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1.Introduction 
The main objective of this book is to present a highly detailed look at how               

our 2019 robot works and some of its building process. We will be presenting              
a mechanical description of the robot, in which we will go through our design              
process and the technical specifications of each system. Then we will proceed            
to make an analysis of our control system and how our code operates. 

1.1 The Robot 
Under Control’s 2019 robot is called Valkyrie, the name was inspire in a             

Starcraft Unit. It is 45,27in tall, 28,33in wide, 31,57in long and weighs            
110,23lbs. The robot was 80% designed on CAD, with only a few physical             
changes. Here we can see the complete 3D project for the robot and the              
complete robot. 

   Physical Robot x CAD Robot 

1.2 Strategy  

To develop a strategy for the FIRST DESTINATION: DEEP SPACE we           
first created a list with the priority tasks that the robot needed to perform in               
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order to be competitive: 
 

I. Have a good and reliable drivetrain; 
II. Acquire the Hatch; 
III. Score Hatches on the first floor; 
IV. Acquire the Cargo; 
V. Score Cargos on the first floor; 
VI. Score the RP of Habitat; 

VII. Raise the hatch and cargo score mechanisms to the second floor; 
VIII. Raise the hatch and cargo score mechanisms to the third floor. 

 
During a match, our focus is to score points on the first and second              

floor of the rocket. After getting points during the time, we can scale the third               
level of the Habitat. Our objective is to score up to 1 Hatch during Auto on the                 
Cargo ship. 

 

1.3 Initial Design 

During the early stages of the design, after having defined our priority list,             
we use prototypes and 2D sketches to define parameters for designing the            
final robot. Here we can see some of those aids used during the build season:  
 

● .Intake Prototypes: 

Chosen Cargo and Hatch Itake Prototype 
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Hatch Intake with Velcro Prototype  

Cargo and Hatch Prototype 
● Climber Prototypes 

 



6 

Chosen climber design inspired in fork-lift 

Climber prototype with LEGO 
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We decided to use similar designs of 2018 for the drivetrain and            
elevator, therefore we didn’t prototype these mechanisms because we knew          
that they work. So, for drivetrain and elevator we just changed the project on              
cad, for intake and climber, we choose the best prototype and then sketched it              
to fit in the robot and to well manipulate the objects. After the sketch, we               
designed the elevator and drivetrain in 3D. 
 
 

 Intake Sketch under Bumper 
 

 
                  Climber Sketch  

                  Drivetrain Sketch 

  

 
 

          Elevator Sketch 

2. Mechanical 
Our Robot was mechanically designed to be able to adapt to all the             

different conditions it could face in a match. This year the design is divided              
into four different Subsystems with different purposes, these subsystems are          
the following: 
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2.1 Drivetrain 

Valkyrie is driven by 2 x 4” Blue Nitrile Traction wheel to grip floor and 4 x                 
4” Omni Wheel to help with maneuverability. The wheels are arranged in two             
rows of 3 wheels on the sides and with a ⅛” drop on the center wheels,                
decreasing the distance between wheels on turns and increasing         
maneuverability. The wheels are powered by 4 CIM motors on two one speed             
custom gearboxes. Each gearbox has space for 3 CIM motors, due to the             
limited weight and no need for more power, we decided to have two motors in               
each gearbox. The back wheels are powered through gears, the middle and            
front wheels through pulleys and timing belts, increasing the reliability and           
efficiency of the system. This system allows us to achieve a top speed of              
13,6ft/s. Motors in line to reduce overall height of gearbox. Encoders were used             
to improve steering precision and autonomous. This year, the robots has to            
pass through a platform, this way, we designed the robot drivetrain with high             
centering ir order to drive up the platform.  

 
Drivetrain Gearbox 

The chassis has been designed with folds out and in (as in the image              
below) that helps at the time of maintenance. The bending that is out also helps               
to structure the robot in case of beats. 
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Drivetrain Assembly 

2.2 Intake 

One of the features Valkyrie’s intake has is that it acquires the Cargo             
and the Hatch on the same system. It rapidly center a Hatch or a Cargo. It is                 
assembled with 2” x 1” x 1/16” tubes. The intake has 2 infrared sensors to               
detect when the Cargo or the Hatch is inside. It has two rollers, one upper and                
one lower, coated with a rubber tube and powered by a Versa Planetary and              
straps with the function of catching the Cargo at any angle. To help get the               
Cargo in and align it, the intake has on each side a rubber wheel fastened on                
an axle.  

