[bookmark: _Toc497248735]Construction Manual 
We have kept the construction manual as simple as possible, so that it can be understood without much previous knowledge about engineering or electronics. Most information is presented graphically rather than relying on long texts. 

Required components & costs
All required parts are listed in the following table. 
[image: ]
Please note that the tubing and straight pins are only available in larger package sizes than needed, you could ask the distributor if they are willing to support your project with free samples. However, many laboratories already have peristaltic pumps and might provide the required tubing.
The screws have standard metric sizes and should be easily found in most workshops at your university. It is not unlikely that you can find the straight pins there as well.
The calculated price of the 3D printed part refers only to the material costs, since we assume, that you have free access to a 3D printer through your university. If you have to use a commercial printing service, the costs will be higher. You can download the 3D models here or at Thingiverse.

3D printing and post processing
The 3D printed parts have to be cleaned after printing to remove any residues from the printing process. The tools we recommend for postprocessing are a small file and a thread cutter for M3 threads. After the printing process most of the holes have to be widened by using a suitable drill. For the holes that contain M3 screws, a thread has to be cut with the above mentioned thread cutter.
Be careful with removing too much material from the parts in figure on the below, because they are design to have a tight fit and hold the tubing against the needle bearing during the pump process.
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When postprocessing these parts, make sure that no material sticks out on the red marked areas, but that no more than that is removed. These surfaces determine the position of the components to each other and thus the narrow gap with which the tubing is squeezed, so they should be handled carefully.
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Cables & Wiring
The core of the circuit consists of the Arduino and a perfboard. On the perfboard is the stepper motor driver, the trimmer for the LCD, the 47µF capacitor and connections for the power supply of the various components. In order to turn off the Arduino by the power switch, the power supply of the Arduino was interrupted and led to the Perfboard. For this purpose, the diode which is located on the Arduino directly behind the power jack was unsoldered and brought to the perfboard instead. Section of the Arduino with marked diode


The remaining wiring can be read from the following diagram:










[image: C:\Users\jonas\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Peristaltic Pump_Wiring.png]encoder
perfboard
Where the diode was removed, 
connectors were added instead
Yellow: +12V
Red: +5V
Black: GND
Green: user input
Blue: other data

capacitor 
47-100 µF
Trimmer 10k Ohm
220 Ohm
 resistor
A4988 step motor driver
Arduino Uno R3
LCD
step motor
diode from Arduino
power switch

[bookmark: _GoBack]There are three settings that need to be made directly on the circuit. First the current limit for the step motor driver must be set, by adjusting the little screw on the A4988. For example, if the voltage Vref between screw and GND in the on state is 1V, the current limit is twice the value: Imax = 2A (this is the value we used). The higher the current, the higher the torque of the motor, allowing higher speeds and flow rates. However, also the power consumption and the heat development increases.
Furthermore, the mode of the stepper motor can be set via the three pins which are located on the top left of the stepper motor driver (MS1, MS2, MS3). When MS2 is at + 5V, as shown in the wiring diagram, the motor is operated in quarter step mode, which we used. Pinout of the A4988 step motor driver [1]
Using this screw, the current limit can be set

This means that exactly one step (1.8 °) is performed for four pulses that the stepper motor driver receives at the STEP pin. As last value to set, the trimmer on the perfboard can be used to adjust the contrast of the LCD. 

LCD contrast
Register select (RS)
Enable (E)
Data pin D4
Data pin D5
Data pin D6
Data pin D7







Push button
Phase A
Phase B
GND





Before mounting it is recommended to test the components and the circuit on a breadboard. On this way, it is easier to find and fix possible mistakes
[image: C:\Users\jonas\AppData\Local\Microsoft\Windows\INetCache\Content.Word\20170807_131949.jpg]Setup we used to test only LCD and encoder, the menu will work without the step motor.


