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ABSTRACT 
The University of Cincinnati requires all engineering students to design a capstone senior project. This 

senior design project begins at the beginning of the senior year and has to be completed before 

graduation. The project is designed to apply much of the knowledge acquired from the previous years 

classes and labs.  

The 2014 battlebot team is composed of four seniors: Nick Manning, Nicole Campbell, Wes Creed, and 

Tim Shallenberger. Each team member is responsible for a large part of the battlebot: Nick Manning 

worked on the electronics and controls design as well as team management, Nicole Campbell is in 

charge of the frame and armor design, Wes Creed is responsible for the weapon design, and Tim 

Shallenberger is responsible for the drivetrain design.  

This report covers the design, fabrication and assembly process of the drivetrain. The drivetrain is a very 

important part of the battlebot because it provides means of maneuverability in order for attack or 

defense within the arena. A large part of fights consist of taking a beating and still having all functions 

operable. This means that the drivetrain must be strong enough to not break under pressure.  

  



INTRODUCTION 
This project is based off of BattleBots, a robot combat league that was started in the late 90’s and ended 

in the early 2000’s. These battles were filmed and a television series was created. This television show 

became very popular and sparked an interest in many students wishing to compete. The objective of the 

battles was to eliminate your opponent by disabling their bot. This can be accomplished by destroying 

the bot or situating them in a way that movement is not possible. With all this popularity, an 

amateur/collegiate competition was born.  

The competition that we will be competing in is STEM (Science Technology Engineering and 

Mathematics) Tech Olympiad 2014. The event is held in Miami, Florida during May 4th and 6th with a 

range of weight classes from 75 grams to 220lbs. We will be competing in the Middle Weight class which 

is 120 lbs. Weight is a large factor in designing the bot, we want it to be as heavy as possible but still 

able to be agile enough in the arena.  

Previous battlebot teams from University of Cincinnati have competed in years past. We have the great 

opportunity to examine and analysis the designs. This is very beneficial to us because it allows us to see 

how other teams have failed and what we can do to improve upon the design for this year and be as 

competitive as possible.  

The team members of the 2014 battlebot competition will be: 

Dr. Janet Dong – Faculty Advisor 

Nick Manning – Electronics Design/Team Manager 

Nicole Campbell – Frame and Armor Design 

Wes Creed – Weapon Design 

Tim Shallenberger – Drivetrain Design  



RESEARCH  
I began research of the drive train for the battlebot by first examining past designs used by previous 

students at University of Cincinnati. This led me to look at videos posted online and different articles on 

battlebot strategies used. Many different designs were referenced to determine the best option for an 

effective drivetrain design. Sketches were created and presented to team for analysis and to discuss 

best option. Solid models gave a visual representation of the completed drivetrain which showed the 

layout and all of the needed components.  

The official competition rules were closely examined to be sure that the drivetrain design will be legal. 

The rules clearly state the allowed requirements.  

 

RELATED RULES  
 

SPEED/MOBILITY REQUIREMENTS 
A BattleBots Robot has to be able to move at a speed of at least two feet-per-second in an 

approximately straight line.  

A BattleBots Robot has have a turning/rotating radius such that it can make 360° turns in either 

direction (left or right) while all parts of the robot remain within a 12 foot circle 

 

COMBUSTION ENGINE 
Internal and external-combustion engines can be used aboard a BattleBots Robot, subject to the 

requirements specified below.  

ALLOWED ENGINE TYPES 

A Combustion Engine can be any of the following types:  

a. Internal Combustion Engine (ICE) with a rotating output shaft.  

b. Turbo-Shaft.  

c. External Combustion Engine (e.g., Steam, Sterling).  

d. Internal combustion linear ram. 

  



FUEL TYPES 
Only commercially-available fuels can be used to power a Combustion Engine; custom blends cannot be 

used.  Allowed types are:  

a. All grades of Unleaded Gasoline.  

b. All types of Diesel Fuel.  

c. Kerosene.  

d. Glow-plug 2-stroke fuel blends, as is sold at hobby supply outlets.  The blend cannot contain more 

than 40% Methanol or 10% Nitromethane by volume. 

