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Abstract. The RoboJackets RoboCup SSL team was founded in 2007
and has competed every year since. The team’s objective this year was
to improve the mechanical and electrical robustness of the overall sys-
tem based on lessons learned from competition and continuous testing.
In parallel, the team added more planning capabilities to the team’s
software and added firmware features. This paper describes these fleet
upgrades and the progress made on their implementation.
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1 Mechanical

1.1 Wheel

For this iteration of the wheel the focus was on nailing down the tolerance for
the rollers as well as the bearing. In previous years there were issues with the
efficiency of the wheels which led to problems with motion control of the robots.
To combat the lack of adequate tolerancing, manufacturing was outsourced and
the design was modified to ensure that even if the tolerance is too large the
bearing will stay in place. The modification took place in the form of a pocket
as seen in Figure 1. This pocket is then filled with the bearing and sandwiched
with the top plate of the wheel. This allowed for smaller tolerance estimates.

1.2 Chipper

This year a chipper was created to be able to properly restart on direct and
indirect kicks. Due to the previous designs for the other sub-assemblies the tra-
ditional square solenoid would not fit into the robot effectively, other designs were
investigated. Inspiration for the final design was drawn from the RoboJackets
2011 fleet design. This led to a design with the chipper solenoid mounted on top
of the kicker solenoid.



Fig. 1: Bearing pocket in the back-plate of the wheel

Boot To ensure that the boot would not cause interference with the kicker two
different configurations were considered. The first design was to manufacture the
boot in such a way that it was always behind the kicker. This was not used due
to the previously designed kicker boot being too large to contort the chipper
boot around without making it too weak. In essence, the chipper boot would
have had to go under the kicker head to not interfere, which would have led to
a thickness of the boot that would not be robust enough to withstand repeated
impacts with the ball. Overall, the design would be over complicated for minimal
return on investment. This led to the second design which was to place a hole in
the chipper boot to ensure that the kicker would not interfere with the chipper.

Once it was decided to use the hole based design, work began on optimizing
the angle of the connection point between the boot and the chipper rod. Ac-
cording to the principles of dynamics the closer the angle of interaction is to 90
degrees, the smoother the force transfer.

Using this idea four different chipper boots were designed to test the theory
empirically. The last iteration on the design worked acceptably, however a final
design was created to make sure that it could not be further optimized. This
design changed the angle to a full 90 degrees and lowered the point of rotation
to increase the moment arm. However, when this design was tested under the
same conditions it was found to under-perform. The hypothesis for why it under-
performed is due to the smaller mass of the boot necessitated by the new design.
The decrease in mass led to a lesser momentum transfer as defined in Equation
1.

v2 = (2 �m1 � v1)=(m1 +m2) (1)
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(a) Force when angle of interaction is less
than 90 degrees

(b) Force when angle of interaction is at
a right angle

Fig. 2: Force comparison between angles

Manufacturing for this component was once again outsourced for tighter
tolerances and a nicer finish.

Plunger The plunger for the chipper is fairly straightforward. For the back
part, which is made of aluminum, the same design from the kicker was used. For
the front of the plunger which interacts with the boot of the chipper a cross bar
was added that fits into the boot to ensure that it can be pulled back, and thus
chip the ball. To achieve this a rod was welded into a groove in the steel plunger.

1.3 Dribbler

Last year the dribbler design did not work very well for receiving passes. This
led to the development a dribbler that could dampen the impact of the ball so
catching is effective. Inspiration was taken from ZJUs 2018 dampening dribbler
design [1]. This meant that the pivot point was placed at the base of the robot
in conjunction with the same part that held the chipper. The damping element
was attached at the top of the dribbler in contact with the midplate.

1.4 Rubber Roller

Another issue with the robot that was noticed during competition was that
the roller did not actually grip the ball to maintain control while dribbling.
Originally a foam was used since some short testing revealed that it gripped the
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Fig. 3: Completed chipper boot

Fig. 4: Side view of the dribbler assembly
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ball very well and had a moderate damping effect. However, the material was not
durable enough which caused it to disintegrate when pressed too hard against
the ball while dribbling. After some testing, Urethane with a Shore Hardness of
30 was chosen as it is a material better suited to handling the stresses that the
rubber roller experiences. After extensive stress testing it was determined that
the material was adequate and would hold up.

The other aspect that needed testing was the centering capabilities of the
roller. For this a couple of different designs were tested. The first was a crown
pulley style roller which ended up pushing the ball to the sides of the dribbler
rather than the center. Two different screw designs were also tested that worked
decently well, however due to the delicate geometries they would break down
over time and eventually lose their ability to center the ball. The final design
that was tested was a standard conical design to smoothly transfer the ball to
the center of the dribbler. This is the design was found to be the most consistent
over time.

(a) Crown Pulley (b) Screw Design 1

(c) Screw Design 2 (d) Final Conical Design

Fig. 5: Comparison between dribbler rollers
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2 Electrical

The control and kicker electrical boards this year are based off the design from
2018 with improvements to make the system more robust and to collect more
data. The new microcontroller board is based off of the Mbed microcontroller
that was previously used.

2.1 Microcontroller Board

As more onboard motion control was added to the robots the limits of the current
microcontroller were reached. An existing suitable replacement board was not
found, so a new microcontroller board was created to replace the previous Mbed
board. The major change for this new board was upgrading the microcontroller
chip from an ARM Cortex-M3 to an ARM-Cortex M7. This will allow for lower
latency and higher throughput motion control processing. The enabling features
are integer vector support, a hardware floating-point unit, and hardware floating
point vector support. There are a number of other advantages to the new Cortex-
M7 chip such as faster IO interfaces to communicate with on board chips.

On the new board, a high-speed USB interface chip was added for Hi-Speed
USB 2.0 communication to be used for debugging and radio communication. A
256 MB flash chip was added to store files such as binaries to program other
components on the robot. A 256 Mb RAM chip was added for future use with
more complex motion control. The JTAG port was also exposed which will allow
for more precise debugging compared to the past Mbed board.

In order to easily write code for the new microcontroller, an API was written
similar to the one that was provided with the Mbed. One of the main advantages
of the Mbed was being able to easily write code and program the board. To have a
similar convenience on the new board a bootloader was written to easily program
the board over Hi-Speed USB.

2.2 Control Board

The control board has been primarily modified to better support the new motion
control system for the robots. Support for the Mbed microcontroller has been
switched to the new microcontroller which has the hardware units necessary for
increased computational speed. Additionally, current-sense resistors were added
in-line to the motors that lead to ADCs which will be read by the FPGA to
provide data for the motion control system. The current sense-resistors are each
connected to a current-sense amplifier, the TI INA240, which enables PWM
rejection with a high common mode rejection ratio in order to get accurate
voltage drops across the shunt resistors.

All of the large components including the battery connector and bulk capac-
itors for the motors have been moved to the top of the board to increase space
efficiency and make room for a chipper. The bulk capacitors were changed to
through-hole capacitors because the surface mounted capacitors would often get
ripped off of the board. A connector has been added to the board to support
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