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ABSTRACT 
 

 In order for a senior in the Mechanical Engineering Technology (MET) program to graduate 

a Senior Design Project must be taken on.  These projects can be a variety of things and can also 

be accomplished with the help of a team or on an individual basis.  The major requirement of the 

project is that it contains the following three phases: Conception, Design, and Proof of Design.  

This paper will outline the 2014 Battlebot Team Project. 

 

 The purpose of this project is design a competitive battling robot that will compete in the 

2014 Battlebot competition held in conjunction with the eMerge Americas Conference in Miami, 

Florida during the first week in May.  The team is made consists of Nicole Campbell-Frame and 

Armor, Wes Creed-Weapon, Nick Manning-Electronic and Controls, and Tim Shallenberger-

Drive Train.  We worked as a team to complete this project and accomplish our ultimate goal of 

being a viable opponent in the 2014 competition. 

 

 The focus of this report will pertain to the Electric and Control design to be implemented in 

this year’s Battlebot.  This includes research, design, assembly, and testing of the systems to 

determine the best options to make for a successful bot this year.  A final piece to this report will 

include recommendations for future groups based on the successes and or failures that the team 

experiences this year. 
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INTRODUCTION 
 

BACKGROUND 
  

 The Science Technology Engineering and Mathematics (STEM) Tech Olympiad is focused 

on providing technological literacy, which is crucial to maintaining and improving America’s 

edge as the global leader in innovation and technology.  To accomplish this a focus is put on the 

areas of science, technology, engineering, and mathematics.  By doing this the STEM Tech 

Olympiad is fulfilling its goal above. (1) 

      

 The collegiate level competition calls for a 120 pound robot.  This bot must come equipped 

with a weapon that’s goal is to disable the opponents bot.  At the same time the bot needs to also 

be able to withstand the punishment that the opponent will be inflicting on their bot while 

maintaining all functionality.  Along with the requirements listed above there are also other 

safety rules and regulations that have to be followed in order to be a participant in the 

competition. 

  

 This year’s competition is somewhat new in the aspect that the competition is held in 

conjuncture with eMerge Americas Conference and not just the United States Alliance for 

Technological Literacy (USATL).  So along with the Battlebot competitions there will also be 

many booths, attractions, and speakers dealing with some of the most current trends in 

technology. 

 

 Being a somewhat new competition may sound daunting, but in fact the university has 

previously competed in Battlebot competitions on the national level.  There has been mixed 

success in the past entries, the 2008 team won the collegiate competition and last year’s team 

struggled due to some mobility issues.  We look forward to the challenge and at least hope to 

improve upon last year’s downfalls. 
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RESEARCH 
 

 Research and design of the electrical and controller components came from many different 

sources.  Perhaps the greatest of those sources was that of the previous university team’s reports.  

From there we did extensive internet searches to gather any data or information that could be 

used to help us in the competition.  Lastly the use of some of our collegiate textbooks also came 

in handy when doing calculations.  

 

RELATED RULES 
 

REMOTE OPERATION 

 

 CONTROL METHODS 

The main link between the controller and the bot itself has to be a wireless type link in order 

to adhere to the guide lines laid out in the rule book.  A tethered controller is by no means 

allowed in the competition.  No specific restrictions are placed on the controller itself as 

long as it can be easily transported to the Battle Box, does not interfere with other 

Contestants or Battlebots Officials, and can be operated by no more than 2 operators. 

  

 FAIL-SAFE OPERATION 

All Battlebots Robots require a robust fail-safe system that electronically or mechanically 

shuts off all motion-system and weapons power within two seconds after either:  

a. The remote-control transmitter is switched off, or otherwise stops transmitting.  

b. The remote-control receiver electrical power is lost.  

 

ELECTRICAL POWER 

 

 STANDARD VOLTAGE LIMITS 

The maximum nominal voltage aboard a Battlebots Robot is 36 DC Volts or 36 AC RMS 

Volts.   

 

 ALLOWED BATTERY TYPES 

Only commercially available batteries of the following types can be used:  

a. Dry-cell batteries (e.g., Zinc-Carbon, Alkaline)  

b. Leak proof Lead-Acid 

c. Nickel-Cadmium (Ni-Cad) and Nickel-Metal Hydride (Ni-MH) 

d. Lithium-Ion (Li-Ion) batteries  

e. Lithium-Polymer (LiPo) batteries 
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 BATTERY POWER MASTER SWITCH 

 A Battlebots Robot’s electrical system is required to have a Master Switch or a 

 combination of Master Switches that cuts off all power coming from the batteries. 

