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IMeet the 473P Cell Service
Providers Team

Rachel Wrobel Dante Macean Ka11ey Carpenter Stefano Marconi  Carlos Rios Itan Gross

CAD rendering of the Cell Service Provider’s
team shaker table design



Product Overview
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Product Overview
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Hedgehog Concept

* Our main goal while

designing was to Highly serviceable What we are
create a well made, and best at
manufacturable
easy-to-use product while still being
at a reasonable cost. economically
practical
High quality
motor function Sturdy and
through reliable while
What we are simplistic maintaining a
passionate programming minimalist and
about and electronic compact form-
component factor
selection Our economic

edge



Key Product Specifications

= Detachable User Interface (Ul)
module that disconnects from
shaker table while maintaining
shaking operations

= Manufactured for <$500

= JP-X5 Certified Waterproof rating
for working electronics (except Ul
module)

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

= Accommodates two test tube
holders and one well plate



Key Product Specifications

= 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 0°C
(32°F) to 70°C (158°F)




Prototype Demonstrations




Prototype Demos — Motion Patterns

= Three motions:

= Linear
= Orbital
= Double Orbital

= Average RPM = 390

= ]ststep
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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, 5 |
code, mechanical assembly - 4

4

* 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 0°C and

up t o IZ OOC Properties Typical value Standard

PLA PETG PLA PETG

Heat deflection temperature (0.45 MPa) 55°C 68°C ISO 75 SO 75
" Frldge and mini oven used Modulus of elasticity 2.3 GPa* 51 GPa ASTM D638 ASTM D638

Maximum melting temperature 145-160°C 220-245°C ISO 11357 [SO 11357
Glass transition temperature 55-60°C ISO 11357
= Still to be conducted p e .
Elongation at flow 2% 14% ASTM D638 ASTM D638
Final traction force 26.4 MPa** 45.8 MPa ASTM D638 ASTM D638
] PETG melting point - 220 OC *GPa-gigapascals, ** MPa-megapascals

PETG [Polyethylene Terephthalate Glycol-Modified], one of the most widely used filamen

= 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




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.
= F,=mgu=(227kg)(9.81%)(0.51) = 114N

= Motor experiences an axial force of 11.4 N

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

__ Fgr

10007

= 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 12V was
selected

Pololu ltems #3202, #4842 (9.7:1 Metal Gearmotor 25D HP 12V) Performance at 12 V

100 — r 1200

no-load speed: 1000 rpm -150
Iyat = 48 A 3

1000

45

=100 w7 = At 350 rpm, the selected

T ml | motor can provide 0.27 Nm of
wb T St torque, which is over two

N N 1 times the required torque.

i Los ¥ Additionally, it can run up to
oL 1000 rpm and can still supply
T more than enough torque

200

no-load current: 0.20 A
oL L 0 1 1 1 1 1 1
0 5 10 15 20 25 30

torque (kg-mm)
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Motor Selection Analysis

= Below is an image of one of the motor assemblies.

Encoder
Connections

9.7:1 Metal Gearmotor
25D HP 12V

Motor Mount M3 X 8Smm

Screws

9mm HTD
Timing Belt
Pulley

o
I"

Motor Leveler
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Motor Selection Analysis

= Below is an image of the physical implementation of the motors into our design.

OD/FI Plate
-

Motor Motor

Assembly Assembly
1 H2

9mm HTD 12mm HTD

Timing Belt Drive Belt

Pulley

':.lBasé. Plz;lteﬂ
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Drop Test Analysis — Outer Frame

Analysis Proving Resilience to 75 cm Drop
VF = V7 + 2ady >

Ve = \/2 (9.8 sz) (0.75m) = 0.4 m/s = Velocity on impact

2

F=2"->
2d

(1.135 kg)(0.4m)?
2(0.142m)

= 0.64 N Force on impact

0.64 N
6.4 M2

Aluminum Yield Strength is 270 MPa >> 10Pa

= 10 Pa = Stress on impact
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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:

= ]2V sent to motors

Subassembly (1/2)-
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= 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
= 298 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} WAL q4 ARG

Else If (green==high & red==1low){ Y-
= //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

LED Light Array
AC cammectio




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.:

WeM \“j\ Test
Tube

Plate
Holder

) LED
OD/FI "\ Light
Plate N\ Array
Idea #1 > =)
\N—

= Main issue was that the distance
between the light array and the test
tube holder/well plate was too
large.
: = \&—— lube
— {
o, O . ©ON

Well
Plate

OD/FI Plate j

Idea #2
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OD/FI1 Plate Evolution

* Using idea #2 as the guideline, the Test Tube Holders
OD/FI Plate to the right was
developed.

