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ABSTRACT 
 
In 2008, the University of Cincinnati College of Applied Science Mechanical Engineering 
Technology department participated in the BotsIQ competition in Miami, Florida.  The team 
took first place, earning the awards for best engineered and best driver along the way.  This 
year, Battlebots ran the competition.  This competition involves robots fighting each other in 
three minute rounds.  The winner of a match is decided by damage inflicted to the opposing 
robot and control of the arena.  Our goal is to continue building this competition into a 
tradition for the program, and to represent the university. 
 
The drive system is the most critical aspect of a battlebot.  It is crucial in both the offensive 
and defensive capabilities. The combination of speed and maneuverability allows a robot to 
avoid opponent attacks while bringing our weapon to bear.  Drive durability is also critical, 
as an immobile robot is considered disabled, and loses.  Key aspects of the drive system 
include acceleration, control, durability, and maneuverability.   
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PROBLEM STATEMENT AND RESEARCH 
 

INTRODUCTION 
In 2008 The university of Cincinnati, College of Applied Science, took first place in the 
BotsIQ competition.  After talking with the 2008 champions it is clear that however being 
successful, there robot had several major design issue. Because of their aggressive design 
completion will no doubt, be much fiercer in 2009. Making the improvements necessary to 
maintain competitiveness in the 2009’s Battlebots tournament will require a redesign based 
on what was learned from the 2008 BostIQ competition. Team members include Cory Kissel- 
frame and armor, David Amos- power and control, Marc Bridewell- main weapon, and 
Andrew Holtkamp- drive system.  Our goal will be to continue building this competition into 
a tradition for the program, and to represent the university. 
 
 

RESEARCH 
Research was done by interviewing last year’s team, watching videos, looking at web sites, 
and looking at previous projects.  There are several types of battlebot motive systems.  These 
can be broken into three categories: wheeled, tracked, walkers.  Examples are shown in 
Figure 1.  
 
Wheeled robots are the most common, consisting of two or more wheels connected to a 
motor, usually dc electric.  As most motors rotate too fast to connect directly to the wheels, 
they are geared down to a more manageable rpm using belts, chains, or gears.  Most wheeled 
bots use two, three, or four wheels, with either two or four wheel drive.  Wheels can be 
mounted inside or outside the frame.  Wheels mounted inside the frame are better protected, 
but will have a shorter wheel base, and therefore less stability, than externally mounted.  
Externally mounted wheels are prone to damage, and in some cases, being removed during 
combat.   
 
Tracked robots benefit from better traction in the arena than other drive types, due to the 
increased surface area of contact with the arena floor.  This drive type does suffer from an 
increased vulnerability to damage, both from opponent weapons and arena hazards.  These 
systems are also typically heavier than other drive systems, reducing weight available to 
weapons systems, armor, and frame design.   
 
Walker type robots are rare, given the difficulty in designing such a system.  They do benefit 
from a bonus to their weight limit over their competition.  The difficulty in design and 
control still makes these designs rare. They are also slower and more difficult to control than 
other types.  
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Figure 1: Example drive systems, from left to right, tracked, two wheel, and four wheel 

                        
 

CUSTOMER VALUES 
Survey results showed that maneuverability and control were considered the most important 
factor in robotic combat.  The ability to operate if flipped over was ranked first in defensive 
capabilities.  Time needed to accelerate topped the maneuverability concerns, while 
simplistic controls and the ability to retain some drivability with one or more drive motors 
disabled.  Turning radius, adjustable user interface, and automated operations were 
considered of lesser importance.  This is shown in Table 1. 
 
Table 1: Survey results 
Feature Relative frequency 

Time needed to accelerate or decelerate 85.71% 
Simplistic controls 71.43% 
If one or more drive motors are disabled still 
has some drivability 

71.43% 

Consistency of power supply throughout the 
duration of match 

57.14% 

Turning radius 50.00% 
User interface is adjustable 42.86% 
Automatic operations that do not require 
input from an operator 

42.86% 

 
DRIVE SYSTEM CHARACTERISTICS 
QFD results displayed in Table 2 show that maneuverability and control were the most 
important part of any battlebot.  Of all maneuverability concerns, the ability to accelerate was 
the most critical.  Also of great importance is the ability to operate even if the robot if flipped 
over.  Another critical aspect of the drive system is its ability to operate if damaged in the 
course of combat.   
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Table 2: QFD Results 
Feature Relative Importance 

Time needed to accelerate or decelerate .10 
Simplistic controls .04 
If one or more drive motors are disabled still 
has some drivability 

.09 

Consistency of power supply throughout the 
duration of match 

.03 

Turning radius .04 
User interface is adjustable .01 
Automatic operations that do not require 
input from an operator 

.03 

 
DRIVE SYSTEM OBJECTIVES 
The objectives of the drive system were to provide a solution which allows rapid acceleration 
and sufficient maneuverability.  It should also be durable enough to reasonably withstand the 
rigors of robot combat. 
 

