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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
4.7., 4.8., 5.1., 5.2., 5.4., 5.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
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. Alexandre Caprio: This rapid method uses a laser cutter and thermoplastic polyurethane to fabricate thin, soft actuators with arbitrary geometries and sizes [1].

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

1.2. Alexandre Caprio: The main advantage of this technique is that it allows the quick design and fabrication of multiple, thin, soft actuator and robot prototypes in parallel [1].  

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





Section - Protocol
2. Thermoplastic Polyurethane (TPU) Sheet Smoothing
2.1. To calibrate a force sensor to be used in the heat press, first place a glass slide on the force sensor and put a weight on it [1].
2.1.1. Shot of weight on glass slide and force sensor
2.2. Write down the force and resistance of the sensor [1] and use a digital caliper to measure the area of the sensor [2-TXT]. 
2.2.1. Shot of force and resistance readout on sensor
2.2.2. Area being measured with caliper TEXT: Repeat for 3 weights
2.3. Then calibrate the sensor by dividing the force values by the measured area to obtain the pressure data [1] and use a spreadsheet to fit a linear line to the pressure versus resistance data [2]. 
2.3.1. Talent using calculator to obtain pressure data OR Talent at computer, calculating force value with monitor visible in frame
2.3.2. SCREEN: screenshot_1: 00:08-00:33 Video Editor: please speed up
2.4. Next, sandwich the force sensor between two layers of 50- x 50- x 3-millimeter silicone [1], place the layers inside the heat press [2], and turn the pressure knob until a pressure of approximately 200 kilopascals is read from the sensor [3].
2.4.1. Sensor being placed between layers
2.4.2. Layers being placed into heat press
2.4.3. Knob being turned, with sensor pressure readout visible in frame as possible
2.5. To heat press the TPU (T-P-U) films, put on gloves [1] and cut four, 30- x 30-millimeter layers of the material [2].
2.5.1. Talent putting on gloves (Videographer Comment: I filmed this shot, but in all the steps filmed before this, the talent was already earing gloves)
2.5.2. Talent cutting layer(s)
2.6. Position the four sheets so that all four of the edges are aligned [1] and place the sheets inside the heat press [2].
2.6.1. [bookmark: _GoBack]Edge(s) being aligned [Shots 2.6.1 and 2.6.2 combined]
2.6.2. Talent placing sheet(s) into press
2.7. Set the temperature of the heat press to about 93 degrees Celsius [1] and close the heat press fully [2].
2.7.1. Talent setting temperature
2.7.2. Talent closing press
2.8. Keep the films inside the press for 10 minutes [1] before opening the press [2] and removing the laminated TPU films [3].
2.8.1. Talent setting timer, with closed press visible in frame
2.8.2. Talent opening press
2.8.3. Talent removing films 
3. Optimal Laser Parameter Determination
3.1. To determine the optimal laser parameters, use a computer-aided design program [1] to design a square with 20-millimeter sides and a 4- x 8-millimeter-rectangle that will act as the inlet of the square balloon [2].
3.1.1. WIDE: Talent opening program, with monitor visible in frame
3.1.2. SCREEN: screenshot_2: 00:03-00:45 Video Editor: please speed up
3.2. To laser cut and weld the square pattern out of the TPU layers, in the laser cutter software [1], set the speed and power to 10% and the pulses per inch to 500 for each value of power [2].
3.2.1. Talent at computer, opening laser cutter software
3.2.2. SCREEN: screenshot_2: 01:45-01:53 Video Editor: please emphasize the PPI and Power parameters when mentioned
3.3. Cut the end of the inlet of the square balloon with scissors [1] and insert a needle inside the square balloon inlet [2].
3.3.1. Inlet being cut
3.3.2. Needle being inserted
3.4. [bookmark: _Hlk17874213]Apply glue around the inlet [1] and wrap the inlet and needle with PTFE (P-T-F-E) tape [2-TXT].
3.4.1. Glue being applied
3.4.2. Needle/inlet being wrapped TEXT: PTFE: polytetrafluoroethene
3.5. After allowing the glue to dry for 5 minutes, inflate the balloon with a precise fluid dispenser until it bursts to identify the average burst pressure of the square balloon [1-TXT].
3.5.1. Balloon being inflated TEXT: Repeat inflation and bursting x5 
4. Actuator Fabrication
4.1. To fabricate the actuator, design the desired actuator pattern using computer-assisted software [1-TXT] and highlight all of the segments of the design [2].
4.1.1. WIDE: Talent designing pattern, with monitor visible in frame TEXT: Here AutoCAD 2017 is used
4.1.2. SCREEN: screenshot_3: 00:03-00:06
4.2. In the task bar under the Properties section, change the line weight of the selected design to 0 millimeters in the software [1] and select Print, changing the printer name to VLS2.30 in the menu [2].
4.2.1. SCREEN: screenshot_3: 00:06-00:10
4.2.2. SCREEN: screenshot_3: 00:12-00:16
4.3. In the Printer Settings, select the paper size as User-defined Landscape and in the Plot Scale section, deselect the Fit to Paper Option and scale the image size to 1 millimeter for one unit of length [1].
4.3.1. SCREEN: screenshot_3: 00:16-00:32 Video Editor: can speed up
4.4. In the Plot Offset Origin Set to Printable Area, check the Center the Plot option [1] and press the power button to turn on the air filter [2].
4.4.1. SCREEN: screenshot_3: 00:33-00:35
4.4.2. Talent pressing power button
4.5. Turn on the laser cutter [1] and, in the laser cutter software, set the power to 80%, the speed to 60%, and the pulses per inch to 500 [2].
4.5.1. Talent turning on laser cutter
4.5.2. SCREEN: screenshot_3: 00:49-1:00 
4.6. Then use the Focus View tool to move the laser pointer to the left top corner and bottom right corner of the pattern to make sure the whole pattern fits inside the prepared laminated TPU films [1].
4.6.1. SCREEN: screenshot_3: 01:09-01:19
4.7. To focus the laser machine, move the lens carriage to the middle of the table [1] and place the focus tool on the table [2].
4.7.1. Talent moving lens carriage to middle of table Videographer: Important step
4.7.2. Talent placing focus tool on table Videographer: Important step
4.8. Move the table up until the top of the focus tool touches the front of the lens carriage [1] and move the table up slowly until the lens carriage hits the notch of the focus tool and bumps the tool forward [2].
4.8.1. Talent moving table up Videographer: Important step
4.8.2. SCREEN: screenshot_3: 01:20-01:23
4.9. Without changing the position of the TPU sheet, decrease the laser cutter speed to 55%, increase the power to 85%, and keep pulses per inch to 500 and run the laser again [1].
4.9.1. SCREEN: screenshot_3: 01:43-01:57 Video Editor: can speed up
4.9.2. Laser being run
4.10. Then set the speed to 50%, increase the power to 90%, and keep pulses per inch at 500 for a third run of the laser to ensure that there are no leaks in the actuator [1].
4.10.1. SCREEN: screenshot_3: 02:21-02:30
5. Stainless Steel Dispensing Needle Bonding and Soft Actuator Characterization
5.1. To bond a stainless steel dispensing needle with a Luer lock connection, cut the end of the balloon actuator with inlet scissors [1] and insert a needle inside the balloon actuator inlet [2].
5.1.1. WIDE: Talent cutting balloon actuator Videographer: Important step
5.1.2. Needle being inserted Videographer: Important step
5.2. Apply glue around the needle and actuator [1] and wrap PTFE tape around the connection [2].
5.2.1. Glue being applied Videographer: Important step
5.2.2. Tape being wrapped Videographer: Important step
5.3. When the glue has dried, mount a camera over the actuator at a sufficient distance so that the actuator is in full view of the camera in both its pressurized and unpressurized states [1] and hold the actuator in an orientation such that its deflection upon pressurization is orthogonal to the camera [2].
5.3.1. Talent placing camera/adjusting camera position
5.3.2. Actuator being held/oriented 
5.4. Increase the pressure of the actuator with a precise fluid dispenser until it deflects into its full range without bursting [1-TXT]. 
5.4.1. Pressure being increased/actuator deflecting to full range Videographer: Important step TEXT: Assume full range as maximum deflection w/o plastic deformation, leakage, or bursting
5.5. Then increase the actuator pressure until it reaches about 20% of its full range [1] and note the pressure [2].
5.5.1. Pressure being increased to 20% full range Videographer: Important step
5.5.2. Shot of pressure readout Videographer: Important step
5.6. Finally, take picture of the actuator [1] and use an image processing software program to measure the X- and Y-coordinates of the tip of the actuator in the image [2].
5.6.1. Talent taking picture with camera
5.6.2. Talent loading image into program, with monitor visible in frame 
5.7. After repeating the pressurization and coordinate measurement until a full range of actuator deflection is reached [1], plot an X-Y graph of the actuator’s deflection versus the inflation pressure [2].
5.7.1. Talent applying pressure to actuator
5.7.2. Talent at computer, plotting graph, with monitor visible in frame


