


Figure 2:  2014 FRC Game Field

Figure 1:  HOT Team Mission Statement

This year the HOT Team shot into Aerial Assist SM as we designed the 2014 HOTBot.  The HOT
Team is collaboration between mentors from the General Motors Milford Proving Ground and
students and teachers from the Huron Valley School District.

The Game:

This year’s game is Aerial Assist SM. The game is played with two Alliances of three robots on
the field pictured below. There are two high goals, two low goals, three zones, and a truss across
the middle.

The game starts with a ten second autonomous mode; each robot possesses one ball to score in
the high goal for fifteen points or the low goal for six points. For extra points, one side of the
goals will light up and if a robot scores on that side, they score an extra five points in either goal,
low or high. Then, if the robot moves forward out of the white zone and into their zone, they
score an extra five points. After autonomous, the drivers take control of the robot and try to score
in the goals with one ball per team. Extra points are awarded for assists as the robots possess the
ball in different zones. The teams can also earn extra points by throwing the ball over the truss
and having another robot catch it on the other side.



Figure 3:  Assist and Scoring Points

Below are the different combinations of assists and the point system. The (x) in the assist
examples table represent where the robot had possession of the ball while the (x) outlined in
yellow represent the assists that count for points.



Figure 4:  HOT Team Game Analysis

2014 HOT Team Strategy:

Our entire team is involved in game analysis, strategy discussions, and initial design concepts
and inspirations.  The Chief Engineering mentors lead the team through these discussions, but it
is open for any student or mentor to share their general ideas.

Based on the game description and objectives, the HOT Team developed the following game
analysis:

Using this game analysis for scoring information and potential robot functions, the team decided
on the following robot priorities to focus on when designing our robot.

Understanding the priorities the HOT team decided that a powerful, maneuverable, and versatile
robot capable of operating effectively in all aspects of the game both, Autonomous and
Teleoperated period, would be essential to excelling in this year’s game.  Several design
tradeoffs would need to be evaluated to achieve our design goals.

Figure 5: HOTBot Design Priorities



2014 HOTBot Design and Build Process

The design group and the engineering mentors assigned to design are responsible for generating
the detailed designs for the robot.  The 2014 HOTBot was designed and modeled using both
AutoCAD and the 2013 Solidworks software.

Engineering mentors lead the design process by creating 2D AutoCAD designed parts; Students
assigned to Engineering & Design group create 3D models of the designed parts using
Solidworks.  The students are exposed to the mentors thought process tri-weekly as we design
parts during our meetings.  A mentor’s computer is typically displayed on the projector so that
the students can see and discuss how and why things are being designed certain ways.  Mentors
try to explain important parts of the design to the students, so they understand how and why it
will work.  Design students then take the 2D AutoCAD files and create solid models of the parts
and assemble them from our 2D Assembly sketches, working with the engineer to understand
how parts are supposed to go together as designed.

Once parts are designed, drawings are given to Machining mentors at the GM Proving Grounds
Prototype shop.  Under the guidance of the Machining mentors, students manufacture all the
parts for the HOTBot.  Our robots are completely student machined and assembled, with the
mentors working alongside the students to make sure the parts are machined and assembled as
designed.  When issues are found the mentors explain their mistakes to the students and work
with them on how to correct the issue.  We have full access to the main machine shop at the
General Motors Milford Proving Grounds.  HOT students use the CNC mills, manual lathes, a
water jet machine, and sheet metal breaks to create the parts for our robot.

Figure 6: HOT Design Team

Figure 7: HOT Manufacturing Team



Figure 8:  Initial Concepts

Figure 9:  Concept #3

2014 HOTBot Initial Concepts

At the beginning of our design process, the team brainstormed ideas. Some ideas included: a
catapult, a piston, and a vacuum. Below are a couple ideas created by both mentors and students.

These initial “to scale” sketches allow the team to start understanding the size constraints
required to collect, store, and shoot the ball.