 

ENGINE EXHAUST  
The engine exhaust system must be installed such that:  

a. Any engine exhaust system pipe or muffler is isolated or insulated from any fuel tank or fuel line on 

the robot.  

b. The exhaust is not directed toward any fuel or oil supply tank, any fuel or oil line, or any pneumatic or 

hydraulic component on the robot.  

c. The exhaust is not vented to the interior of a fully enclosed robot.  

d. Any external muffler or exhaust pipe has a protective heat shield. 

 

SEALED LEAD-ACID TYPES 
The only types of Lead-Acid batteries that can be used on a BattleBots Robot are "Sealed LeadAcid" 
(SLA) batteries that are both "non-spillable" and "Leak-Proof".  

A "non-spillable" battery only means that it can be used in any position without leaking battery acid.   

A non-spillable battery is not necessarily leak-proof. (1) 

  



TYPES OF DRIVETRAINS 
 

CHAIN DRIVES 
Chain drives are one of the most popular ways to transmit mechanical power from one place to another. 

This drive system uses a sprocket gear mounted on the output motor shaft as well as the wheel axles. A 

roller chain connects the two sprockets using precise chain links. This is a strong yet lightweight option 

to transmit power to the wheels. The materials that would be used are standard parts and are cheap 

enough to get replacements. This would be beneficial because if damage is done to the drive train it 

would be easy to fix/replace. Chain drives are not perfect though. They require constant lubrication or 

failure can occur, a large footprint is required in an already space limited bot, and the chains and 

sprockets can be heavy.  

 

Figure 1: Chain Drive 

BELT DRIVES 
Another popular option of drivetrains are belt drives. Belt drives are very similar to chain drives. This 

system works by transmitting power through the use of a belt and pulleys instead of chain and 

sprockets. This type of drivetrain is very lightweight and can be useful for applications which total 

weight is limited. Belt drives are very efficient and can actually help protect the motor from overloading 

by allowing the belt to slip in certain cases. No lubrication is required but the belts are susceptible to 

breaking. Belt drives also have a large footprint which means it is more vulnerable to damage.  

 

Figure 2: Belt Drive 



GEAR TRAIN 
A gear train consists of several gears directly engaging each other to transmit power. One drive gear will 

provide a smooth transmission of power to the next idler gear which will continuously transmit power 

through gears until the final one is mounted on the wheel axle which will drive the wheel.  This drive 

system is the strongest and most dependable. When the gears are properly aligned and secured, a gear 

train will not likely fail. This system can be heavy and difficult to design if you need to transmit power a 

long distance.  

 

 

 

 

 

 

 

 

RESEARCH SUMMARY  
There are a wide variety of options to use for the drivetrain. Each type of system has its strengths as well 

as weaknesses. The battlebot must be very maneuverable but also have the ability to keep operating 

even if it is damaged. Many factors will influence the final decision for the drive train which includes: 

The bot must conform to regulations 

 Maneuverability 

 Ease of manufacturing and assembly 

 Ease of maintenance 

 Low Cost 

 Durability 

 Weight 
These are all very important factors that impact the Battlebot. The most important topics are 

conforming to regulations, not doing so will result in disqualification, and maneuverability.  

Figure 3: Gear Train 



DESIGN AND ANALYSIS 
 

CONFIGURATIONS OF WHEELS 
An important aspect of the battlebot design is the drivetrain. The drivetrain supports the weight of the 

entire bot and must be rigid enough to take damage. The battlebot must be able to quickly move in the 

arena in order to attack or dodge attacks from opponents. This requires the drivetrain to have large 

amounts of speed and maneuverability.  

Drivetrain configurations must be selected to move forward in the design phase. Through research, 3 

types of battle bot wheel configurations stood out: two wheeled, three wheeled, and four wheeled.  

TWO WHEELS 
These configurations usually consist of two wheels that drive the battlebot and some sort of pivot 

stability in the front or back. These bots have a very small turning radius and can be very fast. This 

design is used to run circles around larger bots and attack their weak spots.  

 

Figure 4: Two Wheeled Battlebot 

 

THREE WHEELS 
Three wheeled battle bots are frequently used in wedge shaped bots. These are similar to the two 

wheeled bot but usually with a caster wheel in the front for stability. This wheel configuration has a tight 

turning radius and is very quick in the arena.  