Section – Results
6. Results: Representative Actuator Preparation 

6.1. Wrinkles in the laminated sheets can result in issues with bonding during the laser cutting step [1], therefore ensuring a perfectly smooth surface is critical for reproducible results [2].

6.1.1. LAB MEDIA: Figures 1B and 1C: JoVE Video Editor please emphasize Figure 1B/wrinkles in Figure 1B
6.1.2. LAB MEDIA: Figures 1B and 1C: JoVE Video Editor please emphasize Figure 1C/smooth sheet in Figure 1C

6.2. Here a 2D design of the pneumatic actuator as drawn using a computer-aided design program is shown [1].

6.2.1. LAB MEDIA: Figure 2

6.3. Using laser cutting, the laminated, four-layer stack of TPU can be cut and welded to fit the 2D pneumatic actuator design as demonstrated [1].

6.3.1. LAB MEDIA: Figure 3C

6.4. To couple the actuator to an air supply unit, a stainless steel needle can be inserted into the actuator [1] and the interface of the actuator and stainless steel needle can be wrapped tightly with PTFE tape to prevent leakage [2].

6.4.1. LAB MEDIA: Figure 4D: JoVE Video Editor please emphasize needle
6.4.2. LAB MEDIA: Figure 4D: JoVE Video Editor please emphasize white tape

6.5. Finally, using a digital fluid dispenser, the pneumatic actuator can be inflated to a pressure of 5 pounds per square inch [1] to allow observation of a deflection within the region in which the array of lines was designed [2].

6.5.1. LAB MEDIA: Figure 5B without inset: JoVE Video Editor please emphasize actuator
6.5.2. LAB MEDIA: Figure 5B with inset: JoVE Video Editor please emphasize patterns on actuator in inset 




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Alexandre Caprio: Given the ease by which the designs can be iterated, this technique has the potential to expand the use of thin, soft actuators for many fields of study [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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