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ABSTRACT 
 
 For a student to be eligible for graduation from the MET program they must complete a 
senior design project in their senior year.  These projects range from large group competition 
teams like BUV and Baja, to any manner of individual projects.  All projects must go through 
the phases of idea conception, design, and proof of design.  This paper outlines the senior 
design process for the 2013 Battlebot Project. 
 
 The purpose of this project is to design a viable Battlebot to be entered in the 2013 
Robogames competition held in San Mateo, California.  The team consists of Chris Ramhap-
Electronics and Controls, Jason Doerr-Drivetrain, Travis Copas-Frame and Armor, and Preet 
Ahluwalia-Weapon.  The team will work in collaboration to reach the goal of competing un 
this tournament. 
 
 The focus of this report will be on the design of the electrical and controls systems for 
the battlebot.  This will include research, design, assembly, and testing of these systems to 
show how they work and what successes and failures occurred.  The report will also include 
recommendations for future teams based on the experiences of the year’s team. 
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INTRODUCTION 
 

BACKGROUND 

 The Battle Bots IQ Competition is an educational program created by the producers of 
the successful Battle Bots television series. As the television show grew in popularity, so did 
the interest of student groups wishing to compete.  This soon led to the creation of the Battle 
Bots IQ competition. Teams from middle school, high school, college, and the professional 
level come to compete in their respective classes. They create home-built robots to compete 
in gladiatorial style combat, testing the teams designs in weapon power, durability, and 
maneuverability. The best bot ultimately winning their respective class 
 
 The collegiate level competition of Battle Bots IQ requires a robot with a weight of 120 
pounds.  The bot must have some type of weapon which is used to disable its opponent.  At 
the same time the Battle Bot must be able to accept hits from its opponent maintaining 
function and maneuverability. As well as meeting these general requirements, there are also a 
number of more detailed operational and safety requirements outlined in the competition 
rules that must be followed. (1) 
 
 This year the Battle Bots IQ Competition has partnered with the annual Robogames 
event held in San Mateo, California.  This event, known as the Olympics of robotics, offers 
over 50 events ranging from combat robots to firefighters and kung-foo androids.  This 
year’s Battle Bots team will compete in the 120 lb weight class of the combat robots 
competition.  The rules for this competition are the same as the original Battle Bots IQ 
competition, except there are no separate classes for high school and collegiate teams.  The 
event takes place on the weekend of April 19th-21st. (2) 
 
 Teams from the University of Cincinnati have competed in previous Battle Bots IQ 
Competitions with varying degrees of success.  The team that competed in 2008 went on to 
win the collegiate level of the competition and the 2009 team finished in 5th place.  The 2010 
team experienced the other end of the spectrum when there weapon became damaged and 
rendered the bot inoperable, knocking them out of the competition. This year’s team hopes to 
learn from the experiences of their predecessors to be able to compete at the highest level 
possible. 
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RESEARCH  
 
 Research and design of the electrical and controls elements began by examining the 
systems used in previous battle bots.  Internet articles from other teams across the country 
were also referenced to determine an effective system for the control of the battle bot and its 
power supply.  The research that was conducted can be found in Appendix A Using this 
research as well as the guidelines from the official competition rules, outlined in the related 
rules located below, a suitable control and power supply system can be designed. 
 

RELATED RULES  

 
REMOTE OPERATION 
 

CONTROL METHODS 
Primary control and communication between a BattleBots Robot and its Operator(s) has 
to be via a wireless link.  Tethered control is specifically not allowed.  
There are no specific restrictions on the mechanics of the controller itself, provided that 
it can be easily transported to the BattleBox, 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. Leakproof Lead-Acid.  
c. Nickel-Cadmium (Ni-Cad) and Nickel-Metal Hydride (Ni-MH).  
d. Lithium-Ion (Li-Ion) batteries.  
e. Lithium-Polymer (LiPo) batteries. 

 
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. (3) 
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 These regulations primarily serve to preserve the safety and competitiveness of the 
competition.  The threat of unregulated electrical components causing a hazardous situation 
for the competitors, staff, and audience is a very real threat.  Therefor the regulations are 
quite strict on the types of various systems that can be used.  Another reason for this strict 
regulation is help level the playing field to allow for better competition.  Strict regulation 
does not mean that there is no room for innovation.  Within these regulations there are still a 
large amount of combinations of control systems and power supplies that can be used to 
create the most efficient and effective result. 
 

RESEARCH OF CONTROL SYSTEMS 

 
Radio Control 
  
The most typical type of control system used in battle bot 
competitions uses a radio controller to send command 
signals to the bot.  This is accomplished by encoding the 
commands given by the remotes controls as radio signals.  
These signals are then revived by a receiver tuned to the 
same frequency as the remote and then decoded to 
perform a certain task in the control of the bot.  The 
signals in this type of control system are highly reliable 
especially in the limited distances that will be 
experienced in the battle bot arena.  Also this system is 
not limited by the robots armor as the radio frequencies 
used are generally high enough to allow the signals to 
penetrate the metal armor.  Many variations of this design 
can be used from commercially produced model 
aircraft controllers, such as the one shown in figure 1 
(4), to home built controllers using restricted amateur radio frequencies.  The main 
disadvantage of this system is that, depending on the band used, there could be interference 
from other controllers or ambient signals.  To limit this effect, these problems should be 
taken into account when choosing the model and frequency of the controller.  A control 
system similar to the one pictured has been used by all previous UC Battle Bot teams, and 
comes highly recommended by Battle Bots Competition personnel. 
  

Figure 1. Sample Radio Controller (4) 
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Infrared Control 
 
 Another type of control system that can be 
used is an infrared controller like the one 
pictured in figure 2 (5).  Much like the radio 
controller, infrared controllers operate by 
encoding the controls inputs as a signal and 
relaying them to a receiver, only this time the 
signals are being sent as pulses of an infrared 
beam.  While this could be an effective way to 
send control commands to the battle bot, there are a 
couple major limitations that may make this 
option impractical.  The first being that the 
receiver has to be in direct line of sight with the controller, meaning that it would have to be 
mounted on the outside of the bot exposing it to damage from the opponent.  The second 
reason is that infrared beams are susceptible to interference from ambient light that can cause 
errors in the control of the bot.  These issues could be the reason that this control system has 
never been used successfully in the battle bot competition. 
 