 

Figure 5: Three Wheeled Battlebot 



 

FOUR WHEELS 
The most common type of battlebot uses four wheels for stability. They are more rigid than the other 

configurations but lack the tight turning radius. There are many different options to drive the four 

wheeled battlebot. The most popular way is the “tank drive.” This uses two separate independent 

motors which control only one side of the bot. This will enable the bot to have a lower turning radius 

and be able to maneuver around the arena with ease.  

 

Figure 6: Four Wheeled Battlebot 

The team decided the four wheeled configuration to be the best option. This design will be sturdier than 

the others with four points of contact on the ground. With the use of the tank drive system, the 

battlebot will have enough mobility to be a great competitor inside the arena.  

  



MOTOR AND GEAR BOX SELECTION 
The decision of which motors to use in the battle bot comes next. These are the most expensive and 

fragile components of the battlebot. The previous battlebot team had just purchased new brushed DC 

motors and gear boxes which will be used again this year. The motor is an AmpFlow F30-400. These 

motors have a max of 4800 RPM and 2500oz-in of torque. The gear box has a three stage chain and 

sprocket reduction system. This gearbox will provide the needed speeds and torque for optimal 

battlebot movement.  

 

Figure 7: AmpFlow Motor Selection 

 

Figure 8: Gear Box Selection 

 



 

Figure 9: Gear Box Reduction 

  



 

ORIENTATION OF MOTORS 
After selecting the four wheeled Battlebot design and motors, we looked at our weight distribution 

within the bot. Having a bot too heavy in the front could result in loss of control while the weapon is 

engaged. We knew the weapon will have a large footprint on the total weight of the bot so I had to 

design the drivetrain to accommodate the excess weight in the front. The motors and gear boxes are 

very heavy and the orientation of them is a large factor to consider. We will be using two motors and 

gearboxes for the drivetrain of the bot.  

 

Figure 10: Options for Orientations 

After analysis of each orientation, I decided that the best way to go is configuration #1 (to the left). This 

will put as much weight as possible near the rear of the bot. The improved weight distribution will 

increase stability and allow for more room for electronics within the middle of the bot. Below is a photo 

of the motors and gearboxes in the actual bot.  

 

Figure 11: Orientation of Motors 

  



 

WHEEL SELECTION 
The previous battlebot team had difficulties with traction on the arena floor. This was due to the 

battlebot only having a two wheel drive system, the 1inch thickness of wheels, and material the wheels 

are made of.  The wheel was selected with that criteria in mind. Rubber-tread wheels would be a great 

option for the battlebot. They will provide more traction for the battlebot and are strong enough to 

support its weight. With the help of the new material and the implementation of the tank drive system, 

the battlebot will have no difficulties maneuvering on the arena floor.  

 

Figure 12: Wheel Selection 

 

AXLE DESIGN 
 

 

Figure 13: Drawing of Axle 

The front axles have to be able to support the weight of the bot as well as the torsional stress applied 

from the drive motor. The type of material the axle will be made of has to be strong. Different types of 

aluminum and steel were analyzed.  



Table 1: Material Selection 

Ultimate Tensile Strength (psi) Yield Tensile Strength (psi) Modulus of Elasticity (ksi)

8620 steel 55800 76900 29700000

4142 steel 140000 90000 29700000

6061-T6 Aluminum 45000 40000 10000000

7075-T6 Aluminum 83000 73000 10400000  

8620 steel was chosen to be the best choice of material for the axles because of strength and we had 

free access to it. The diameter of the shaft will be 7/8 inch. This is a standard diameter for several 

components including the wheel, gear sprockets, and bearings.  

  



FRONT AXLE FEA 
A Finite Element Analysis study was conducted on the front axle using SolidWorks. This study will show 

the maximum stresses and deflections. Within the study, the actual solid model used with the material 

selected, 8620 steel. The ends were supported with bearings and a distributed load was applied to the 

axle as well as the torsional load applied from the sprockets. The total weight of the bot is 120 lbs. so 

each wheel will have 30lbs of constant force. During battle, that force will be greatly increased if the 

battlebot gets hit from an opponent. For the study, 90 lbs. was applied to the axle as well as 1300 in-lbs 

of torque.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The FEA analysis concluded that the 8620 steel material will be able to withstand the forces applied to 

the axle. The maximum stress on the axle is 19,327 psi with the yield strength of the material over 

76,900 psi. The maximum displacement will be 0.00067 inch.  

