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Project Objective
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Reduce injury by increasing the effectiveness of 
shoulder pads

Paul Cunningham
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Athletic Trainer Survey

Key Questions

1. What are the Biggest 
Complaints about Shoulder 
Pads?

2. Most Common blunt 
force injury?

3. Are there any
protective materials that can 
be used to prevent contact 
injuries?

Paul Cunningham

7– Pads do not fit
properly

2 – Restricts
Movement

1 – Old Equipment,
Smells Bad

Q1 Q2

Q3

Responses
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Fundamental Needs

Paul Cunningham

Improved
Protection

Compatible 
With Current 
Shoulder Pad 

Models

Lightweight,
Non-bulky
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Fundamental Needs Key Goals

Paul Cunningham

Optimal Fit

Improved
Protection

Compatible 
With Current 
Shoulder Pad 

Models

Lightweight,
Non-bulky Lifespan and 

Durability

Protect Against 
Impact
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Protect

Primary Functions

10

Paul Cunningham

Form
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Secondary Functions
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Protect Form

Maintain 
Shape

Absorb 
Direct 
Impact

Remains 
Light 

Weight

Adapts 
to Fit

Paul Cunningham
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Creating A Solution

12

Morgan Sefcik
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Targets & Metrics
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Morgan Sefcik

Function Metric Target

Absorb Direct Impact Force (pound-force) Reduce Force by 75%
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Morgan Sefcik

Function Metric Target

Absorb Direct Impact Force (pound-force) Reduce Force by 75%

Maintain Shape Volume (inches cubed) No reduction in Volume

Remains Lightweight Weight (pounds) Less than 5 pounds

Adapts to Fit Motion (percent) 30% reduction of 
movement during contact
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Concept Generation
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Methods
Biomimicry

Morphological Chart

Crapshoot

Anti-Problem

Battle of Perspectives

Brainstorming

Morgan Sefcik
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First Selected Concept
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Morgan Sefcik

Replace Interior Padding of Shoulder Pads with Auxetic Foam
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Second Selected Concept
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Undershirt that Improves Fit

Morgan Sefcik
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Materials Testing
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Nicholas Palestrini
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Compression Test
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Nicholas Palestrini
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Compression Test Results
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Nicholas Palestrini

Polyurethane Foam 0.0288 %

Polyimide Foam 0.0400 %

Open-Cell Polyurethane Foam 0.0745 %

Organic Latex Shredded Foam 0.0867 %

Gel Shredded Memory Foam -0.0207 %

Mean Percent Height Reduction
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Pendulum Impact Test

24
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Pendulum Impact Test Results
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Nicholas Palestrini

Polyurethane Foam 40.3954 %

Polyimide Foam 28.3345 %

Open-Cell Polyurethane Foam 20.8708%

Organic Latex Shredded Foam 27.7816 %

Gel Shredded Memory Foam 28.8874 %

Mean Percent Force Reduction
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Fit Optimization: Shoulder Mold
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Nicholas Palestrini
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Fit Optimization: Contact Points
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Nicholas Palestrini
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Designing the Undershirt
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Vivi Huynh
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Explored Concepts
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Vivi Huynh
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Explored Concepts
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• Sealing tests (Heat Treatment)

• Stress tests (Popping Prevention)

• Implementation of channels

Vivi Huynh
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Material Selection
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Vivi Huynh

1

2 3

1. HeatGear Compression 
Undershirt

2. Outside Pocket Fabric

3. Ultra-Weather 
Resistant Nylon Fabric Sheet

• Polyester Sweat Wicking fabric

• Gel Memory Foam
• Polyurethane Foam

2
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Updated Prototype
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Vivi Huynh
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Latest Prototype
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Vivi Huynh
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Shoulder Pad Progression
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Vivi Huynh



Department of Mechanical Engineering

Choice Of Foam 
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Vivi Huynh

Polyurethane Foam

Shredded Gel Memory Foam
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Shoulder Pad Progression
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Vivi Huynh
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Shoulder Pad Progression
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Shoulder Pad Progression
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Shoulder Pad Progression
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Vivi Huynh
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Undershirt Validation
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Sawyer O'Bryan
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Slip Test
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Sawyer O'Bryan

Measurement: Displacement (m)

Δx

Δy Δy

Δx
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Slip Test-Comparison
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Sawyer O'Bryan

No undershirt Competitor Undershirt Secure Fit Undershirt

Average: 2.86 in
Reduction: 45.4%

Average: 3.84 in
Reduction: 26.7%

Average: 5.24 in
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Pendulum Impact Test

43

Sawyer O'Bryan
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Pendulum Impact Test Results
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Sawyer O'Bryan

Composite Foam Pad 52.2891 %

Gel Shredded Memory Foam Pad 21.9785 %

Nike Competition Padding 27.6143 %

Mean Percent Force Reduction
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Thermal Testing – 2 Laps 
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Sawyer O'Bryan

Before Running No undershirt Competition Undershirt Secure Fit Football Undershirt

89.24°F86.90°F82.76°F77.90°F

Temperatures differ by 2-3°C across body
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Competition
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Sawyer O'Bryan

Nike Pro HyperStrong Sleeveless Undershirt
Price: $65

Secure Football Undershirt
Final Prototype Manufacturing Cost: $44
Estimated Bulk Production Per Shirt: $22
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Future Work
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Vivi Huynh

Undershirt impact testing with shoulder pads

Field implementation with volunteers

Analysis on damping properties of undershirt

Durability testing of materials

Professional designers 
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Vivi Huynh

Lessons Learned

✓Do not assume

✓Self-regulate procedures when there is lack of prior knowledge or foundation

✓Recreating a repeatable, controlled impact is challenging

✓ Impact sensors are more complex than indicated

✓Reducing injury can only be inferred when the project does not include injury

✓Comfort is subjective

✓Account for potential roadblocks in design process

48
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Morgan Sefcik

Summary

The padding on the shoulder and neck is made of shredded gel memory foam, 
polyurethane foam, all wrapped in ultra-weather resistant nylon fabric sheet.

Composite foam padding reduced impact by 52.29% however, further testing 
with more advanced instruments is necessary

Secure fit football undershirt protects the neck from impact and decreases the 

motion of shoulder pads.

49
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Mass Production Cost

53



Department of Mechanical Engineering 132