RESEARCH OF POWER SUPPLIES 

 
Lithium Polymer 
 
 Lithium polymer batteries have become very 
popular over the last few years because of their 
high energy density, and how they can be formed 
in to almost any shape and size as shown in 
figure 3 (6).  They have become especially 
popular in the model aircraft community because 
of their exceptionally high energy capacity to 
weight ratio.  Couple that fact with their high 
discharge rate allowing them to power higher 
load application and it seems that this type of 
battery is ideally suited to the rigors of the battle bot 
competition.  There are only two factors that might limit the use of this battery type and those 
are: they are extremely expensive compared to other types of batteries, and they have the risk 
of exploding if not handled correctly.  With the proper funding and knowledge of battery 
science these factors could be minimized. 
 
  

Figure 2. Sample Infrared 
Controller (5) 

Figure 3. Sample Lithium 
Polymer Battery (6) 
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Lithium Ion 
 
Like the lithium polymer batteries, lithium ion 
batteries, like the one in figure 4 (7), have been on the 
rise in recent years.  Their high energy capacity and 
relatively low maintenance have made them the 
battery of choice for powering electronics from cell 
phones, to computers.  While slightly cheaper and 
more stable than the lithium polymers, they still carry 
the risk of catching fire if charged incorrectly leading 

for many to be fitted with limiting circuits.  Lithium 
ion batteries are also resistant to accumulating 
memory, which is a problem for certain other types of 
batteries, allowing them to have a longer service life. 
 
 Nickel-Metal Hydride 
 
Nickel metal hydride batteries, such as the one in 
figure 5 (8), offer a much cheaper and less volatile 
solution at the cost of a lower energy capacity.  They 
are of an older technology and are a stable and 
effective solution as a power supply when a slow 
discharge is needed.  Their biggest downside is that 
they are prone to building up memory which slowly 
reduces the overall capacity of the battery giving it a 
limited service life.  While this type of battery under 
performs compared to the previous stated battery types, its low cost, stability, and reliability 
made it the battery of choice for the previous UC Battle Bot teams. 
 

RESEARCH SUMMARY 

 Researching the Internet for battle bot control systems and power supplies, has led to the 
discovery of many variations on the designs that still adhere to the rules and regulations set 
down by the competition.  To make a final decision the designs, the needs of the customer 
would need to be discussed to determine what features the battle bot will need. These 
customer needs can be found in the next section of this report. 
 
  

Figure 4. Sample Lithium Ion 
Battery (7) 

Figure 5. Sample Nickel-Metal 
Hydride Battery (8) 
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CUSTOMER NEEDS AND FEATURES 

CUSTOMER NEEDS 

 
 While some features of the Battle Bot need to conform to the official rules in order to 
compete, some can be selected by the designers. Table 1 below shows the initial needs of the 
customer, or in the case of this team, the requirements to compete at a high level in the 
competition. This list was determined from team discussion and observation of previous 
competitions through videos found on YouTube. 
 

Regulations

• Weight limits (125 lbs.)

• Weapons:  No Projectiles

• Nothing combustible

Designer options

• Agile

• Lightweight

• Simple design; easy to maintain

• Spinning blade

• Strong blades, and strong shell

• Strength of Shell can withstand hard hits

• High torque

• Can also be used to defend attacks

• Does maximum damage

• It should not jam

• Free movement while the weapon is equipped

• The weapon is durable

• The weapon will be at max power quickly

• Energy Efficient

• High Maneuverability 

• Durable Electronics

Initial Customer Needs

 
Table 1. Initial Customer Needs 
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 After much discussion, a more refined customer feature list was developed. The results 
of this table are reflected in Table 2 below. A careful focus on the basics of the BattleBot 
were examined and refined from the initial list, in which the success of the team would rely 
the most. This data allows an optimal design of the Battle Bot with respect to the rules as 
well as the overall performance. 
 

• Conforming to Regulations

• Low Cost

• Manuverability

• Durability

• Weapon Damage Capacity

• Ease of Maintenance

• Ease of Manufacturing

•  Radio Control

Customer Features:

 
Table 2. Refined list of Customer Features 
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PRODUCT OBJECTIVES 
 
 Using the refined list of customer features found in table 2 above, a more detailed list 
could be formulated that expands the customer features into weighted categories.  These 
categories become objectives to which the end product will be designed.  Below, each 
objective is listed in order of importance along with its importance weight and a brief 
description of what each objective entails. 
 

1. Conforming to Regulations-100% 

a. Complies with the rules and regulations in regards to 120lb weight, safety, and 

weapon design 

 

2. Low Cost-25% 

a. Use standard parts/components 

b. Frame, Armor, and Weapon will be joined mainly with bolt-ons 

c. Overall cost of materials less than $3500 

 

3. Maneuverability-21% 

a. Consistent power supply during battle 

b. Achieve a speed of 10 mph 

c. Have a maximum of 3ft turning radius 

d. Move forward and backward 

 

4. Durability-18% 

a. No stalling or binding 

i. Minimum 10 weapon strikes to a metal stationary object tested in 

succession 

b. Damage to weapon will not prevent weapon from being used 

i. Minimum 10 weapon strikes to a metal stationary object tested in 

succession 

c. Damage to armor will not prevent Battlebot from competing 

i. Minimum 10 weapon strikes to a metal stationary object tested in 

succession 

 

5. Weapon Damage Capacity-14% 

a. Weapon start-up time less than 5 seconds 

b. Capable of inflicting debilitating damage with weapon 

c. Prevention of stalling or binding 

i. Minimum 10 weapon strikes to a metal stationary object tested in 

succession 

d. Damage to weapon will not prevent weapon from being used 

i. Minimum 10 weapon strikes to a metal stationary object  tested in 

succession 

 

6. Ease of Maintenance-11% 

a. Use standard parts/components  

b. Repairs will be done in 20 minutes or less 
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c. Built with a Modular Frame, Armor, and interchangeable Weapon 

d. Built with standard tools 

e. Chain and belt drives will be adjustable with a tensioner 

 

