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Objective
The objective of this project is to research and design a device that will reduce 
the risk of concussions for athletes across all sports, with a specific focus on 
football players.
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Impact of Concussions on Brain 
Health

Connor Hollis

• 50% of NFL players would not 
allow their kids to play

• 1/3 of players have sustained a 
brain injury

• Short term effects 
o  headaches, memory loss, 

nausea, mood swings
• Long term effects

o Chronic traumatic 
encephalopathy (CTE), 
traumatic brain injury (TBI), 
and more
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Existing Solutions

Riley Stroth

• Helmets

• Q-Collar

• Guardian Caps

• SISU Smart Mouth Guard
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Parameters to Consider

Riley Stroth

• Player position 

• Anticipated and unanticipated collisions

• Rotational and linear impact forces

• Impact location
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Rotational vs. Linear Impacts

Riley Stroth

• Focal and diffused brain injuries

• Predictability of concussions and 
measurement

• Threshold:
o Linear = 70g – 100g

o Rotational = 4000 rad/s² – 5000
rad/s²

o Head Impact Criteria of 250 
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Research Challenges 

Riley Stroth

Underreporting of 
Concussions

Focus on Collegiate and 
Professional 

Time and Resources



Focus on maintaining functionality, weight, and 
comfortability

Preventing more than skull fractures

Reduce risk of concussions, but acknowledge 
complete elimination may not be possible just yet
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Design Objectives

Saiabhinav 
Devulapalli



12

Research-Driven Approaches

Saiabhinav 
Devulapalli

Impact Absorption
HIT (Head Impact 
Telemetry) Sensor

Jugular Vein 
Compression 
Collar (JVCC) 



• 3D printed Hourglass Design
oAuxetic Structure

▪ Printer: Formlabs 3B+

▪ Resin: Flexible 80A Resin

o Testing
▪ Clamp and Image Analysis with MATLAB

▪ Simulations performed on Autodesk FUSION

o Experimenting with Other Structural Designs

• Placement
oDesigning patterns to incorporate foam 

design to protect the Head 
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Impact Absorbing Material

Saiabhinav 
Devulapalli
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Impact Absorbing Material

Saiabhinav 
Devulapalli

Figure 1: (A) Geometry of prints with (B) Calculated Poisson’s Ratio for each (****p<0.0001, One-way ANOVA 
with Tukey’s post hoc, n>10 measurements / group from 2 independent experiments). (C) Strain Diagram of 

Football Foam, compared to Flexible 80A Prints: Hourglass Vertically Oriented (compressed along X), Hourglass 
Horizontally Oriented (compressed along Y), “Triclinic” Cube, and Hexagonal Hourglass.
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Impact Absorbing Material

Saiabhinav 
Devulapalli

Figure 2: Fusion Simulated Force Diagram of Flexible 80A Hourglass – Y Compressed (A,C) & X Compressed (B,D) 
at 1200 N. Distributed Load Y Direction (A,C) with the following results: Total Deformation = 1.587 mm, 
Calculated Poisson’s Ratio = -0.333. Distributed Load X Direction (B,D) with the Following results: Total 

Deformation = 28.87 mm, Calculated Poisson’s Ratio = -0.806.



• Research on Bighorn sheep shows increased skull blood volume 
acts as "bubble-wrap" around brain

• This then led to discovery of the Jugular Vein Compression Collar
oCauses pooling of blood above application of the collar, blood leaves skull 

slower

• Currently being used by pro-athletes as Q-collar
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JVCC

Connor Hollis
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Connor Hollis

Example of NFL athlete wearing device
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Sensors for Impact Monitoring

Riley Stroth

HIT (Head Impact 
Telemetry) Sensor

Biometric Monitoring



•  3D print and test a neck 
compression device (NCD)

• Combine NCD with hexagonal foam

• Get MRI and ultrasound data done 
using the 3T Scanner at the College 
of Medicine

• Interview with Dr. Greg Myer

• Sensor's materials, placement, and 
circuit 
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Future Work

Connor Hollis
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Questions?

Connor Hollis
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Connor Hollis
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