Figure 14: FEA Stress Analysis 

Figure 15: FEA Displacement Analysis 



CALCULATIONS 
Speed Reducer Design Reduction 

𝑇𝑜𝑡𝑎𝑙 𝐺𝑒𝑎𝑟 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =  
𝑛2

𝑛1
∗

𝑛4

𝑛3
∗

𝑛6

𝑛5
=  

30 𝑡𝑒𝑒𝑡ℎ

12 𝑡𝑒𝑒𝑡ℎ
∗

20 𝑡𝑒𝑒𝑡ℎ

11 𝑡𝑒𝑒𝑡ℎ
∗

20 𝑡𝑒𝑒𝑡ℎ

11 𝑡𝑒𝑒𝑡ℎ
= 8.26: 1 𝑔𝑒𝑎𝑟 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛, 𝑜𝑟 8.3: 1 

 

Gearbox speed reduction 

𝑅𝑃𝑀𝑓 =  
𝑅𝑃𝑀𝑖

𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛
=  

4800 𝑅𝑃𝑀

8.3
= 578.31 𝑅𝑃𝑀 

 

Maximum speed of BattleBot 

𝑀𝑎𝑥 𝑠𝑝𝑒𝑒𝑑 =  
𝜋𝐷𝑤ℎ𝑒𝑒𝑙

12 𝑖𝑛
∗ 𝑅𝑃𝑀𝑓 =  𝜋 ∗ (

6𝑖𝑛

12𝑖𝑛
) ∗ 578.31 𝑅𝑃𝑀 = 10895.36 

𝑖𝑛

𝑚𝑖𝑛
= 10.3 𝑚𝑝ℎ 

 

Design torque 

𝜏𝐷 = 𝐹𝑏𝑜𝑡 ∗  𝐷𝑤ℎ𝑒𝑒𝑙 = 60 𝑙𝑏𝑠.∗ 6 𝑖𝑛 = 360 𝑖𝑛 ∗ 𝑙𝑏𝑠 

 

Design horsepower 

𝐻𝑃𝑑 =
(𝜏𝐷 ∗ 𝑅𝑃𝑀𝑓)

5252
=

(
360
12 ∗ 578.31)

5252
= 3.3 ℎ𝑝, 𝑠𝑖𝑛𝑔𝑙𝑒 𝑚𝑜𝑡𝑜𝑟 𝑟𝑎𝑡𝑒𝑑 𝑓𝑜𝑟 3 ℎ𝑝, 2 𝑚𝑜𝑡𝑜𝑟𝑠 𝑝𝑟𝑜𝑣𝑖𝑑𝑒 6 ℎ𝑝 

  



CONCLUSION OF RESEARCH AND DESIGN 
Using the information above, a chain drive was selected for the drivetrain of the battlebot. This was 

chosen for its pure strength, reliability, cost, and ease of installation. Maintenance will not be an issue 

because the battlebot will be opened up often and the drivetrain can easily be re-lubricated if needed. 

The previous battlebot had trouble with traction in the arena because it only had two wheel drive. With 

the use of this new chain drive, each motor will power both wheels on each side. This battlebot will have 

four wheel drive with the wheels sticking out ½ inch on both sides.  This will allow much more 

maneuverability due to all four wheels driving the battlebot and not just the back two. The motors and 

gearboxes will be placed in the back of the robot simply for weight distribution from the weapon 

installed in the front.  Below is the solid model of the drive train. The output shaft of the gearbox will be 

modified in order to place a gear sprocket between the gear box and the wheel. This will have a chain 

connect to the front axle gear sprocket which will also drive the front wheels just like the tank drive 

system.  

 

 

Figure 16: Final Drivetrain Design 

  



FABRICATION AND ASSEMBLY 
There were numerous parts that needed to be manufactured for the drive train. The axles were cut to 

size and turned down, side walls had to be drilled out to support the axles, brackets had to be machined 

and attached to the motor and gearboxes for support, and chains had to be cut and sized. We were able 

to purchase the wheels, sprockets, and chains.  

