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Drivetrain overview 

Prototype 

Drivetrain Specifications 

 6” VEXPro Omni Wheels 

 Direct 11:72 tooth gear reduction 

 Front and back wheels are chained 

together with #35 chain 

 Powered by 2 CIMs and 2 MiniCIMs 

 H-Drive is a 4” Omni Wheel  powered 

by 1 CIM  

Due to this years lack of defense we decided our drivetrain should favor 

maneuverability over pushing power. Because of this we decided to use 

a 4 omni wheel drive with an actuating  H-Drive. 

We decided to make a prototype 

drivetrain to test the new       

electronics system for this year 

and see how this new type of 

drivetrain would handle. This 

prototype was made out of our 

2014 robot’s drivetrain. 

This drive system used 5 wheels with the 

center wheel in the opposite direction to the 

others. This allows the robot to be able to 

move side to side along with being able to 

drive forwards and backwards. 

H-Drive Wheel 
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H Drive 

H-Drive Specifications 

 4” VEXPro Omni Wheel 

 Powered by 1 CIM in a VEXPro Single 

Reduction Clamping Gearbox 

 Direct 11:72 tooth gear reduction 

 Pneumatically actuated by a 1-1/16” 

Piston 

We realized that having the center wheel pneumatically actuated made 

it so there was more constant pressure on the floor and we could raise it 

to more easily get over the scoring platforms.  

For the offseason the Omni 

wheel was replaced with a  

traction wheel to allow for 

better strafing. Programming 

was also changed so the piston 

would only actuate down when 

power was applied to the     

motor. 
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Elevator structure 

 

The elevator is the subsystem that lifts both totes and recycling contain-

ers. It allows the robot to make stacks by lifting totes up to allow another 

to slide in underneath it.  

Elevator Structure 

 Made of  2x1 Aluminum Versaframe stock 

 Carriage is powered by a MiniCIM  in a 

Versaplanitary gearbox connected to a 

loop of #35 chain 

 The chain is bolted to the carriage to 

move it up and  down 

Chain bolted to 

carriage 

Elevator motor 

and gearbox 

Elevator carriage 
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Elevator carriage 

The carriage that rides on the elevator structure rides up and down on 

bearings. The arms have polycarbonate clips attached that flex out of the 

way when dropped over a tote then flex back into place to pick up the 

tote.  

Elevator Structure 

 Slides on bearings in VEXPro linear 

motion gussets 

 Bent polycarbonate clips used to pick 

up totes and recycling containers 

 Arms pneumatically actuated to intake   

recycling containers and place stacks 

Polycarbonate clips Elevator bearings 
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Original Intakes 

Prototype 

Intakes built onto the wooden prototype robot to test different gearbox 

speeds, wheels and pneumatic pressure required.  

From our prototype we decided on 

 4” Colson wheels 

 Bag motor on a 20:1 VersaPlanitary 

gearbox  

 Pneumatically actuated  with a  7/8” 

bore piston 

Our priority list valued being able to acquire totes and bins in multiple 

orientations quickly and consistently. To accomplish this we decided on 

wheeled intakes.  

Competition season intakes 
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Competition 

Season 
Off-Season 

Off-season intakes 

 1 wheel per side  

 Wheel directly mounted 

to gearbox 

 2 wheels per side  

 Wheels are offset to allow for a 

larger margin of error to intake 

totes 

 Wheels are connected to    

gearbox with HTD belts 

 100% COTS VEXPro parts 

 Quickly detachable for 

transport configuration 

For the off-season we wanted to upgrade the intakes to be able to intake 

totes more effectively from different angles to improve our landfill        

capabilities and to assist with using a multi-tote ramp.  

The new intakes are inspired by teams 1114 and 254 who used an offset wheel 

design to great success. Our design uses all VEXPro parts due to our lack of ma-

chining recourses.  These intakes also allowed us to create a 3 tote autonomous 

which was another of our offseason goals.  
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Short ramp 

During our first regional we decided to build a tethered ramp to help us 

stack from the chute door. The original ramp was built with a trifold foam 

presentation board, small aluminum C-channel from Home Depot and 

wire supports used for yard signs. For eliminations we tethered the ramp 

to our alliance partner to allow us to still use our autonomous can grab-

bers. The original ramp practically doubled our scoring potential.  

For our second regional we removed our can grabber and tethered the 

ramp to ourselves. This allowed us to stack consistently from the human 

player station and score 2 full 42 point stacks. We continued to use this 

ramp through championships.  
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long ramp 

For the offseason we build a fold down ramp to allow us to queue multi-

ple totes on the field to try and remove the bottleneck of the chute door.  

Long Ramp’s Features 

 Starts the match folded up against the 

wall to stay out of the way for our 3 tote 

autonomous 

 Able to queue 3 totes on the field to   

allow quick stacking 

Starting Configuration Folded Down Configuration 

This ramp was used at IRI to improve our stacking speed and fit at the 

right chute door while running our 3 tote autonomous. 
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Tethers 

Throughout the season we experimented with many different tether 

materials and methods of managing them. 