= Place-holder LED PCB arrays were
used

" Support rods modified to “H-
bracket” configuration

Rectangular
Support Bracket OD/ FI LED Array Recess
| Wiring Holes

OD/FI Plate
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

A
/ III
L \
E | \ 2
m | =
£ ; 2
(o] | \ =
n —-— | \ 3
© /' '.\
J
L . r 0 I —J
300 400 500 600 700 800

wavelength (nm)

Absorbance spectrum and fluorescence

emission spectrum for Quinine [3]
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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

NOEL Mount

it
el
.....
........
At
......

.......
|||||
-----

'
-------
111111

Sensor Mounting
; Screws

LDR/Photoresistor
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Cost Analysis
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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 $612.217 $459.20

= For more information, purchase orders are
available at the end of the presentation.
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Total Overview
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Final Product Overview

37






Backup Slides
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Herbert Wertheim College of Engineering

POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

Mechanical Purchase Orxder

REQUEST FOR ITEMS TO BE PURCHASED Date Requested: 2/20/2023
1. Purchase Order Number: 1
2. Group requesting item(s): Cell Senvice Providers (4731
3. Account to be charged MAE Mechanical Design 3
4. Group member issting PO: Stefano marconi
BOM Part Name Description of item to be purchased: Part Number Qty.  unit Price Shipping Sub Total _Vendor Name Vendor Address Vendor City/StateiZip Vendor Phone Number
e —— 303 Stainiess steol oot serew shaft collar. hex sockel, 0D 10mm. Widih omm 6058N13 8 | Singe |5 3456]5 969 | $ 4425 | McMaster-Carr | P-0_Box 5370 T Princeton, NJ 085435370 | (609) 685-3000
! ’ ’ Web Site: https:/h mcmaster.com/6058N13/
Screw Shaft Gollar 303 Stainless steel set screw shaft collar, hex socket, OD 12 mm, Width 8 mm o NI 4 | Single I $ 1728 | 8 9.69 l $ 2697 | [ b0 Box 5370 Princeton. N 085435370 508) 689.3000
Web Site hffps./Juvw.mcmaster. com/B05BNTAT 2
2mm Bet Pulleys Corrosion resistant HTD Timing Belt Pulley, press it mount, finished bore type, 3684N14 2] singe |$ 1692]$ 969 [ $ 2661 McMasterCarr | P-0._Box 5370 [ Princeton. NJ 085436370 ] (609) 689-3000
MATL: Aluminum Web Site: hitps.//vivv.mcmaster. com/3684NT47
3693N13 2 $ 19348 969§ 2903 [ McMaster-Carr | P.O. Box 5370 [ Princeton, NJ 085435370 | (609) 689-3000
12mm Belt Idler Pulleys High-strength HTD timing Belt Idler Pulley, finished bore type, MAT: Aluminum S h-n e ST T R TaNTT