7. Ease of Manufacturing & Assembly-7% 

a. Use Standard Parts 

b. Battlebot frame and armor joined mainly with bolt-ons 

c. Built with standard tools 

8. Radio Control-7% 

a. Control systems properly shielded to prevent static “Noise” interference to the 

communication between the controller and the Battlebot 

b. Control range minimum distance of 70ft 

c. Simple drive controls to allow for anyone to operate 

i. Control left and right joy stick will operate independently 

 

9. Appearance-1% 

a. Battlebot will have visible representation of our sponsors 

b. Battlebot is intimidating 

 
 The most important aspect of the Battle Bot is conforming to regulations, simply 
because not doing so results in disqualification. Weight of the Battle Bot is also integral to 
the design for the same reason. The rest of the project objectives were weighted based off of 
team member input. 
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DESIGN  
 

POWER SUPPLY DESIGN 

 
 The first step in the design of the power supply was to determine the type of battery to 
be used.  The major consideration for this team was the cost of the components.  If this was 
the only factor the selection would have been the Nickle-Metal Hydride Batteries discussed 
earlier in the research section.  Through testing of the 
existing electrical components the Thunder Power 
Battery Pack, shown in figure 6 (9), were found to be 
in excellent working condition.  Due to the 
capabilities of these batteries far exceeding those that 
could be afforded on the team budget, the Thunder 
Power 3250 6SP45 was selected as the battery power 
supply.  Each battery pack is capable of 
producing 146A continuous and 292A burst 
current at 22.2V and only weigh 18.77 oz. 
 
 The next step after the selection of the battery was to 
design the arrangement of the electrical system to meet 
the power requirements of the drive and weapon motors.   
The design constraints were based on the motor current 
draw, taken from table 3, and the operational voltage of 
the motors at 24V.  The estimated current draw for the 
motors found in table 3 was found using the load profile 
method which can be found in appendix F.  The load profile method 
estimates the Ahr needed by each motor based on five different loading 
conditions, stall, pushing, accelerating, cruising, and stopped.  Each 
condition has a certain percentage of the max power of the motor.  
Depending on how long the motor is estimated to be in each condition, 
the total Ahrs required by the motor for that round can be calculated.  
For this application the motor current draw comes out to 31.48 Ahr  The 
selected batteries have a nominal voltage of 22.2V which is a little low 
but they can be over charged to meet the 24V requirement of the 
motors.  Four battery packs will be arranged in parallel to meet the 
amperage requirements of the motors. When in parallel the batteries can 
produce up to 187.52 Ahr which exceeds the power requirement of all three motors.  The 
calculation of the current capacity is based on the theory that as the hourly current is reduced 
linearly by half then the current capacity increases linearly by double.  By this theory the 
battery capacity at 3.75 min is 187.52 Ahr well exceeding that required by the motors.  The 
arrangement of the batteries and motors can be found in the schematic in figure 11. 
  

Figure 6. Thunder Power LiPo Battery 
Pack (9) 

Motor Current Draw:

Drive Train: 14.00 Ahr

Weapon: 6.99 Ahr

Total: 20.99 Ahr

Design Fact: 1.50

Adj. Total: 31.48 Ahr

Table 4. Motor Current Loads 

Battery Capacity:

Minutes Ahr

60 11.72

30 23.44

15 46.88

7.5 93.76

3.75 187.52

Table 3. Battery 
Current Capacity 
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 The other major component of the power supply 
is the master battery switch called for in the 
competition rules.  This is a physical switch that can 
cut all power from the battery to the rest of the Battle 
Bot.  The selected switch, a Marine UL 3F63 shown 
in figure 8, meets all requirements for the 
competition.  It can handle 500A continuous current 
and 1000A surge allowing it to remain operational 
even if all three motors are in stall conditions.  The 
reason for the selection was that the team had several 

left over from previous years that were still in good 
condition, freeing up funds to be used on other 
components. 
 

Figure 7. Marine UL 3F63 
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CONTROL SYSTEM DESIGN 

 
 The first step for designing the control system of the battle bot was 
to pick the controller.  The two control methods, infrared and radio 
control, discussed earlier, were considered.  Infrared control was judged 
to be impractical for our application and was no longer considered.  The 
remaining method, radio control, had several options that could be used, 
from simple RC car controllers to highly complex model aircraft 
controllers.  The selected controller was the Spektrum DX6 model 
aircraft controller seen in figure 8.  This controller offers a highly 
customizable control frame, but is still simple enough to allow easy 
manipulation of the bot.  Another advantage of this controller is that the 
operation frequency in the 2.4 GHz Band is well above the frequency of 
most sources of radio interference. (10) 
 
 The next step in designing the control system was to pick a receiver 
to receive the signals from the controller.  The selection process 
was very simple for this component as there was only one receiver 
compatable with the selected controller that also met the radio fail-
safe requirements of the competition. This receiver is the 
Spektrum BR6000 bot receiver shown in figure 9. (11) 
 
 Once the controller and receiver are selected the next step is to 
pick a motor voltage controller.  This component is very important 
in the control of the battle bot as it controls the voltage being 
supplied to the motor allowing the control of the motor speed.  
There are only a couple different options available that can handle 

the voltage and amperage that will be supplied from the 
batteries.  The IFI Robotics Victor 885 voltage controller 
shown in figure 10, was selected because its capabilities 
exceeded the maximum output of the batteries and that it was 
pre-set to be used with an RC controller. (12)  This component 
has also been used with great success by previous UC battle 
bot teams. 
  

Figure 10. IFI VFX Pro 
Victor 885 (12) 

Figure 8. Spektrum 
DX6 (10) 

Figure 9. BR6000 Bot 
Receiver (11) 
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FABRICATION AND ASSEMBLY 

ELECTRICAL SYSTEM  ASSEMBLY 

 The electrical system was 
assembled as detailed in the 
schematic found in figure 11.  
Four of the Thunder Power 
battery packs were assembled in 
parallel with the positive ends 
running to the master power 
switch.  Each motor was paired 
with a voltage controller and the 
three pairs were also assembled 
in parallel with the positive 
inputs of the voltage controllers 

attached to the master power 
switch.  All the negative 
terminals for both the batteries and voltage controllers were run to a common ground.  
Component connections with the switch and ground used 45A Power Pole connectors. The 
reciver was powered by a separate 6V battery and was connected to the voltage contollers 
using PWM cable. 
 
