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ABSTRACT 

In order to graduate, the University of Cincinnati requires all seniors in the College of 

Engineering and Applied Science to complete a Senior Design Project. The goal of this project is 

to apply classroom knowledge into a real world practice. The students are given an option to do 

an individual project or a group project. Regardless, the project must be approved by the faculty 

so that they determine if it is applicable to your major. For our Senior Design Project, we have 

chosen the 2016 University of Cincinnati BattleBot team.  

 

The BattleBot teams at the University of Cincinnati have been competing since 2008. Our goal is 

to design and assemble a BattleBot that is able to compete in combat fighting with other 

BattleBots. This will be a challenging project as our knowledge of mechanical and electrical 

systems will be tested.  

 

The project will be divided up into 4 components with each group member being responsible for 

a component. Daniel Sizemore will be in charge of Electronic/Controls, Lance Stahler will look 

over Drivetrain, Mathew Mideros will oversee Frame/Armor, and Brenton Cates will be 

responsible for the design of the Weapon. 

 

 

 

 

 

 

 

 

 

 

 

 

 



2016 UC BattleBot                

 
 

1 
 

INTRODUCTION 

The University of Cincinnati will once again participate in a BattleBot competition. This year, a 

team will be competing in the 2016 RoboGames located in Pleasanton, California at the Alameda 

County Fairgrounds. The competition is a 3-day event that will be held from April 8 through 

April 10, 2016. Teams of Mechanical Engineering Technology students consisting of Daniel 

Sizemore, Lance Stahler, Mat Mideros, and Brenton Cates will design, assemble, and test a 

combat robot to fight in the 120lb weight class. The four main components of a combat robot are 

Drivetrain, Armor/Frame, Weapon, and Electronics. Each student will oversee a specific 

component.  

This report will illustrate the process of designing a complete BattleBot from the research stage 

to the final design. It will have to conform to the competition rules while also being constrained 

by a weight limit. The following rules apply to the design of the weapon:  

RULES 
1. All robots must be able to be FULLY deactivated, which includes power to drive and 

weaponry, in less than 60 seconds by a manual disconnect. 

2. Moving weapons that can cause damage or injury must have a clearly visible locking 

device in place at all times when not in the arena. Locking device must be clearly 

capable to stopping, arresting, or otherwise preventing harmful motion of the weapon. 

3. Weapon locking pins must be in place when weapon power is applied during a robot’s 

power-on procedure. This includes all weapons regardless of the power source or weight 

class. 

4. Robots must stop motion and weapons when failsafe is activated, for safe removal from 

arena. 

5. Spinning weapons that can contact the outer arena walls during normal operation must be 

pre-approved by the event. 

6. Spinning weapons must come to a full stop within 60 seconds of the power being 

removed use a self-contained braking system. 

7. All large springs used for drive or weapon power must have a way of loading and 

actuating the spring remotely under the robot’s power. 

8. The following weapons and materials are absolutely forbidden from use 

a. Weapons designed to cause invisible damage 

i. Electrical weapons 

ii. RF jamming equipment, etc. 

iii. RF noise generated by an IC engine 

iv. EMF fields from permanent or electro-magnets that affect another robot’s 

electronics 

v. Weapons or defenses that stop combat completely of both robots 

1. Nets, tapes, strings, and other entanglement devices 

b. Weapons that require significant cleanup  

i. Liquid weapons 
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ii. Foams and liquefied gasses 

iii. Powders, sand, ball bearings and other chaff weapons 

c. Untethered projectiles 

d. Explosives 

i. DOT Class C devices 

ii. Gunpowder/Cartridge Primers 

iii. Military Explosives 

e. Light and smoke based weapons that impair the viewing of robots by an entrant, 

judge, official, or viewer 

 

All robots will be inspected before the competition to ensure all rules are followed. Any robot 

that is found to be in violation of these rules will be disqualified.  

 

BACKGROUND 
The art of robot combat has been taking place since the late 1980’s with more mainstream 

exposure to the sport occurring during the turn of the century. The robots that compete, known as 

BattleBots or CombatBots, fight in an enclosed arena with one task: deal as much damage to its 

opponent while withstanding any damage dealt to it. Therefore, the goal for the designers is to 

design a BattleBot that can take a beating, but also be able to pack a punch. This can be a 

challenging feat considering the weight limit constraint. Designers must be able to find the ideal 

combination of defense and offense in order to succeed.  

The RoboGames is the world’s largest robot competition with competitors coming from all over 

the world. With robots competing in weight classes as low as 5.3 ounces to as high as 220lbs, 

there is plenty of combat to go around. The University of Cincinnati BattleBot, the “HellCat”, 

competed in the 120lb class known as the middleweight class. We put a huge emphasis on 

defense, as previous BattleBot teams had been easily destroyed due to poor armor/frame choices. 

However, we did remain true to past designs by continuing to use the drum design for our 

weapon, as we were looking to improve on that. 

In order to successfully build a BattleBot, we had to dive through extensive amounts of research, 

view the successes and failures of past BattleBots, and apply the many engineering applications 

that we were taught through our curriculum. It was challenge-inducing and a huge time 

commitment, but the end result was a BattleBot capable of competing that we can take pride in.  
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Product Objectives 

Below is a list of our weighted product objectives in order to successfully reach our goal of 

designing a competitive and high quality BattleBot. It was very important to accurately weigh 

each product objective in order to successfully ensure this goal is met. First and foremost at the 

top of the list, “conforming to rules and regulations” must be the held with the highest 

importance. As a group we all contributed in determining the importance in each of these product 

objectives which should help guide us during the design process. 

 

1. Durability – 24 % 

2. Weapon Damage Capacity – 20% 

3. Maneuverability – 18% 

4. Ease of Maintenance – 14% 

5. Low Cost – 10% 

6. Ease of Manufacturing – 7% 

7. Radio Control – 6% 

8. Appearance – 1% 

 

RESEARCH FOR WEAPON 

The design process cannot take place until proper research has been completed. During this 

phase of the project, it can be very easy to be overwhelmed by the many types of weapons that 

are allowable in competition. However, it is imperative that the team select a chassis design first 

and then pick a weapon that is applicable with that design. It is generally a good idea to pick 

from 3 or 4 weapon types as each has their own strengths and weaknesses. To get a better 

understanding of how each weapon works, we watched videos of past competitions to see what 

kind of damage these weapons could deal.  

The interesting thing about BattleBot competitions are the matchups. While one weapon can be 

devastating to a certain type, it can also be utterly useless against a different type. That is why it 

is very important to pick a weapon type that will give your BattleBot a competitive advantage in 

the majority of its matchups.  

When deciding on the weapon, some factors we had to consider were: complexity of design, 

costs, mobility, weight distribution, driver skill, maintenance required between matches, and 

overall effectiveness. It can be easy to get caught up in a complex design that is aesthetically 

pleasing with a destructive weapon, but if we are unable to repair it at the competition after a 
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bout, then we would be disqualified. As beginners, we want to pick something that is practical 

and able to be designed by our current skillset. 

After many hours of research, the list of weapon types was narrowed down to three. These types 

being: Rotating Drum, Rammer, and Wedge. Given a pros and cons list for all three, we were 

tasked to pick one that will be most effective, cost-efficient, and weight compliant.  

 

ROTATING DRUM 
Rotating Drums are the power hitters in the world of combat robots. This weapon design 

incorporates a spinning drum mounted horizontally at the front end of the robot. They are usually 

fitted with teeth, by machining or welding, and deliver destructive blows to the opposition. Most 

drum bots will have the drum spinning upwards so that their opponent will be flipped into the air 

upon contact with the drum. Regardless, the amount of energy transferred to the opponent is 

enough to severely damage them. The drum is driven by either a belt drive or chain drive that is 

connected to an electric motor.  A benefit to this weapon is that the robot can be designed to still 

be functional when it has been flipped. Another benefit is that the drivetrain can be completely 

protected with this design, with only the drum being exposed. However, when the drum is 

spinning at a high rpm, the moment of inertia will cause the robot to want to flip over when it 

makes sharp turns. This can make them hard to drive.   It will do well against most types of 

BattleBots, especially on bots that have a low profile, but is usually ineffective against robots 

that are very well armored or unable to be flipped, such as a Wedge.  