Unfortunately, the final cabling looks a bit chaotic, so you better stick to the diagrams above.
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Assembly
The video shows the assembly of the components in the intended sequence without the wiring. All connectors should first be attached to the components. The wiring is best done at the point where all the components are inserted, but the side walls have not yet been fixed. The hard to reach screws can be easily reached with a hex-wrench.
1. Insert the power switch and the encoder into their designated hole and fix them to the case. Attach the control knob to the encoder – be careful – once you attached the knob, it might destroy the encoder if you try to remove it again.
2. Attach the LCD display with small tapping screws, make sure to solder the resistor and wiring to the display before assembly.
3. Fix the Arduino Uno board to the case using 8 mm M3 screws.
4. Insert the step motor and attach it to the case together with the 3D printed part (Pump_case_bottom) using four 10 mm M3 screws.
5. Attach the perfboard to the case – make sure you soldered all components to the perfboard as shown in the wiring diagram.
6. Wire the electronic parts inside the case.
7. Close the case by adding the side panels using 10x 8 mm M3 screws.
8. Assemble the bearing mount as shown in the video and attach it to the motor’s shaft using a 3 mm grub screw
9. Finally, attach the counter support for holding the tube (Pump_case_top_120°) with two 25 mm M3 screws and insert the tubing. Insert two 25 mm M3 screws to keep the tubing in place during the pump process
[image: ] (Video)


Files
CAD models of alle 3D printed parts: “Peristaltic Pump – CAD.zip”
Arduino Software: „Arduino Software Peristialtic Pump.zip”
Wiring diagram: “Open Peristaltic Pump Wiring Fritzing.zip”

DIY and Open Source platforms
Visit our project and share you experiences and improvements on Thingiverse, GitHub and Instructables!

Thingiverse: Repository for 3D printable parts and models
https://www.thingiverse.com/thing:2619479 

GitHub: Hosting sourcecode files and offering version control 
https://github.com/iGEM-Aachen/Open-Source-Peristaltic-Pump

Instructables: Publishing DIY projects and step-by-step instructions
http://www.instructables.com/id/Open-Source-Peristaltic-Pump/ 

References
[1] https://www.pololu.com/product/1182 
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Component Quantity Link Total price

Commercial parts:

Arduino Uno R3/ compatible board 1 http://www.conrad.com/ce/en/product/1456485/Joy-it-Kompatibles-Board-Arduino-Uno-R3-DIP-Joy-IT-ATMega328?ref=searchDetail $20.87

Stepper motor (WxHxD): 42x42x41 mm, Shaft (ØxL): 5x22 mm 1 https://translate.google.com/translate?sl=auto&tl=en&js=y&prev=_t&hl=de&ie=UTF-8&u=https%3A%2F%2Fwww.pollin.de%2Fp%2Fschrittmotor-psm42byghw603-1-80-310453&edit-text=&act=url $19.66

Power supply 12 V/ 3 A, connector: 5.5 / 2.1 mm 1 https://translate.google.com/translate?sl=auto&tl=en&js=y&prev=_t&hl=de&ie=UTF-8&u=https%3A%2F%2Fwww.pollin.de%2Fp%2Fsteckernetzteil-quatpower-psn-12-3000h5-5-12-v-3-a-5-5-2-1-mm-351140&edit-text=&act=url $12.70

Step motor driver A4988 1 https://translate.google.com/translate?sl=auto&tl=en&js=y&prev=_t&hl=de&ie=UTF-8&u=https%3A%2F%2Fwww.pollin.de%2Fp%2Fschrittmotor-treiber-daycom-st-a4988-712678&edit-text=&act=url $9.22

LCD module 16x2, (WxHxD): 80x36x13 mm  1 https://translate.google.com/translate?sl=auto&tl=en&js=y&prev=_t&hl=de&ie=UTF-8&u=http%3A%2F%2Fwww.pollin.de%2Fshop%2Fdt%2FNzc1OTc4OTk-%2FBauelemente_Bauteile%2FAktive_Bauelemente%2FDisplays%2FLCD_Modul_TC1602A_09.html&edit-text=&act=url $6.90

Needle bearing HK 0408 (IØ x OØ x L) 4 mm x 8 mm x 8mm 3 http://www.conrad.com/ce/en/product/197802/HK-Nadellager-HTB-HK-0408-Bohrungs-4-mm-Aussen-Durchmesser-8-mm-Drehzahl-max-26000-Umin?ref=searchDetail $4.84

