
Nicholas Robles
Design Portfolio



Hardware Engineer - 
Leg Exoskeleton 
Research (2022)

Designed a robotically assisted leg 
exoskeleton that is 5x more effective 

than existing products at reducing 
knee osteoarthritis knee pain.



Mechanical Design - Carriage
The critical components of the 
exoskeleton are the carbon fiber tubing 
and the sliding “carriage” to transfer 
the force from the tube to the body. I 
used free-body calculations and 
material analysis to optimize the best 
tubing dimensions.

A bent sheet aluminum piece is the 
carriage, which rolls on the tube, gets 
pulled up by the motor cord, and pulls 
on the strap connecting to the leg. With 
so many critical functions, the design 
of this part is important. I selected 
sheet metal as it can be easily scaled 
for a commercial product. This was 
designed in SolidWorks with stress 
simulation to optimize for part strength 
in high-cycle performance cases. DFM 
and DFA were important to design a 
lightweight and modular system, using 
sheet metal and machining 
manufacturing for custom parts.



Mechanical Design - Test Rig
To test the research prototype, an 
emulator test rig is used to have 
off-board motors, transferring power 
through a cord in a bowden tube. My 
first design (shown in CAD) relied on 
the wood surface we drilled the 
mounts to, but after the first tests, I 
added extrusions to better support 
against the torque of the motor. The 
final design is a cage supporting the 
motors. I used stress simulation to 
validate my designs in SolidWorks.

This design saved $17,000, 85% of 
the cost of the alternative. I used metal 
fabricating and waterjet cutting for 
quick turnaround time on designing 
and constructing the research test rig 
to withstand high cycles and large 
forces.



Component & Assembly Free Body 
Diagrams



Custom String Potentiometer

Custom cap design to interface with 
off-the-shelf encoder and badge 
return. Accurate to within 2 mm 

across a 50 mm range.

RLS RMB20 magnetic 
encoder

SLA resin 3D print manufactured 
potentiometer assembled on exo

Cross-section view of component 
interaction and nesting.



Injection Molding 
Design (2021)

A self-defense product designed for 
injection molding manufacturability. 

Worked through the full design 
process from prototyping to 

manufacturing.



CAD Design & Simulation

Prototyping finger sizing and product design.

Mold design manufactured using CNC

CAD negative mold design of product

Plastic flow analysis on wall thickness to validate 
the design before manufacturing



Troubleshooting Molding

Gate breaking off 
happened due to the 
nozzle leaking flash 

above the mold and a 
lack of mold release.

Flashing occurred 
around the runner and my 

part, requiring a shim 
beneath my mold.

Burning from trapped 
air was a problem in 
the most parts shot, 

requiring dropping the 
clamping force.

A self-locking handle CAD design requiring one 
mold to make the two mating halves.

The mold design had manufacturing issues due to 
small features, teaching me to think of both DFM 
for the product and the DFM of product tooling.

Mold Design Lesson



Brick Kiln Capstone 
(2020)

Our mission was to modify the 
coal-feeding process of brick kilns to 

reduce black carbon pollutants.



Research

As a team we went to Delhi and Varanasi in India to talk with kiln owners about their 
methods and pitfalls with the firing process.

Thermal diffusion simulation on our first 
sheet metal prototype design.

Heat resistance testing on the second 
prototype in a test kiln setup.

Combustion efficiency calculations highlight the technical requirements of reducing 
black carbon emissions.



Firing Practice Solution
As our solution, we decided an 
adjustment to current firing practices 
to be the most beneficial and least 
disruptive to the workers, reducing 
overall fuel usage. This came in the 
form of adding small attachments to 
the tops of the coal feeding ports to 
better distribute coal throughout the 
stack of bricks to allow more air over 
each coal particle. We also suggested 
coal be ground slightly so the average 
particle size is smaller, as well as 
adding coal in smaller amounts more 
frequently. All of these changes allow 
for more air around each coal particle 
for more complete combustion, 
reducing black carbon.

We focused on implementing a 
business and cost-based reasoning 
for adoption beyond the significant 
health benefits that result from this 
change, shared through flyers and 
documentation to kiln owners.

We designed simple 
informational flyers 
for the suggested 
practices (reduce 
coal size, increase 
coal feeding 
frequency, add 
thermocouple 
monitoring of firing 
chamber, and adding 
porthole 
attachments). We 
also made training 
manuals for adding 
the new methods into 
current practices.



Coal Feeding Porthole Attachment



Mechatronics Robot 
(2022)

The goal of this project was to design 
a robot that can run through a set of 

obstacles using a state-based coding 
approach, relying on sensors to 

navigate the field.



Software Lead
The task was to score points on a field 
through interacting with sheep on the board 
while another robot was also running the 
field. Our team’s strategy was to be fast to 
our scoring zone to avoid the other robot, 
taking a path of “uncertainty” to rely on a 
simple but effective state machine 
approach.

I led the team in deciding on an overall MVP 
design, allowing us to build and test quickly 
to become the first team running trials on the 
practice field. This allowed me to code 
(using C) with quick iterative feedback, 
improving the state machine to be robust to 
win second place in the final competition.

Most of the time was spent testing the 
state-based control architecture of our 
autonomous robot, accounting for as many 
edge cases as we could find. Since we were 
able to test so much, the robot was 
extremely reliable in a variety of conditions.

State Machine Steps:
-Startup
-Line Finding
-Get On Line
-Line Following
-Cross the Intersection
-Stop in Scoring Zone

The few 
sensors we 
needed for our 
robot:
-IR Sensors
-Limit Switches



Chassis Design Lead
The chassis design was critical for 
mounting sensors and the motors of 
the robot. I designed a modular tiered 
robot so levels could easily be 
swapped out and edited as needed. I 
manufactured the parts from laser cut 
duron to be highly customizable, with 
many duron parts fitting together to 
make the different parts of the robot.

Parts had to be accurately designed to 
be able to fit with off the shelf 
components connecting to the 
circuitry and powertrain subsystems of 
the robot. Having a deep 
understanding of each of the 
subsystems was crucial for quick and 
effective designs, which were robust 
enough to test the robot weeks before 
the final demonstration.



Detention (2021)

Chair design and manufacturing class
17” x 21” x 40”

Concrete, Children’s Clothing/Stuffed 
Animals, Galvanized Steel, Epoxy



The Chair - Art & Design

I designed this chair to bring 
attention to the inhumane 

conditions found in ICE detention 
centers. I found elements of 

inspiration from the materials of the 
facilities in the form of chain-link 

fencing and concrete flooring.

To best understand seating 
ergonomics, I built a 

prototype fit to my body 
dimensions for ergonomics, 

testing seat depth and 
angle, back height and 
angle, and height of the 

overall structure.

Concept Sketch Sits-Like Prototype Mold Construction Concrete Pouring Result

This design called for 
inexpensive and ubiquitous 

materials, however, to 
manipulate the concrete in a 

way I wanted, I needed to 
construct an elaborate mold to 
create cavities for clothing and 
a wooden structure to reduce 

the amount of concrete.

The result of the poured 
concrete came out as 

expected, and allowed me to 
integrate the chain link 

fencing to complete the 
barren and industrial style of 

the chair.



Details
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