 

TESTING AND COMPETITION 

PRELIMINARY ELECTRICAL AND CONTROLS TESTING 

 
 Once the electrical system was assembled, 
testing of the components and overall control 
systems could begin. At first each indevidual motor 
and voltage controller was tested independantly.  
Once each pair was thoroughly tested and 
independent control was verified, the system was 
assebled in whole ase shown in figure 12.  This 
allowed for overall system checks and preliminary 
controls set up.  Every component was given a final 
check before installation in the bot frame as major 
trouble shooting was easier in this configuration 
than in finnal assembly.  Once the frame was 
complete and the motors mounted, the control 
system could be finalized.  This was done in a 
similar set up to that found in figure 13.  In this 
configuration the drive controls could be finalized 
and modified more easily. 
 

Figure 11.  Electrical System Schematic 

Figure 13. Controls System Test 

Figure 12.  Electrical System Test 
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Lastly the overall bot mobility was tested 
after final assembly was complete.  At this point 
all individual parts of the project were tested 
together. Figure 14 shows the fully assembled 
bot during drive testing.  The bot was driven 
inside the teams design room by each team 
member to allow everyone to become familiar 
with the bot’s control interface.  The control 
system worked well during testing and all 
electrical systems performed as expected. 
 

 

COMPETITION 

 For proof of design, this year’s team entered into the Robogames 2013 Combots 
tournament.  Our battlebot, the Battlecat was entered into the 120 lb weight class where we 
competed against 35 other teams from around the country as well as a few international 
teams.  The Battlecat’s first match was against Mandii, a bot very similar in design to the 
Battlecat with a spinning drum type weapon.  Throughout the round the bot had issues with 
grip and ground clearance making control very difficult.  These issues led to the Battlecat 
meeting Mandii in an undesirable head to head contact where Mandii’s drum was able to 
catch the front corner of the bot, shearing the frame and making the weapon useless.  In order 
to prevent more debilitating damage the team tapped out giving us our first loss. 
 
  Due to the large number of teams, our next round was not until the next day of the 
competition.  This gave the team enough time to replace the broken side piece and remount 
the drum.  During this time all batteries were recharged and an electrical systems check was 
performed to make sure everything was still in working order. 
 
 The Battlecat’s next match was against a wedge type bot named Maloney.  During the 
round we had many of the same control issues as in the previous round where we were not 
getting enough traction and the bot was bottoming out on the arena floor.  Maloney on the 
other hand had no such issues and was able to push the Battlecat around the arena, slamming 
it against the walls several times. After one such slam the Battlecat no longer responded to 
signals from the receiver and was knocked out.  This defeat was our second and spelled an 
early retirement from the competition for the Battlecat.  Once back in the pits it was 
determined that when the bot was slammed against the wall the last time two of the quick 
disconnects in the wiring to the drive were shaken lose therefore disabling control. 
 
  

Figure 14.  Final Assembly 
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PROJECT MANAGEMENT 

PROJECT SCHEDULE 

 
 Table 5 below shows some of the major dates of interest in the project schedule along 
with the proposed dates and actual dates.  A more detailed schedule can be found in appendix 
D.  

 
 All dates in the first semester of the year were met without much difficulty, the only 
difference from proposed to actual was the final design and drawings portion and that was 
due to a change in class proceedings.  The major discrepancies in the schedule occurred 
during the build phase of the project.  The largest reason for this was that the manufacture of 
the bot was not completed till almost a month after the projected date.  The reason for this 
delay was that our original frame manufacturer backed out at the last minute forcing the team 
to find a new manufacturer.  This delay in turn delayed the completion of the assembly 
phase, further restricting the testing time available before the competition.  The competition 
was held April 18th through the 21st and all reports and presentations were completed on 
time. 
  

Major Dates:
Discription Proposed Date Actual Date
Final Seminar Report 10/4-10/30 10/4-10/30

Final Design and Drawings 10/23-12/15 11/4-12/15
Design Freeze 12/15. 12/15.
Manufacture 2/20-3/9 2/20-4/6

Assembly 3/10-3/23 3/10-4/6
Testing 3/24-4/18 4/6-4/13

Competition 4/18-4/22 4/18-4/22
Final Oral Presentation 4/13-4/15 4/13-4/15

Final Written Report 4/18-4/23 4/18-4/23

Table 5.  Major Dates of Interest 
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PROJECT BUDGET 

 The estimated cost was found to be almost $11,800.  This was estimated by comparing 
the budgets of previous teams and adjusting the values based on the teams original goals for 
the project.  The original estimate does not account for any donations or grants received.  A 
more comprehensive and accurate budget was kept throughout the course of this project, and 
a more accurate total is displayed in Appendix D. The estimated costs are shown in Table 4.  
A more accurate list of final expenditures is shown in table 5.  This table accounts for 
donated material and current funds in the team account.  The left over expenses shown will 
be taken out of pocket by team members. 
 

 
Table 6. Estimated Costs for Budget 

 
 
  

California Proposed Budget

Price $ Type Explained

$500.00 Hardware Nuts, Bolts, Wires, Electrical Accessories

$1,200.00 Materials Frame, Steel

$2,500.00 Parts Batteries, Motors, Electronics, Belts, Chains, Wheels

$2,500.00 Machining Weapon, Frame

$2,946.00 Travel Expenses Hotel, Gas, Food

$500.00 Competition Fees Entry Fee

$1,640.00 Misc.

