

1437.53 1.93

oz-in/Amp RPM/Volt

Voltage Constant 
(RPM/Volt)

Battery Pack 
Voltage

oz-in/Amp RPM/Volt

Weight of All 
Battery Packs

Peak Continuous Current

Amps

Drive  S28-150

Efficiency of 
Battery Pack

90%3.3 2.97

Weapon S28-150

Battery Capacity During 
Rapid Discharge

Motor                 
(Position & Type)

16

Battery Info
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LOAD PROFILE OF 2010 BATTERIES 
 

 
 

Ah Ah

4

5.32 254
5.32 254

oz-in in-lbs
1702 106 6096 watts hp
1702 106 6096 watts hp

320 Amp

100% 320
80% 256
40% 128
15% 48

0% 0

Ah
1.33
2.13
1.60
0.50
0.00
5.57 11.13 Ah

Ah
0.67
2.13
2.40
0.30 Ah
0.00 11.9
5.50 11.00 Ah 23.8

22.13 Ah 47.5
1.5 95

33.20 Ah 1903.75

60
30

Battery Capacity
Minutes

Match Conditions

Total
Design Factor

15

Adjusted Total
7.5

Cruising 36 30
Stopped 0 10 0

180 19809

Weapon Calculations
Condition Scaled Current Duration

A Sec Amp-sec

2      
Motors

Stall (Max) 240 10 2400
Pushing 192 40 7680

Accelerating 96 90 8649

36 50 1800
Stopped 0 10 0

180 20040

Condition Scaled Current Duration
A Sec Amp-sec

2                                                                                
Motors

Battery Info Individual Battery 
Capacity

Efficiency of 
Battery Pack

Battery Capacity During 
Rapid Discharge

Peak Continuous Current

24V 2.4ah BattlePack 3.6 90% 3.24 80 Amps

Weight Per Battery Weight of All 
Battery Packs

Maximum 
Current

24 lbs 16

Motor            
(Position & Type)

Torque Constant 
(oz-in)

Voltage Constant 
(RPM/Volt)

Number of Cells Per Battery 
Pack

Battery Pack 
Voltage

Number of Battery 
Packs

20 4 320

Stall (Max) Amps Minutes

Drive Train Calculations

Stall (Max) 240 20 4800
Pushing 192 40 7680

Accelerating 96 60 5760
Cruising

99.83%
Weapon S28-150 1916.71 2.57
Drive  S28-150 7666.84

Drive  S28-150 oz-in/Amp RPM/Volt
Weapon S28-150

1916.71 2.57
7666.84 99.83%

Motor            
(Position & Type)

Torque RPM Peak Power Peak Horse Power

oz-in/Amp RPM/Volt

Pushing Amps 3
Accelerating Amps

7680

Seconds

Available Current
Scaled Current Factor Condition Current Match Length

Power Out 
(Watts)

Power In 
(Watts)

Efficiency

1080

Cruising Amps 180
Stopped Amps
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LOAD PROFILE OF 2011 BATTERIES 
 

Ah Ah

1.17

5.32 254
6.57 206

oz-in in-lbs
1516 94.8 5639 watts hp
2562 160 4573 watts hp

285 Amp 390 Amp

100% 285 100% 390
80% 228 80% 312
40% 114 40% 156
15% 42.8 15% 58.5
0% 0 0% 0

Ah
1.98
0.95
1.11
1.07
0.00
5.11 10.21 Ah

Ah
1.08
3.47
3.90
0.49 Ah
0.00 11.7
8.94 8.94 Ah 23.4

19.15 Ah 46.8
1.5 93.6

28.73 Ah 1873.75
7.5
15Total

Design Factor
Adjusted Total

Battery Capacity
Minutes

60
30

Weapon Calculations

Drive Train Calculations

Stopped 0 10 0
180 32175

12480
Accelerating 156 90 14040

Condition Scaled Current Duration
A Sec Amp-sec

1     
Motor

Stall (Max) 390 10 3900
Pushing 312 40

18382.5
0

3847.5
3990
342015

25
Sec

Duration

2      
Motors

Amp-sec
7125

Condition

0
42.75
114
228
285
A

Scaled Current

Stopped
Cruising

Accelerating
Pushing

Stall (Max)

180
15
90
35

Stopped Amps

Match Conditions-Drive Train Match Conditions-Weapon

Accelerating Amps Seconds
Cruising Amps 180

Stall (Max) Amps Minutes
Pushing Amps 3

Available Current
Scaled Current Factor Condition Current Match Length

1755Cruising 58.5 30

Cruising Amps 180
Stopped Amps

Available Current
Scaled Current Factor Condition Current Match Length
Stall (Max) Amps Minutes

Pushing Amps 3
Accelerating Amps Seconds

99.83%
Weapon S28-400 2163.21 2.90 8656.85 99.99%

6327
8658

Drive  S28-150 1579.04 2.12 6316.16

Motor              
(Position & Type)

Torque RPM Peak Power Peak Horse Power Power Out 
(Watts)