 

These rules are in place primarily to serve as a way to ensure the safety of all those in attendance 

of the competition.  Without these rules certain hazards could arise that could jeopardize the 

safety of anyone in attendance.  They also serve as a way to help level the playing field of the 

competition by standardizing some aspects of the robots.  They are not in place to slow the 

creativity of entrants, there is still plenty of room for creativity that allows everyone a certain 

degree of freedom.  

 

All of these rules can be found in more detail in Appendix A (RULES). 

 

RESEARCH OF CONTROL SYSTEM  
 

Radio Control 

  

This is perhaps the most used type of control system for the Battlebot competitions.  To 

accomplish control the operator’s input on the controller itself 

is sent to the bot and received.  This process above is only 

possible with the use of the following two components: a 

transmitter and a receiver.  The transmitter is built in within 

the controller that you pick and it is responsible for sending 

the input signal over a frequency to the bot.  The receiver is 

the device that receives/reads this signal and converts that to a 

desired output for the device.  The advantages of RC are that 

its ease of use and the flexibility that is allows for when 

“programming”.  It is also suitable for short range 

applications, like that of the Battlebot arena.  The RC is the 

only control system that has been used by the UC teams in the 

past and they have had success with it. (2) 

 

  

Figure 1-Sample Radio Controller (16) 



 

9 

 

Infrared Control 

 

Another type of control system that can be used for the Battlebot competition is that of the 

infrared control.  The mechanism of this type of controller is the aforementioned infrared light.  

The same components that are used in the radio controller are also used in the infrared controller 

but in different way.  When a signal is sent out via the 

transmitter the signal is pulses of infrared light that 

correspond to binary information.  Once the signal is 

received by the receiver it converts these binary codes 

to specific outputs.  A couple problems arise though 

when looking into this control type.  A direct line to 

the receiver has to be available.  This means the 

receiver would have to be mounted in an area where it 

could always be seen, which could lead to it being 

damaged.  Secondly ambient line can also be seen by 

the sensor which can cause for some deviations.  

These could be why the UC teams in the past haven’t 

used this type of system. (3) 

 

Autonomous Control 

 

A final type of control system is that of an 

autonomous controller.  This control system is not 

like the two above.  In a real sense no physical 

controller is needed to operate the bot.  The main 

mechanism for this type of controller is 

programming.  The robot has programming 

hardware within it that has been coded for certain 

environments.  Once on the robot senses its 

environment and makes its decisions based on 

what is “sees”.  The human doesn’t directly 

control the bot the programming does.  This type 

of system is the most advanced when comparing 

it to the two above which can be a disadvantage. 

Not only is a large amount of knowledge needed 

in the programming area but with this 

programming comes the requirement for some expensive electronics to use within the bot.  This 

could limit the amount of users for this type of controller. (4) 

 

  

Figure 2-Sample Infrared Controller (8)  

Figure 3-Sample Autonomous Controller (9) 
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RESEARCH OF POWER SUPPLIES 
 

Lithium Polymer 

 

Lithium polymer batteries are popular when it comes to the battlebot application and other 

similar devices.  They have gotten this reputation due 

to their low weight and high storage capacity.  

Another factor when looking into this type of battery 

is its high discharge rate which allows for high 

voltages over limited time.  Lithium polymer 

batteries also have the ability to be shaped in a 

variety of forms which allows for much freedom.  

The disadvantages of this type of battery come down 

to two main factors, one being that they are 

extremely expensive and secondly, the possibility of 

explosion if not properly handled. (5) 

 

Lithium Ion 

 

Lithium ion batteries are very similar to the Lithium 

polymer batteries in many respects.  Like the polymer 

batteries the ion batteries have good energy density.  

Another factor is that they are somewhat cheaper than 

the polymer option and require little maintenance.  

They are also resistant to accumulating memory, which 

is when a battery loses charge capability after time, 

which gives them a longer shelf life.  As with the 

polymer batteries some danger/risk is associated with 

the ion type batteries, they can catch fire if not properly 

handled. (6) 

 

Nickel-Metal Hydride 

 

Nickel-metal hydride is the oldest of the three types of batteries 

and the cheapest as well.  It doesn’t offer the energy density of 

the two lithium batteries, which could be expected with the cheap 

cost.  One major disadvantage is that unlike the lithium ion 

battery the nickel-metal hydride is susceptible accumulating 

memory and thus curbing the charging capacity.  Previous teams 

at UC have used them because of their relatively low cost and 

reliability. (7) 

 

  

Figure 4-Sample Lithium Polymer Battery (10) 