Total $

$11,786.00

Table 7. Actual Expenditures 

Frame Expences:  $        16.32 

Weapon Expenses:  $      606.21 

Drivetrain Expences:  $      947.47 

Electronics Expences:  $               -   

General Materials:  $      236.70 

Sub Total of Material:  $  1,806.70 

Travel  Total Sheet 3:  $  2,136.00 

Overall Expence Total:  $  3,942.70 

Total  In Account:  $  2,700.00 

Total Left Over:  $ (1,242.70)

Expense Per Person:  $    (310.68)

Actual Budget Summary
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CONCLUSIONS AND RECOMMENDATIONS 
 
 The main focus for this year’s team was saving as much money as possible while still 
putting forth a viable option for the Robogames competition.  While the bot did not perform 
as well as we had hoped, we were still able to field a bot capable of competing on a very tight 
budget.  As far as the electrical system is concerned, everything worked quite well 
considering most of the components were scavenged from previous team’s bots to save 
money.  The only issues that were found were the connectors disconnecting during the 
second match and the receiver battery occasionally discharging too fast.  There are a few 
simple recommendations that could fix these issues.  The first concerns the connectors.  Try 
to find a way to hard wire everything together.  This may make doing electrical maintenance 
difficult but it will make the system far more physically robust.  If this is not possible, make 
sure to tape all connections before competition.  As for the receiver battery issue, try to 
power the receiver through the main battery system.  This could be accomplished by 
connecting some LEDs or other resistance in series with the receiver to step down the 
voltage. 
 
  Another issue that next year’s team may run into is that the voltage controllers are 
starting to show signs of wear, and may be at increased risk of failure.  If the team has 
enough funds it would be recommended to purchase a new set.  The IFI Victor 885 
controllers are very easy to use and are very robust but age is becoming a factor. 
 
 The final recommendations have to do with the Project Management side of the project.  
The most pressing of these is to procure adequate funding.  The largest issue that this team 
had was finding enough funding for the bear minimum to compete.  When you are designing 
for the cheapest solution possible, too much is sacrificed in performance.  I would consider a 
$4,000 budget to be the absolute minimum required to field a successful team.  Another 
recommendation would be to make sure that all sponsorships have a signed contract stating 
exactly what the sponsor is agreeing to.  We had a few sponsors back out on us right at the 
last second and that nearly folded the team.  Whether or not a signed agreement would have 
prevented this I do not know but it would give some sense of security. 
 
 All in all this was a pretty successful year.  There were a lot of major hurdles that this 
team had to overcome and the fact that we were able to even compete was evidence of the 
hard work put in to this project by the team members, sponsors, and MET faculty.  I would 
like to thank my team members, Jason Doerr, Travis Copas, Preet Ahluwalia, our advisor Dr. 
Janet Dong, the entire MET staff, and all our sponsors who can be found in appendix H.  The 
results of the competition were a disappointment but it has provided a learning experience 
that later teams may build from to bring this team back to its winning ways. 
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APPENDIX A – RESEARCH 

CONTROL SYSTEMS 

Radio Control 

 

 
 
Description: 
Uses radio frequencies to communicate with a receiver 
to control the model airplane.  Programed for a set 
range of frequencies that can be adjusted to the 
receiver.  Pictured is the DX7S transmitter 
manufactured by Spektrum 
 
 
 
 
 

Advantages: 
Established control programs 
Easy to operate 
Widely available for purchase 
Comes with a matching receiver 
for easy controls setup  
Long range 
Limited interference  
Programing allows for a fail-
safe when controller contact is 
lost. 
Variable control functions 
Can send and receive signals 
through armor 
 
Disadvantages: 
High cost 
Limited spectrum for operation 
Limited by pre-programed 
controls 
 
 

http://www.spektrumrc.c
om/Products/Default.asp
x?ProdId=SPM7800  
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Infrared Controller 
 

 
  

 
  

Description:   
 

This is an infrared remote control similar to that used to 
control a TV, that uses an infrared signal to send 
commands to a receiver  It has been paired with an IR 
receiver to control a robot with simple commands. 
Generally only used for small scale applications. 

Advantages: 
Very cheap to purchase 
Easy to program 
Simple controls allow for easy 
use 
 
Disadvantages: 
Prone to interference from 
ambient light 
Limited range 
Can only send simple commands 
Signal cannot penetrate armor 
 
 
 

 

http://www.robots-
dreams.com/2005/01/controlling_you.html  
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BATTERIES 

Lithium Polymer 
 

 
Lithium Ion 
 

 
  

 
 
Description: 
Lithium polymer batteries are a type of rechargeable 
battery that has become very popular with R/C hobbyists 
over the past few years because of its low weight and 
high power. 
 
 
 
 

Advantages: 
Low weight 
Compact 
Very high capacity 
Very high discharge rate 
Can be made in almost any shape 
or size 
 
Disadvantages: 
Expensive 
Can catch fire 
Short lifetime 
Can be complicated to charge 
 

 
 
Description: 
Lithium ion batteries offer high energy density with 
relatively low maintenance compared to other battery 
types, making them very popular. But volatile 
component materials can make them difficult to work 
with. 
 
 

Advantages: 
Low weight 
Compact 
Very high capacity 
Very high discharge rate 
Very high energy density 
Low maintenance 
No memory 
 
Disadvantages: 
Expensive 
Can catch fire 
Can be complicated to charge 
Requires limitation circuit. 
 

http://www.rchelicopterf
un.com/rc-lipo-
batteries.html  

http://www.all-battery.com/li-
ion18650111v2200mahrechargeablebatterypa
ckwithpcbprotection.aspx?zmam=55942680
&zmas=1&zmac=1&zmap=31012&gclid=C
PClzZ6ny7MCFehDMgodWHcAjw  
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Nickel-Metal Hydride 
 

 
  

 
 
Description: 
Nickel-metal hydride batteries have made a name for 
themselves as a more environmentally friendly option 
due to its durability and less volatile material 
components.  
 
 
 
 

Advantages: 
high capacity 
high energy density 
environmentally friendly 
simple storage and transportation 
less volatile 
 
Disadvantages: 
Mildly expensive 
Can be complicated to charge 
Limited service life 
Prone to build up of memory 
High self-discharge 
 

http://www.batteryspace.com/NiMH
-Battery-Pack-24V-10Ah-for-
Electric-Bike-and-Military-Radio-
BCC39.aspx  
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APPENDIX B – SELECTED DESIGN 
 
 
 
Selected Battery- Thunder Power 45C LiPo  
 

 
  

 
 
Description: 
This battery pack consists of 6 Lithium Polymer cells 
that can provide up to 292A current at 22.2V 
 
 
 
 

Advantages: 
High capacity 
High energy density 
Low weight 
Small size 
 
Disadvantages: 
Mildly expensive 
Can be complicated to charge and 
transport 
 

http://www.robotmarketplace.co
m/products/LP-TP3250-
6SP45.html 
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Selected Controller- Spektrum DX5e 
 

 
  

 
 
Description: 
This controller is the DX6 RC aircraft controller 
manufactured by Spektrum.  It offers a wide array of 
control options for fine tuning the control of the battle 
bot. 
 
