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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1., 3.6., 4.10., 5.1.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The single most difficult aspect of the procedure is step 6.3. (connection of wires to RAMPS board). It can be easy to install the connections in a reverse manner. To avoid this, having a wiring diagram and using labels can ensure first time success. 
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Jacob Skewes: Herein we will demonstrate how to construct ADDME, a low cost, open source, melt extrusion and bio-ink 3D printer [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Jacob Skewes: Melt extrusion and bio-ink 3D printers can cost thousands of dollars and are typically closed-source. ADDME is an open source, customizable 3D printing platform that costs less than $350 [1-TXT].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera TEXT: ADDME: Additive Manufacturing Melt Extrusion

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Mathew Lanaro: ADDME enables the production of complex 3D geometries with a wide variety of materials for applications within food processing, polymer composite material production, and bio-printing [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Matthew Lanaro: This video offers a hands-on demonstration of how the various components come together to construct and test ADDME [1]. 

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



Section - Protocol
2. Frame Assembly
2.1. After connecting the 1-9 acrylic parts [1] … check the figure labels to ensure that each piece is located correctly [2] and use M3 screws and an M3 Allen key to secure the pieces [3].
2.1.1. WIDE: Panning shot of the printer fully assembled Videographer: Important step
2.1.2. [bookmark: _Hlk5357548][bookmark: _Hlk5354831]MED: Talent checking labels Videographer: Important step
2.1.3. CU: Screws and/or nuts being placed Videographer: Important step
2.2. Then place the M10 threaded rod through the purpose-made holes in acrylic members 6, 8, and 10 [1] and secure the rod with M10 washers and nuts [2], tightening the nuts with a variable spanner [3].
2.2.1. CU: M10 threaded rod being placed
2.2.2. CU: Washers and/or nuts being placed
2.2.3. CU: Nuts being tightened
3. Y-Axis and Printing Bed Sub-Assembly 
3.1. To assemble the Y-axis and printing bed, slide two pillow blocks onto each 8-millimeter shaft [1] and slide the endstop onto one of the 8-millimeter shafts [2].
3.1.1. WIDE: Talent sliding at least one pillow block onto shaft
3.1.2. CU: Endstop being slid onto shaft
3.2. Use M2 screws and an Allen key to secure the mechanical endstop [1] and use M4 screws to secure all four pillow blocks to the mounting bed [2].
3.2.1. CU: Endstop being secured
3.2.2. CU: One pillow block being secured
3.3. Secure the belt clamp onto the mounting bed using the M3 screws and an Allen key [1] and secure the printing bed onto the mounting bed using an M3 screw, nut, and spring arrangement [2].
3.3.1. CU: Belt clamp being secured
3.3.2. CU: Printing bed being secured
3.4. Next, use M2 screws and the Allen key to secure two of the shaft holders to both the back and front panels [1] and use M3 screws to secure the stepper motor holder to the back panel [2].
3.4.1. CI: Shaft holders being secured
3.4.2. CU: Stepper motor holder being secured
3.5. Then use additional M3 screws to secure the stepper motor to the stepper motor holder [1] and to secure the belt idler to the front panel [2].
3.5.1. CU: Stepper motor being secured to the stepper motor holder
3.5.2. CU: Belt idler being secured to front panel 
3.6. To insert the printing bed sub-assembly into the frame, match up each end of an 8-millimeter shaft to a shaft holder [1].
3.6.1. CU: Shaft being matched up to shaft holder Videographer: Important step
4. X-Axis Sub-Assembly
4.1. To assemble the left side of the x-axis sub-assembly, place a brass nut inside the nut holder [1] and use M3 screws and the Allen key to secure the nut to the x-axis pillow left [2].
4.1.1. WIDE: Talent placing nut inside nut holder
4.1.2. CU: Nut being secured
4.2. Using M4 screws and an Allen key, secure the pillow block to the x-axis pillow left [1] and secure the x-axis idler 1 to the x-axis pillow left with M3 screws [2].
4.2.1. CU: Pillow block being secured
4.2.2. CU: X-axis idler 1 being secured  
4.3. Align the center holes of the idler, the x-axis idler 1, and the x-axis Idler 2 [1] and fix these materials together with M3 screws and the Allen key [2].
4.3.1. CU: Holes and idlers being aligned Author comment: 4.3.1 and 4.3.2 are in one shot.
4.3.2. CU: Materials being secured
4.4. To assemble the right side of the x-axis sub-assembly, place a brass nut inside the nut holder [1] and secure the nut to the x-axis pillow right with M3 screws [2].
4.4.1. MED: Talent placing nut into nut holder
4.4.2. CU: Nut being secured
4.5. Secure the pillow block to the x-axis pillow right with M4 screws [1] and secure the x-axis right to the x-axis pillow right with M3 screws [2].
4.5.1. CU: Pillow block being secured
4.5.2. CU: X-axis being secured
4.6. Use additional M3 screws to secure the stepper motor to the x-axis right [1] and thread each of the threaded rods into each of the brass nuts [2].
4.6.1. CU: Stepper motor being secured
4.6.2. CU: Rod being threaded
4.7. Slide two of the 8-millimeter shafts into each of the pillow blocks vertically [1] and slide two of the 8-millimeter shafts horizontally [2].
4.7.1. CU: Shaft being slid vertically
4.7.2. CU: Shaft being slid horizontally
4.8. Next, use M2 screws to secure two of the shaft holders to both the top panel [1] and to the electronics enclosure top [2] and use M3 screws to secure the pillow block bearings onto the top panel [3].
4.8.1. CU: Shaft holder being secured to top panel
4.8.2. CU: Shaft holder being secure to electronics enclosure top
4.8.3. CU: Pillow block being bearings being secured to top panel
4.9. Secure the stepper motors onto the electronics enclosure top with M3 screws [1] and use the M2 Allen key to tighten the lower grub screw to secure the coupler over the shafts of the stepper motors [2].
4.9.1. CU: Stepper motor(s) being secured
4.9.2. CU: Lower grub screw being tightened 
4.10. To place the x-axis sub-assembly into the frame, align the vertical 8-millimeter shafts with the shaft holder [1] and tighten the shafts with M2 screws and the Allen key [2].
4.10.1. CU: Shafts being aligned Videographer: Important step
4.10.2. CU: Shafts being secured Videographer: Important step
4.11. Then use the M2 Allen key to tighten the upper grub screw to secure the threaded rod into the other end of the coupler [1].
4.11.1. CU: Upper grub screw being tightened 
5. Extrusion Sub-Assembly
5.1. For extrusion of the sub-assembly, use M4 screws to secure the two pillow blocks onto the extruder backplate [1] and use M3 screws to secure the extruder belt clamp onto the extruder backplate between the pillow blocks [2].
5.1.1. WIDE: Talent securing pillow blocks Videographer: Important step
5.1.2. CU: Belt being secured Videographer: Important step
5.2. Use M3 hex screws to secure the extruder backplate to the extruder motor holder [1] and to secure the two stepper motors onto the extruder motor holder [2].
5.2.1. CU: Backplate being secured to holder
5.2.2. CU: Motors being secured to motor holder
5.3. Tighten the lower grub screw with an M2 Allen key to secure the couplers over the shafts of the stepper motors [1] and tighten the upper grub screw to secure the threaded screw within the couplers [2].
5.3.1. CU: Lower grub screw being tightened
5.3.2. CU: Upper grub screw being tightened
5.4. Slide the heating jacket into the extruder motor holder [1] and use M3 screws to secure the brass nuts inside plunger lock 1 [2].
5.4.1. UC: Heating material being slid into holder Author comment: Unable to capture this shot.
5.4.2. CU: Nuts being secured
5.5. To mount the extrusion head onto the x-axis, slide the 8-millimeter shafts found on the x-axis into the pillow blocks on the extruder head [1] and wrap the drive belt through the idler and idler toothed on the left and right x-axis assemblies [2].
5.5.1. CU: Shaft(s) being slid into pillow block(s)
5.5.2. CU: Drive belt being wrapped through idler and idler toothed
5.6. Then use M3 hex screws to secure the drive belt in the extruder belt clamp [1].
5.6.1. CU: Drive belt being secured
6. Electronics and Wiring
6.1. When the frame assembly is complete, use M3 hex screws to mount the Arduino into the acrylic part 7 electronics shroud [1] and inset a ramps board on top of the Arduino board with the USB plug facing the acrylic part 6 back panel [2].
6.1.1. WIDE: Talent mounting Arduino into shroud
6.1.2. CU: Ramps board being inserted
6.2. Mount the DC power supply jack into the acrylic part 6 back panel [1] and fix the connector to the power supply [2].
6.2.1. CU: Power supply jack being mounted into acrylic part 6
6.2.2. [bookmark: _GoBack]CU: Connector being fixed to power supply Author comment: Use LAB MATERIAL 10B
6.3. Then, using a wiring diagram and labels to avoid installing the connections in a reverse manner [1], connect the motor controllers, stepper motors, end stops, heater, and thermocouple to their respective pins [2]. 
6.3.1. MED: Talent connecting materials, with wiring diagram visible in frame Videographer: Difficult step
6.3.2. CU: Material(s) being connected to pin(s) Videographer: Difficult step 


