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Abstract:
This project saw the creation of a Translational Drift Robot, a robot which rotates itself at
high speeds and modulates the speed of its wheels to affect translational motion. The robot was
built with three goals in mind: two main goals and a stretch goal. The first goal was to create a
robot capable of competing in Motorama 2018, a battlebots competition. This meant that the
robot had to pass the safety requirements of Motorama and be able to hold its own against
similar weighted bots. In addition, Motorama 2018 took place during the month of February,
meaning a method of rapid design and prototyping was required. The second goal was to replace
or augment the traditional accelerometer based rotation estimation with a magnetometer based
method. This method uses the earth’s magnetic field as a universal reference point. The stretch
goal was to take the robot and scale it down, recreating it in a smaller, plastic chassis for
presentation at Imagine RIT 2018. The “microbot” would use the same methodologies of the
original bot, but it would be in a smaller package. The team managed to partially meet the first
goal: the robot was able to pass safety inspection, but a last minute catastrophic failure prevented
participation. Unfortunately, the second goal could only be partially met as the failures in the
large bot could not be fully mended. While software to interact with a IMU module was created,
it could not be tested in the context of the Translation Drift Robot. In addition, the third goal was
only partially met, as well. A smaller chassis was 3D printed, but came apart under the force of
rotation.
Motivation/Background:
Translational drift is a method of controlling differential drive wheeled robots which
allows the robot to simultaneously rotate at high speed and move in an arbitrary horizontal
direction. Typical translational drift robots use a reference point to create a virtual “front” for the
robot, and the user bases their control and direction of movement on this. These robots use LEDs
that flash at the same frequency as the robot’s rotation, at an arbitrary duty ratio, to create an arc
of light. This arc of light remains visible due to Persistence of Vision (POV). This POV display
indicates the relative heading of the robot, but also adds a limitation to the system because
opponents can observe the robot’s orientation. Other types of implementations use external
beacons as an absolute reference point, this requires a direct line of sight to the beacons and can
be affected by obstructions between the robot and the beacon. Polar Storm uses an internal
control system which uses a global reference frame based on Earth’s magnetic field. A global
reference frame allows the robot to be controlled based upon the user’s reference frame. The
version of Polar Storm produced this semester will use sensor fusion to combine magnetometer
and accelerometer measurements into an estimate of the robot’s orientation. The POV display
will be maintained for safety, usability, and debugging purposes.

There are several stakeholders for this project; one being our primary customer, Stephen
Pasek; RIT for the Imagine RIT event in the spring of 2018; the combat robot community; and
potentially any robot hobbyist that is interested in translational drift mobility.
This project has several customer and engineering requirements. The robot was designed
to compete in the featherweight class at Motorama 2018. This required a maximum weight
restriction of 30 pounds, utilization of absolute positioning to control the robots orientation and
movement, stability while stationary, and durability to survive competition. Modularity was
necessary for ease of access to internal components, easy repair, and the testing of new
components. However, the initial prototype lacked this capability. Controls were required to
toggle between standard relative positioning and absolute positioning should one mode fail. In
the first implementation only standard differential drive was achieved due to catastrophic
mechanical failure. This was before software development of translational drift movement could
be completed. Lastly, the robot was required to follow all NERC rules for combat robotics.
Engineering requirements included a weight limitation of 30 Lbs, maximum heading deviation of
10 degrees per second, shock load resistance of 5000G’s, functional rotational speed of at least
1,500 RPM and at most 3,000 RPM, invertibility, drop height survivability of 5 feet, spin up time
of at most 2 seconds to reach 60% of the robot’s maximum, a maximum rotational kinetic energy
of at least 50 J/lb, and drift while stationary of at most 3 in/sec.
Description of design:
Polar Storm is a 30 pound translational drift robot made from a solid block of aluminum
with two tool hardened steel teeth. The design is meant to utilize these steel teeth to slam into
opponents while our robot is rotating at its high speeds. The body of our bot is circular with the
exception of our teeth. This design is meant to provide us the ultimate protection while providing
the most amount of damage. The robot sits a quarter inch off the ground to provide enough
ground clearance while minimizing the effectiveness of a wedge-style bot against the robot. The
robot is invertible to guard against flipper-style robots such that aim to disable the robot. The top
and bottom of our robot are comprised of a rubber sheet and a clear polycarbonate plate to
protect the internal hardware from vertical hits. This rubber has also been utilized on the inside
of the internal pockets that hold our separate components such as the battery, motor controllers,
and our circuit board. This is to help aid in protection from impacts during competition. Figure 1
below shows the initial solidworks model of the robot.

Figure 1 - Solidworks Model of Robot
From an electromechanical perspective, the primary systems of the robot are the
Brushless Direct Current Motors (BLDC motors), Electronic Speed Controllers (ESC), Battery,
Power Switch, Receiver, POV display, control PCB, and buck converters. The control PCB
contains two accelerometers, a magnetometer, a Teensy3.2 and connectors for ESC control
signals, LED control signals, and buck converter outputs (UBEC). The power switch is required
as per Northeast Robotics Club (NERC) competition rules.