Power In 
(Watts)

Efficiency

Weapon S28-400 oz-in/Amp RPM/Volt
Drive  S28-150 oz-in/Amp RPM/Volt

Motor               
(Position & Type)

Torque Constant 
(oz-in)

Voltage Constant 
(RPM/Volt)

Maximum 
Current

6 22.2 4 lbs 4.68 584

Number of Cells Per Battery 
Pack

Battery Pack 
Voltage

Number of Battery 
Packs

Weight Per Battery Weight of All 
Battery Packs

Peak Continuous Current

22.2V 3.25ah BattlePack 3.25 90% 2.93 146 Amps

Battery Info Individual Battery 
Capacity

Efficiency of 
Battery Pack

Battery Capacity During 
Rapid Discharge
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APPENDIX E-PROPOSED SCHEDULE 
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APPENDIX F: ACTUAL SCHEDULE 
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APPENDIX G: PROPOSED BUDGET 
GROUP 

 

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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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$          



2011 UC CEAS BattleBot-Electronics and Controls Alexis Owen 
 

Appendix G4 

INDIVIDUAL 
 

 
 
 
 
 
 
 
 
 



2011 UC CEAS BattleBot-Electronics and Controls Alexis Owen 
 

Appendix H1 

APPENDIX H: ACTUAL BUDGET 
GROUP 

 



2011 UC CEAS BattleBot-Electronics and Controls Alexis Owen 
 

Appendix H2 

 

 

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$      4 0 759.96$                 DragonFly Innovations Inc. TP-3250-6SP45
Lithium Polymer Battery Packs 189.99$      4 0 684.96$                A Main Hobbies THP3250-6SP45

Battery Charger 99.95$         1 0 99.95$                    DragonFly Innovations Inc. TP-610C
Fire Safety Sack 5.75$           8 0 46.00$                   HobbyPartz.com -

Caburized Steel for Battery Box -$             1 0 -$                       CAS Machine Shop -
Battery Disconnect 1.49$           25 5.8 43.05$                   Robot Marketplace 0C-PP45

4 GA Wire Connector For 3/8" Stud 9.96$           1 0 9.96$                     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 7113K459
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 Assortment 4.99$           1 0 4.99$                     Harbor Freight 9639

Victor 885 Speed Controller -$             4 0 -$                       Robot Marketplace IFI-V885
Radio Controller -$             1 0 -$                       Robot Marketplace 0-SPM6600

Battery Charger Power Supply -$             2 0 -$                       Robot Marketplace 0-DYNA4055
Hella Contour Master Power Switch -$             2 0 -$                       Robot Marketplace 0-SWHELLA2

Radio Receiver SPM_6000BR -$             2 0 -$                       Robot Marketplace 0-SPM6000BR
Radio Receiver Battery 30.00$         1 0 30.00$                   Hobbytown USA -

Grounding Block -$             1 0 -$                       McMasterCarr 9290T2
IFI PWM Signal Driver Wire -$             3 0 -$                       Robot Marketplace IFIW-SIG36

16-22 GA Heat-Shrink Ring Terminals 2.49$           1 0 2.49$                     Harbor Freight 66679
Heat Shrink Tubing 11/64" 1.49$           1 0 1.49$                     Harbor Freight 66768
Heat Shrink Tubing 10 mm 2.99$           1 0 2.99$                     Harbor Freight 98067
Ratcheting Crimping Tool 14.99$         1 0 14.99$                   Harbor Freight 97420

Industrial Grade Electrical Tape 0.99$           3 0 2.97$                     Harbor Freight 39654
IDEAL 25-Pack Terminal Wire Connectors 8.28$           1 0 8.28$                     Lowes 46789

1/4 2x2 Birch 4.38$           1 0 4.38$                     Lowes 6196
Rosin Core Solder (2.5 oz) 5.99$           1 0 5.99$                     Radio Shack 6400005

Poster Board 0.59$           1 0 0.59$                     Michaels -
Velcro 3.49$           1 0 3.49$                     Michaels -

Total Cost 1,813.25$             
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Other
Competition Entry Fee 500.00$      1 0 500.00$                

T-Shirts 630.06$      1 0 630.06$                
Plane Ticket 525.90$      1 0 525.90$                

Hotel 1,430.88$   1 0 1,430.88$             
Gas 322.65$      1 0 322.65$                

Van Rental 420.84$      1 0 420.84$                
Other Travel Expenses

Total Cost 3,830.33$             
Grand Total 13,303.45$          
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APPENDIX I: DRAWINGS 
BATTERY BOX 
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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 
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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 
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 
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Gas (1200 miles @ $3.50/gallon) - $$ 
Team Shirts - $250 
Compact battery pacts for power 
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  
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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 email BattleBots IQ National Education Director Nola 
Garcia. 
 
Courtesy of: www.BotsIQ.com  - http://botsiq.com/manage.aboutbbiq.php 
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APPENDIX K: 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. 

 
 