 
 

Advantages: 
Simple control interface 
Simple Programming 
Only works with paired receiver 
 
Disadvantages: 
Less customizable than higher 
grade 
Bulky 
Older model with less technical 
support 
 

http://www.spektrumrc.com/Pro
ducts/Default.aspx?ProdId=SPM
2460 



 

Appendix B3 
 

Selected Control System - Spektrum AR500 Receiver 
 

 
 
Selected Control System - Victor 885 Voltage Controller 
 

 
  

 
 
Description: 
The BR6000 Receiver manufactured by Spektrum, is the 
paired receiver for the DX6 controller. 
 
 
 

Advantages: 
Paired with controller 
Built-in receiver fail-safes 
High technical support 
 
Disadvantages: 
Discontinued model 

 
 
Description: 
The IFI VFX Pro Victor 885 voltage controller 
manufactured by IFI Robotics, is used to control the 
voltage supplied to the motor, therefore controlling the 
speed of the motor 
 
 

Advantages: 
Can handle up to 400 Amps and 
30 V. 
Precise control through RC 
receiver 
 
Disadvantages: 
Expensive 

http://www.spektrumrc.com/Pro
ducts/Default.aspx?ProdId=SPM
6000BR 

http://www.robotmarketplace.co
m/products/IFI-V885.html  
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Selected Master Switch - Marine UL 3F63 
 

 
 
Description: 
This switch is normally used for marine power supply 
applications.  Online information could not be found for 
this component (above picture was taken with a personal 
camera), but are present in current team stock.  
Component specs listed on tag exceed those of the 
designed system. 
 
 

Advantages: 
Have multiple in stock 
Simple operation 
Meet all requirements of a battery 
master switch. 
 
Disadvantages: 
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APPENDIX C – PRODUCT OBJECTIVES 
 

BATTLE BOT PRODUCT OBJECTIVES 

The following is a list of product objectives and the standards at which they will be measured at to 

ensure the goal of the project was met. The project is to design a Battle bot that can compete in the 

Robogames International Competition.  

1. Conforming to Regulations-100% 

a. Complies with the rules and regulations in regards to 120lb weight, safety, and 

weapon design 

 

2. Low Cost-25% 

a. Use standard parts/components 

b. Frame, Armor, and Weapon will be joined mainly with bolt-ons 

c. Overall cost of materials less than $3500 

 

3. Maneuverability-21% 

a. Consistent power supply during battle 

b. Achieve a speed of 10 mph 

c. Have a maximum of 3ft turning radius 

d. Move forward and backward 

 

4. Durability-18% 

a. No stalling or binding 

i. Minimum 10 weapon strikes to a metal stationary object tested in 

succession 

b. Damage to weapon will not prevent weapon from being used 

i. Minimum 10 weapon strikes to a metal stationary object tested in 

succession 

c. Damage to armor will not prevent Battle bot from competing 

i. Minimum 10 weapon strikes to a metal stationary object tested in 

succession 

 

5. Weapon Damage Capacity-14% 

a. Weapon start-up time less than 5 seconds 

b. Capable of inflicting debilitating damage with weapon 

c. Prevention of stalling or binding 

i. Minimum 10 weapon strikes to a metal stationary object tested in 

succession 

d. Damage to weapon will not prevent weapon from being used 

i. Minimum 10 weapon strikes to a metal stationary object  tested in 

succession 

 

6. Ease of Maintenance-11% 

a. Use standard parts/components  

b. Repairs will be done in 20 minutes or less 
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c. Built with a Modular Frame, Armor, and interchangeable Weapon 

d. Built with standard tools 

e. Chain and belt drives will be adjustable with a tensioner 

 

7. Ease of Manufacturing & Assembly-7% 

a. Use Standard Parts 

b. Battlebot frame and armor joined mainly with bolt-ons 

c. Built with standard tools 

8. Radio Control-7% 

a. Control systems properly shielded to prevent static “Noise” interference to the 

communication between the controller and the Battlebot 

b. Control range minimum distance of 70ft 

c. Simple drive controls to allow for anyone to operate 

i. Control left and right joy stick will operate independently 

 

9. Appearance-1% 

a. Battlebot will have visible representation of our sponsors 

b. Battlebot is intimidating 
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APPENDIX D - SCHEDULE  

 

SUMMER QUARTER AND FALL SEMESTER SCHEDULE 

 

 

Summer Quarter
Week

Date 5/27 6/2 6/3 6/9 6/10 6/16 6/17 6/23 6/24 6/30 7/1 7/7 7/8 7/14 7/15 7/21 7/22 7/28 7/29 8/4 8/5 8/11 8/12 8/18 8/19 8/25
Problem Statement

Create Sponsorship Letters

Send out Sponsorship Letters

Fall Semester
Week

Date 8/26 9/1 9/2 9/8 9/9 9/15 9/16 9/22 9/23 9/29 9/30 10/6 10/7 10/13 10/14 10/20 10/21 10/27 10/28 11/3 11/4 11/10 11/11 11/17 11/18 11/24 11/25 12/1 12/2 12/8 12/9 12/15
Contact Information 8/31