 

Figure 1: Rotating Drum 

Pros: 

 Damage resistant 

 Delivers devastating force 

 Protected drivetrain 

 Functional when flipped 

 Weapon accelerates quickly 
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 Low center of gravity 

Cons: 

 High moment of inertia on front end 

 Can be neutralized if bearings are hit 

 Ineffective against Rammer and Wedge bots 

 Drum diameter has to be smaller than height of robot 

 Can be difficult to drive 

 

 

Figure 2: Aneurysm - Rotating Drum  

RAMMER 
Rammers are a simple design that uses their physical structure as a weapon. They are known for 

their brute force as they are designed to push opponents into the walls or arena traps. Rammers 

maneuver the arena pretty well, so they have a better chance of avoiding the opponent’s weapon 

and finding an ideal spot to push. They also have the benefit of being invertible. When designing 

a Rammer, it is important to have at least 4 wheel drives to maintain high traction. Since there is 

technically no weapon, a lot of the weight for this bot is delegated to the armor. Rammers have 

high resistance to impact and are very durable. To be effective, a Rammer should be able to push 

twice its weight, requiring a high output motor. If a Rammer cannot push its opponent, it has no 

way of attacking as well as no way of defending itself. They are ideal in matchups with spinning 

weapons like Spinners and Rotating Drums. However, they are weak to Wedges and other type 

of bots capable of getting under them. 
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Figure 3: Kill-O-Amp – Rammer                      Figure 4: Rammer 

    

Pros: 

 Easy to maneuver 

 Simple design 

 Durable 

 Invertible 

 Easy to maintain between matches  

 Can build up speed quickly 

Cons: 

 Requires high output drive motor 

 Useless if unable to push opponent 

 Ineffective against Wedges 

 No actual weapon  

 Boring matchup if it were to face another rammer 

 

WEDGE 
Wedge bots are perhaps the simplest design. They incorporate a sloped plane on the front of their 

build to act as a wedge. They have a very resistant drive system, as they play offense by playing 

defense. They can be designed to still be functional when inverted, but most will house the 

wheels inside the armor for maximum protection. Like the Rammer, they rarely cause damage 

directly to their opponent. Their main objective is to get under other BattleBots and drag them 

around the arena or cause them to flip. Due to the simplicity, it is a very common bot in 

competition. It also has an advantage to many types of BattleBots. The most vital aspect of the 

Wedge is a ensuring the slope is fabricated with a thick and hard material. Thin and weak 

material will bend and break off causing the design to lose functionality. They are very strong 

when competing against spinning type bots such as a Spinner or a Rotating Drum because they 
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will flip when their weapons hit the wedge. However, they are weak to BattleBots that use an 

impaling method of attack; especially when these robots have a very low profile that the Wedge 

cannot get under.     

 

Figure 5: Maximus – Wedge  

Pros: 

 Easy to design 

 Able to get under most opponents  

 Very strong build 

 Cost-effective 

 Materials are easy to obtain 

Cons: 

 Requires a very skilled driver 

 No weapon for offense  

 Wedge vs Wedge = Draw 

 Has to be faster than opponent  

DECISION AND REASONING 
With the three choices presented to us, we decided to go with the Rotating Drum design. Part of 

the reason for this decision was the fact that this design had an actual weapon, unlike the other 

two designs. Past teams at the University of Cincinnati had used the Rotating Drum design, so 

we could identify what worked and replicate it, while also recognizing what did not work and 

find a way to make improvements.  

The Rotating Drum also provided more of a challenge for our team. We felt that a Rammer or 

Wedge design would have been too simple for a team of four, since there would be no need for a 

weapon. We wanted a project that was going to challenge all four members and require us to 

utilize our knowledge and available resources.  
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With the design decision in mind, we did realize that this type would be the most expensive of 

the three designs. We reasoned that this would be possible if we find many sponsors to help 

cover the costs of materials and machining.  

Lastly, we felt that we could design a rotating drum that would fully protect the drivetrain and 

electronics that there would be minimal maintenance between matches. As mentioned prior, 

maintenance between matches is a very important aspect and if we are not able to repair the bot, 

then we will be disqualified.  

A summary of our decision reasoning: 

 Past teams have used this design, allowing us to duplicate what worked and fix 

what did not work 

 Has an actual weapon 

 Does a considerate amount of damage 

 Allows for many chassis designs 

 Durable 

 Easy to maintain between matches  

 A design that is challenging, yet able to be done 
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DESIGN PROCESS FOR WEAPON 

The weapon for the 2016 BattleBot team will be the Rotating Drum. With the weapon 

determined, the team can now pick a chassis that will be an ideal fit. After much debate, we 

all decided that we wanted to reduce weight everywhere we can. With regard to the weapon, 

this meant a decrease in weight, meaning we are tasked to find a material that was very 

strong without weighing too much. This required comparing multiple types of material, 

looking at their advantages against their disadvantages. The strong points that we would be 

looking for would be: machinability, cost, strength, hardness, and weight.  

Another area that we wanted to improve on from previous designs was that we wanted to 

improve the startup time of the weapon as well as the rotations per minute. This meant an 

improvement to the weapon drive system. The faster the drum is spinning, the more energy 

transferred to the opponent.  With an improved start-up time to the weapon, we would be 

giving our bot an advantage to opponents with slow accelerating weapons such as full body 

Spinners.  

The design process for our Rotating Drum was broken down into three main steps: material 

selection, drum design, and design of weapon drivetrain. Within the steps the following will 

be addressed: 

 Allowable weight for overall weapon system  

 Material comparison 

 Generation of SolidWorks models 

 Motor Selection 

 Belt Selection  

 

MATERIAL SELECTION 
An important aspect that needs to be considered when selecting a material is the weight. It’s 

easy to pick a material that has a high strength, stiffness, and Brinell hardness number. 

However, this can end up being a very heavy material. With an emphasis on a reduced 

weapon weight, we have to pick a material that is durable and capable of damaging 

opponents, while falling under a certain weight limit.  

Another emphasis that needs to be placed is the overall cost of material and machining. Some 

materials will take longer to machine than others due to their physical properties. With a very 

limited budget, we must find sponsors to help fund the purchase of the material and also find 

sponsors that are willing to donate their time and resources for machining purposes.  The 

next page displays a table detailing the characteristics of three different materials: 
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Table 1: Material Mechanical and Physical Properties 

 

The AISI 4140 Alloy Steel provides medium-high strength at 60200 PSI and allows for 

moderate machinability. Its hardness of 197 is about average but its best characteristic is its 

resistance to elastic deformation with an Elastic Modulus of 27557 KSI. However, of the 

three materials it is the heaviest coming in at a density of 0.284 lb/in
3
. With weight being the 

biggest factor this is definitely a huge drawback for this material.  

6013-T8 Aluminum is the lightest of the three materials with a density of 0.098 lb/in
3
. At that 

density, it is about 3 times lighter than the AISI 4140 Alloy Steel. It also has a similar 

strength coming in at 55000 PSI. Unfortunately, that seems to be the only benefit of this 

material. Its hardness of 130 makes it a very soft weapon in comparison and its Elastic 

Modulus of 10100 KSI means its resistance to elastic deformation is close to a third of the 

AISI 4140 Alloy Steel. Although it would create a very light weapon, the mechanical 

properties would not be ideal for a Rotating Drum as this material would be prone to 

penetration as well as deformation.   

Ti-6Al-4V Titanium Alloy is the hardest of the materials with a Brinell hardness number of 

334.  Which is considerably higher number than the next hardest material, the AISI 4240 

Alloy Steel. However, this high hardness number means that this material will be very tough 

to machine. It will require tooling that the University of Cincinnati machine shop does not 

have. It is over two times stronger than the steel with strength of 128000 PSI. Its resistance to 

elastic deformation is not as impressive as the steel but is substantially higher than that of the 

6013-T8 Aluminum. Lastly, the density is a modest 0.160 lb/in
3
 making it significantly 

lighter than the AISI 4240 Alloy Steel.  

Since we were able to receive full sponsorship from Matthews Aurora Funeral Solutions, cost 

was no longer a factor in our decision for selecting a material. Based on all the mechanical 

and physical properties, the obvious choice was to go with the Ti-6Al-4V Titanium Alloy. 

This material is the hardest and strongest material of the group making it ideal for a Rotating 

 

Material 

Brinell 

Hardness 

Ultimate 

Strength 

(PSI) 

Yield  

Strength 

(PSI) 

Modulus of 

Elasticity 

(KSI) 

Density 

(lb/in
3
) 

AISI 4140 

Alloy Steel 

197 95000 60200 27557 0.284 

6013-T8 

Aluminum 

130 56900 55000 10100 0.098 

Ti-6Al-4V 

Titanium Alloy 

334 138000 128000 16500 0.160 
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Drum. Although we would have preferred the Elastic Modulus of the AISI 4240 Alloy Steel, 

the weight of the Titanium Alloy fit our requirement for a reduced weapon weight. As 

mentioned before, the machining of this material would not be able to be taken place at the 

University of Cincinnati machine shop. Fortunately, Monti Incorporated offered to do all the 

required machining at no cost. 