AXLES 
The material for the axles was given to us by the machine shop on victory parkway campus. The axles 

were then cut to size, and turned down using a lathe. The axle was designed to fit the wheel diameter, 

without changes to the wheel, and fit inside brass bearings that were press fitted into the side walls for 

support. Below is the axle drawing that was used for fabrication. The axles are hollowed out to save 

weight. The axles are held in place by use of shaft collars and set screws. There are four axles total and 

each of them are identical.  

 

Figure 17: Drawing of Axle 

SIDE WALLS 
The drivetrain ulitizes the frame for the majority of support. The outside frame and internal frame was 

designed around being able to hold the bot together and support the drive train. The walls had to be 

drilled out for holes which held the axles. Brass bushings were press fitted into the wall to increase 

rigidity and proper fit and ensures smooth rotation. 

 

 

 

 

 

 

 

 
Figure 18: Sidewall Example 



                        Figure 20: Gearbox Support Walls 

BRACKETS 
The internal frame of the bot was decided to be 4 inches high. The motor and gearbox needed to be 

supported because their height and diameter is only around 3 inches. The frame was designed to be 

attached directly to the gearboxes and a bracket to hold the motor was machined. Below you can see 

where the gear box is attached and the brace for the motors. Cross brackets were also added in order to 

resist bending or twisting of the drive train upon impact(s).  

 

 

 

 

 

 

 

 

 

 

  

Figure 19: Motor Support Bracket 



SPROCKETS AND CHAINS 
The output shaft of the gearbox had enough room for two sprockets to fit. One is for the chain that 

travels to the front wheel, and the other is for the chain that travels to the rear wheel. These were 

spaced out to allow enough room for the chains to not be in contact. This setup enable the bot to be 

four-wheel drive. In previous years, the BattleBot teams had problems with maneuverability and 

clearance of the uneven flooring. With the help of four-wheel drive, the bot will be able to turn quickly 

and potentially pull itself off of uneven flooring. Below you can see how the chains and sprockets 

connect to the front and back. The sprockets were mirrored on the front and rear axles in order to 

provide chain clearance and to keep the chain as straight as possible. Bolts with nylon spacers were used 

as chain tensioners as needed. The chain ratio is 1:1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 22: Sprockets on Output Shaft 

Figure 21: Output Shaft to Front Axle 



 

WEIGHT FACTORS 
We were very concerned with being overweight during this project. Below is a list of the added weight 

from the drivetrain. The total was taken into account during the design phase.  

Table 2: Weight Factors 

 Weight (lbs) Quantity Total (lbs) 

Motor and Gear Box 12.6 2 25.2 

Wheels 1.25 4 5 

Shafts 1 4 4 

Sprockets 0.25 8 2 

Front Chains 0.5 2 1 

Rear chains 0.25 2 0.5 

Keys and Brass Bearings 

(approx.) 
1 n/a 1 

  
Total Weight of 

Drivetrain 
37.7 lbs 

 

  



TESTING 
Testing of the bot for drive train was successful. After connecting the electrical system, the drive system 

worked quite well. The bot was able to accelerate rapidly forwards and backwards as well as turn 

instantaneously on command.  The bot seemed to have plenty of traction to the floor. Minimal sliding 

occurred when we would reverse directions rapidly on the controller. The bot performed perfectly when 

flipped over on its top as well.  Some minor adjustments including movement of chain tensioners were 

noted.  Some of the testing included: 

• Bot moves as directed from controller 

• Forward Command– both motors turn clockwise 

• Backward Command – both motors turn counterclockwise 

• Turn Right Command– right motor counterclockwise, left motor clockwise 

• Turn Left – Command left motor counterclockwise, right motor clockwise 

• Bot must be able to maneuver in combat quickly and reliably 

• Bot can reach full speed within 5 ft.  

 

FIRST TRIALS 
I am not able to report the results of the competition because we have not competed yet. We have only 

been able to test the bot inside the building and in the parking lot. During the first few trials the bot was 

able to quickly maneuver with commands from the controller. The drive train proved successful. We 

were able to drive the bot around the building even though the entire frame was not completed. After a 

minor electrical system glitch, the bot was able to reliably maneuver the building and parking lots. One 

motor became noticeably warmer than the other during testing and the wheels on that side seemed to 

drag at times. The fix was inside the gear box as a loose screw was bouncing around. The screws were 

lock-tighted down which fixed the problem immediately. Another problem was that some chains were 

dragging and were too lose. There are risks of failure from the chain sliding off the sprockets during 

competition. Chain tensioners were designed to hold the chain tight with minimal weight gain.  