Figure 5-Sample Lithium Ion Battery (11)  

Figure 6-Sample Nickel Metal 

Hydride Battery (12) 
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RESEARCH SUMMARY 
  

 Upon finishing the research for the electrical and control systems it is apparent that there are 

many options when it comes to designing these systems for the Battlebot that fall within 

competition rules.  This research helps our team moving forward in which direction we go with 

to complete our project.  Our final design decisions and reasoning can be found in the next 

portion of the report. 
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DESIGN 
 

DESIGN NOTE 
 

 The design for this Battlebot is somewhat limited this year due to extremely low funding and 

available sponsorship.  This led the team to rely heavily on past used hardware in order to 

complete the project.  From there we looked to improve upon certain features to make our design 

unique and successful on a national level competition. 

 

POWER SUPPLY DESIGN  

 
 After much consideration of the financial situation 

mentioned above we looked within to find a suitable power 

source for our battlebot.  As with the previous team’s bot 

they used the Thunder Power Battery Pack for their power 

source and we were advised that they still worked fine.  

Thus we settled on the previous team batteries.  The 

specific pack is the Thunder Power 3250 6SP45 and has 

the following specifications: 146 Amp continuous peak 

current, 292 Amp burst at 22.2 Volts, and a weight of 1.17 

LBS.  

 

 Now that the power supply for the battlebot was chosen we had to design an “arrangement” 

in order to supply power needed to operate the drive train and weapon systems.  This 

arrangement depended on two things: the motor current draw and the motor optimal voltage (24 

Volts).  The motor current draw was calculated for the three motors in the table to the right, 

which was found by using the load profile method.  This method estimates the estimates the Ahr 

needed by each motor based on the following five loading conditions: stall, pushing, 

accelerating, cruising, and stopped.  Each condition has an assigned max power percentage for 

the motor and based on the duration that it’s in that mode an Ahr can be calculated.  Our total 

Ahr calculation for our 3 motors came out to be 23.1 

Ahrs and the power packs nominal voltage was 22.2 

volts.  However, our motors need 24 volts and this can 

be accomplished by overcharging our battery packs to 

get the required voltage.  We will be using 4 battery 

packs wired in parallel in order to accomplish our 

task.  With the batteries in parallel we can get a 

187.52 Ahr, which is beyond that required for the 

three motors.  This calculation is based on the idea that hourly current is reduced linearly by half 

and the current capacity increases linearly by double.  This can be seen in Appendix B 

(BATTERY LOAD PROFILE) and thus at 3.75, which is approximately the length of a match 

the Ahr is 187.52.  The arrangement of batteries and motor can be seen in the figure below. 

 

Weapon 9.1 Ahr

Drive 14 Ahr

Total 23.1 Ahr

SF 1.5

Adj. Total 34.65 Ahr

Used % 18.48

Figure 7-Final Battery Choice (10) 

Table 1-Motor Current Draw 
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      Figure 8-Electric Diagram 

 
 

  

 

 The final part of the electrical design for the battlebot 

is the master power switch that is called for within the rules 

of the competition.  The switches function is to cut all 

power to the bot if conditions overshoot the limits of the 

switch.  The switch we chose was the Marine UL 3F63 that 

had been used in the previous team’s bot.  The specs for the 

switch include being able to handle 500 Amp continuous 

current and a 1000 Amp surge.    
 
 

 

  
Figure 9-Master Power Switch (13) 
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CONTROL SYSTEM DESIGN 
 

 Our first step to control design was to decide between the 

three choices mentioned earlier within the report.  Once again 

cost was a big factor but not as much here.  The prior teams at 

UC have all used radio control for the control system, so we 

followed suit.  We used the same controller as last year’s team 

which is the Spektrum DX6 model.  This controller allows for a 

great amount of flexibility in the input, yet is simple enough for 

one of us to easily maneuver the bot.  Another advantage of the 

DX6 is the frequency in which it operates (2.4 GHz) which allows 

for the elimination of most of the possible interference. 

  

 Next in order to receive a signal from the controller we needed a 

transmitter.  This was simple in the fact that we used the receiver that 

came with the DX6 controller the Spektrum BR6000.  

 

 Finally the last part of the control system was that of the volatge 

regulator, whose job is to regulate the voltage being supplied to each 

motor.  This is return finishes the link from controller to bot motion.  

The model we used was the IFI Robotics Victor 885 model, which was 

from last year’s bot and has had much success with the UC teams of 

prior years.  It has been suggested that these are getting old and need 

to be replaced.  If funds allow we would like to go through with 

purchasing the new voltage controllers.  