DRUM DESIGN  
Now that we have selected Ti-6Al-4V Titanium Alloy to be the material for our weapon, we 

can begin generating SolidWorks models. We selected a five-inch diameter bar stock of the 

Ti-6Al-4V Titanium Alloy to be the basis of our weapon. To eliminate the need for welding 

teeth onto the drum, we decided that the teeth should be a part of the drum. This would 

require machining the base of the drum to a 4” diameter while leaving two 0.5” teeth on 

opposite sides as displayed below: 

 

 

Figure 6: Drum Diameter 

With the teeth being formed through machining, we felt that this would maintain the strength 

and hardness of the material. The teeth would have a rounded base, providing a lot of 

resistance to elastic deformation and shearing. A thickness of 0.75” was given for each tooth. 
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Figure 7: Tooth Thickness 

 

From the designs we looked at from previous years, we saw that the shaft of the drum would 

be bored out to increase the inertia as well as reduce the overall weight of the weapon. We 

decided to bore out 3” out of the drum, leaving a 1” wall around the drum. The thickness 

would still be adequate for design purposes.  
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Figure 8: Drum Bore 

A cap will have to be welded on to the end to cover the bore as well as provide a way for the 

drum to connect to a bearing housing. 

 

Figure 9: Welded End Cap 
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The driven sheave will also be machined directly into the drum reducing a need to for 

welding. This will maximize the strength and eliminate the need for a keyway. The sheave 

will be machined to have two belts connect it with the drive motor. 

 

Figure 10: Driven Sheave 

 

 

To support the drum, it will be attached to two Baldor Dodge TB-SC-102 pillow block 

bearings. The bearings are the most vulnerable point of any Rotating Drum design and must 

be protected. The bearings will sit on top of 0.5” shims to reduce impact.  
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Figure 11: Drum and Bearings 

DESIGN OF WEAPON DRIVETRAIN 
In order for the drum to spin, it will need a power source to drive it. There are multiple ways 

that the motor can transfer its power to the drum, but we decided that using a V-Belt would 

be the best option. Like previous teams, we would use a double sprocket at the end of the 

motor to connect to the drum. Using two belts provides an extra safety factor to ensure the 

drum will keep spinning after making contact with other BattleBots. The center distance for 

our V-Belts was 5.5 inches and had a gear ratio of 1:1. So whatever the RPM the motor was 

spinning at would be the same RPM of our weapon. The motor we used to drive our weapon 

is a Ampflow A28-400 4.5HP Brushless Motor. It would supply 4500 RPM at 100% and 

6750 RPM at 150%. Other specifications for the motor are displayed below: 

Table 2: Motor Specifications 

Ampflow A28-400 

Diameter (inches) 3.0 

Length (inches) 6.7 

Peak HP 4.5 

Stall Torque (oz-in) 3720 

Efficiency 83% 

Max RPM 4500 

Weight (lbs) 6.9 
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Figure 12: Weapon Drivetrain 
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FABRICATION FOR WEAPON 

The fabrication of this drum took place at Monti Incorporated. One of our team members had 

worked there as a Co-Op and they were generous enough to provide all the machining that 

we needed on the drum at no cost. Because the material was so hard, it had to be cut with a 

diamond tip. It took over a month for the drum to be completely machined down, with the 

longest time being the 3 inch bore.  

Once the bore was complete, Monti also welded the end cap on. This process took quite some 

time as welding titanium can be very difficult. Once the cap had been welded on and returned 

to us we attached the drum to the bearings.  

 

Figure 13: Final Weapon Assembly 
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ASSEMBLY FOR WEAPON 

Once the weapon had been completed fabricated, it was time to place it the frame. Due to the 

amount of time required to machine the weapon, it was the last remaining piece to be added. 

Upon arrival, the belts were placed on the sheave and the motor. Following that, it was 

mounted to the 2 Baldor Dodge TB-SC-102 Pillow Block Bearings which were seated on the 

0.5” shims. The bearings were then fastened to the robot with heavy-duty bolts and Loctite. 

The final weight and BOM for the weapon assembly is displayed below: 

 

Figure 14: Weapon Assembly BOM 

We were very pleased that the weapon weighed an approximate 23.23 pounds. This was a 

13-pound reduction in weight in comparison to the 2014 BattleBot team’s weapon. That extra 

weight can now be delegated into the armor of the bot which was determined as our most 

important feature. 
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RESEARCH FOR DRIVETRAIN 

Research for the drivetrain for this year’s BattleBot started with examining previous designs 

from the past years.  Many internet articles were read to find the best idea for the drivetrain.  

I watched many videos on previous year fights to see the best way to maneuver around the 

arena.  Once all the research was conducted a design for our drivetrain was selected to best fit 

our ideas for our BattleBot.  Measurements, sketches, and 3-D models were created to show 

our layout for our BattleBot.   

Drivetrain Designs 

Gears: 

There are 3 main types of gears: cylindrical gears, conical gears, and worm gears.  

Cylindrical gears have straight or helical teeth.  The straight-toothed ones do not generate 

axial forces, but they are noisier than helical ones.  The helical-toothed ones are more 

resistant; however they generate axial forces, 

except for the double helical ones, which cancel 

these loads.  The gears are made out of hardened 

steel to resist impacts.  Avoid using cast iron or 

mild steel gears; they might not resist the rigors of 

combat (Meggiolaro, 2009).  Conical gears, which 

have perpendicular and convergent gears.  They are 

an efficient option to transmit power at 90 degrees.  

With cylindrical gears, the reduction ratio between 

two conical gears only depends on the ratio 

between the numbers of teeth of each of them. For 

instance, if the motor gear has 20 teeth and the 

weapon gear 30 teeth, then the reduction ratio is 30/20 = 1.5, meaning that the torque of each 

motor will be multiplied by 1.5, and the weapon speed will be 1.5 times slower than the 

motor speed (Meggiolaro, 2009).  Worm gears are used in several gear motors, because they 

can have a large reduction ratio with a single stage. This ratio is equal to the number of teeth 

of the driven worm gear, which can be a large number (Meggiolaro, 2009). Most of them are 

self-locking, meaning that the driven worm gear can be designed so that it can’t turn the 

worm. This can be dangerous in combat because a large impact can cause the worm gear to 

break its teeth due to self-locking. Another disadvantage is due to the low efficiency, high 

power loss, caused by the functional sliding between the worm and worm gear.  Avoid using 

electric windshield wiper motors, they have low power-to-weight ratios, and the power losses 

due to the worm gears are high. 

Belts: 

Belts are flexible machine elements used to transmit 

force and power to relatively long distances, driven by 

pulleys. These elements can replace gears in many 

Figure 15: Cylindrical Gears 

Figure 16: Belts 
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different cases.  Several advantages consist of, besides being relatively quiet, helping to 

absorb impacts and vibrations through their flexibility (Meggiolaro, 2009).  The main types 

of belts are the timing belts and the V-belts.  Timing belts keep the relative position between 

the pulleys, synchronizing the movements and prevent sliding.  They can be used to transmit 

power to the drive system.  V-belts allow the pulleys to have some relative sliding, working 

as a clutch.  This is useful in combat robots because it allows some sliding at the moment of 

impact, which is good not to stress too much on the motor or to rupture the belt (Meggiolaro, 

2009). 

Chains: 

Chains are also flexible elements used to transmit force and power.  They are good option for 

price because they are relatively cheap and have any length.  The only thing that needs to be 

done is to custom define their size using specific 

tools.  The disadvantages of chains are: they are 

less efficient than belts, which will result in power 

loss (Meggiolaro, 2009).  They need tensioners to 

keep the chains stretched, and they can come out 

from the sprocket due to misalignments or other 

deformations.  Since combat robots will suffer 

several impacts, certain care should be taken when 

making this type of transmission (Meggiolaro, 

2009). 

 

 

Research Summary 
We found strengths and weaknesses for each design when doing the research to decide what 

specific drivetrain we want to use for our BattleBot.  Our big thing was we want to make sure 

that the strength of the drivetrain will with stand major impacts and keep moving. 

 

DESIGN AND ANALYSIS FOR DRIVETRAIN 

 

Configurations 
The three usual types of drive systems are based on wheels, tank treads, and legs 

(Meggiolaro, 2009).  It is very important in competition to have a well designed and built 

drivetrain.  The BattleBot must be able to maneuver very easily inside of the arena.  This way 

it can attack your opponent and dodge any attacks on you.  We decided in the beginning that 

we want to use wheels in our design so we can rule out tank treads or legs.     