Actual
Research

Customer Features

Sponsor Agreement Letter

Product Objectives

Budget

Schedule

Appendices

First Draft of Report

Proof of Design Agreement

Conceptial Design

Final Semester Report

Order Parts and Material 12/15
Actual

Final Design and Drawings

Design Freeze 12/15
Actual

Register for Competition 11/14 - 3/1
Actual

5 6

Actual
10/4 - 10/23

10/4 - 10/9

Actual

Actual
10/4 - 10/30

10

6/30 - 7/30

9/27 - 10/9
Actual

9/20 - 10/9

2012

1

Actual

Actual

Actual

Actual

13

8/26 - 9/18

81 2 4

11 12

Actual

8/26 - 9/11

2 3 10

73

9

9

6/1 - 6/30

5/30

4 5 6 7 8

Actual

14

10/23 - 12/15

2012

8/26 - 9/11

16

9/27 - 10/9
Actual

Actual

15

Actual

Actual
10/4 - 10/23

10/4 - 10/23

Actual
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SPRING SEMESTER SCHEDULE 

 
Spring Semester

Week 3

Date 1/7 1/13 1/14 1/20 1/21 1/27 1/28 2/3 2/4 2/10 2/11 2/17 2/18 2/24 2/25 3/2 3/3 3/9 3/10 3/16 3/17 3/23 3/24 3/30 3/31 4/6 4/7 4/13 4/14 4/20 4/21 4/27 4/28 5/4
Order Parts and Material

Manufacture

Assembly

Manufacture

Assembly

Manufacture

Assembly

Assembly

Registration

Test/ Troubleshoot

Competition

Faculty Oral Presentation 2/1
Actual

Report to Advisor 2/6

Final Oral Presentation

Final Written Report

Commencement 4/27
Actual

Actual

4/13 - 4/15
Actual

Actual

Actual
4/18 - 4/22

4/18 - 4/23

12/21 - 2/8

Drivetrain

Actual

Actual

11/14 - 3/1

Actual

Weapon

Electrical System

Actual

Actual

2/20 - 3/9

3/10 - 3/23

3/10 - 3/23

Actual

Actual

Frame/ Armor
Actual

2/20 - 3/9

2013
1 17137 8 9 125 6 14 15 1610 112 4

3/10 - 3/23

3/10 - 3/23

3/24 - 4/18

Assembly and Competition

Actual

Actual
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APPENDIX E - BUDGET 
 

PRELIMINARY BUDGET 

 
 
 
  

California Proposed Budget

Price $ Type Explained

$500.00 Hardware Nuts, Bolts, Wires, Electrical Accessories

$1,200.00 Materials Frame, Steel

$2,500.00 Parts Batteries, Motors, Electronics, Belts, Chains, Wheels

$2,500.00 Machining Weapon, Frame

$2,946.00 Travel Expenses Hotel, Gas, Food

$500.00 Competition Fees Entry Fee

$1,640.00 Misc.

Total $

$11,786.00
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ACTUAL BUDGET 

 

  
 
 
 
 

Frame: Line Item Price ($/u) Quantity

 Aluminum Alloy  $            -   1

 Machining  $            -   1

 1/4 -20 x 1" Countersunk Socket Head Cap Screws  $            -   50

 1/4 -20 x .75" Countersunk Socket Head Cap Screws  $            -   100

Weapon: Line Item Price ($/u) Quantity

Drum (AISI-8620)  $            -   1

Drum Inserts (AISI-8620)  $            -   2

Bladed Teeth (AISI-8620)  $     51.64 1

AmpFlow A28-400 Motor  $   448.41 1

Case Hardening  $     50.00 1

Pulleys  $     34.91 2

Belts  $       6.33 6

Drivetrain: Line Item Price ($/u) Quantity

AmpFlow speed reducer  $   409.00 2

Colson Wheel - Custom  $     26.00 2

Colson Wheel - Standard  $       5.60 4

Chain Breaker  $     27.23 1

#25 Chain  $       3.73 1

#35 Chain  $       6.28 1

Master Link #25 Chain  $       2.00 3

Master Link #35 Chain  $       1.78 3

White Lithium Grease (1 lb)  $       6.49 1

Actual Budget

Total:

Total:

Total:

Electronics: Line Item Price ($/u) Quantity Total  ($)

Battery Packs  $            -   4  $             -   

Wiring  $            -   0  $             -   

Voltage Switch  $            -   3  $             -   

Receiver  $            -   1  $             -   

 $             -   

General Line Item Price ($/u) Quantity Total  ($)

Competition Fees  $   180.00 1  $    180.00 

Decal - Team Logo  $       3.99 1  $        3.99 

Decal - Setco  $       3.99 1  $        3.99 

Decal - TSS Tech.  $       3.99 1  $        3.99 

Decal  - BCD  $       3.99 1  $        3.99 

Decal - L3  $       3.99 1  $        3.99 

Decal - CTS  $       3.99 1  $        3.99 

Decal - Milacron  $       3.99 1  $        3.99 

Decal - Climax  $       3.99 1  $        3.99 

Tri-fold Display  $       7.99 1  $        7.99 

Spray Mount  $     16.79 1  $      16.79 

 $    236.70 

Total:

Total:

Frame Expences:  $        16.32 

Weapon Expenses:  $      606.21 

Drivetrain Expences:  $      947.47 

Electronics Expences:  $               -   

General Materials:  $      236.70 

Sub Total of Material:  $  1,806.70 

Travel  Total Sheet 3:  $  2,136.00 

Overall Expence Total:  $  3,942.70 

Total  In Account:  $  2,700.00 

Total Left Over:  $ (1,242.70)

Expense Per Person:  $    (310.68)

Actual Budget Summary
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APPENDIX F – BATTERY LOAD PROFILE 
 
 

Battery Information: Match Conditions:

Indevidual Capacity: 3.25 Ahr Match Length: 180 sec Battery Capacity:

Peak Continuous Current: 146 A Minutes Ahr

Nominal Voltage: 22.2 V Drive: 60 11.72

Rapid Discharge Capacity: 2.93 Ahr Stall Current: 300 A 30 23.44

Weight: 1.17 lb Condition Scale (%) Current (A) Time (sec) Asec Ahr 15 46.88

Stall 100% 300 25 7500 2.08 7.5 93.76

Totals For 4 Batteries: Pushing 80% 240 45 10800 3.00 3.75 187.52

Max Continuous Current: 584 A Accelerating 40% 120 35 4200 1.17

Total Weight: 4.68 lb Crusing 15% 45 60 2700 0.75 Motor Current Draw:

Stopped 0% 0 15 0 0.00 Drive Train: 14.00 Ahr

Total 180 25200 7.00 Weapon: 6.99 Ahr

Total: 20.99 Ahr

Weapon: Design Fact: 1.50

Stall Current: 390 A Adj. Total: 31.48 Ahr

Condition Scale (%) Current (A) Time (sec) Asec Ahr

Stall 100% 390 10 3900 1.08

Pushing 80% 312 30 9360 2.60

Accelerating 40% 156 50 7800 2.17

Crusing 15% 58.5 70 4095 1.14

Stopped 0% 0 20 0 0.00

Total 180 25155 6.99

AmpFlow A28-400

AmpFlow F30-400
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APPENDIX G – ELECTRICAL SYSTEM SCHEMATIC 
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APPENDIX H – SPONSORS 
 

Big thanks to these sponsors who made this project 

possible! 