98089A205 1 Pack [$ 7.75[$% 969 [ § 17.44 | McMaster-Carr | P.O. Box 5370 [ Princeton, NJ 08543-5370 | (609) 689-3000
Pulley Rod Shims 188 Stainless Steel Round Shim, 0.1mm thick, 5mm 1D Tieh Site: TS o TSt o G080
) 92377A620 Single |5 54115 969 | & 1510 | McMasterCarr | P-0.Box 5370 T_Princeton, NJ 085435370 | (609) 685-3000
Unthreaded Si Stock ,
nthreaded Spacer Stocks Unthreaded spacer shock, polypropylene spacer stock, 1/2° 0D e Sie g o st o 3T TABED GETTA TS0
R 12V 1000 RPM. 300mA. metal gearmotor with 486 GPR Encoder Pololu #: 4842 2 | singe [ $ 9790]S 795 ] $ 10585  Polou | 920 Pilol Road, Las Vegas NV] Las Vegas, Nevada 89119 _| 702-262-6648
: ' ' g Web Site: hitps://wv.pololu com/product/4842
T o lnear mation shafts, 200mm long. raw stock material 6112K52 8 | Singe | § 95588 10.12 [ $ 10570 | McMaster-Carr | P-0_Box 5370 [ Princeton, NJ 085435370 | (609) 689-3000
. & Web Stte: hitps.//wvw.mcmaster. com/6459K1/
; 2 B9015K17 1] Single | $ 2258 2500 | § 47.58 | McMaster-Carr | P-0.Box 5370 [ Princeton, NJ 085435370 | (609) 669-3000
Sheet Metal frame z g Z g .
6" by 48" sheet metal to provide for 4.257 by 40 Web Site https: oy memaster com/BO016K17]
e T s e alloy steel socket head screws, thread size 5.6" - 18, UNC thread type 91251A581 Pack [$ 11.41 10.12[$ 2153 [ McMaster-Carr | PO _Box 5370 [ Princeton. NJ 08543-5370 [ (609) 689-3000
! ! Web Site: http: mcmaster.com/91251a581/
‘Shaker Plate Assembly Socket Screws Black Oride Alloy Steel Socket Head Screw, 1032, 7/8" Long 91251A346 1] Pack |5 964] 969 | $ 1933 | McMaster-Carr | P-0.Box 5370 [_Princeton, NJ 08543-5370_| (609) 689-3000
Web Site: https://www.mcmaster.com/91251A346/
Stee! Hex Nuts T S B A, (TR Ee 90480A195 1 Pack |§ 220 969 [ $ 1189 | McMaster-Carr | P-0_Box 5370 [ Princeton, NJ 085436370 | (609) 689-3000
) ’ ) Web Site: hitps://wv. mcmaster.com/90480A 195/
o 8982K65 1 Single |[$ 260]$ 967 | $ 12.27 | McMasterCarr | P.0. Box 5370 [ Princeton, NJ 085435370 | (609) 689-3000
L-channel Aluminunm extrusion
Multipurpose 6061 aluminum 90 degree angle, 21t long, 1/16" thickness e L stma Lo sl
6112K37 1] Single [ S 1098]5 887 | $ 1985 | McMaster-Carr | P-0.Box 5370 [ _Princeton. NJ 085435370 ] (609) 685-3000
Pulley Shafts/Rod: Pull haft: d rods for direct | its.
e A e Web Site Pips:/lomaw memaster com/61 1K377
92005A160 1 Pack |§ 5066 887 | $ 1483 | McMaster-Carr | P-0.Box 5370 [_Princeton. NJ 085436370 ] (609) 689-3000
Button Head Cap Screws for Drive Rails b
P D I G S e R E Web Site Pitps //vww mcmaster com/92095A1607
3766N13 6 | Single | $ 1062]8 887 | $ 1949 | McMaster-Carr | P-0.Box 5370 [_Princeton, NJ 085436370 ] (609) 689-3000