In addition to generating our own ideas, the team did extensive historical research into past
games that had similar game piece and objectives.  The 2008 FRC game, Overdrive, required
teams to collect and shoot a slightly larger but similar ball.  The team reviewed various
successful designs during the initial design phase.  FRC team 1114’s 2008 robot continued to
show up as possible effective design for this year’s game.  This design is a World Championship
winning design and arguably one of the greatest robots in the history of FRC.

The team created a simple CAD model of the Simbot SS design to understand geometry and
scale differences between the 2008 game piece and the 2014.  We also subjectively evaluated the
Simbot SS concept against our 2014 robot priorities to ensure it could meet our expectations.
Based on these preliminary thoughts the team set a design direction to pursue a Simbot SS style
machine.



Figure 10: Frame Design

2014 HOTBot SS: Chassis

The HOT Team has been using a pop riveted sheet metal chassis design since 2008.  Each year
the design is modified to fix the required actions of the game.  A large amount of design time
was invested to include hole-patterns for gear box mounting and axles, and also slots for mating
parts and lightening holes.  We use the access we have to GM’s water jet machine to cut the
designed pieces out of sheets of 1/16” 5052 Aluminum.

This process is very design intensive, but it greatly eases the final assembly of our machine.  The
design team did not feel there was a significant benefit to either long, wide, or square frame
orientation, so the decision was made to stay with the same dimensions from our 2013 frame to
reduce the amount of re-engineering required to design our 2014 chassis. This year we designed
25” x 30” long configuration frame to meet the 112” frame perimeter requirements. The frame is
fully enclosed to provide rigidity and structure for the rest of the integrated components of our
design.   Our bare sheet metal chassis weighs 8lbs.   Having such a light weight chassis allows
the engineers a lot of design flexibility in other areas of the robot.

Drivetrain:

The HOTBot drivetrain was designed as an 8WD – 4” wheel setup, using the two-speed 3CIM
VEXpro ball-shifting gearboxes.  These two-speed transmissions allow us to shift from high
torque (11.03:1 gear ratio) to high speed (4.17:1 gear ratio).  The transmission output is a 24T to
42T VEXpro belt and pulley drive to our center driven wheels and a 1:1 belt drive to our front
and rear driven wheels.  This combination gives the HOTBot SS a top speed of approximately 17
feet per second.

The design team chose and 8WD platform over other drivetrain configuration for two main
reasons:

(1) The 2014 design is an iterated version of similar 8WD drivetrains we have used on past
robots.  This provides a successful platform to incorporate previous year’s learnings
through continuous improvement.

(2) 8WD configuration provides a stable shooting platform and turning ability that is less
effected by the position of the robot’s CG (center of gravity).



Figure 11:  Concept #3

Figure 12:  Intake Design

Intake:

One of our top robot priorities we defined early in the game analysis process was for the robot is
to be able to pickup game pieces from the floor.  To execute a quick and efficient pick up, the
design team analyzed the geometry of the ball in relation to the bumpers and the 20” extension
rule.

Due to the size of the ball in relation to the bumper positions, the design team felt a second roller
would be required to provide additional assistance to effectively pull the ball over the bumper.

The final intake design utilizes (2”) diameter – (12”) wide polycarbonate rollers.  These rollers
are powered by a BAG motor into a VEXpro 10:1 versa-planetary gearbox.  The front roller
spins at 1050 RPM through an 18:24 timing belt – pulley reduction.  The rear roller spins at 630
RPM through an 18:30 timing belt – pulley reduction.

To ensure the intake is robust to aggressive defense, it has been mounted to the arm assembly
with 1/16” polycarbonate sheet.  This allows the intake to flex when hit and the polycarbonate
sheet will be the “weak link” that can be easily replaced when damaged.

This intake design has proved effective for both picking up the ball from the floor as well as
passing to partners for assists and effective shooting, meeting our robot design priorities.