Figure 17: Roller Chain 
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Two-Wheel Drive: 

With two active wheels, it is possible to turn very fast with and with less waste of energy.  In 

addition, the robot saves weight by not needing the extra set of active wheels, shafts and 

bearings (Meggiolaro, 2009).  With only two active wheels, the robot will probably need at 

least another ground support, ideally two.  This is usually with skids, which are passive 

elements such as ball transfers or caster wheels.  

 

 

 

 

 

 

 

Four-Wheel or More Drive: 

Four-wheeled robots drive better on a straight line because all four wheels are active when 

driving.  If a few wheels are destroyed during a match you will still have some wheels on the 

robot to allow you to still move.   

 

 

 

 

 

As a team we decided we want to go with the two-wheel design.  The reason we chose this 

design because this option will decrease our weight and let us use more weight in our armor.  

The wheels will slide directly on the shafts on the drive motors.  This will eliminate any extra 

shafts, chains, belts, or bearings in our BattleBot. 

 

Motor and Gearbox Selection 
How we want to design our drivetrain is relatively simple.  The motor will have a gearbox 

that is attached directly to the motor.  As we said previously the wheels will slide directly on 

the shafts that are on the gearboxes.  This will eliminate any bearing or chain failures when 

impacted.   

Figure 18: Two-Wheel Drive 

Figure 19: Four-Wheel Drive 
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Motor: 

The drive motors allow the robot to move and as long as the robot is moving in the arena 

then the robot is still able to fight.  The motors are a huge part of the BattleBot when 

fighting.  We will be using DC brushed motors that the previous teams were using.  These 

motors will have plenty of torque and speed for what we are looking for. 

 

The motors that we are using are two AmpFlow F30-400 motors for the drivetrain.  The 

specifications for these motors are the peak horsepower for the motor is 3.0, stall torque is 

1300 in-lbs, no load rpm is 540, and the reduction ratio is 8.3:1.  This motor will be running 

at 24 volts which will put the rpm at 4500.  This motor is a speed reducer which means it 

uses a unique three-stage chain-and-sprocket mechanism that reduces cost while still 

maintaining high torque capacity.  These motors will be a great fit for our BattleBot. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: Drive Motor and Gearbox 

Figure 21: Gearbox 
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Wheel Selection 

There are several types of wheels that can be used for BattleBots.  Some robots use 

pneumatic wheels that are filled with polyurethane foam so that they do not go flat if 

punctured by a weapon.  In addition, a good solution is the use of solid wheels.  This way 

even if the wheel is damaged the wheel will still be able to move after the impact.   

We decided to go with a solid wheel for our BattleBot.  The two wheels we will be using is a 

six inch wheel that has a ¾-inch aluminum hub with ¼-inch keyway.  The ¾-inch hub will fit 

perfectly on our gearbox because the shaft on the gearbox is also ¾-inch.  The ¼-inch 

keyway will make sure the wheel will not come off when driving. 

 

 

 

 

 

 

 

 

Orientations 

With the two wheel drive design selected we can now design how we want the orientation of 

the motors.  The center of gravity of the robot is the best place for the axis of the two active 

wheels.  Since there will only be two wheels you need to have something that will balance 

the front and back.  If there is nothing that keeps the front and back off the ground then the 

weapon will hit the ground in the front.  We also need to decide how we want our drive 

motors to be orientation (Copas, 2013). 

  

 

 

 

 

Figure 22: 6-inch Wheel 

Figure 23: Orientations 
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After careful consideration we decided to go with orientation number 2 because it was the 

best set-up for our base layout.  The wheel shafts will not be directly in the center of the base 

plate because of our weight distribution.  Since the wheels will not be directly in the center 

we need to have ball transfers on the front and back on the robot.  We will put two ball 

transfers on the front on each corner because we are making a box shaped robot.  In addition, 

we will put one ball transfer in the back of the robot directly in the center. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: Drive Motor Orientation 

Figure 25: 3D - Drive Motor 
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FEA Analysis 

A Finite Element Analysis was conducted on the driveshaft connected to the gearbox.  This 

analysis was conducted using SolidWorks.  This study I conducted was a FEA displacement 

analysis that shows the amount of torque I am able to put onto the drive shaft.  I applied 1300 

in-lbs. of torque to the alloy steel shaft. 

 

 

 

FABRICATION AND ASSEMBLY FOR DRIVETRAIN 

Since we already had the complete drive motors and gearboxes there was not much 

machining and purchasing of materials that needed to happen.  The only things that needed to 

be machined were the eight motor support brackets and the two holes in the base plate for the 

wheels.  We bought two new six inch wheels which would slide right onto the shaft of the 

gearboxes. 

  

 

 

 

 

Figure 26: FEA Displacement Analysis 
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Wheels 

When the wheels were purchased they already had a ¾-inch aluminum hub so this allowed 

the wheels to go onto the gearbox shafts directly.  Washers were the purchased to take away 

the excess spacing between the gearbox and the hub of the wheel.  We wanted the wheel to 

be flush with the edge of the shaft on the gearbox.  Once the wheel was securely on the shaft 

with the ¼-inch key inserted it was then bolted down so the wheel could not slide off the 

shaft.   

 

Gearbox 
The gearbox was still in good shape when we examined it.  We double checked all of the 

bolts on the gearbox to make sure they were all tight.  No modifications were needed to be 

made to the gearboxes. 

 

Motors 
The only modifications we needed to make to the motors were to re-wire one of the motors.  

This was not a very big problem and was able to complete this with ease.  Other than the 

wiring the motors were perfectly fine. 

 

Weight 
As we started the design and build of the BattleBot we knew weight would be a big factor in 

our design.  It helped tremendously when we decided to only go with the two-wheel design.  

Shown in table 1 are the weights of the drivetrain.  

Figure 27: Drive Motor Support Brackets 
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Table 3: Drivetrain Weight Table 

Drivetrain 

  Weight (lbs.) Pounds Per Part Oty. 

Drive Motor 23.6 11.8 2 

Wheel 2 1 2 

Wheel Spacers 8.992 1.124 8 

Ball Transfers  3 1 3 

Total Weight 37.592 

   

 

RESEARCH FOR ELECTRONICS AND CONTROL 

 

Overview 
Research and design of battle bot control system integration starts at critiquing and 

examining previous years of competition and chosen control systems used in prior battle 

bots.  Credited research articles and tutorials of devout robotics teams across the country 

were researched to determine effective control systems of robotic functions.  Main areas of 

concern in correlation to all subject guidelines and competition rules can be formatted in 

general to include: Remote Control method, power supply and limits, on-board receiver 

selection, motor voltage controller (potentiometer), and circuit safety components.  

 

Operation Rules 

 

Control: 

Controlling of the BattleBot during competition must be formed through a non-contact 

wireless link between the operator and the bot itself. Bound tethered control is not accepted 

in RoboGames during competition. There is no specific boundaries as to what type of 

controller may be used provided it is operated by no more than 2 operators during the 3 

minute time limit and that it does not interfere with other robots. 

Fail-Safe: 

The failsafe feature has to be considered and integrated into the robot via the receiver. This is 

required in all competitions and will be checked during tech for all competitors, no 

exceptions are given. The system is to be manually programmed through the receiver to 
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terminate all controlled functions of the robot eliminating any possibility of movement or 

translation of any form if the following faults happen:  

1. The remote control loses power in any way and thus stops transmitting signals to the 

receiver. 

2. The receiver’s supply power falls below its threshold and stops communicating with 

remote control.  

*Note: This function is expected to work within 2 seconds of either faults listed above 

but will depend on receiver and this becomes the tech personnel’s discretion as to 

whether the operation is responsive enough within a timely manner.  

 

Max Voltage Limit: 

The maximum nominal initial voltage taken must not read more than 48 VDC or 48 VAC. 

All voltages exceeding this amount must be approved by the event coordinators.  

 

Permitted Battery Types: 

Only commercially sold batteries of the following types are permitted: 

1. Dry Cell Batteries (e.g. Alkaline) 

2. Gel Cells  

3. Nickel-Cadmium(Ni-Cad)  

4. Nickle-Metal Hydride (Ni-MH) 

5. Lithium-Ion (Li-Ion)  

6. Lithium- Polymer (LiPo)  

 

Supply Power Master Kill Switch: 

All electric power supplying drive and weapon system is required to run through kill switch 

to stop all transmitted power from batteries at any time within 15 seconds. Multiple switches 

can be used.  

