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Meet  the 473P Cell Service 
Providers Team
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Rachel Wrobel Stefano MarconiDante Macean Kailey Carpenter Itan GrossCarlos Rios

CAD rendering of the Cell Service Provider’s 
team shaker table design
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Product Overview
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Front isometric view of shaker table

Test Tube Holders
Well Plate

OD/FI Sensor & Bracket

UI Module 
with Controls
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Product Overview
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Back isometric view of shaker table Top view of shaker table
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Hedgehog Concept

6

 Our main goal while 
designing was to 
create a well made, 
easy-to-use product 
at a reasonable cost. 

Highly serviceable 
and 

manufacturable 
while still being 

economically 
practical

Sturdy and 
reliable while 
maintaining a 

minimalist and 
compact form-

factor

High quality 
motor function 

through 
simplistic 

programming 
and electronic 

component 
selection

What we are 
best at

What we are 
passionate

about

Our economic
edge
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Key Product Specifications

 Detachable User Interface (UI) 
module that disconnects from 
shaker table while maintaining 
shaking operations

 Manufactured for <$500

 IP-X5 Certified Waterproof rating 
for working electronics (except UI 
module)

 Generates multiple motion patterns 
(linear, orbital, double orbital) at 
variable speeds defined by user

 Accommodates two test tube 
holders and one well plate
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Key Product Specifications
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 Integrated Optical 
Density/Fluorescent Intensity 
(OD/FI) light sources emitting 
~365nm of light

 Includes OD/FI photoresistor 
sensor unit for solution measuring 
purposes

 Can withstand environments with 
temperatures ranging from  0ºC 
(32ºF) to 70ºC (158ºF)



Prototype Demonstrations 
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Prototype Demos – Motion Patterns

 Three motions:
 Linear

 Orbital

 Double Orbital

 Average RPM = 390

 1st step
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Prototype Demos – IP-X5 Test
 Water test

 Heat shrink, electrical tape, 
waterproof Loctite used

 4 minutes of water spray with 
commercial hose
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Prototype Demos – Full Machine Test

 Collision of finished electrical, 
code, mechanical assembly

 Functions tested include self 
sustained operation (linear test), 
adjustable parameters, and safety 
features
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Prototype Demos – Temperature Test
 Withstand as low as 0ºC and 

up to 70ºC

 Fridge and mini oven used

 Still to be conducted

 PETG melting point = 220 ºC 

 Perf board assembled
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Prototype Demos – Drop Test

 Dropped from 75 cm height

 Sheet metal walls added to protect 
internal components

 Designed with strong motor mounts 
in mind
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Design Analysis and Highlights
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Design Highlights
 Major Changes from Fall 2022 Design

 Fall 2022: Nema 17 Stepper Motors  Spring 2023: 12V DC Polulu 25D Gearmotors 

 The original design utilized stepper motors, however in order to achieve variable 
speed capabilities and be able to withstand a wide temperature range, DC motors 
were chosen. Analysis as to how these motors were completed and can be seen in  
the proceeding slides.

 Fall 2022: No Integrated OD/FI system  Spring 2023: Designed Integrated OD/FI  
system

 The original design only focused on the shaking aspect of the table design, but to 
make the product more appealing to a variety of potential customers, an integrated 
OD/FI system was designed.
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Motor Selection Analysis – Torque
 Torque analysis begins with finding the axial force experienced by the motor shaft. 

 𝐹𝐹𝑎𝑎 = 𝑚𝑚𝑚𝑚𝜇𝜇 = 2.27 𝑘𝑘𝑘𝑘 9.81 𝑚𝑚
𝑠𝑠2

0.51 = 11.4 𝑁𝑁

 Motor experiences an axial force of 11.4 N

 Next, the torque required from the motor could be determined using the following
equation:

 𝑇𝑇 = 𝐹𝐹𝑎𝑎𝑟𝑟
1000𝜂𝜂

= 0.11 Nm

 From the above, it was found that the motors would need to supply a minimum torque 
of 0.11 Nm. 
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Motor Selection Analysis – Speed vs. 
Torque Plot
 Polulu Robotics and Electronics manufactures 12V DC motors with encoders

 After looking at speed vs. torque plots, a 9.7:1 Metal Gearmotor 25D HP 12 V was 
selected
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 At 350 rpm, the selected 
motor can provide 0.27 Nm of 
torque, which is over two 
times the required torque. 
Additionally, it can run up to 
1000 rpm and can still supply 
more than enough torque
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Motor Selection Analysis
 Below is an image of one of the motor assemblies. 
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9.7:1 Metal Gearmotor 
25D HP 12 V

Encoder 
Connections

Motor Mount

9mm HTD 
Timing Belt 
Pulley

Motor Leveler

M3 X 8mm 
Screws
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Motor Selection Analysis
 Below is an image of the physical implementation of the motors into our design.
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Motor 
Assembly 

#1

Motor 
Assembly 

#2

Base Plate

9mm HTD 
Timing Belt 
Pulley

12mm HTD 
Drive Belt

OD/FI Plate

Idler Pulley for 
Motor Assembly #1
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Drop Test Analysis – Outer Frame