Section – Results
7. Results: Representative 3D Printing and Scanning Comparison 

7.1. Line testing involves using a series of movement commands, called g-code, to print a filament back and forth on the build plate in a basic pattern to evaluate individual filament properties such as thickness or consistency [1].

7.1.1. LAB MEDIA: Figures 12A, 12B, and 12C: JoVE Video Editor no animation OR trace/indicate at least one pattern

7.2. The printing parameters used for the line tests are included in the Table [1].

7.2.1. LAB MEDIA: Table 1: JoVE Video Editor please emphasize Line Testing columns

7.3. To create complex 3D objects, the object to be printed must be inputted into a standard tessellation language file into repetier and “sliced” into 3D printable gcode [1].

7.3.1. LAB MEDIA: To be provided by Authors: Movie using repetier to slice a 3D object

7.4. The parameters for printing the 3D objects are included in the Table [1].

7.4.1. LAB MEDIA: Table 1: JoVE Video Editor please emphasize 3D Object columns

7.5. To determine the dimensional accuracy of the additive manufacturing melt extrusion printer used for these experiments in the X, Y, and Z directions when printing a semi-solid material, a 1-centimeter x 1-centimeter x 1-centimeter cube was printed [1].

7.5.1. LAB MEDIA: Figure 13 3D cube image only 

7.6. The cube was then 3D-scanned [1] and dimensionally compared against the original cube computer-aided drafting data [2].

7.6.1. LAB MEDIA: Figure 13B
7.6.2. LAB MEDIA: Figures 13B and 13A: JoVE Video Editor Add 13A image next to 13 B image

7.7. The original model and 3D scan were then compared using the open source Cloud Compare software program [1].

7.7.1. LAB MEDIA: Figure 13C

Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Jacob Skewes: Before connecting the system or turning on the power supply, make sure that the wiring has been done correctly and that it has been checked by a qualified technician [1]. 
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Matthew Lanaro: ADDME is an open source and customizable platform for studying the melt extrusion process with applications in food and bioink 3D printing [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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