 

Control Systems  

Radio Control: 

Selection of controller includes the understanding 

that any designated controller must designate all 

radio signals using proper frequencies accepted. In 

correspondence to all regulations set by the ISM, 

75 MHz and 2.4 GHz is accepted as a ground band 

for use in robotics such as Battle Bot competitions 

(Meggiolaro, 2009). The 75 MHz band is divided 

 

 Figure 28 - Sample controller  

http://www.robotmarketplace.com/products/images/0-SPM6610_lg.jpg


2016 UC BattleBot                

 
 

29 
 

into 30 corresponding channels for operation from 61 to 90. Other frequencies can be used 

except 72MHz   as this is reserved for rights allocated to air models only and must not be 

used for operation. An administered frequency clip will be given to all robotics teams in 

competition identifying your receiver with a corresponding frequency for remote control. The 

frequency clip is used in events where single-bind systems are not necessarily required. The 

control method for almost all robots use a multi-channel transmitter which is a single-bind 

system which will allow only one desired receiver to be a companion to one transmitter 

operating on a 2.4 GHz band. This system operates on a direct sequence spread spectrum 

which uses a unique identifier code for receiver and transmitter (Meggiolaro, 2009). These 

types of control systems are protected against most “noise” and inferences when operating on 

a higher frequency band. This type of controller has multiple features to adjust and program. 

The small LCD screen is easy-to-read  and can be used to mix channels (control robot from 

one stick), adjust major gains on digital trim, control outputs to motor controllers based on 

user entered percentages, sub-trim, travel adjust. This particular model is easily bonded to the 

receiver it is in conjunction with and provides for easy fail-safe programming.  

 

 

Power Supply  

Nickle Cadmium (Ni-Cd): 

Nickle Cadmium provides high currents with low 

voltage drops. This makes them a prime candidate 

for driving weapons. They also hold up well 

overtime if properly stores and charged. They come 

in packs that include individual cells soldered in 

series to from packs container high voltages. They 

come in 12V, 18V, 24V, and 36V packs but can be 

relatively large considering the 24v pack contains 20 

individual cells.   

 

 

  

Nickel- Metal Hydride (NiMH): 

These batteries store roughly 30% more energy 

per weight than Ni-Cd batteries, but they can only 

supply about half the peak currents of Ni-Cd with 

the same capacity. They would be a good choice 

for drive systems and other low current systems. 

 

 

Figure 29 – Nickle Cadmium Battery 

 

 

Figure 30 – Nickle-Metal Hydride Battery  

http://www.robotmarketplace.com/products/images/batterystore_battlepack_lg.jpg
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They do lose their charge over time (30%) almost every month when they are not being used 

on a regular basis. These batteries are used to supply around 50-amps continuously.  

Lithium- Ion Polymer (Li-Po:) 

Lithium-ion polymer batteries are extremely desirable 

when using them in robot combat events. They have 

high discharge rates of 20c or higher with means they 

discharge completely in 1/20 of an hour or 3 minutes 

which is exactly how long combat matches last. If 

matches were only 2 min then a higher discharge rate 

of somewhere around 30c would be superb. Most cells 

are about 3.7V nominally while being discharged. 

These batteries have to be charged and maintained 

above 3 volts or swelling of the battery(s) occurs and 

can permanently damage the battery. These are a prime choice for heavier bots as they can 

supply large amounts of current at 24v. The only downside to this type of battery is the 

charge time. It also requires the use of a balancing board to monitor the cell-to-cell 

balancing.   

 

DESIGN FOR ELECTRONICS AND CONTROLS 

 

Power Supply  
The supply power is the first step and most crucial 

step to begin with to determine the type of battery 

needed. We wanted to use something cheap and 

viable to our project as our funds were exhausted in 

other areas of the project. We were able to find 

Thunder Power 3.25 Ahr 6SP45 Li-Po batteries 

from previous teams used in past years in 

competition. The batteries were taken to a local 

hobby shop to be tested for working condition and 

if they were able to take and hold their charge. 

These individual battery packs were capable of 

producing 146A continuously and 292A in 

quick burst at 22.2V per pack. The battery packs 

did read around 24V when fully charged. The next step after choosing a battery was to 

determine how much current both the weapon and drive motors would use based upon 

anticipated engagement during the 3 minute match. Calculations were populated from the 

formulas found in the Riobotz tutorial. For the weapon we sued an arbitrary number for how 

 

 

Figure 31 - Lithium Polymer Battery 

 

 

Figure 32 - Thunder Power Li-Po Battery 
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many times which on average we figured it would be around 10 times based on readings 

found within the Ribotz tutorial. For the drive calculations we assumes we would be driving 

at max speed 75% of the time during the three minute match to find our power consumption.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nominal Adjusted 1.5 Design Factor

Drive Motors 2.86 ahr 4.29 Ahr

Weapon Motor 2.38 ahr 3.57 Ahr

Total 5.24 Ahr 7.86 Ahr

Batteries Requried 3 9.75 Ahr 

Motor Current Draw

Figure 33 - Motor current Draw 
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Table 4: Battery Consumption Calcualtions 

 
 

The master Power switch is a major component to 

the power supply design. It is required as stated in 

operation rules. The switch is a 90 degree on/off 

switch that kills power to the rest of the robot. All 

battery power leads, either positive or negative 

leads, should run to the switch to break the circuit 

when powering down the robot. It can handle up to 

455 amps continuous and 1200 amps max. There 

were several left over from previous years and its 

ease of operation and integration made it 

usable for our robot.  

Varible Value Units Varible Value Units

Router 2 in Gear Ratio 8.3

Rinner 1.5 in Wheel Diameter 6 in

L 14.38 in Wheel Diameter 0.08 m

Density 0.17 lb/in3
Static Weight 22.7 kg

Vinput 24 V µ 0.9

Kt 0.0464 N-m/A Vinput 24 V

Ino_load 4.4 A Kt 0.051 N-m/A

Kv 205 RPM/V Ino_load 2.1 A

Kv 21.46 rad/s Kv 189 RPM/V

Rmotor 0.044 ohm Kv 19.61 rad/s

Rbattery 0.04 ohm Rmotor 0.076 ohm

Relectronics 0.004 ohm Rbattery 0.08 ohm

m 13.44 lbs Relectronics 0.01 ohm

Izz 41.99 lbs-in^2 normal force 222.69 N

Izz 0.0122 kg-m^2 traction force 200.4183 N

Rsystem 0.088 ohm wheel skid 15.27187 N-m

Wno_load 4840.62 rpm Rsystem 0.16 ohm

Wno_load 506 rad/s Wno_load 4471.702 rpm

Istall 272.73 A Istall 148.15 A

τ 12.46-0.024w τmax 1.839985 N-m

ΔT 1.06 s Imax 38.17813 A

τ 0.0122 N-m Total Motor Consumption @ 75% 2.86336 Ahr

capacity consumption 135.42 Asec

capacity consumption 0.037616667 Ahr

Total Weapon 8554.2 Asec

Total Weapon 2.38 Ahr

DriveWeapon

Battery Consumption Calcualtions

 

 

 

Figure 34 - Contour Master Power Switch 

http://www.robotmarketplace.com/products/images/store_hella2_lg.jpg
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Figure 35 - DX6i Controller 

Control System 
The controller used for our project was the Spektrum 

DX6i 6-channel 2.4GHz. This controller offered 

mixing capabilities for single-stick multiple channel 

control. Our first plan for controlling the robot with 

this particular controller was to use each stick 

separately to drive the robot as if it were a tank. As 

we began testing and using the controller we found 

that the movements involved was a lot for one person 

to control as well as turning the motor off and on. 

Also on the DX6i controller, considering it is 

marketed for RC airplane flying, the elevation stick 

(left stick) is not spring loaded. It serves as a 

progression style action that when pressed forward it 

maintains its position, whereas the other stick (right 

stick) is spring loaded which is ideal. After testing 

with one stick spring loaded and the other not spring 

loaded, we determined it was going to be extremely 

hard to drive with the two sticks with accurate capabilities. After realizing this impedance, 

we took a spare controller and removed the spring loaded assembly and actually built our 

own hybrid controller with two spring loaded sticks. This was an extremely arduous task and 

if done in the future, precaution should be taken into account as it can cause unbalance when 

trying to zero stick position out.  