DESIGN 
 

DESIGN ALTERNATIVES AND SELECTION 
Three configurations of the drive system were selected for comparison.  The first 
configuration was to have four motors independently driving the four wheels.  The second 
was to have two centrally located motors each drive two wheels using a chain and sprocket 
for power transmission.  The third configuration included two motors driving the rear wheels, 
with a chain and sprocket transmitting power to the front wheels.  A Pugh’s concept selection 
was used to determine the best choice.  The third configuration was determined to be the 
best. 
 

LOADING CONDITIONS 
It was determined that the most likely event to damage the drive system would be a vertical 
load centered over two axles, such that the load is only absorbed by those two axles. The 
forces of the “Pulverizers” in the Battlebots arena, which are 150 lb pneumatic hammers and 
the most hazardous weapons for the drive system, were estimated to not exceed 1000 lbs of 
force. A force of 500 lbs on each axel was used, located at the mounting points of the axle.   
 

FACTORS OF SAFETY 
The finite element analysis tool in the Solid Edge program was used to simulate the loading 
conditions.  The factor of safety of the rear axle is 4.503. This is high, but in order to keep 
parts more standardized, it is not possible to reduce this.  The front axle has a factor of safety 
of 1.148.  This is low, but the loading conditions used are more than will be seen in actual 
competition.   
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Figure 2: Example FEA of axle 

 
 
COMPONENT SELECTION 
6061-T6 aluminum was selected for the axle material.    The Magmotor S28-150 motors and 
TWM3M gearboxes are the same as those used in the 2008 battlebot.  These were selected 
because they were very effective in last year’s competition, would provide the power 
necessary to the drive train, and the backups from last year can be used as reserves, reducing 
cost.  Sprockets are rated for horsepower at a given RPM.  This horsepower is based on a life 
cycle of 15,000 hours.  Using an equation for bearing life, and an expected life cycle of 10 
hours, the horsepower rating was adjusted to a value of 2.39.  This means a 19 tooth #35 
roller chain sprockets would be sufficient.  The chains, sprockets, and bearings were standard 
off the shelf parts to make replacing damaged components easier.   
 

FABRICATION AND ASSEMBLY 
 
The majority of the drive train fabrication was making the axles.  These were turned on a 
lathe, with keyways added on a vertical milling machine. The wheels needed to be shaved on 
one side to allow clearance for the chain motion, as well as the bore sized and keyway 
broached. The motor required slight modifications to fit the gearbox, which was expected.  
The gearboxes mounted to the frame securely.  The bore of the sprockets were sized to the 
shaft, and the keyways broached.  Due to the stack up of tolerances, a tensioning system 
needed to be added.  This was done by adding a nylon roller which was positioned between 
the two wheels.  Assembly was done without major issue.  The only problem encountered 
was a slight misalignment of one set of bearings, which was corrected by adding a small 
spacer to the frame. Figure 3 is a photograph of the completed drive train assembly. 
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  Figure 3: Assembled drive train 

    
 

TESTING AND PROOF OF DESIGN 
 
Testing occurred at the 2009 Battlebots college competition in Vallejo, California.  The bot 
competed against 3 opponents.  The drive system operated throughout the matches.  The 
axles were subjected to repeated blows from the “Pulverizers”, and withstood the impacts.  
The speed and maneuverability equaled or exceeded any other competitor.  The robot was 
inverted several times during the competition, and was able to operate effectively.  Damage 
sustained to the drive included lost tensioners, thrown chains, and cut wheels.  The wheel 
damage can be seen in Figure 4.  Even damaged, the drive continued operating throughout 
the competition.   
 
 Figure 4: Wheel damage 

 
 
PROJECT MANAGEMENT 
SCHEDULE 
The drive system was designed simultaneously with the rest of the battlebot.  The design was 
completed about two weeks behind schedule.  This time was made up with little difficulty 
over the next few weeks.  The ordering of parts and assembly occurred during winter quarter 
and was completed within days of the scheduled date. Assembly was completed and testing 
done prior to the competition.  
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Table 3: Important dates 

Major Milestones 
Description Ideal  Actual 

Senior Seminar Report 24-Sep 24-Sep 
Complete design 26-Nov 12-Dec 
Design Freeze 27-Nov 13-Dec 
Manufacturing of Frame   6-Mar 13-Mar 
Manufacturing of Weapon   6-Mar 13-Mar 
Drive Axel made 13-Mar 13-Mar 
Armor 13-Mar 13-Mar 
Assembly of Robot 27-Mar 30-Mar 
Installation of components   27-Mar 30-Mar 
Testing and Trouble Shooting   30-Mar 1-Apr 
Battlebots Competition 20-Apr 20-Apr 

Tech Expo Banner 7-May 7-May 
 
 

BUDGET 
Due to compatibility of parts between the 2008 and 2009 battlebots allowed a reduction in 
the number of spare parts needed.  The interchangeability of the motors between the weapon 
and drive systems further aided this.  The drive train was completed well under budget. 