Figure 2 - Robot Electrical System
Figure 2 above shows the assembled complete robot electrical system. This system initially
experienced issues driving the BLDC motors, even under zero load. However, it was determined
that this was not a hardware issue, but in fact an issue with the configuration of the ESC’s
undervoltage shutdown and position feedback integrator parameters. The battery was chosen to
have enough energy for an estimated 11 robot spin-ups for a standard 3-minute match. Separate

buck converters were used for the Teensy 3.2, the Receiver, and the LED’s to ensure current
capacity to drive all three systems simultaneously. In future revisions, a single UBEC will be
used, or isolation will be employed to allow for separate ground planes and to prevent the
transfer of power via data pins.

Figure 3 - Robot Control PCB First and Second Prototype
The first PCB iteration (Fig. 3, left) was produced at the Construct at RIT, however, the
Construct lacked the capability to make a double sided PCB. The second prototype (Fig. 3,
right), which had the same layout, was ordered from OSHPARK and had a 2 layer design. This
eliminated solder bridging issues and allowed for the creation of a cover plate used to support the
components.

Figure 4 - Initial Placement of components within the Robot Chassis

Figure 4 above shows the initial placement of components within the robot. Note that the
ESC wires must cross the motor to allow space for wire routing creating a source of friction. This
was later remedied by shortening the ESC wires, and bending them backwards on top of the
ESC. Additionally, the pulleys mounted on the motor shaft rubbed against the black, ultra-high
molecular weight (UHMW) blocks due to insufficient clearances. This led to the aluminum
pulleys increasing in temperature, causing the V-belts to deform, slip, and eventually cease to
function. This was remedied by swapping the direction of the motor shaft such that it could be
mounted by only one point instead of two. This eliminates the source of friction and heating.
Additionally timing belts were used to reduce slippage and for their increased heat resistance.
The pulleys used for the timing belts experienced slipping on the motor shaft, preventing the
motors from spinning the wheels due to high internal friction originating in the wheel mounts.
Supporting feasibility evidence:
Translational drift was implemented as early as 2003 by botlabs on “Saurobot”, and was
originally known as “Tornado Drive”. Note that most of the information on “Saurobot” is
missing from google searches, but can be found by searching on archive.org for
www.botlabs.com in 2004. Saurobot used Labview for control. This however is limiting due to
the licensing costs of labview. Additionally, there is little to no documentation on the hardware
implementation. According to the botlabs site, saurobot achieved 5th place in its first
competition indicating that translational drift is a feasible control method for battlebots. The
botlabs site also refers to “Tornado Drive” as “cyclone drive” and “melty brain” indicating that
there were other similar projects at the time of publication.

Figure 5 - Saurobot by botlabs
Translational drift was also implemented by Rich Olson in 2009 as the creative commons
project Open Melt. This was deployed on a variety of 1lb, 3lb and 30lb robots for a variety of
combat robotics events. See Figure 6 below for an image of Olson’s robot “MeltyB”.

Figure 6 - Melty B created by Rich Olson
OpenMelt tracks the edge speed of the robot by using accelerometers to measure the
robot’s centripetal acceleration. Based upon the centripetal acceleration, timers are set up to
blink the LED at a known speed, and the wheel speed is modulated based upon the approximated
position. When the robot is facing in the desired direction of movement, the reverse wheel is
slowed and the forward wheel is sped up. The relative success of robots such as “MeltyB”,
“Death by Translation”, “Denial” and “Saurobot” indicates that the project is achievable at least
to the level of accelerometer based feedback.
Based on the need for rotational tracking up to 3000 RPM (50 Hz), the absolute minimum
measurement speed for the magnetometer would need to be 100Hz based on the Nyquist
sampling theorem. In reality more than double this sample rate value is necessary for good
results. This measurement can be improved upon via sensor fusion with the accelerometers, as
they are capable of measurements up to 400Hz. Part of the issue inherent to this is that many
magnetometers are not capable of sample rates above 200Hz, and are limited by slow I2C data
interfaces and their sensor architecture. See Table 1 for magnetometer and accelerometer
breakout boards. Fluxgate magnetometers, while capable of high frequency measurement, are
prohibitively large and expensive for this application.
Table 1 - IMU Breakout Boards

As such, the magnetometer integration is one of the largests risks of the project as a
whole, outside of mechanical and electrical failures, both of which have occured due to frictional
heating of drive systems, and arc-flash due to electrical clearance to the chassis.
Results/conclusion:
The catastrophic mechanical failure shortly prior to Motorama set back the project
significantly. The cause of the failure was unforeseen, as it was caused by a combination of
factors working in tandem. Friction between the bearing block and the motor pulley caused
internal heating, deforming and loosening the v-belts, causing slippage, which accelerated the
process. Ultimately the v-belts deformed beyond the point of functionality. This was remedied
by changing the mounting configuration of the motors as seen in Figure 7 below. Note that the
revised PCB is used with a orange 3d printed support for the components. Additionally, note the
3d printed pulleys, white timing belts and reoriented motor mounting. This configuration used
timing belts and 3D printed pulleys attached to the motors and wheels. This solved the friction
issue between the motors and the blocks, but introduced slippage between the motor shaft and
the new 3D printed pulleys. Additionally, the wheels experienced significant friction preventing
the robot from functioning properly.

Figure 7 - Revised Robot Assembly

Figure 8 - Revised PCB with Components, External Wiring and 3D Printed Cover
Figure 8 above shows the revised pcb with external wiring, all components, and the 3d
printed cover. All electrical hardware functioned as expected. An arc flash event caused by
insufficient electrical clearance to the chassis caused an ESC to break, and a miswired receiver
caused a set of UBECs and a receiver to break. This indicates that a second revision needs
safeguards for improper wiring.
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