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Project Objective

Sensors

Develop technology to 
monitor dynamic fingertip 

forces on a baseball

Develop accurate method of 
measurement

Maintain the original 
characteristics of a ball

Facilitate access to the 
gathered data
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Background

Your goal shouldn't be to 
buy players. Your goal 

should be to buy wins. In 
order to buy wins, you need 

to buy runs. 
- Michael Lewis, Moneyball
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Motivation
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Assumptions
Ball is safely 
caught after 
the throw by 

a net.

Ball is 
thrown in a 

specific 
position.

Device can 
be used to 
read the 

data.
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Customer Needs

The device 
can be 
charged 

repeatedly. The device 
doesn’t 
interfere 
with the 
pitcher.

Device is 
tailored to 

detect forces 
on the index 
and middle 

fingers.
The device 
captures 
pressure 
and shear 

forces.

Device is 
tailored to
a 4-seam 

style.

8

Charles Whitaker



Department of Mechanical Engineering

Functional Decomposition

Contains 
supplied 
voltage

Senses 
applied load

Isolates 
region for 
fingertip 

application

Transforms 
signals from 
analog to 

digital

Plot time-
dependent 

data

Match 
moment of 
inertia close 
to standard

Lock 
components 

in place

Supports 
weight of 

components
Riley Ferrer
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Targets And Metrics

Standard Moment of 
Inertia

Component Movement

0.5mm

Supplied Voltage

81.56 ± 5% kg•mm2

Riley Ferrer
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Time (s)

Point of 
maximum 

force

0

117

Force (N)

2s

Region for index and 
middle finger application

Between 4 cm2

and 5 cm2

Senses applied load

117 N

Targets And Metrics

Riley Ferrer
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Plot time-dependent Data
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Concept Design
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Piezo 
Sensors

Indications

3D 
Printed 
Housing

Lithium-
ion 

Battery

Arduino 
Blue 
Nano

20 mm

Riley Ferrer
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Concept Design

Soldered connection on 
piezoelectric sensor

15

Piezo 
Sensors

3D Printed 
Housing

Indications

Lithium-
ion 

Battery

Arduino 
Blue 
Nano

55 mm

Riley Ferrer
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Concept Design

Potentiometer

16

Arduino 
Blue 
Nano

Lithium-
ion 

Battery

Indications

3D 
Printed 
Housing

Piezo 
Sensors

Riley Ferrer
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Concept Design
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Individual housing for 
components

Arduino 
Blue 
Nano

Lithium-
ion 

Battery

Indications

3D 
Printed 
Housing

Piezo 
Sensors

Data will be sent to 
MATLAB for further 

analysis

5mm

24.5mm 24.5mm

15mm

Riley Ferrer

15



Department of Mechanical Engineering

Concept Design
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Indications

3D 
Printed 
Housing

Lithium-
ion 

Battery

Arduino 
Blue 
Nano

Piezo 
Sensors

Data will be sent to 
MATLAB for further 

analysis

Piezoelectric sensors

Middle 
Finger

X

Middle 
Finger

X

Middle 
Finger

X

Index 
Finger

X

Riley Ferrer
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Initial Prototyping

Gap for 
sensor

Bracket for 
force 

application

Opening for 
cable 

connection

+
Sensor

Top view

Side view

Force applied

15 mm

3D-Printed Housing 

Yanni Giannareas
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Sensor Testing

Connection setup without 
housing

Insulating 
tape

Connected to A0

Connected to 
GND

Testing pressure force

Testing shear force

+

Yanni Giannareas
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Sensor Testing

Testing shear force

Higher readings for higher 
pressure

Pressure/Shear applied

Analog 
reading

Yanni Giannareas

Testing pressure force
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Sensor Testing

Yanni Giannareas

MTS load 
frame

Arduino setup for 
data acquisition

Digital force 
gauge
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Sensor Testing
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Minimum δ
of 5 mm

δ

MTS load 
frame

Digital force 
gauge

Idle
Manual pressure 

applied

Easier to control applied 
pressure

Real-time pressure values 
available

Yanni Giannareas

Sensor 
thickness is

2.4 mm
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Sensor Testing

Force (N) Response

6 17

8 34

16 70

25 131

43 181

60 283

90 420

𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 = 4.72 ∗ 𝐹𝑜𝑟𝑐𝑒 − 4.78

Adjusted R2 = 0.98

Yanni Giannareas
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Sensor Testing

𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 = 4.72 ∗ 𝐹𝑜𝑟𝑐𝑒 − 4.78

Adjusted R2 = 0.98

Force = 5.46 N
Force = 5.67 N
Force = 5.67 N
Force = 6.94 N

Analog reading = 21
Analog reading = 22
Analog reading = 22
Analog reading = 28

Before

After

Yanni Giannareas
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Sensor Testing

Yanni Giannareas
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Micrometer
stage

Copper foil δ

Minimum δ is 100 μm per 
one turn
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Sensor Testing

Yanni Giannareas
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𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 = 4.69 ∗ 𝐹𝑜𝑟𝑐𝑒 − 3.51
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Sensor Preloading

Piezoelectric stack 
(before preload)

Piezoelectric stack 
(Under preload)

Preload specs

F.O.S = 2.5

Fload = -180 N

σload = −7.2 MPa

Mathew Brown
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Sensor Preloading

𝜎

𝜏

Mathew Brown
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Mathew Brown

Smaller preload 
stack

Initial stack 
prototype

Subjected to 
compression

28

Sensor Preloading
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Bluetooth Incorporation
Bluetooth module 

incorporated

Sufficient pins for 
our purpose

Mathew Brown
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Bluetooth Incorporation
Future 

improvements

Combined shear 
and pressure 

measurements

Improved user 
interface

Mathew Brown
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Battery Incorporation

Mathew Brown
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Batteries connected in series to create 
necessary voltage to power Arduino

Semi-limited to power output

Incorporating spring in housing to secure 

battery connection 
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Manufacturing

DAP Ultra Clear Silicon Sealant

Properties

• Waterproof
• Crackproof
• Minimal flexibility 
• Curable within 24 

hours

Density 

DAP: 0.89
𝑔

𝑐𝑚3

Baseball: 0.7 − 0.8
𝑔

𝑐𝑚3

Texture 

Cured material has 
similar texture to a 
rubber cage ball

David Adams 
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Manufacturing

Complete Shell of Ball

Top Shell

Bottom Shell

David Adams 
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Manufacturing

Top Shell of Ball

Sensor & 
Arduino Housing 

David Adams 
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Manufacturing

Bottom Shell of Ball

Battery 
Compartment 

David Adams 
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David Adams 

Project Takeaways

The ability to adapt to 
overcome problems

Failure should be 
used as a teaching 

tool 

Ask questions to fully 
understand the scope

Account for wire 
management 

Take advantage of 
resources offered
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Future Work

Operational 
Manual

Deliverables

Final Steps

Integrating all 
individual 

systems into a 
final prototype

Testing data 
acquisition 

gathered from 
use

Validation of 
targets

Engineering 
Design Poster

Conference 
Paper
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David Adams 
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