 
Figure 4: Budget 

Summarization of Budget 
  Proposed Actual 

Weapon Cost 1,520.00  905.10 
Armor & Frame Cost 3969 5222.77 
Drive Cost 2295.56 1629.89 
Electrical and 
Controls 1925.00 1573.23 
Manufacturing Cost 1000 1000 
Travel Cost 2382.00 3,628  

      

Grand Total   $13,091.56  $13,958.99 
 

CONCLUSION/RECOMENDATIONS 
 
Looking to improvements for future battlebots at the College of Applied Science, the most 
important improvement to the drive system would be reducing the overall weight.  Reducing 
drive system weight would allow for extra capabilities to the weapon system.  Running the 
S28-150  Magmotors at a voltage higher than the recommended 24 volts would also be an 
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improvement.  The extra voltage would improve the already sufficient acceleration.  
Although the additional voltage would reduce the life of the motor, it should be able to last 
the life of a single Battlebots competition. The drive system of a battlebot is strongly 
influenced by the weapon.  Changing the weapon system would require a redesign of the 
entire drive train.  Overall the drive system performed admirably through the competition. 
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APPENDIX A  
 
 
 
 

 
 

By popular demand, here is the EMT Track system, 
utilizing rugged 1/2" Poly walls, Stainless threaded rod 
standoffs and solid steel axles. The track itself is an 
extremely durable polypropylene interlocking design 
with a Deep Diamond Rubber Tread pattern. The 
unique sprocket design guaranties the track will never 
slip or derail.  
The lower section rides on 6 high impact Rubber/Poly 
wheels on 3/8" steel shafts.  
The drive train consists of a 1/2" aluminum motor 
mount plate with a 4:1 Hardened Steel gear reduction 
on a 1/2" Stainless Shaft. Further reduction is 
accomplished with a heavy duty #35 Chain Drive in a 
variety of optional reduction ratios. All Shafts are 
mounted on Sealed and Shielded Precision Bearings. 
Includes an NPC-02446 24V Motor. 

The track can easily and quickly be removed for service 
and the 1/4" threaded rod standoffs allow easy 
adjustments and fine tuning.  
These modules can be mounted in a variety of ways 
and are as simple as bolting directly to a chassis.  

 

Good maneuverability 
Not protected 
Very high weight 
Slow speed 
Includes motor 

 
 
 
 
 
 
 
 
 
 
 
 
 

http://robotcombat.com/products/EMTT
M-R.html  7/2/08 Robot MarketPlace 
,EMT Track Module - Right Side 

http://robotcombat.com/products/NPC-02446.html�
http://robotcombat.com/products/EMTTM-R.html�
http://robotcombat.com/products/EMTTM-R.html�
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These powerful gearhead motors are simple to set up and include 
everything you need to get your bot rolling- the high power 41250 
gearheadmotor with keyed shaft fit perfectly in your choice of 4 
different diameter wheels with built-in hub (6" diameter wheel is 
default). All you need to do is push the wheels on, and run a bolt 
into the shaft to keep the wheel on, (which can be done in as little 
as 5 minutes) then bolt the entire assembly to a base platform or 
frame. See the full specifications on these motors 

Low traction 
Low weight 
Includes motor 
Low power 

http://www.robotmarketplace.com/produc
ts/package01.html  7/2/08 Robot 
MarketPlace , Robot starter package 

http://www.robotmarketplace.com/products/package01.html�
http://www.robotmarketplace.com/products/package01.html�
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One of the keys to BioHazard's success is a 
bulletproof drive train that is completely housed in 
a square aluminum extruded tube. 
The one-piece extrusion (one each for the left and 
right drive trains), is precision CNC machined with 
mounting holes for all the sprockets, wheels, and 
motors. Each drive component is supported on 
both sides of the 3" x 3" square aluminum tubing 
to avoid "overhung" loads. 
The tubing is made from 6061-T6 aluminum alloy. 
The feather and light weight robots have frame 
tubes with 1/4" wall thickness and the middle and 
heavy weights have tubing with 3/8" wall 
thickness. BioHazard, (a heavy weight robot), 
uses 1/4" tubing but we wanted to offer an even 
stronger drivetrain to stand up to your most 
destructive opponents. 