Arm and Arm Support:



Figure 13:  Arm and Arm Support CAD

The arm assembly consists of the intake assembly, the lower hinge, and the shooter assembly,
supported by the arm structure pivot assembly.  To be an effective and versatile machine the
design team felt our robot should be able to score, catch, and truss in different positions on the
field.  The team incorporated a high pivot structure that is integrated into the chassis, utilizing
welded 1.5” round tubing that is rivet together with 1/16” AL side panels.  To achieve this goal,
the team designed an arm and pivot assembly to have a variable shot angle.  The arm pivot
provides a range of approximately 180 degree of rotation from the intake position to the rear shot
position.  The arm is rotated by dual 100T:22T chain drives, powered by (2) Banebot RS-775
18V motors into 100:1 VEXpro Versa-planetary gearboxes.

Shooter:

The main objective of the game is to score a ball in an elevated goal, thus projectile motion
calculations are required to gain insight into the dynamics of scoring the ball by launching it
from the robot.  A detailed spreadsheet was created to perform these calculations and was posted
on cheifdelphi.com for other FIRST teams to use in their initial calculations.   A screenshot of
the spreadsheet output is shown in Figure X for a 12.5 foot shot at a height of 44.325 inches from
the floor.  To score the ball in the goal at these initial conditions an initial launch angle of 46.8
degrees is required at an initial velocity of 28.5 feet per second.  Knowledge of the required
initial velocity to score from various positions on the playfield is necessary to develop a robust
design for the launching mechanism of the robot to be discussed next.



Figure 14:  Projectile Motion Spreadsheet

Figure 15:  Prototype Shooter #1

Robot Shooter Design – Linear Accelerator

A prototype shooter was constructed to determine the required mechanization to achieve the
objective of the game to score the balls in the high goal from a variety of distances.  The
prototype shooting mechanism was constructed of common materials available to facilitate a
rapid build and iterative design process to determine the optimal set of parameters required to
meet the objectives of the game.  The prototype was constructed using plywood, aluminum tube,
aluminum angle and surgical tubing for an energy storage to achieve the performance goals of
upper goal scoring discussed previously.



Figure 16:  Force v. Displacement for Prototype Shooter w/surgical tubing

The force required to pull back the prototype shooter is governed by Hooke’s Law where F is the
force to pull back the aluminum linear accelerator against the resistance of the surgical tubing
characterized by the quantity kx, with k the linear spring constant and x the displacement.

kxF     Eq (1)

The spring constant, k, was determined by stacking calibrated weights on top of the aluminum
linear accelerator and measuring the deflection of the aluminum tube.  The resulting force verse
displacement curve from the measurement is found in Figure 16.  The prototype shooter had a
maximum linear displacement of 18.5 inch and a measured spring constant, k, of 5.86 lbs/inch.
The spring constant, k, was found by performing a linear regression of the measured points
indicated by the diamonds in Figure 16.   The slope of the line is the spring constant

More important than the spring constant to the final design of the shooter is the energy potential
stored within the surgical tubing and the corresponding kinetic energy released and imparted
upon the game ball to score it through the goal.  The energy of the system can be determined by
integrating Equation 1 which is represented by integral in Equation 2 from zero displacement to
the maximum displacement, xfinal.  More simply, the energy of the spring system is the area under
the force-displacement curve in Figure X, represented by the shaded triangle.
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2
1  Eq (2)

For the prototype shooter the resulting energy stored at maximum displacement was found to be
roughly 84 lbsf-ft.  With this energy input onto the ball a shoot of approximately 12 feet from the
goal resulted in a successful score.  Knowing this key attribute enables the design team to
formulate a more suitable linear accelerator design for the competition robot.  The shooter was
designed provide the same amount of energy input though not necessarily through a similar
energy storage system.  The prototype shooter required approximately 105 lbs of force to draw
the surgical tubing to maximum displacement.



Figure 17:  Linear Spring v. Constant Force Spring

Figure 18:  Force v. Displacement for Prototype Shooter w/constant force spring

To package the prototype energy into a robot mechanism the design team weighed the pros and
cons for three energy storage options:

- Surgical tubing:  Pro- Cheap, Easy to mount use.  Con- Design robustness due to wear-
out rate and consistency, High pull back force.

- Liner Coil Springs:  Pro- Reliability and Consistency.  Con- Packaging length and Pull
back force.