FINAL TRIALS 
The bot performed flawlessly. We were able to ram obstacles and test the weapon at full speed with 

complete control of drivetrain. The problemed gear box performed normal again. The chain tensioners 

were implemented. They use a nylon spacer for the chain to slide across easily while being held in place. 

We flipped the bot over and placed it on its top to try out the drive train upside down. The bot still 

responded as quickly as before.  Only problem was that the controls become mirrored. This is a major 

inconvenient for the operator. You are able to flip the controller in your hand and operate it 180°, this 

now controls the bot as before but it is a major inconvenience. A recommendation would be to install a 

gyro meter to determine the bots orientation and flip the controls automatically. That would prove to 

be useful in match if the bot becomes flipped, the controls would simultaneously change according to its 

orientation.  



RECOMMENDATIONS 
The motors and gearbox prove to be very strong and supply plenty of power and speed to the bot. I 

recommend reusing them if they come back un-damaged from the competition. The 6 inch diameter 

wheel was helpful in speed and clearance increase. The chain drive seemed very sturdy and reliable. The 

previous years of teams have had trouble with traction and ground clearance. The larger wheels, width 

and diameter, showed to be very effective. One recommendation is to design the motor and gearbox 

even closer to the rear of the bot if it’s front heavy. Another would be to invest in a gyro meter installed 

in the bot that senses the bots orientation and would control the drivetrain accordingly to right side up. 

For example if the bot gets flipped over on its top, the controls remain the same and would not become 

mirrored. That could save time and confusement during competition.  

  

Figure 23: Testing of the BattleBot 



 

PROJECT MANAGEMENT 
 

PROJECT SCHEDULE 
Below is schedule of the project starting on August 26th 2013 and ending on May 5th 2014. 

 

Table 3: Project Schedule 

Fabrication and Assembly had to be pushed back due to many factors including weather, design 

changes, and machine shop hours. All team members helped with manufacturing our own parts. We did 

not have the budget to outsource work and so the majority of the bot is hand made. The frame and 

drivetrain were fabricated in parallel to ensure proper fitting and sizing of brackets and holes.  

 

  



 

PROJECT BUDGET 
We were extremely limited to what we could do this year because of our budget. We spent a lot of time 

on asking for sponsorships and grants and got very few responses. We need that this would soon be a 

problem and so we decided that we would reuse as much material as we could from previous years. Our 

budget does not include travel expenses as the University is covering those costs.  

 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 

Table 4: Project Budget 

 

 

CONCLUSION AND RECOMMENDATIONS 
The goal of the project was to design and fabricate a BattleBot to compete. We were able to make this 

possible. We have not competed yet but after testing, the drivetrain proves to perform as expected. The 

bot is very agile for being 120 lbs. The improved wheels and four-wheel drive system enables the bot to 

stop and start on a dime. The tank style of steering works great and the bot is able to turn instantly both 

ways. The top speed of the bot is 10.2 mph and can be achieved within 5 ft. The wheels were designed 

to stick out on both sides in case of being flipped during the competition. This feature worked great. 

During testing, we flipped the bot over on purpose and continue to drive it around. The bot performed 

perfectly still although the controls became mirrored. A sensor to determine whether the bot is right-

sized up or flipped over could be implemented to keep controls the same at either orientation.  

 

  



APPENDIX A – DRIVETRAIN COMPONENTS 

 

 
 

Description: 
A DC brushed motor made and sold by AmpFlow. The 
model motor selected for the drivetrain is the F30-400 
model. 
 
 

Specifications 

3.1 in. O.D at 6.7 in. long 

3.0 peak horsepower 

2500 oz-in. peak torque 

84% efficiency 

4800 RPM at 24 volts 

2.0 no-load Amperage 

300amp stall current 

Weight of 8.3 lbs. 