The next step was to find a receiver that would 

accept signals from the controller. We ended up 

choosing the Spektrum AR610 DSMX 6-Channel 

receiver. The DSMX control was a must as it 

provides reliability and speed while still being 

compact. It also comes equipped with failsafe 

capabilities on all 6 channels. Input voltage was 

between 3.5- 9.6V. All receivers should have their 

own supply power separate from the main supply 

power for the robot. This is critical to keep any 

interference absent. This receiver has no cathode 

meaning that when plugging supply power in, 

polarity of the positive and negative leads is essential 

or the receiver will become faulty. A resolution to 

this was to install a micro switch that stayed plugged 

into the receiver and 

then the battery 

 

 

 

 
Figure 37 – Spektrum AR610 DSMX  6 Channel  

 

 

Figure 36 - Micro Switch 

http://www.robotmarketplace.com/products/images/0-SPM6610_lg.jpg
http://www.robotmarketplace.com/products/images/0-SPMAR610_lg.jpg
http://www.robotmarketplace.com/products/images/0-247MJRSW_lg.jpg
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plugged into the other side of the switch. This at least gave us time to confirm correct 

polarity before the switch was turned on.  

After picking the receiver and controller the next step 

is to pick appropriate motor controllers. For the two 

drive motors we choose to go with 2 IFI Pro Victor 

883 controllers. The advantages of these controllers 

are they use PWM signal drivers for communication 

between the receiver and motor controller. It also is 

extremely reliable during battle and controls heat and 

high current well. It has variable speed forward and 

reverses along with neutral which requires no extra 

relays to change direction.  For the weapon we went 

with the IFI Pro Victor 885 speed controller to handle 

continuous high current loads. This proved to be ideal 

for controlling the weapon because of constant 

on/off state. All PWM Drivers included inline 

signal booster.   

 

 

 

 

Figure 38 - Victor 883 Speed Controller 

 

 

Figure 39 - Victor 885 Speed Controller 
 

 

 

 

Figure 41 - Motor Controller Schematic 883/885 

 

 
Figure 40 - PWM Cable with Signal Booster 

http://www.robotmarketplace.com/products/images/store_victor883_lg.jpg
http://www.robotmarketplace.com/products/images/store_victor885_lg.jpg
http://www.robotmarketplace.com/products/images/store_ifi_sigboost_lg.jpg
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FABRICATION AND ASSEMBLY FOR ELECTRONICS AND CONTROL 

  

Electrical Assembly  
We wired the robot for robustness and to assure no shorts in the circuit could take place. We 

used #6 brass screws with jam nuts on all of the motor controllers to assure each terminal would 

stay tight during competition. All connections were crimp style eyes with heat shrink on each 

terminal end.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. 24VDC Supply Power 
Batteries 

2. Master Switch 

3.Motor Controllers 

4. Drive Motors 

5. Weapon Motors 

6.Receiver 

7.Receiver Battery 

8.Power On LED Indicator 

 

 

 

 

Figure 42 - Wiring Schematic 
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RESEARCH FOR FRAME AND ARMOR 

In the beginning phases of building a BattleBot, the first major characteristic that needs to be 

decided is the type of design you want to use for the armor. This is so critical because it will give 

you an indication of the shape and space you plan on working with in order to map out a diagram 

of the interior components. Various different types of designs have been thought of over the 

years, but some of the more basic and effective ones are always repeated. The goal of course is to 

pick a design that you see potential in being highly effective and engineered successfully for 

competing. Below are three of the most common types of frame and armor designs that have 

been effective and successful in recent years. 

Wedge Design 
A wedge design is one with an incline/declined plane 

surrounding it. The purpose of the wedge is to give the 

BattleBot the ability to pick up (flip) opponents, or drive 

them into the wall of the arena (Types of Battlebots, 

2015). Defensively it is very structurally sound in its 

design making it difficult to destroy or damage, or in 

some cases prohibiting opponents from getting under. In 

some cases the wedge is the weapon, therefore it is 

important to assign a skilled driver to operate them 

because this will be where the offense comes from 

(Types of Battlebots, 2015).  

Figure 43: Wedge Shape 
One thing to consider with the wedge is depending on how low the height of the wedge is, there 

is less room for the internal components. Table 1 below demonstrates some of the pros and cons 

of the wedge design. 

 

Table 5: Pros vs Cons of Wedge Design 

     

 

 
 

Pros Cons 

-Structural integrity provides an excellent 
defense 
-Easy to design 
-Has the ability to get under your 
opponent to drive them into the wall or 
other hazards 
-Possible to design other features 

-Must have a skilled driver 
-Not much of an offense 
-Wedge vs. Wedge = Boring match 
-Much less internal space for components 



2016 UC BattleBot                

 
 

37 
 

Box Design 
The box design is among the more common ones used as it 

is very simple and easy to design. Defensively it might be 

used to withstand blows from opponents purely based on the 

material strength used; however unlike the wedge it’s 

capabilities without a weapon are minimal. It is a design that 

allows for a lot of internal space and its ease of 

maintenance. It is normally very durable because of the 

weight of the material that is being put into the box-shaped 

design, which also makes the robot harder to flip.  

Figure 44: Box Shape 

   

Although it appears to be an advantage, the weight distribution of the armor may also be a 

disadvantage because so much weight is being used on the frame and armor; it takes away from 

the other components such as a much needed weapon to pose an offensive threat. The box design 

has had a lot of success in the past and will often be used because of the low cost and easy 

modular design (Types of Battlebots, 2015). 

Spinning Design 
 

The spinner may be one of the most effective designs 

because much like the wedge, it can and will be the weapon 

(Meggiolaro, 2009). Its offense is its defense making it very 

effective assuming it is designed and engineered to 

maneuver well. The spinning design will consist of a bot to 

spin or rotate very quickly. They may have blades that go 

out far enough making it difficult to reach the center body 

of the robot. Spinner bots can also be destructive to 

themselves as well as your competition, so be 

Figure 45: Spinner Shape 

 

 

 

DESIGN AND ANAYLSIS OF FRAME AND ARMOR 

 

The frame and armor design is very dependent on the other components of the robot. Knowing 

the arrangement of the drivetrain and the weapon is very important when designing the frame. 

For our frame and armor design, we decided to go with a very durable but simple layout, the box 

shape design. We thought this was a good option because of the amount of space we have to 
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work with, although we want to keep everything compact, as well as the simplistic but durability 

of this design.  

In previous years we noticed that teams would fasten their interior components to the side walls 

and frame. This was something we desperately wanted to change. The issue is that if your robot 

gets hit hard enough on those walls it will affect anything attached to that part of the frame and 

fall apart. Our strategy was to fasten all our interior components to our bottom fixture plate 

where no opposing robots would be able to reach. This was a huge strategy for us because we 

wanted to ensure that everything on the inside would be untouchable.  

The biggest challenge with the armor is of course meeting the weight requirements. We want to 

use materials that are hard to penetrate but also lightweight. Aluminum and steel are always the 

more common materials to use, however we wanted to get a little creative with it in order to truly 

maximize the strength and minimize the weight throughout our robot. As the product objectives 

above show, cost is weighed heavily in our objectives, as it always should, however it is not at 

the top of our list due to the sponsors and donations we have received from our companies. 

Because of this, titanium is a major option to consider as we progress further into the design. 

 

Material Selection 
In previous years it seemed as if they hadn’t calculated weight properly and this affected their 

frame as they began to build. We were able to notice this because they had cut out random parts 

of their frame that didn’t exactly match the design, leading us to believe they were overweight as 

they began building. This was an issue we did not want to run into so the weight is of the highest 

weight objective, followed by the strength, and the cost/availability. Shown below in Table 3 is 

the material selection for the fame based on what we thought would best suit our objectives. 

 

Table 6: Material Alternatives

 
 

The weighted method above shows that Aluminum was the best option for our frame. After 

careful research and analyzation, and because of what is available to us provided by the 

University of Cincinnati, we decided to go with Aluminum 6061-T6 for our base plate. We also 

decided to use this material for all our brackets that held our motors in place. 

Score Definition

Criterial Weight Score Weighted Score Weighted Score Weighted 5 Very high satisfaction

Weight 0.4 5 2 1 0.4 4 1.6 4 High satisfaction

Strength 0.35 3 1.05 5 1.75 5 1.75 3 Medium Satisfaction

Availability/

Price 0.25 4 1 5 1.25 1 0.25 2 Low Satisfaction

Total 1 4.05 3.4 3.6 1 Very low Satisfaction

Aluminum Steel Titanium
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Frame Material 

Base Plate and Motor Brackets: 

As I mentioned above, we decided to go with a ½ x 24 x 24 inch piece of Aluminum 6061-T6 for 

our base plate. It is important to ensure this material was not only strong enough to hold the 

entire weight of the robot with everything fastened to it, but also to keep the weight limited in 

order to focus on stronger, heavier materials used for our walls/armor. Also, because we had so 

much of this material available to us by the University of Cincinnati, we also used it for the 

motor bracket (12 total brackets) and simply re-machined them because the ones from previous 

years were not dimensioned according to our design (the height of the brackets were shorter 

because we stayed lower to the ground). This material was more than sufficient for our motor 

brackets. 

