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Project Objective
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The objective of this project is to reduce injuries of 
football players through the improvement of 
shoulder pads.

Paul Cunningham



Department of Mechanical Engineering 6

Key Goals

Energy 
Distribution

Lifespan and 
Durability

Prevent 
Restrictions 

of
Movement
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Fundamental Needs
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Lightweight, 
Non-bulky

Compatible With 
Other Products in 

Markets

Improved Protection, 
Lessens Danger 

Points
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Hierarchy Chart
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Protect Form

Absorb Direct Impact X X

Disperse Incoming 
Energy

X X

Prevent Injuries X

Remains Lightweight X

Adapts to Fit X

Reacts Elastically X X

Cross-Reference Table

Paul Cunningham



Department of Mechanical Engineering

Targets & Metrics
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Function Table
Function Metric Target

Absorb Direct Impact G-Force (G) Decelerates impacts by at least 75%

Disperse Incoming Energy Force (lbf) Less than 740 lbf

Reacts Elastically Volume (in3) No loss of volume

Remains Lightweight Weight (lbs) 5 lbs or less

Adapts to Fit Regulations (in) ½ in gaps

Cost to Produce US dollars ($)
No more than 10% increase in 

production cost over current products

Compact Size Volume (in3)
Less than 10% bigger than current 

products

Comfortability Rating: 1 to 10 At least 7 out of 10
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Key Function Targets & Metrics
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Function Metric Target

Absorb Direct Impact G-Force (G) Decelerates impacts by at least 75%

Disperse Incoming Energy Force (lbf) Less than 740 lbf

Reacts Elastically Volume (in3) No loss of volume

Sawyer O'Bryan
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Target – Absorb Direct Impact
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Metric: G-Force (Acceleration)

Target: Decelerate Impact Force 

by 75%

F = m*a F = m*a

Sawyer O'Bryan
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Target – Disperse Incoming Energy
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Metric: Force (lbf)

Target: Less than 740 lbf at any 

specific point

Point Load

Distributed Load
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Target – Reacts Elastically
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Metric: Volume (in3)

Target: No change in Volume

Elasticity

✓ An object is considered elastic 

when it returns to its original size 

and shape after a load has been 

removed

✓ High Elastic Modulus

✓ Impact must not exceed the 

material's elastic limit

Sawyer O'Bryan
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Methods of Validation
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ASET Services Drop Test Finite Element Analysis (FEA)
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Concept Generation
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Concept Generation
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Methods
Biomimicry

Morphological Chart

Crapshoot

Anti-Problem

Battle of Perspectives

Brainstorming

Sawyer O'Bryan
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Brainstorming

Discussion between all group 
members to produce potential 
concepts.

Concepts generated in all 
categories.

Many material options were 
discussed.

Sawyer O'Bryan
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Morphological Chart

Allows concepts to be 
generated quickly by listing 
different design solutions for 
each component.

Often similar concepts

Less creative concepts 
then other methods

Sawyer O'Bryan
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Medium Fidelity Concepts

"Non-Newtonian Fluid" "Padded Compression" "Open Cell Structure Foam"

Sawyer O'Bryan
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High Fidelity Concepts

"Air Pocket Technology""Auxetic Foam"

Sawyer O'Bryan
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Concept Selection
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Pairwise Comparison
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Pairwise Comparison
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House of Quality
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Pugh Chart 1

Nicholas Palestrini



Department of Mechanical Engineering 28

Pugh Chart 1
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Pugh Chart 2
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Pugh Chart 2
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Pugh Chart 3
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Pugh Chart 3
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Criteria Comparison Matrix
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Concept Comparison Matrix
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Final Rating Matrix
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Selected Concept
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Future Work

Obtain 

Materials for 

TestingVirtual 

Testing 

(FEA)

Implement 

Materials into 

Shoulder Pads

Testing with 

Shoulder 

Pads

Risk 

Assessment

Nicholas Palestrini

Final 

Design
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