- Constant force springs:  Pro – Lower pull back force, Reliability, Consistency, and
Packaging.  Con – Weight, Safety

The design team chose to attempt to utilize constant force springs in our design based on the
“pros” listed above.  We felt we could mitigate some of the “cons” through design.  To use
constant force springs.  Figure 17 shows a comparison of a typical coil spring and a constant
force spring.

The constant force spring selected for the competition robot was 25 lbs force and has a
displacement of roughly 18 inches.   A constant force spring doesn’t follow Hooke’s Law of
Equation 1, but is rather just simply a constant, C.  Taking the integral of this constant force
spring results in Equation 3, and for a 25 lbs spring at 18 inches only provides 37.5 lbsf-ft of
energy.  A second constant force spring was added to the design in parallel with the first spring
doubling the draw force to 50 lbs as well as the potential energy available to 75 lbsf-ft.

Note the change in shape of the curve relative to the prototype design.
finalx
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Figure 19: Shooter Assembly CAD and Assembled Parts

Figure 20: Design Inspiration and Initial Concepts

The competition robot shooter design resulted in 30 lbsf-ft lower available energy than the
prototype design, but owing to a focus on low mass components and use of bearings to reduce
friction this design was found to provide more than adequate capability to score from various
ranges.  During testing of this design a shot from a distance of 15 feet from the goal was
possible.

The shooter loading mechanism is achieved through a chain driven carriage system, powered by
(2) RS-775 18V motors into 5:1 VEXpro Versa-planetary gearboxes.  The linear plunger is held
in a loaded position by an automotive trunk latch.  The system has a servo actuated release when
we are ready to shoot.  At the end of travel, the plunger is stopped by (2) hard mounted 3/8”
pieces of rubber.  The plunger is made of 1” welded round AL tubing, with a 12” square face,
and rides on bearings to ensure as much energy as possible is transferred to the ball.

Catch / Centering Arms:

To achieve our robot priorities to be able to catch truss shots from other teams, the team again
looked for inspiration from previous games.  This time we were inspired by FRC254’s 2008
robot, which had pneumatically actuated arms to help hold the ball.



Figure 21: Catch Arms

Some additional requirements for the design team were to be able to package completely out of
the way, so that they did not reduce the ability to collect the ball in tight places.

The team chose to design a pneumatically actuated parallel 4-bar linkage system.  These arms
store in a 7” wide section on the sides of the arm when not deployed.  When fully deployed the
arms extend around the ball to help with catching and ensure the robot securely holds the ball
centered in the robot.

Pneumatics System

Back after a 10 year hiatus on the HOTBot is a pneumatics system.  This year we are using a
pneumatics in three areas: shifting, lower hinge, and catch arms.

In 2013, we failed to prioritize and develop a reliable electronic shifting method with the
VEXpro ball shifters.  This was due to multiple issue, the largest being that our previous window
motor shifter no longer packaged easily with the new 112” robot perimeter, when the robot is
configured in a “long” orientation.  So coming into 2014, the design team knew that we would
need to develop a proper shifting mechanism if we chose to use a shifting gearbox.

During the game analysis of the team determined that based on the chosen design concept, there
were additional robot functions that we could utilize pneumatics outside of just shifting our
gearboxes.  Our initial thoughts were that pneumatics might be an effective way to shoot the
game into the high goal.  After further analysis, the team decided we would not be using
pneumatics for that function.  But, through that process the design team realized there are
effective uses for pneumatics for the quick actuation needed for the lower hinge and the catch
arms.

Further analysis throughout the season will be conducted to determine if there is a need for a
middle position for the catch arms and if there is an effective pneumatics solution to achieve this
position.



Figure 22: Final Robot CAD and Competition Robot

2014 Final HOTBot SS

Overall the HOT Team designed a robot capable of achieving all of our initial robot priorities.
Although heavily influenced by 1114’s 2008 robot, the design team utilized past intake design
experience, prototyping, and innovative thinking to develop a robot that is similar but completely
unique solution to Aerial Assist SM.  This machine was designed with offense in mind, to be able
to score, pass, catch, and truss effectively, but with a robust frame and powerful drivetrain the
robot should also effectively achieve the defensive aspects of the game.