Walls: 

For our walls, we ended up using 1 inch thick 80/20 extruded aluminum. Because of the cross-

section of the 80/20, we were able to reduce our weight while still maintaining the strength of 1 

in aluminum walls. Also we used the T-slots as a way to fasten our outside armor. We put t-nuts 

throughout the top and bottom half of the slotted walls and fastened our armor, corners, and top 

cover straight into the T-nuts. Figure 4 below shows the cross section of the 80/20 as well as the 

T-slots in which we fastened the armor on the sides. 

 

 

Figure 46: 80/20 Corss Ection 

Armor: 

On the very outside of our robot we capped our walls with a 1/8 inch thick pieces of AL-6XN, 

which is a stainless alloy. It had an ultimate strength of 131ksi and a hardness of 30.5 HRC. We 

used two pieces (one on each side) and had it wrap around the front, side, and back of our robot. 

As I mentioned before, the holes needed to line up with all the T-nuts in order for them to fasten 

to the 80/20 walls. 

 

Front Corners: 

Our corners were made out of 7075 Aircraft grade aluminum. The front corners (next to the 

weapon) are a very high damaged area so we wanted a very strong chunk of material that had the 

strength and durability to protect the front of our robot, as well as guard our bearing housings, 

which sat right behind those corner blocks. 
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Top Cover: 

Our top cover was made out of a ½ inch thick piece of Lexan. The reason I went with Lexan was 

not only because it’s extremely light weight, however it is a very tough and durable material with 

high impact-resistance. It doesn’t tend to crack easily, it will actually take a lot to bend and 

deform before it actually cracks due to its percent elongation. I felt this was the right material 

because I didn’t see much threat of damage to the top of our robot. The way this competition has 

evolved, hammer bots are the only weapon that may have done damage to it and those weapons 

aren’t used often anymore because of how ineffective they are, so I felt the Lexan was a safe bet.  

Figure 5 below shows the entire design from the top view. 

 

 

Figure 47: Top View Design 
 

PROJECT MANAGEMENT 

Project Budget 
When we started we did not have any sponsors for our build.  We had to ask companies and present our 

idea to these companies to see if they would sponsor our project.  Some companies that were able to 

sponsor us were able to provide us with money to buy materials and hardware we needed for our 

BattleBot.  Other companies were able provide equipment to do our machining.    
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Part # Part Name Part Manufacturer Qty Units Supplier Unit Cost Cost Orderd: xx/xx/xxxx

F30-400-G

Mid-Range Amp-

Flow Drive Motor 

Gear Box

Amp-Flow

2 N/A

The Robot MarketPlace 439.00$    878.00$      Previously Owned*

A28-400
High Performance 

Motor
Amp-Flow

1 N/A

The Robot MarketPlace 439.00$    439.00$      Previously Owned*

0-AMPW-6
6 Inch AmpFlow 

Drive Wheel
Amp-Flow

2 Inches

The Robot MarketPlace 27.00$      54.00$        3/15/2016

IFI-V885 

IFI VEX Pro Victor 

885 Speed 

Controllers

IFI Robotics

3 N/A

The Robot MarketPlace 219.00$    657.00$      3/15/2016

T-6061 Aluminum Base N/A

1 Inches

McMaster Carr 160.85$    160.85$      Previously Owned*

16-1/8 Titanium Weapon N/A

1 N/A

President Titanium 1,200.00$ 1,200.00$   3/2/2016

7075 Aluminum 

Blocks
Front Corner Pieces N/A

1 6*6*2

McMaster Carr 700.00$    700.00$      3/4/2016

TB-SC-102
Mounted Pillow Block 

Bearings
Baldor

2

Cincinnati Belting and Transmission 75.00$      150.00$      3/16/2016

AR6115 6-Channel Robot Controller Spektrum

1 N/A

The Robot MarketPlace 49.00$      49.00$        3/15/2016

6460K48
Stud Mount Ball 

Transfers
McMaster Carr

3 N/A

McMaster Carr 53.98$      161.94$      3/14/2016

1010

1" x 1"

T-Slotted Aluminum 

Frame

80-20

4 Inches

Neff Group Distributors, Inc 7.02$        28.08$        2/17/2016

1030

1" x 3"

T-Slotted Aluminum 

Frame

80-20

4 Inches

Neff Group Distributors, Inc 14.08$      56.32$        2/17/2016

4138
8 Hole Inside Corner 

Gusset
80-20

6

Neff Group Distributors, Inc 7.45$        44.70$        2/17/2016

0-SWHELLA2  Master Power Switch Contour

1

The Robot MarketPlace 32.99$      32.99$        Previously Owned*

DTXM2012
6.0V 1600mAh NiMH 

High Discharge
Duratrax

1 mAh

Duratarx 34.99$      34.99$        Previously Owned*

Total 33 4,646.87$ 

Table 7: Estimated Cost for Budget 
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Schedule 
The table below shows our schedule we followed to our complete design and build.  For the design and 

fabrication section we were able to complete the design on schedule.  The machining of our parts took 

longer than expected.  We were able to start the assembly process on time but the testing process took 

longer than expected.  Everything was able to be completed on time for us to ship everything out to 

California.  However, we were not able to complete all the testing we would have liked to before we 

shipped it out.   

Table 8: Schedule 

2016 UC Battle Bot Schedule 

Section Dates: 

Design/Fabrication February 8 - 29, 2016 

Assembly March 1 - 18, 2016 

Testing  March 19 - April 2, 2016 

Competition  April 8 - 10, 2016 
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CONCLUSION AND RECOMMENDATIONS FOR WEAPON 

We finished our BattleBot with no time to spare. As soon as the weapon was mounted it was 

packed into a shipping crate and sent off to California. This project challenged all of us in ways 

we have never been challenged before. It required extensive knowledge of mechanical properties 

as well as electrical systems. We worked together as a team and we were able to accomplish 

something incredible. Though we are happy with the completion of the project, we learned a lot 

of things that need improvement as soon as we competed. The following recommendations 

should be taken into account for following BattleBot teams. 

The first flaw we had with our BattleBot was that the weapon did not reach out far enough to 

attack opponents. When viewed from the top, we saw that the teeth would be flush with the 

armor of the bot. This meant that we would only be able to hit corners or narrow geometry which 

is very hard to do. In our first match, we were not able to hit our opponent. They were able to hit 

us multiple times, however our armor was so strong that it was able to withstand the hits. This 

ended up causing the opponent’s BattleBot to stop working and we won the match. We had 

suffered severe damage on the front and we decided to cut off a sizeable amount off the front so 

that the teeth could now hit opponents. This now left the bearings exposed. We were able to win 

two more times (against a Wedge and a Full-Body Spinner). Our teeth were hitting and dealing a 

considerate amount of damage. However, our demise came when we fought against a horizontal 

Spinner that hit our bearings and rendered us useless. So it is recommended that the teeth of a 

Rotating Drum are extended out by a moderate amount so that you are able to hit your 

opponents. With that said, make sure your bearings are fully protected so that they cannot be hit. 

Bearings are the most vulnerable aspect of a Rotating Drum. 

Another area that needs to be stressed is that you will need more time than you think you will 

need. We were forced to work long days leading up to the deadline because we were well behind 

where we should have been. Be sure to start working on the design aspect as soon as you can 

because machining can take a long time. Time can slip by real fast without you noticing and 

before you know it, the competition is here. 

Overall we had no problems with our control wiring. We did experience some difficulty with 

trying to program the receiver for fail safe. Most of the components we used in the electrical 

system were from previous years although we did check each component separately and in 

junction with the other components. I would have liked to increase voltage to the weapon 

considering the motor controller was capable of a lot more current. During competition we had 

no problems with the electrical system other than one occurrence of our receiver and controller 

did not link up in which we reset and it was fine. The number one problem is loose connections 

and/or polarities shorting out with each other.  