 
 

Description: 
An AmpFlow speed reducer. It utilizes a three stage 
chain/sprocket system to provide an 8.3:1 reduction from 
an input shaft to output. The manufacturer labels this kit 
as a gearmotor. 
 
 

Specifications 

1300 in-lbs. peak torque 

Geared reduction of 8.3:1 

24 volt nominal voltage 

570 no-load RPM 

11.8 pounds (with motor) 

 

Sprocket 1 # of teeth: 12 

Sprocket 2 # of teeth: 30 

Sprocket 3 # of teeth: 11 

Sprocket 4 # of teeth: 20 

Sprocket 5 # of teeth: 11 

Sprocket 6 # of teeth: 20 

Stage 1 chain: #25 chain 

Stage 2&3 chain: #35 chain 

hhttp://www.robotmarketplace.co

m/products/0-F30-

400.htmlhttp://www.robotmarket

place.com/products/BPDWC13.ht

ml 

http://www.robotmarketplace.co

m/products/ampflow_wheelmotor

s.html 

http://www.teamkiss.com/lunch/elunch.html
http://www.teamkiss.com/lunch/elunch.html
http://www.teamkiss.com/lunch/elunch.html


 

  

 

 
Description: 
A Colson Performa wheel manufactured by Colson Caster 
Corporation. It utilizes a rubber tread bonded to a 
polyolefin core. The selected wheel was 6 inches in 
diameter 
 
 

Specifications 

6 in. O.D. 

2 in. wide 

1 3/16 in. bore 

600 lb. capacity 

Weight of 20.5 oz 

http://www.robotmarketplace.co

m/products/BPDWC13.html 



APPENDIX B – DRIVETRAIN CALCULATIONS 
Speed Reducer Design Reduction 

𝑇𝑜𝑡𝑎𝑙 𝐺𝑒𝑎𝑟 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =  
𝑛2

𝑛1
∗

𝑛4

𝑛3
∗

𝑛6

𝑛5
=  

30 𝑡𝑒𝑒𝑡ℎ

12 𝑡𝑒𝑒𝑡ℎ
∗

20 𝑡𝑒𝑒𝑡ℎ

11 𝑡𝑒𝑒𝑡ℎ
∗

20 𝑡𝑒𝑒𝑡ℎ

11 𝑡𝑒𝑒𝑡ℎ
= 8.26: 1 𝑔𝑒𝑎𝑟 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛, 𝑜𝑟 8.3: 1 

 

Gearbox speed reduction 

𝑅𝑃𝑀𝑓 =  
𝑅𝑃𝑀𝑖

𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛
=  

4800 𝑅𝑃𝑀

8.3
= 578.31 𝑅𝑃𝑀 

 

Maximum speed of BattleBot 

𝑀𝑎𝑥 𝑠𝑝𝑒𝑒𝑑 =  
𝜋𝐷𝑤ℎ𝑒𝑒𝑙

12 𝑖𝑛
∗ 𝑅𝑃𝑀𝑓 =  𝜋 ∗ (

6𝑖𝑛

12𝑖𝑛
) ∗ 578.31 𝑅𝑃𝑀 = 10895.36 

𝑖𝑛

𝑚𝑖𝑛
= 10.3 𝑚𝑝ℎ 

Design torque 

𝜏𝐷 = 𝐹𝑏𝑜𝑡 ∗  𝐷𝑤ℎ𝑒𝑒𝑙 = 60 𝑙𝑏𝑠.∗ 6 𝑖𝑛 = 360 𝑖𝑛 ∗ 𝑙𝑏𝑠 

 

Design horsepower 

𝐻𝑃𝑑 =
(𝜏𝐷 ∗  𝑅𝑃𝑀𝑓 )

5252
=

(
360
12

∗ 578.31)

5252
= 3.3 ℎ𝑝, 𝑠𝑖𝑛𝑔𝑙𝑒 𝑚𝑜𝑡𝑜𝑟 𝑟𝑎𝑡𝑒𝑑 𝑓𝑜𝑟 3 ℎ𝑝, 2 𝑚𝑜𝑡𝑜𝑟𝑠 𝑝𝑟𝑜𝑣𝑖𝑑𝑒 6 ℎ𝑝 

 

  



APPENDIX C – PART DRAWINGS 

 



 