To pick up the Hatch we create a ramp with an angle at the tip,               
powered by one piston that makes the ramp open and close. We have a              
second piston that is responsible to push the hatch and then delivering. The             
lower roller also has the function of picking up the hatch, both on the ground or                
from the loading station. To attach the intake to the elevator we use sprockets              
and chain #35. 
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Intake Assembly 

 

2.3 Elevator 

Our elevator has two stages, it reaches max robot height when           
stowed. There is a custom gearbox of two 775 pro on the top of the elevator                
which, together with a rope, fixed on the first stage, and pulleys take the intake               
to the second stage. The elevator can score the Hatch and the Cargo on the               
first and second floor of the rocket.  

The elevator was made 99% with aluminum tubes and gussets in           
order to have an advantage of space, a better and easier production and to              
have more durability of it. The motor was put along with the pulley so that we                
don’t need to do another system with chains and tubes crossing the elevator             
and also to facilitate the maintenance. All calculations were made considering           
the weight of the robot plus its bumper and battery.  
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Elevator Assembly 

 
Elevator gearbox with pulley for the rope 

2.4 Climber 

Our climber is divided into two subsystems, the front, and the back,            
both contain one gearbox that works by means of a system of pulleys and              
ropes. The front subsystem exerts the force on two aluminum profiles and the             
back subsystem exerts the force on an aluminum tube. To keep the profiles             
and tube suspended we used elastics. 

At the front, the rope is tied into the top of two ¾” aluminum profiles                
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which slide through bearings. At the back, the rope is tied into the top of the                
aluminum tube which slides through a brushing. Also, in the back we have a              
gearbox pivoted on the chassis that works together with a piston, which            
causes the robot to have a movement of falling onto the platform. 

 
Climber Assembly 

 



13 

 

Front Gearbox assembly with pulleys for the rope 

 

 

Back gearbox assembly with pulley for the rope anda brushing where the aluminum 
tube slides  
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3. Control System 

In this section, we will make a detailed analysis of the control system and              
all derive of it such as robot sensors, subsystem control, and the            
autonomous mode. 

  

3.1 Subsystem Control 
In this chapter we will explain how each subsystem is controlled, and            

how they were programmed aiming to turn the driver’s work as easier as             
possible. 

3.1.1 Drivetrain 

The Drivetrain control consists of a 6-wheel modified arcade drive          
controlled by an Xbox joystick during the teleoperated period. 

To move it precisely around the field during autonomous, we use           
Grayhill 63R encoders to measure the distance traveled by the wheels and an             
MXP NavX to measure the absolute heading of the robot. 

● Cheesy Drive 

- open-loop control algorithm; 

- allows the drivers to develop turns of constant radius during teleop,            
making the robot easier to drive in higher speeds; 

- embedded rate limiter; 

- steeper learning curve when compared to the classic tank drive. 

3.1.2 Intake and Elevator 

● IR Sensors 

° 2 IR sensors for checking if the intake is holding an object. 

° 1 IR sensor for checking intake position. 

° 2 versa planetary encoders on the elevator in order to check it’s height. 

● Elevator PID Control 
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○ Smooth up and down motions, to safely operate the elevator with 

maximum speed without breaking it; 

○ Stable at the setpoint; 

○ 0,9s to the maximum height 

● Intake and Elevator flowchart 
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3.1.3 Climber 

● Sensors: 

○ We are using a IR sensor next to the back climber rod in order to check                 
if it is already on the maximum height. 

○ Also a RS7 encoder for the 775pro motor to check precisely the              
position of the front climber rods. 

● Climber Flowchart 
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3.2 Dashboard 
To send drivers and programmers useful information, we modified the default 
LabVIEW dashboard to meet our needs, there we have a button to choose between the 
autonomous mode, intake and climber state, elevator and intake position. We can also 
check if the intake is holding either cargo and hatch. 

 

 