 Lastly, be sure to find a source of funding. The parts and machining for our complete BattleBot 

could have easily been over $30,000. We were very fortunate to find sponsors to generously 

donate their money and resources to us. It is recommended that the BattleBot team become a 

club team at the University of Cincinnati. That way they are able to receive money from the 
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school and the university. This would also allow students in their freshman and sophomore years 

to be a part and see what goes into the designing and building of a BattleBot. By the time they 

are seniors they will have a good idea at what to do because they will have experience. The 

completion teaches you so much about what you need to improve upon. Sending a freshman or 

sophomore to the completion will allow them to learn a lot. With a club team established, it is 

easy to imagine the University of Cincinnati winning the whole competition.  

 

 

 

 

 

 

 

 

Figure 48: 2016 UC BattleBot Components 

 

 

 

 

 

 

 

 

 

Figure 49: 2016 UC BattleBot 
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APPENDIX A: POWER TRANSMISSION 

V-Belt Drive Design 

Motor Speed (n1) = 4500 RPM 

Desired drive sheave ratio = 1:1 

Driven sheave size (D2) = 2.85 in 

Drive sheave size (d1) = 2.85 in 

 

Belt Speed (vb) = 
𝜋𝑑1𝑛1

12
 

(vb) = 
3.14 ∗2.85∗4500

12
 

(vb) = 3355.9 ft/min 

 

𝐷2 < 𝐶 < 3(𝐷2 + 𝑑1) 

2.85 < 𝐶 < 17.1 

C = 5.5 inches 

 

𝐿 = 2𝐶 + 1.57(𝐷2 + 𝑑1) +  
(𝐷2 + 𝑑1)2

4𝐶
 

𝐿 = 2(5.5) + 1.57(2.85 + 2.85) +  
(2.85 + 2.85)2

4(5.5)
 

𝐿 = 21.42 𝑖𝑛 

Actual Belt Length = 22 in 

 

Reaction Torque on Drum 

 Motor Torque = 232.5 lb. in 

 𝐹 =  
𝑇

𝐷2
2

 

𝐹 =  
232.5

2.85
2

 

𝐹 = 163.15 lbs 

 

𝑇𝑤 = 𝐹 (
𝑑1

2
) 

𝑇𝑤 = 163.15 (
2.85

2
) 

𝑇𝑤 = 232.5 𝑙𝑏 𝑖𝑛 

 

 



2016 UC BattleBot                

 
 

47 
 

APPENDIX B: STRESS ANALYSIS 

Weight of robot: 120 lbs 

Impulse Time: 0.01s 

Velocity: 13mph = 19.01 ft/s 

 

𝑚 =
𝑤

𝑔
 

𝑚 =
120

32.2
 

𝑚 = 3.73 𝑠𝑙𝑢𝑔𝑠 

 

𝐼 = 𝑚𝑣1 − 𝑚𝑣0  
𝐼 = (3.73 ∗ 19.01) − (3.73 ∗ 0)  

𝐼 = 70.9 𝑙𝑏. 𝑠𝑒𝑐 

 

𝐹 =
𝐼

∆𝑡
 

𝐹 =
70.9

0.01
 

𝐹 = 7090 𝑙𝑏𝑠 

 

Safety Factor (N) = 3 

Yield Strength (sy) = 128000 psi 

Tensile Strength (su) = 138000 psi 

ID = 3 inches 

OD = 4 inches 

L = 12 inches 

 

𝑀𝑀𝑎𝑥 =  
𝐹𝐿

8
 

𝑀𝑀𝑎𝑥 =  
(7090)(12)

8
 

𝑀𝑀𝑎𝑥 =  25635 𝑙𝑏 𝑖𝑛 

 

𝜎𝑑 =  
𝑠𝑢

𝑁
 

𝜎𝑑 =  
138000

3
 

𝜎𝑑 =  46000 𝑝𝑠𝑖 
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𝜎𝑚𝑎𝑥 =  
32𝐷𝑜𝑀𝑚𝑎𝑥

𝜋(𝐷𝑜
4 − 𝐷𝑖

4)
 

𝜎𝑚𝑎𝑥 =  
32(4)(25635)

3.14(44 − 34)
 

𝜎𝑚𝑎𝑥 =  4563.3 𝑝𝑠𝑖 
 

𝜎𝑑 > 𝜎𝑚𝑎𝑥  Design is safe 

 

𝝉𝒅 =
(0.5𝑠𝑦)

𝑁
 

𝝉𝒅 =
(0.5 ∗ 128000)

3
 

𝝉𝒅 = 21333.3 𝑝𝑠𝑖 
 

𝝉𝒎𝒂𝒙 =
16𝑀𝑚𝑎𝑥𝐷𝑜

𝜋(𝐷𝑜
4 − 𝐷𝑖

4)
 

𝝉𝒎𝒂𝒙 =
16(25635)(4)

𝜋(44 − 34)
 

𝝉𝒎𝒂𝒙 = 2281.6 𝑝𝑠𝑖 
 

𝝉𝒅 > 𝝉𝒎𝒂𝒙 Design is safe 
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APPENDIX C – DRIVETRAIN COMPONENTS 

 

 
 
Description:  The motor we used is a DC brushed 
F30-400 motor manufactured by AmpFlow. 

Specifications: 
Peak Horsepower – 3.0 
Motor Diameter – 3.1 inches 
Stall Torque – 1300 in-lbs. 
Nominal Voltage – 24 V 
No-load RPM – 540  
RPM at 24V – 4500  
Weight – 11.8lbs. 
 
 
 
 
 
 
http://ampflow.com/ampflow_gearmotors.htm 

 

 
Description:  The gearbox used is a heavy duty speed 
reducer that works with any of the three-inch diameter 
AmpFlow motors.  It uses a unique three-stage chain-
and-sprocket mechanism that reduces cost while 
maintaining high torque capacity. 

Specifications: 
Dimensions – 6in x 3in x 2in 
Reduction Ratio – 8.3:1 
Output Shaft – ¾-inch diameter 
Shaft Length – 2.2 inches 
Keyway – ¼-inch 
Efficiency – 90%  
 
 
 
 
http://ampflow.com/ampflow_gearmotors.h
tm 

 

 

 

http://ampflow.com/ampflow_gearmotors.htm
http://ampflow.com/ampflow_gearmotors.htm
http://ampflow.com/ampflow_gearmotors.htm
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Description:  The wheels we chose are a Colson 
Performa wheel.  It is a rubber tread attached to 
a plastic core. 

Specifications: 
Diameter – 6 inches 
Width – 1 ½-inches 
Weight – 1.2 lbs. 
Aluminum hub – ¾ inch 
Keyway – ¼-inch 
 
 
 
 
 
 
http://www.robotmarketplace.com/products/0-
AMPW-6.html 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.robotmarketplace.com/products/0-AMPW-6.html
http://www.robotmarketplace.com/products/0-AMPW-6.html
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APPENDIX D – SPEED CALCULATIONS  

 

Gearbox speed reduction: 

 

𝑅𝑃𝑀𝑓 =
𝑅𝑃𝑀𝑖

𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛
=

4500

8.3
= 542.17 𝑅𝑃𝑀 

 

Maximum speed of BattleBot: 

 

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑤ℎ𝑒𝑒𝑙 =  π ∗ 𝑟2 = π ∗ 32 = 28.26 𝑖𝑛 

 

𝑀𝑎𝑥 𝑠𝑝𝑒𝑒𝑑 = 𝑎𝑟𝑒𝑎 ∗ 𝑅𝑃𝑀𝑓 =  28.26 𝑖𝑛 ∗ 542.17 𝑅𝑃𝑀 = 15321.72 
𝑖𝑛

𝑚𝑖𝑛
 

𝑀𝑎𝑥 𝑠𝑝𝑒𝑒𝑑 = 15321.72
𝑖𝑛

𝑚𝑖𝑛
∗

60𝑚𝑖𝑛

1ℎ𝑟
∗

1𝑚𝑖𝑙𝑒

63360𝑖𝑛
= 14.5𝑚𝑝ℎ  

 

 

Design Torque: 

 

𝜏𝐷 = 𝐹𝑏𝑜𝑡 ∗ 𝐷𝑤ℎ𝑒𝑒𝑙 = 120𝑙𝑏𝑠 ∗ 6𝑖𝑛 = 720 𝑖𝑛 − 𝑙𝑏𝑠 

 

Design Horsepower: 

 

𝐻𝑃𝑑 =
(𝜏𝐷 ∗ 𝑅𝑃𝑀𝑓)

5252
=

(
720
12 ∗ 542.17)

5252
= 6.2 ℎ𝑝 
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APPENDIX E – PART DRAWINGS 
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APPENDIX F: SPONSORS 

This project would not have been possible without our fantastic sponsors. We greatly appreciate 

everything you did for us. 

 

 

 

 

 

 


