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This research investigates the tribological properties (the 
study of friction, wear, and lubrication between surfaces) of 
Polytetrafluoroethylene (PTFE) composites to address the 
material's high wear rate while preserving its low coefficient 
of friction. PTFE composites, including PTFE 7AX (a specific 
composite formulation designed to improve wear resistance), 
are manufactured and tested against pure PTFE under various 
environmental conditions using an in-house tribometer (an 
instrument that measures friction and wear between 
surfaces). Surface characterization techniques, including 
electron microscopy and contact angle measurements (a 
technique used to assess how a liquid interacts with a surface, 
reflecting its surface energy), are used to analyze the 
mechanisms behind observed friction and wear behaviors. 
This research aims to identify composite formulations that 
enhance durability without compromising PTFE's desirable 
frictional properties, with potential applications in aerospace, 
automotive, and industrial systems where low-friction, wear-
resistant materials are critical.

Abstract

Background

Sample Preparation

Two polymer mixtures were prepared: PTFE and PTFE 7AX

After drying, the dry mixtures were placed into a cylindrical 
mold and compressed under a 25 kN load for one minute

Cylinders were sintered at 500°C on a controlled heating 
curve and machined into 6.25x6.25x12.5 mm rectangular 
prisms

Tribometer Testing

Samples were loaded into a reciprocating tribometer with a 
normal load of 250 N applied against a stainless steel counter 
sample

Samples underwent multiple sets of 40 mm cycles, ranging 
from 1k to 200k cycles in a chamber at 25°C and 26% 
humidity

Data Collection

Mass of samples and their holders were recorded before and 
after each cycle set to calculate wear rate (material lost over 
time due to friction)

Frictional force was continuously recorded by the tribometer 
and divided by normal force to obtain the coefficient of 
friction (a measure of how much resistance exists between 
two sliding surfaces)

Steady state behavior — the point at which friction stabilizes 
— was defined using the last 5 sets (400k to 1,200k cycles)

Methods Results

The tribological properties of PTFE 7AX composite showed 
[improvement/no significant change] compared to pure PTFE 
under the tested environmental conditions. A [X]% reduction 
in coefficient of friction was observed in PTFE 7AX compared 
to pure PTFE, while wear rate was [reduced/increased] by [X] 
at steady state.

Surface characterization via electron microscopy revealed 
[describe surface differences], suggesting that [composite 
structure/filler distribution] plays a role in the observed wear 
behavior. Contact angle measurements indicated 
[higher/lower] surface energy in PTFE 7AX compared to pure 
PTFE, pointing to [describe mechanism] as a contributor to its 
improved tribological performance.
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Energy waste and maintenance in mechanical systems drive 
up costs and reduce efficiency. PTFE 
(Polytetrafluoroethylene), commonly known as Teflon, is a 
promising solution due to its exceptionally low friction — it 
self-lubricates by creating a thin transfer film as it wears. 
However, PTFE is prone to high wear rates from delamination, 
limiting its practical use.

To combat this, fillers are mixed into PTFE to create 
composites like PTFE 7AX, which are hypothesized to provide 
a more stable structure less prone to delamination. These 
composite formulations have been shown to improve wear 
rates by up to five orders of magnitude without significantly 
increasing friction. This research tests PTFE and PTFE 7AX 
under controlled environmental conditions to identify which 
formulations best balance durability and low friction for real-
world applications.

Santiago Rojas and Dr. Taylor Higgins

Under Water Exoskeleton for 
Diver Assistance

Results

The tribological properties of PTFE 7AX composite showed 
[Taken together, this data suggests that PTFE 7AX composites 
[do/do not] offer a meaningful improvement in wear 
resistance without significantly compromising PTFE's low 
frictional properties. The primary mechanism behind wear 
reduction appears to be [tribochemical/mechanical/both], 
driven by [filler stabilization/transfer film behavior/other]. 
Further investigation into the effects of environmental 
conditions — particularly humidity and temperature — on 
composite wear behavior could prove valuable in optimizing 
PTFE formulations for aerospace, automotive, and industrial 
applications.
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Abstract
This research investigates the design and preliminary 
development of a waterproof, wrist-mounted human-
input device for controlling an underwater diver-assist 
exoskeleton. Wearable electronic control systems must 
withstand pressure and liquid exposure while maintaining 
reliable performance, making waterproofing a critical 
design challenge1. The project aims to improve diver 
mobility during underwater research and exploration, 
where currents and other environmental resistance can 
increase drag and fatigue, resulting in limited movement. 
An extensive literature review informed system 
requirements such as signals underwater3 and design 
decisions. Using computer-aided design (CAD), a digital 
prototype of the control interface was developed. Results 
indicate that compact, wearable electronic control systems 
for underwater exoskeletons are feasible, with future work 
focusing on physical prototyping, waterproof testing2, and 
human-subject evaluation.
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Introduction
• Underwater divers experience increased physical strain 

due to hydrodynamic drag, water currents, and 
restricted mobility, which can reduce endurance during 
prolonged dives.

• Current underwater assistance technologies mainly 
consist of propulsion systems to assist with forward 
movement – none currently address the problem of 
station keeping.

• Although wearable exoskeletons are well studied for 
terrestrial applications, compact wearable underwater 
systems remain limited due to challenges in 
waterproofing, signal transmission, and user comfort.

• This project investigates a small-scale, wearable 
underwater exoskeleton control interface using a 
waterproof force-sensitive resistor (FSR) input system.

Results
• Design is on-going to appropriately incorporate all 

components and then ensure waterproofing
• Once the design is more finalized, it will undergo 

underwater testing at various depths to make sure that 
input signals are robust ever at depth

Conclusions
• We will soon be testing a waterproof force-

sensitive resistor input system can reliably 
transmit control signals in submerged 
conditions.

• Results demonstrate the feasibility of a compact, 
wearable control interface for underwater 
exoskeleton applications.

Methods
• Conducted a literature review of prior research on 

wearable exoskeletons and underwater robotics.
• Designed a force-sensitive resistor (FSR) input system for 

user control.
• Added FSR with a microcontroller for signal processing.
• Encased electronics in a waterproof housing to prevent 

water intrusion.

Future Research
• Fully integrate the user-input device herein with 

the station-keeping system developed by a 
different group.

Picture 
shows a 
FSR that 
will be used 
inside the 
design

3D printed 
prototype 
with 
additional 
pieces

SolidWorks 
design with 
dimensions 
in inches
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