Encoder 5 V, 0.01 A, 20 switch postions, 360 ° 1 https://www.conrad.de/de/encoder-5-vdc-001-a-schaltpositionen-20-360-tt-electronics-ab-1en11-hsm1af15-1-st-453405.html $2.38

Pump tubing, 1.6mm wall thickness, 0.2m 1 https://www.rct-online.de/en/tubing/tubing-made-of-elastomers-soft-rubber/silicone-tubing/28689/silicone-pump-tubing-standard# $2.04

Foot self-adhesive (L x W x H) 12.6 x 12.6 x 5.7 mm 4 http://www.conrad.com/ce/en/product/401500/Foot-self-adhesive-square-Transparent-L-x-W-x-H-126-x-126-x-57-mm?queryFromSuggest=true $0.79

Straight pin (Ø x L) 4 mm x 14 mm  3 http://www.conrad.com/ce/en/product/1059230/Zylinderstift-x-L-4-mm-x-14-mm-Edelstahl-A1-TOOLCRAFT-1059230-50-St?ref=searchDetail $0.73

Control knob (Ø x H) 16.8 mm x 14.5 mm 1 http://www.conrad.com/ce/en/product/548311/Drehknopf-SchwarzGrau-x-H-168-mm-x-145-mm-Cliff-CL170825MBR-1-St?ref=searchDetail $0.68

Potentiometer/ Trimmer 10k Ohm 1 http://www.conrad.com/ce/en/product/674844/Kohleschicht-Trimmer-linear-01-W-10-k-210-TT-Electronics-AB-601030-1-St?ref=list $0.23

Resistor 1 http://www.conrad.com/ce/en/product/1417693/Carbon-film-resistor-220-Axial-lead-0207-025-W?ref=searchDetail $0.08

Capacitor 47µF, 25V 1 http://www.conrad.com/ce/en/product/1328838/Electrolytic-capacitor-Radial-lead-2-mm-47-F-25?ref=searchDetail $0.07

$81.20

Wiring:

PCB (L x W) 80 mm x 52 mm, Contact spacing 2.54 mm (CS) 1 http://www.conrad.com/ce/en/product/530126/Experimentierplatine-Hartpapier-L-x-B-80-mm-x-52-mm-35-m-Rastermass-254-mm-98003C12-Inhalt-1-St?ref=searchDetail $0.97

Pin strip, straight, CS 2.54, nominal current 3A, 36 pins 2 https://www.conrad.de/de/stiftleiste-standard-anzahl-reihen-1-polzahl-je-reihe-36-bkl-electronic-10120182-1-st-741119.html $1.32

Socket strip, straight, CS 2.54, nominal currrent 3A, 40 pins 1 https://www.conrad.de/de/buchsenleiste-standard-anzahl-reihen-1-polzahl-je-reihe-40-econ-connect-blg1x40-1-st-1492288.html $0.89

Cables, different colors (e.g. Ø 2.5 mm, cross section 0,5 mm² ) 1 http://www.conrad.com/ce/en/overview/2510113/Einzeladern?filterCross+section+(each+core)=0%2C50+mm%C2%B2&sort=Price-asc $0.58

Heat shrink (suitable for cables, e.g. Ø 3 mm)  1 http://www.conrad.com/ce/en/product/393718/Heatshrink-wo-adhesive-Black-3-mm-Shrinkage31-393718?ref=list $0.56

$4.33

Screws:

M3, L = 25 mm (length without head), ISO 4762 (hex head) 4

M3, L = 16 mm, ISO 4762 (hex head) 7

M3, L = 8 mm, ISO 4762 (hex head) 16

Small tapping screw (for LCD, Ø 2-2.5mm, L = 3-6 mm) 4

M3, L=10mm grub screw, DIN 916 1

M3, nut, ISO 4032 1

$3.48

3D printed parts

Case_main 81 cm³

2 x Case_side (3D print not necessary => milling/cutting/sawing) 47 cm³

Pump_case_bottom 12 cm³

Pump_case_top_120° 9 cm³

Bearing_mount_bottom 6 cm³

Bearing_mount_top 4 cm³

total volume 159 cm³

total weight 219.42 g (PETG)

PETG: 25$/kg

$5.49

$94.49


image2.png




image3.png