Analysis Proving Resilience to 75 cm Drop

𝑉𝑉𝑓𝑓2 = 𝑉𝑉𝑖𝑖2 + 2𝑎𝑎∆𝑦𝑦

𝑉𝑉𝑓𝑓 = 2 9.8 𝑚𝑚
𝑠𝑠2

0.75𝑚𝑚 = 0.4 m/s = Velocity on impact

-------------------

𝐹𝐹 = 𝑚𝑚𝑣𝑣2

2𝑑𝑑


(1.135 𝑘𝑘𝑘𝑘)(0.4𝑚𝑚)2

2(0.142𝑚𝑚)
=  0.64 N Force on impact

-------------------

𝜎𝜎 = 𝐹𝐹
𝐴𝐴


0.64 𝑁𝑁
6.4𝑚𝑚2 = 10 Pa =  Stress on impact

Aluminum Yield Strength is 270 MPa >> 10Pa
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Drop Test Analysis – Outer Frame
 From the analysis completed on the previous slide, the outer frame was designed using 

6061 T6 Aluminum sheet metal as it assists in the structural rigidity of the shaker table 
and assists in keeping the noise level down while operating. The image below is a CAD 
screenshot of the outer frame. 
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Design Evolution
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Design Evolution – Initial Build

 Mechanical Structure: 

 Machined base plate 
& rails 

 PLA 3D printed parts

 Electrical Structure: 

 12V sent to motors
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Base Plate

Motor Subassembly (1/2)

Motor 
Subassembly 
(2/2)

3D printed 
PLA parts

Guide 
Rail

12V 
Power
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Design Evolution – Initial Wiring

 Electrical Components: 

 Breadboard 

 Arduino 

 L298 Motor controller 

 DC-DC converter

 AC-DC converter 

 Motors

 Initially tested that the motors could 
perform the three patterns 
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Design Evolution – Current Wiring

 Electrical Components: 

 Breadboard 

 Arduino Mega

 L298 Motor controller 

 DC-DC converter

 AC-DC converter 

 Motors

 Buttons 

 Potentiometers 

 LCD 2004

 Capable of full machine 
demonstration
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Design Evolution – Programming 

 Void loop{ 

 While (black == low) { 
 //code for main menu displays}

 If (yellow==high & red==low) {
 //code for orbital pattern} 

 Else If (blue==high & red==low){ 
 //code for linear pattern} 

 Else If (green==high & red==low){
 //code for double orbital pattern) 

 Else if (red == high) { 
 //code to turn off machine and display 

message to LCD screen} 

 }
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Design Evolution – Initial OD/FI Wiring

 LED light array emits ~365 nm 
wavelength 

 Operates on AC power 

 Power supply was spliced to 
power both the LED and shaker 
table 

 LED circuit shorted and progress 
has been halted due to shipping 
delays 
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LED Light Array

AC/DC 
Converter

LED Light Array 
AC connections 
pre converter. 
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OD/FI Plate Evolution
 From the Fall 2022 design, the OD/FI plate looked as so:
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OD/FI Plate Evolution

 In order to incorporate the more 
test tubes and a well plate, the 
following design was sketched:

30

 Main issue was that the distance 
between the light array and the test 
tube holder/well plate was too 
large. 

Idea #1
Idea #2

LED 
Light 
Array

Test 
Tube 

Holder

Well 
Plate

OD/FI 
Plate

Test 
Tube 

Holders

Well 
Plate

OD/FI Plate
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OD/FI Plate Evolution

31

 Using idea #2 as the guideline, the 
OD/FI Plate to the right was 
developed. 

 Place-holder LED PCB arrays were 
used

 Support rods modified to “H-
bracket” configuration

LED Light 
Array

OD/FI Plate

Test Tube Holders

Well Plate 
Assembly

Rectangular 
RecessOD/FI LED Array 

Wiring Holes
Support Bracket

Center Block
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Photoresistor/LDR Sensor Design
 LED light arrays emit light at wavelength of ~365 nm

 Use Quinine as test solution, has absorbance peaks at 250 nm and 350 nm

 Use photoresistor/LDR to detect light emitted in spectral range

 For Quinine, emits at a wavelength of ~450 nm
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Absorbance spectrum and fluorescence 
emission spectrum for Quinine [3]



DEPARTMENT OR UNIT NAME. DELETE FROM MASTER SLIDE IF N/A

Photoresistor/LDR Sensor Design
 Design approach: design a sensor 

that measures the excitation 
wavelengths of Quinine that is 
perpendicular to the light source to 
not contaminate the measurement
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LDR/Photoresistor

L - Bracket

Sensor Mounting 
Screws

NOEL Mount



Cost Analysis
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35

Cost Summary – One Prototype Build

1 Prototype Build Production Scale of 100

Mechanical Components $462.25 $346.69

Electrical Components $150.02 $112.52

Total $612.27 $459.20

 For more information, purchase orders are 
available at the end of the presentation.



Total Overview
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Final Product Overview
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Thank you!



Backup Slides
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Mechanical Purchase Order
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Electrical Purchase Order
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