Bearings b for motor levels
o et Web Sie Fitps /vmaw amazon com/qp/producUBOTKT TEWNG
91290A316 1 Pack [ $ 1457]$ 927 | $ 2384 | McMaster-Carr | PO Box 5370 [ Princeton, NJ 085435370 | (609) 689-3000
M8 Alloy Steel Socket Head Screw .
Y BA e e e T Web Site Fifips /oy memaster com/91290A316/
Medium-Strength Steel Hex Nuts - Grade 5 98797A030 1] Pack [$ 9145 927 [ $ 1841 [ McMaster-Garr | P.O. Box 5370 [ Princeton, NJ 08543-5370 | (609) 689-3000
Black Corrosion-Resistant Coated, 5/16"18 medium high strength steel hex nuts Web Site hitps. o mcmaster com/98797A030/
92210A199 1] Single [ S 1397]5 927 | $ 2324 | McMaster-Carr | P-0. Box 5370 [_Princeton. NJ 085435370 | (609) 685-3000
Support Blade Screw b
i e e Web Site hitp memastercom/92210A199/
e —— ey 1460N22 1| Single [ $ 89.93 824 | $ 10817 | McMaster-Carr | P_0.Box 5370 [_Princeton, NJ 085435370 | (609) 689-3000
Web Site: hitps//wwov.mcmaster com/1460N32/
B S S — 3682N3 2 | Single | § 48.44 1854 | $ 66.98 | McMaster-Carr | P-0.Box 5370 [ Princeton, NJ 085436370 | (609) 669-3000
Web Site: hitps.//wwov mcmaster com/2682N3]
91251A128 1 Pack $ 12.14 18.92 [ $ 31.06 | McMaster-Cam | P.0. Box 5370 [ Princeton, NJ 08543-5370 | (609) 689-3000
Sensor Bracket Screws S Bracket B
ensorBracket screws Web Site hitps.fuw mcmaster com/91251A 128/
Neoprene Rubber Feet e \93::»;2“152 mAS// Smglimaslir 1((?[“3%542K212/ 18.92 | $ 3528 | McMaster-Carr | P_0. Box 5370 [_Princeton. NJ 085435370 ] (609) 685-3000
8982K945 1] Single [ S 40.16]S 18.92 | $_569.08 | McMaster-Carr | P_0. Box 5370 [_Princeton. NJ 085436370 | (609) 689-3000
ODFI L bracket screws ODFI L shaped brackets for fast .
SRS SO e Web Site. hittps.//vwvov. momaster com/8982K94-8982K945/
9001KE 1] Single [$ 068 18.92 | $ 2860 | McMaster-Carr | P-0.Box 5370 [ Princeton, NJ 085435370 ] (609) 689-3000
ODFI U bracket screws ODFI U shaped brackets for fast
SRS S ES U2 IS Web Site: hftps.//unoy.mcmaster com/9001K6-0001K224/
90128A946 1 Single | $ 457 -~ [$ 457 | McMasterCar | P.O. Box 5370 [ Princeton, NJ 085435370 | (609) 689-3000
Screws for ODFI Plate s ed on ODFI Platt -
cres used on e Web Site Hiips /unaw memaster com/90 128AG4R/
90480A195 1 Pack | $ 220 - [$ 220 McMaster-Carr | P.O. Box 5370 [ Princeton, NJ 08543-5370_| (609) 689-3000
Nuts for ODFI Platy .
s for 2t Nuts for ODFI Plate Web Sk Bitps //vmow mcmaster com/90480ATG5]
92095A179 Pack | S 583]5 18.92 | $ 2475 | McMaster-Carr | P-0.Box 5370 [_Princeton, NJ 08543-5370_| (609) 685-3000
M3X0.5 Screws M3X0.5 screws for fastening purposes e Fitps /e mcmaster Com/92005ATTaT
TOTAL $ 649.40
Deliver to whom: Sean R. Niemi