 
  

Figure 10-Final Controller 

Choice (16) 

Figure 11-Receiver 

(14) 

Figure 12-Voltage 

Controller (15) 
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FABRICATION AND ASSEMBLY 
 

ELECTRICAL SYSTEM ASSEMBLY 
 

 The electrical system for the bot was assembled as detailed in the schematic found in 

Appendix C (ELECTRICAL SCHEMATIC).  Four Thunder Power Pack batteries were 

connected in parallel together, from there a common wire was ran to the master power switch.  

Off of the master power switch were four wires, three that ran to the voltage controllers assigned 

to the weapon and drive motors and the last one for the LED power indicator.  The voltage 

controllers were then wired to the motors and then the addition of PWM wire were ran from the 

voltage controllers to corresponding spots on the control receiver.  All wiring within the bot itself 

was ground in order to complete the circuit, and this was accomplished with the use of ring 

terminals and a metal stud wrapped in electrical tape.  The LED power indicator had a resistor 

connected with it in order to reduce the source voltage to an acceptable range for the LED’s 

specs.  The receiver itself is powered with a separate 6V battery and all connections within the 

bot are made with either Anderson Power Poles or simple ring terminals.   

CONTROL SYSTEM ASSEMBLY 
 

 In order to get the receiver and controller to act as one a simple set of instructions were 

followed per the controller manual.  The receiver has to be powered with a 6V battery in any 

spot on the receiver except the first position, which needs to have the binding plug inserted into 

it.  Once the binding plug is inserted and the receiver is powered up an orange flashing light will 

appear.  Now while grabbing the controller and it being powered off hold the pull the trainer 

switch towards you and turn on the power to the controller.  While still holding the trainer switch 

you will eventually see the flashing light on the receiver turn solid, once this happens the link 

between the controller and the receiver is complete. 
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TESTING 
 

PRELIMINARY TESTING 
 

 In order to do preliminary testing on the bot the components of the bot were all placed on 

the floor in a similar fashion to how they would be placed within the finished bot.  The wiring 

was all ran to the correct positions and power was given to the master power switch.  Once the 

switch was activated the LED power indicator lit up indicating power was indeed flowing from 

the batteries to the master power switch.  From there each voltage controller light was inspected 

to make sure that the light was solid (means it ok) and not blinking (means there is a problem 

with the link).  Once the lights were inspected the controller was taken and a series of commands 

on the controller were given in order to make sure the wiring was correctly secured.  Once we 

were satisfied with the controllers performance the testing of the electrical system was complete. 

FINAL TESTING 
 

 Final testing of the electrical system was not that much different from that of the preliminary 

testing except that the components were now secured within the bot and the wheels and weapon 

were now connected to their respective motors.  To further test the bots electrical system a series 

of tests occurred in which we saw if there was any loss of connection due to movement or 

collision with objects.  Finally some timed testing was also done to see how the system 

performed over a simulated match.  Once tweaks were made after the findings the testing of the 

bot was complete and the electrical system for the bot was complete.  
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PROJECT MANAGEMENT 
 

TIME LINE 
 

 The time line for this project can be found in figure below.  It outlines all dates that are 

associated with any portion of the entire process of the senior design project, from its inception 

to its very last days. 

 

 

 

  

 

 

 
  

 

 

 

 

 

 

 

 The beginning of the time line all the way up to the projected fabrication fell exactly as 

planned, but when we got to fabrication we were delayed with weather and opportunities to get 

into the shop to start working.  This then pushed our fabrication to the actual fabrication dates 

and the testing also got pushed back because of the push to fabrication.  All in all the time spent 

was rather close to the time projected and we stayed on course. 

  

Figure 13-Time Line 
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BUDGET 
 

 The budget for this project can be found in the table below.  The budget accounts for all 

expenses associated with building and entering the competition.  Note that any travel based 

expenses (flights, lodging, meals, etc.) are not included based on the fact that the University of 

Cincinnati is taking care of that portion. 

 

 
Table 2-Budget 

 

 From the table it can be seen that we really stayed on budget and if we strayed from one 

spot, say electrical we made up for it by spending less in the frame section.  All in all the budget 

was very close to the projected and I’m happy with it. 

  

Projected Actual

Elec 115 205.21

Frame 115 50.97

Drive 300 290.46

Weapon 600 601.41

Entry Fee 120 120

Etc. 44.09

1250 1312.14
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CONCLUSION AND RECOMMENDATIONS 
 

 The main focus for this year’s team was to use as little money as possible to make a bot that 

far surpassed the underperforming bot of last year.  While we haven’t had our competition yet 

we have been told and can see on our own that the bot we were able to build far out competes the 

bot from the previous year.  This is even more impressive if we take into account the number of 

parts we scavenged from all the previous bots and the extremely limited funds that we were able 

to secure.   

