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Q Design constrains
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Q Notice

e NEVER test your centrifuge with a rotor attached



Q BioHack Academy design







@ Bill of Materials

No Amount Description Supplier NL Cost
1 1 DC Brushless motor 800 RPM/V & Electronic Speed Controller HobbyKing 15.22
2 1 3.5mm connector HobbyKing 3.14
3 1 Rotary encoder Farnell, iPrototype, EOO 0.42
4 1 Knob Farnell 0.23
5 1 Power switch Farnell, iPrototype 0.71
6 1 DC power jack Farnell, EOO 0.85
7 1 12V 5A Power supply Farnell, EOO 38.13
8 1 Push button Farnell,iPrototype, Sparkfun 0.47
9 1 10K resistor Farnell, EOO 0.03

10 4 Rubber feet Conrad 0.08
11 1 Infrared sensor Farnell 1.70
12 1 6.8 KOhm resistor Farnell 0.02
13 1 220 Ohm resistor Farnell 0.02
16 1 12C LCD display iPrototype, Hackerstore 8.95
17 2 10K resistor Farnell, EOO 0.6

18 2 10nF capacitor Farnell, iPrototype, EOO 0.14
19 2 100nF capacitor Farnell, EOO 0.14

20 1 Breadboard Farnell. iPrototype 2.56


https://hobbyking.com/en_us/hobbyking-donkey-st3511-810kv-brushless-power-system-combo.html
http://www.hobbyking.com/hobbyking/store/__18448__Female_XT60_connectors_5pcs_bag_GENUINE.html
http://nl.farnell.com/alps/ec12e1240406/encoder-vertical-12mm-12det-12ppr/dp/2065052
https://iprototype.nl/products/components/buttons-switches/rotary-encoder
http://www.eoo-bv.nl/index.php?_a=viewProd&productId=9553
http://nl.farnell.com/multicomp/cr-r4-7/knob-soft-touch-d-shaft-black/dp/1440012?ost=1440012
http://nl.farnell.com/webapp/wcs/stores/servlet/ProductDisplay?catalogId=15001&langId=31&urlRequestType=Base&partNumber=4710368&storeId=10168
https://iprototype.nl/products/components/buttons-switches/rocker-switch-large
http://nl.farnell.com/multicomp/jr1819-rohs-psg01769/socket-low-voltage-2-1mm-chassis/dp/1216726
http://www.eoo-bv.nl/index.php?_a=viewProd&productId=14342
http://nl.farnell.com/ideal-power/jyh32-1205000/adaptor-ac-dc-desktop-12v-5a/dp/2532631
http://www.eoo-bv.nl/index.php?_a=viewProd&productId=13247
http://nl.farnell.com/omron-electronic-components/b3f4155/switch-projected-12x12x7-3-260gf/dp/1960977?ost=OMRON+ELECTRONIC+COMPONENTS++B3F4155&selectedCategoryId=&categoryNameResp=Alle%2Bcategorie%25C3%25ABn&searchView=table&iscrfnonsku=false
https://iprototype.nl/products/components/buttons-switches/momentary-push-button
https://www.sparkfun.com/products/9190
http://nl.farnell.com/te-connectivity/cfr16j10k/resistor-carbon-10k-0-25w-5/dp/2329474
http://www.eoo-bv.nl/index.php?_a=viewProd&productId=7016
https://www.conrad.nl/nl/toolcraft-elastische-buffer-zelfklevend-pd2104sw-x-h-10-mm-x-4-mm-zwart-1-stuks-401489.html
http://nl.farnell.com/fairchild-semiconductor/qrd1114/opto-switch-reflective/dp/1467858?Ntt=1467858
http://nl.farnell.com/multicomp/mcf-0-25w-6k8/resistor-carbon-film-6k8-0-25w/dp/9339663?Ntt=9339663
http://nl.farnell.com/multicomp/mcf-0-25w-220r/resistor-carbon-film-220r-0-25w/dp/9339299?Ntt=9339299
https://iprototype.nl/products/components/led-lcd/lcd16x2-I2C-BL
https://www.hackerstore.nl/Artikel/82
http://nl.farnell.com/te-connectivity/cfr16j10k/resistor-carbon-10k-0-25w-5/dp/2329474
http://www.eoo-bv.nl/index.php?_a=viewProd&productId=7016
http://nl.farnell.com/multicomp/mc0805y103m500a5-08mm/cap-mlcc-y5v-10nf-50v-rad/dp/2309024
https://iprototype.nl/products/components/capacitors/capacitor-0.01-uf
http://www.eoo-bv.nl/index.php?_a=viewProd&productId=5695
http://nl.farnell.com/vishay/k104k15x7rf53h5/cap-mlcc-x7r-100nf-50v-rad/dp/1141777
http://www.eoo-bv.nl/index.php?_a=viewProd&productId=13443
http://nl.farnell.com/pro-signal/psg-bb-400/breadboard-400-pin-white/dp/2503765
https://iprototype.nl/products/accessoires/breadboards-prints/halfbreadboard