Delivery location:

Dept of Mech and Aero Eng

Building B, Room 305
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Electrical Purchase Orxder

REQUEST FOR ITEMS TO BE PURCHASED Date Requested: 31202023
1. Purchase Order Number: 1
2. Group requesting itemi(s): Cell Service Providers (473P)
3. Account to be charged: MAE Mechanical Design 3
4. Group member issuing PO: Stefano Marceni
BOM Part Number BOM Part Name Description of item to be purchased: Part Number Qty. Unit Price Shipping Sub Total Vendor Name Vendor Address Vendor City/State/Zip Vendor Phone Number
EML4502.E1 Arduino Mega Elecirical control board, USB ion, reset ADDDOGT 1| 1 § 4820 % - [5 4820] Amazon | 410 Terry Ave N | Seattle, WA 88109 | 1-888-280-4321
butions, containing digital and analog inputs.
EML4502-E2 LDR Photoresistor Photoresistors for ODF| Electrical components and H-4716
sensors.
N 32110000
EML4502-E3 Bread Board Bread board for wiring between arduino and motors =
I = Glass plate, Liquid crystal maternial with polarzing 43211900 1 1 $ 1109 % = $ 1199 EML4502 Lah 571 Gale Lemerand Drive Gamesvl\le Florida, 32603
EML4502-E4 Liquid Crystal Display (LCD) fiiter. h&si% amazon com/AZ Delivery-Characier-Backlight-Converier-Compatible/dp/B0 706 GHP RIrel=sr sspakeywords=lquid=crystal-display+arduino&aid=1681746701&sprefr=lquid-crystal-dsp
EML4502-E5 LED Light Array White Individually Addressable LED Chips 5050SMD| SK6812RGBWW-W-100P 3 1 $2099 | § = § 6297 Amazon 410 Terry Ave N Seattle, WA 98109 1-888-280-4331
LED Module Pixels Light DC 5V, hitps /fwww.amazon.com/BTF-LIGHTING-SKEE12RGEW-WS2812B-Individually-Addressable/dp/BO7CIXGD1X/ref=sr 1 1 sspa?keywords=LED+Array&qid=1679681653&sr=8-1-spons&psc=1&spla=2W
EML4502-E6 Push Button Push button to control moving patterns (orbital, JFD022 3 1 § 599[§ - [s 589] EML4502Lab 571 Gale Lemerand Drive Gainesville, Florida, 32603
double orhital) Riffps 7w amazon nnm!Mnmﬁnh Tactle-Throunh-Rreadboard-F tendAn/R0TWE T6VHTirei=sr 1 1 _sspa?crid=1F Al XXAMREIRARKeywordE=nUshthoRhifon % JRfor s Bhread e BhnArdRQd=1RA174
" - n BO7TQKIZBVZ 1 [ 1 s 589[s - |8 585[ EML4502Lab 571 Gale Lemerand Drive Gainesville, Florida, 32603
EML4s02ET 220 Ohm Resistor e i o o 1o ey ST SR o RTE DO E L e S To R Ml e S e M 07 OGPV e S - sapa e SR YRR eV O e e B B e T T S5O
.| i Heat-Shrink Tubing T496K411 1 1 $§ 845] % = § 845 | McMaster-Carr P.O. Box 5370 Princeton, NJ 08543-5370 (609) 689-3000
EML4502-E8 Heat Shrink 1 Foot Long, 0.06" ID Before Shrinking hiips Jrwww mcmaster. com/7496K41-7496K411/
¥ " - 908570 1 1 $ 1256 % - $ 1256 Ama 410 Ter Ave N Seattle, WA 98109 1-888-280-4331
BLLIPR e et SR O e hHps: .amazon.com/Loclite-Silicone-Waterproof-2-7-Cunce- 0rd ‘Crid=. YFON&keywords=waterproof+silicone+sealami&q 961955 3&sprefix-=waterproo
X LM2596 1 1 3 99 | § - § 899 EML45UZ Lab 571 Gale Lemerand Dnve G;IIHE.‘SVI\IE F\Oﬂdﬂ. 32603
EML4502-E10 DC-DC Converter 12V DC to 5V voltage drop converter i AMAzOn Com - Converter-3-0-40V-1 5-35v-Supphyid T C eywords=DC-D erter&qid=1681748295&spref e
- - BOTBK1QLST 1 1 $ 11499 - $ 1149 | EML4502 Lab 571 Gale Lemerand Dnve G;IIHE.‘SVI\IE, F\Oﬂdﬂ. 32603
ALEEHST B IO SIS U DA PR3t g2 ol i Contole gt a5/ QU STrater 1 L soa?ord~INE\ U YIS vl 20N ey 160 14071 S PO veCar
T ) B07569443J 1 1 3 $ [§ 785 Amazon | 16C5 Zhongang Beiyuan, Fufioan District Guangdong, 518105, China
EMLAS02£12 Potentiometer Llselir T T T —
¥ - - BOBICFSTZX. 1 1 $ 909 % 2995 1498 Amazon A3 BUIdING ZNongyUanguomao techology park Guangdong, 518105, China na
EMLS02-E13 e S D s /oW am azon com/Ferme iy-Sianded-Electionicy E\eclﬂca\ Au\omotwem BOSOCESTOXef=s 1 E7cnd=1VYTCCOOIITKLEke oms-zl}%zEaue%zan QE0i0=168174765Eeprel=20%IBgaud
. 5 ‘Sound Deadening matenial used to lower sound SLL36 1 1 § 48858 - [ 4995] Amazon | 223 Avenue U rooklyn, New York, 11223 1-005-237-6384
R ST ) emitting from motors. Fifips Jfuiw amazon com/Sound-Deadening Foam- 157m|Hn5uIahonﬁd e e T e e 1580722437&5reﬂx_d %2 Caps%ICIA0EsT=8 0 sponsEspla=Z LG
TOTAL: $ 27453
Deliver to whom: Sean R Niemi
Delivery location: Dept of Mech and Aero Eng.

Building B, Room 305
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