 

 Electrical issues that came up and should be looked into in the future are very limited.  

Firstly, if funds are available the purchasing of new voltage controllers would be advisable.  We 

haven’t noticed anything really wrong with them, except for some wear, but they are getting old 

and are the heart of the system.  Another issue that came up is that a few of the Thunder Power 

Pack batteries are not balanceable and thus can’t be used.  So if your system requires four 

batteries you have no spares that are already charged and ready to go.  It would be advisable to 

look into purchasing a few spare if the funds are there.  The final electrical recommendation is 

the power supply to use the battery charger.  The power supply used is the personal one of a 

former team member and thus is not in house.  He has told me that there is a place in Hamilton 

that sells similar models to his for forty dollars.  It would be a great idea to purchase one in order 

for the teams in the future to have one and not have to count on a previous team member’s 

personal one. 

 

 On the project management side of things more issues arose.  First and foremost the budget 

was the biggest issue and always is.  This year’s team pretty much stripped the room of any 

useful raw material (aluminum and titanium honeycomb) and thus the next team will need to 

purchase or have that material donated.  The aluminum isn’t the big deal but the titanium 

honeycomb is the expense component.  If you can secure the honeycomb and the University 

continues to fund the travel a budget of $2000.00 is a feasible one.  Next timing was another big 

concern for us, due to weather and simple laziness we were under the gun till the very last few 

weeks before the competition.  For the future take this seriously and start fund raising, 

fabrication, and testing as soon as possible in order to avoid unforeseen issues and long days at 

the shop.  Finally as the team leader be firm with your team mates up front and if they are not 

pulling their weight remind them and make sure that it is fixed (go to your advisor and fill them 

in).  Without team work the project turns into work and becomes no fun and tension then builds. 

 

 With all of this being said the project as a whole was a success and a real chance to 

learn/apply lessons from our degree in a practical sense.  It allowed us to put the knowledge we 

gained into practice, go back and relearn some the material we previously covered, learn some 

new material, and most importantly learn to work as a team.  This project could not have been 

possible without my team mates: Nicole Campbell, Wes Creed, and Tim Shallenberger, our 

advisor: Professor Janet Dong, as well as the numerous other faculty members at the College of 

Engineering and Applied Science, and our numerous sponsors.  I came into this project thinking 

that this was another busy work assignment to add to my belt in order to graduate, but over time 

came to see that it was so much more and will propel me in my future endeavors in graduate 

school and eventually my work in the field.     
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APPENDIX A-RULES 
 

The rules for the STEM Tech Olympiad can be found at this web address:  

 

http://www.buildersdb.com/eventdetail.asp?eventid=378 
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APPENDIX B-BATTERY LOAD PROFILE 

 
  

Battery Info Component Info

Individual Capacity 3.25 Ahr Weapon AmpFlow A28-400

Peak Continuous Current 146 Amps Stall Current 390 Amps

Nominal Voltage 22.2 Volts Condition Scale (%) Current (Amps) Time (sec) Asec Ahr

Rapid Discharge Capacity 2.93 Ahr Stall 100.00% 390 25 9750 2.71

Weight 1.17 Lbs Pushing 80.00% 312 45 14040 3.90

Accelerating 40.00% 156 35 5460 1.52

Combined Info Cruising 15.00% 58.5 60 3510 0.98

Max Continuous Current 584 Amps Stopped 0.00% 0 15 0 0.00

Total Weight 4.68 Lbs Total 180 32760 9.1

Drive AmpFlow F30-400

Match Info Stall Current 300 Amps

Time 3 Mins Condition Scale (%) Current (Amps) Time (sec) Asec Ahr

180 Secs Stall 100.00% 300 25 7500 2.08

Pushing 80.00% 240 45 10800 3.00

Accelerating 40.00% 120 35 4200 1.17

Cruising 15.00% 45 60 2700 0.75

Stopped 0.00% 0 15 0 0.00

Total 180 25200 7

Combined Battery Capacity Motor Current Draw

Minutes Ahr

60 11.72 Weapon 9.1 Ahr

30 23.44 Drive 14 Ahr

15 46.88 Total 23.1 Ahr

7.5 93.76 SF 1.5

3.5 187.52 Adj. Total 34.65 Ahr

Used % 18.48
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APPENDIX C-ELECTRIC SCHEMATIC  
 