Q Motor

e Brushless

e RPM /V =810

e 12V, s0 9720 RPM
o ESC

e power limit €

e voltage regulator




Q 24 steps rotary encoder

e Rotates infinitely
e 3 pins:
e GND
e Statel
e State’
e 2 bits:
e 00
e 01
e 11
e 10
e [nterrupt pins
e attachinterrupt()
e Demo code in Syllabus
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@ 12C Display

e Arduino I12C ports
e SLC —> A5
e SDA -> A4

e Libraries
e Wire
e LiquidCrystal [12C
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Q Heavy weight

e Stabilising the machine




@ Infrared sensor

e Emitter
e Detector

e pulseln() function

e http://arduino.cc/en/
Reference/pulseln



http://arduino.cc/en/Reference/pulseIn
http://arduino.cc/en/Reference/pulseIn

@ Roller coaster




Q Centrifugal force

Inertial path

Circular path



Q Centrifugal force

Inertial path

RPM
1.000

G force =( )X 1.118 X 7

Circular path
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Q Circuit scheme

Power
Switch
N i ESC Power
12 V Power Supply ~ — o Connector
L Push
button
- -
—] ‘ | 1 _l_ . @] TheESCisa 5V source
S ® x 1is GND, 2 = Vcc, 3 = signal
— The LCD has an I2C interface T ) |
_u - e Infrared senscr
1 |
¥y AW

(Rev3)

— Rotary
encoder

fritzinc



Code tutorials

e Rotary encoder
e http://bildr.org/2012/08/rotary-encoder-arduino/
e [2C LCD
e http://playground.arduino.cc/Code/LCDi2c
e Infrared sensor
e http://bildr.org/2011/03/various-proximity—-sensors-
arduino/
e Arduino + Electronic Speed Controller

e http://www.instructables.com/id/ESC-Programming-on-
Arduino-Hobbyking-ESC/



http://bildr.org/2012/08/rotary-encoder-arduino/
http://playground.arduino.cc/Code/LCDi2c
http://bildr.org/2011/03/various-proximity-sensors-arduino/
http://bildr.org/2011/03/various-proximity-sensors-arduino/
http://www.instructables.com/id/ESC-Programming-on-Arduino-Hobbyking-ESC/
http://www.instructables.com/id/ESC-Programming-on-Arduino-Hobbyking-ESC/

N3 N3 I——

R— __OpenSCAD - 8 Place Rotor
$fn=40; // resolution of the arcs

axis_radius = 0.275; // radius of the motor shaft

tube_radius = 0.575; // inner radius of the tube holders
tube_angle = 45; // angle in the rotor

tube_pos - 4.75; // position of tube holders
scale([10,10,10]) { // cm to mm scaling

difference () { // substract tube holders from outer ring

difference () { // substract inner groove

difference() { // substract cone from main disk

uarion() {
cylinder (h = 1.25, r=3.75); // main disk part 1
cylinder Ch = 1.9, r=3.25); // main disk part 2

// smoothen edge torus
translate([0,0,1.25])
rotate_extrude(convexity = 10)
translate([3, €, @])
circle(r = 0.73);

}

translate([0,0,1]) // raise core from bottcm
cylinder (h = 1.1, rl = 1.65, r2 = 3, center = false); // co

translate([0,0,-0.1])

adius); // axis

NEVER test your centrifuge with a rotor attached

// groove under tube holders
translate([0,0,0.8])
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Chlorophyll isolation

Tokyo Tech iGEm 2013 CC-BY-SA 3.0



These slides are published by Waag
Society under CC-BY-SA 4.0 license