Original Material - HUSKY 1/4 in. Polyurethane Air Hose 

 Used for our 2nd regional and beginning of championships 

Pros 

 Thick to avoid being     

tangled in drivetrain 

Cons 

 Wasn’t very flexible 

 Held its shape and wanted to 

stay coiled 

Part way thorough championships our pit neighbors, team 4028, showed 

us their tether, they used a tow rope for waterskiing. This turned out to 

be the perfect material as it was flexible and able to be run over by our 

robot. We build a spool to manage the tether after seeing the device 

that team 254 used for their tether. Our version was made out of PVC 

and allowed for the tether to be slipped off into a  bundle that would 

easily unwind. We used this material for championship eliminations and 

through the offseason with great success. 

Team 254’s Tether 
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pantograph 
We knew that grabbing the cans from the center step would be a         

valuable skill to have.  During build season we started work on a     

mechanism to grab a single can from the step at a time. We decided on 

a scissor lift type mechanism.  

Features 

 Pneumatically actuated 

 Mounted to the back of the elevator to be able to lift can 

This mechanism never saw competition as it was overly complicated and 

too heavy.  
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crossbow 

After stop build day we decided we wanted to build a different can   

grabber for our first regional.  The design that we thought worked best 

with our robot and we were capable of making was inspired by team 

610, they called it the crossbow.  The difficulty was that our robot was 

bagged and we were unable to access it. This mechanism had to be      

designed based on the CAD model and attached at the event.  

Prototype 

 Made of wood and PVC 

 Attached to last years drivetrain 

to allow it to be able to move 

forwards and backwards  

 Arms are pneumatically          

actuated up 

Final Version 

 Made of 1x1x.004 Versatubing 

 PVC arms replaced with fiberglass to 

provide more rigidity 

 Falls downwards and is winched up 

with a bag motor in a Versaplanitary 

 Used at Tech Valley regional  



19 

 

Dr. finger 

For championships we wanted a faster and lighter method of getting 

cans from the step. We decided on a pneumatically actuated arm         

because of its simplicity to implement.   

Features 

 Pneumatically actuated 

 Able to grab cans in autonomous or teleop 

 Capable of leaving the cans upright 

This mechanism was used during qualification matches at championships  
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Driver controls  

Our 2015 robot was programmed in LabVIEW, a         

programming language created by National Instruments 

who are the makers of the RoboRIO which controls the 

robot.  Unlike most programming languages LabVIEW  

isn’t text based but instead visual.  

Driver Controls 

 The robot is controlled by 2 people, a driver and an operator  

 Each person has an Xbox 360 controller connected to a laptop  

 The driver is in charge of driving the robot around the field while the 

operator is in charge of controlling the different mechanisms on the 

robot 

The driver is in charge of 

 Robot movement 

 Intake wheels 

 Recycling container 

supporter 

 Automated stacking  

sequence  

The operator is in charge of 

 Elevator control using 

preset heights and    

manual override control  

 Opening the elevator 

grippers 
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sensors 
The robot had different sensors to help in both autonomous and teleop 

mode.  

Grayhill 63R Optical Encoders 

 One for each side of the drivetrain 

 Mounted to wheel using 3D printed couplers 

 Counts the revolutions of each wheel to be able 

to tell the distance you have driven 

 

10 Turn Potentiometer 

 Mounted directly to the elevator gearbox with a 3D 

printed coupler 

 Gives the position of the elevator by varying voltage 

between 0V and 5V 

VEX Bumper Switch 

 Returns a Boolean value 

 Used to detect if a tote 

is inside the robot 

Gyro 

 Gives the current angle of the robot 

 Used to either drive straight or 

make a turn to a specific angle   

during autonomous 
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autonomous 
Throughout the season we had different autonomous modes that we 

used. 

Event Main Autonomous 

Tech Valley  Crossbow Autonomous—2 cans from the STEP 

Finger Lakes  Grip a can to be ready for Teleop mode  

Championships Grip a can to be ready for Teleop mode  

IRI 3 yellow tote stack—20 points 

Tech Valley—Crossbow 

 Used encoders to drive     

backwards a specific distance 

towards the step 

 Grabs the center 2 recycling 

containers in autonomous 

IRI—3 tote autonomous 

 Used encoders to drive a    

specific distance and the gyro 

to drive straight then turn into 

the auto zone 

 Scores 20 points for a stacked 

tote set 

The new intakes for the offseason made it possible to spin the recycling 

containers out of the way by spinning them in opposite directions. 
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Elevator controls 
For the competition season the elevator was controlled manually having 

one button for up and another for down.  For the offseason we decided 

to upgrade to a Bang Bang controller. This allows to have preset heights 

that the elevator will go to with the touch of a button. In addition to 

that we decided to automate the stacking sequence completely to      

improve efficiency and try to eliminate the possibility for human error.  

Automated stacking 

 Used 2 VEX Bumper Switches 

to detect when a tote is inside 

of the robot 

 Able to make a stack with the 

hit of one button 

Once a recycling container is acquired the driver hits a button which   

begins the sequence. The elevator will automatically move up and wait 

till the switches are triggered by a tote entering the robot. Every time 

the switches are hit the elevator moves down then back up to pick up 

each tote. The program keeps track of how many totes are in the robot 

and creates a stack to the height specified by the driver, normally 6. 