Drive modules include a separate two-stage 
speed reducer for each wheel. All the drive chains 
are continuous loops with no connecting links. 
Eliminating the connecting links increases chain 
strength by almost 30%. BioHazard uses #25 
chain, but we wanted the drive train to be extra-
strong so all our kits feature #35 chain. The 
sprockets, shafts, and axles are custom-made 
from 5140 Chromoly steel. Two different sets of 
sprockets are available so you have your choice 
of medium-fast or very fast, (details below). One 
of our powerful Motors mounts on each drive 
module and is plenty strong for any ordinary robot. 
Our middle and heavyweight drive modules also 
have mounting provisions for a second set of 
motors if you are looking for truly extraordinary 
acceleration. 

 

Solid construction 
Low weight 
High speed 
Small wheels 
Low ground clearance 
4-wheel drive 

http://www.robotmarketpla
ce.com/products/MAG-
BKT120.html   7/2/08 
Robot MarketPlace, 
Battlekit, Middleweight 
Combat Robot Kit 

http://www.robotmarketplace.com/products/MAG-BKT120.html�
http://www.robotmarketplace.com/products/MAG-BKT120.html�
http://www.robotmarketplace.com/products/MAG-BKT120.html�
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APPENDIX D  

Component  Discription Quantity 
Individual 

Price Total 
Frame and Armor (Cory Kissel)         

Frame Material Aluminum (4x24x0.5)   $179.00   
Fabrication of Frame     $150.00   

Fastaners     $100.00   
Armor Material Titaninum honeycomb   $3,390.00   

Fabrication of Frame/Armor     $150.00   
        $3,969.00 
          
Drive Train (Andy Holtkamp)         

Motors   2 $359.00 $718.00 
Wheels   6 $21.00 $126.00 

Sprocket   8 $25.00 $200.00 
Chain   2 $26.00 $52.00 

Gearbox   2 $475.00 $950.00 
Axle material/inch   36 $2.00 $72.00 

Misc (fastners, machining, etc)   1 $100.00 $100.00 
        $2,218.00 
          
Weapon (Mark Bridewell)         

Motor(s)   2 $400.00  $800.00  
Speed Controler   1 $100  $100.00  

Bearings   4 $40  $160.00  
Weapon material   2 $100  $200.00  

Weapons manufacturing   1 $100  $100.00  
Belts   4 $15  $60.00  

Fasteners   1 $100  $100.00  
        $1,520.00  
          
Power/Control (Dave Amos)         

Batteries   6 $250.00 1500.00 
Controller/Reciever Spectrum 1 $350.00 350.00 

Wireing   1 75.00 75.00 
        0.00 
        0.00 
          
Competition         

Entry Fee   1 500.00 500.00 
School    1 100.00 100.00 

Student   4 10.00 40.00 
Gas     3.79 0.00 

Hotel   7 126.00 882.00 
T-shirts   4 200.00 800.00 

   
Grand Total $15,692.00  



 

Appendix 7 

 

Purchased 

Part Num Part Descrp. Quantity Amount Total Bought 

  Aluminum 7075           
9055k466 outside 6x0.5x4 2 260.22 520.44   

9055k333 Gear mount 36x2x4 1 327.77 327.77   
9055k213 Weapon side 36x1x4 1 204.59 204.59   
9055k423 divider 36x0.25x4 1 91.81 91.81   
  Aluminum 6061           

8975k436   12x0.5x4 2 17.94 35.88   
  Bearings           
2782T890 weapon bearing 1.25 id 2 34.52 69.04   
60355k35 drive bearings 0.375 8 5.41 43.28   
TW-TWM3M Gearbox   2 450.00 900.00   
IFI-V885 Speed Controller 24v fans   4 179.00 716.00   

IFIW-SIG36 PWM Signal Driver Cables    4 15.00 60.00   
0-SWHELLA2 Power Switches    3 21.99 65.97   
6204k181 Pulley   4 14.67 58.68   
6054K152 V-belts    4 7.05 28.20   

6261k151 chain   1 27.4 27.40   

6280k411 sprocket   6 12.13 72.78   

6261k191 connecting link   4 0.7 2.80   
8974k183 Axel material   1 28.91 28.91   
S28-150 Magmotor   4 299.00 1196.00   

BPK-3300N-24 
Batteries (8 gauge wiring, heat 
rings, and ultra Dean)   8 169.88 1359.04   

  8620 Steel 6x12 1 151.18 151.18   
Dyn4055 Power Supply   1 59.99 59.99   

    
Total 6019.76 
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APPENDIX F 
 

 

 
V= 10 ft/s 
D= 6 in 
RPM= 381.97 
 
 
 
 
 
 

 

 
L= 770.75 
C= 594.28 
Fm= 32.9 ft*lb = 2.39 hp 
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