MECH637 Robot Control

1

Battlebot 2013

Chris Ramhap, Travis Copas, 
Preet Ahluwalia, Jason Doerr

Advisor: Dr. Janet Dong

• 2013 Robogames in San Mateo, California
• 120 lb Division of the Battle Bot 

Competition.
• Competition held April 19-21

The Competition

2

• Design battle robot to compete in the 
Robogames Battle Bot competition.

• Compete in the 120 lb weight class and 
conform to all rules and regulations of the 
competition.

The Problem

3

• Conforming to regulations
• Low cost
• Maneuverability
• Durability

• Weapon damage capacity
• Ease of maintenance
• Ease of manufacture
• Control system

Project Features

4

Budget

• Total estimated budget  
at $11,786

• Frame & weapon material 
and machine time 
donated.

• Batteries and hardware 
are also being donated.

• Largest remaining costs 
are motors and travel.

5

California Proposed Budget

Price $ Type Explained

$500.00 Hardware Nuts, Bolts, Wires, Electrical Accessories

$1,200.00 Materials Frame, Steel

$2,500.00 Parts Batteries, Motors, Electronics, Belts, Chains, Wheels

$2,500.00 Machining Weapon, Frame

$2,946.00 Travel Expenses Hotel, Gas, Food

$500.00 Competition Fees Entry Fee

$1,640.00 Misc.

Total $

$11,786.00

• Currently in the build phase for individual 
sections.

• Total assembly will begin in mid February 
to be completed by the beginning of March 
to allow plenty of time for testing.

• Tech Expo early April
• Competition April 19-21

Upcoming Schedule

6
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2

Electrical & Controls
Chris Ramhap

• Nominal DC voltage cannot exceed 36 V.

• Battery types must conform to the posted list.

• There must be a Master Switch that cuts all 
power from the batteries.

• Control must be via a wireless link.

• Control method cannot interfere with other 
competitors or competition officials.

Safety Restrictions

8

Battery Type Selection

• Three most 
commonly used 
battery types were 
considered.
– Nickel-Metal Hydride 

(Ni-MH)
– Lithium-Polymer (LiPo)
– Lithium-Ion (Li-Ion)

9

http://www.rchelicopterfun.com

http://www.all-battery.com

http://www.batteryspace.com

Selected Type

• Selected Li-ion 
battery

• Battery packs to be 
manufactured by 
Robotic Power 
Solutions

10

http://www.battlepack.com

Battery Pack Design

• Based on the stall current 
and nominal voltage for 
each motor.

• Batteries will be grouped 
in 8 cell packs as shown 
(24V)

• 2 packs will be used in 
parallel for each drive 
motor and three for the 
weapon motor

All motor data - electrical

AmpFlow F30-
400

AmpFlow A28-
400

No-load amps (amp) 2 4.5
Stall Current (amp) 300 390
Terminal resistance (ohm) 0.064 0.042
Kt (oz-in/amp) 6.73 6.57
Kv (rpm/volt) 200 206
Thermal resistance (°C/watt) 1.6 1.8
Quantity 2 1

11

http://www.battlepack.com

Battery Redesign

• The Battery manufacturer 
was un able to continue 
working with us.

• A new power source 
needed to be selected.

• Thunder Power lithium 
polymer batteries were 
selected.

12

http://www.robotmarketplace.com/products/LP-
TP3250-6SP45.html
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Battery Redesign

• To be effective battery 
Amp hours must exceed 
those required by the 
motors.

• Over the time of one 
round the batteries can 
produce 187 Ahr

• Over the same time 
motor usage estimates 
are 28.73 Ahr

13

• Must be wireless.
• Only two viable systems

– Infrared

– Radio

• Due to the greater availability and 
performance capabilities Radio Control 
was selected.

Control System

14

Radio Controller

• There are many 
different types of 
radio controllers 
available.

• The Spektrum Dx6 
model aircraft 
controller was 
selected.

15

http://www.spektrumrc.com

Control System

• Spektrum BR6000 
was chosen as the 
receiver for the 
system.

• The IFI Robotics 
Victor 885 Voltage 
controller will be used 
to control the drive 
and weapon motors.

16

http://www.spektrumrc.com

http://www.robotmarketplace.com

Safety System

• 1 Hella Master Power 
Switch will be used as 
master battery 
switches.

• Can handle 500 A 
continuous and 1000 
A surge currents.

17

http://www.robotmarketplace.com

Electrical System Layout

18

1. 1. 1.1.

4.

2.

3.
PWM

4.3.
PWM

5.3.
PWM

8.
7.

1 2 3 4 5 6

1. System battery
2. Master Switch
3. Speed Controller
4. Drive Motor
5. Weapon Motor
6. Power Indicator 

Light
7. Receiver
8. Receiver Battery

6.
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Electrical System Testing

• The electrical system was 
extensively tested under 
unloaded conditions in a 
similar arrangement as 
shown.

• This allowed for the 
control systems to be 
adjusted before 
installation.

19

Controls Testing

• Motors were hooked 
up in frame to set 
control direction.

• From this point 
everything was 
assembled and 
mobility testing could 
begin.

20

Mobility Testing

• All electrical and controls 
systems are tested and 
fully installed.

• Bot was driven in the 
build room by each team 
member and in both 
oreintations to familiarize 
with the controls.

• At this point weapon spin-
up testing could be 
completed.

21

Any Questions?

22


