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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed?  2.1, 2.2, 3.2, 3.3, 5.2, 5.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  3.2, 5.2 
E.  Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Lisen Ge: This method answers key questions in the field of soft robotics by showing the fabrication of soft pneumatic network actuators with oblique chambers that can realize coupled bending-twisting motions.
1.2. Tianyu Wang: The main advantage of this technique is that it is fast, reliable, low cost and suitable for the fabrication of soft pneumatic actuators with varied structures.
B. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Ningbin Zhang: Generally, individuals new to this method will struggle because the  fabrication contains many steps and one minor inappropriate operation can cause leak failure of the actuators.
C. Introduction of Demonstrator:  N/A
D. Ethics title card: N/A
Protocol: (read by voice talent at JoVE)
2. Mold Production and Silicon Elastomer Preparation
2.1. The fabrication process requires molds. [1-WIDE] Design and 3-D print a set of molds for the actuator with a 30º oblique chamber. [2-CU] Two parts will form the chamber mold, with one part having a hole to create a tubing connection. [3-CU] The third part will form a base. [4-CU] 
2.1.1. Talent at bench, organizing/inspecting mold parts
2.1.2. The three mold parts for the actuator (displayed consistently with the previous shot)
2.1.3. The two parts for the chamber mold, with the opening for the tubing connection visible
2.1.4. The single part for the base
2.2. Next, place a mixing container on a scale. [1-MED] In separate syringes, have silicone elastomer component parts A and B. [2-CU] Use the syringes and scale to add the desired mass of each component to the mixing container. [3-MED-TXT][TEXT: Part A: 45 g; part B 5 g]
2.2.1. Talent at bench, putting mixing container on the scale 
2.2.2. Two labeled syringes, one with part A, the other with part B elastomer
2.2.3. Talent adding the elastomer to the mixing container [TEXT: Part A: 45 g; part B 5 g]
2.3. Now, move the mixing container to a planetary centrifugal mixer and mix well. [1-MED] After mixing, the silicone elastomer is ready for the protocol. [2-CU-TXT]
2.3.1. Talent at mixer, adding container and starting mixing 
2.3.2. The silicone elastomer after mixing [TEXT: Store at 5 ºC to extend useful life.]
3. Chamber Part Fabrication
3.1. Work with the mold pieces for the chamber. [1-WIDE] On each of the pieces, evenly spray mold release agent for silicone elastomer products. [2-MED] Orient the two pieces properly and bring them together to assemble the mold. [3-CU] Hold both ends of the mold with clips to prevent leakage. [4-CU]
3.1.1. Talent at bench with the mold pieces for a chamber 
3.1.2. The mold pieces as talent (hands) sprays one or both of them
3.1.3. The two pieces being oriented properly and assembled. Ideally, the viewer would be able to identify the top piece as it is brought into position 
3.1.4. The assembled mold with its ends clipped
3.2. Get 5 milliliters of silicone elastomer with a syringe. [1-MED] Inject the elastomer slowly into the hole of the mold to fabricate the connection end. [2-CU] Then, fill the whole mold with the silicone elastomer. Use a low flow rate and move the elastomer back and forth slowly. [3-CU]
3.2.1. Talent drawing elastomer into a syringe 
3.2.2. Mold end as syringe is put in position and elastomer is injected
3.2.3. The mold as elastomer is applied. Please capture the back and forth motion used to apply the elastomer
3.3. Once the mold is filled, use a needle to pierce any bubbles that form on the surface. [1-CU] Use a blade to scrape off excess elastomer on the upper surface of the mold. [2-CU] Now, place the mold in a 70 ºC oven until it is cured. [3-WIDE]
3.3.1. The mold as talent pierces bubbles with a needle
3.3.2. The mold as excess elastomer is scraped off
3.3.3. Talent placing mold in oven
3.4. After curing, inspect the mold. [1-MED] Use a syringe to inject silicone elastomer into bubbles and holes on the surface of the actuator. [2-CU] Scrape off any excess elastomer on the surface. [3-MED] 
3.4.1. Talent at bench, inspecting mold 
3.4.2. Mold as bubbles and holes are filled with elastomer
3.4.3. Talent scraping surface 
3.5. Return the mold to the 70 ºC oven until it is cured. [1-WIDE] This is an example of a chamber produced by these steps after curing and demolding. [2-CU]
3.5.1. Talent placing mold into oven
3.5.2. The demolded chamber 
4. Base Part Fabrication
4.1. Get the mold piece for the base. [1-WIDE] Spray mold release agent for silicone elastomer evenly on its surface. [2-MED] Pour the silicone elastomer into the mold to fill it completely. [3-CU] Then, with a needle, pierce any bubbles that form on the surface. [3-CU]
4.1.1. Talent getting mold piece for the base
4.1.2. Talent spraying mold piece 
4.1.3. The mold as the elastomer is poured into it
4.1.4. The filled mold as bubbles are pierced with a needle
4.2. Scrape off any excess silicone elastomer along the upper surface with a blade. [1-CU] Place the mold in a 70 ºC oven until the silicone elastomer is cured. [2-WIDE]  This is an example of the base produced by these steps after curing and demolding. [3-CU] 
4.2.1. The mold as excess elastomer is scraped off
4.2.2. Talent placing the mold into and oven
4.2.3. A completed base
5. Actuator Assembly and Connecting the Tubing
5.1. At this point, the actuator components are ready. [1-WIDE] Work with both a chamber and a base. [2-MED] Begin by pouring a 1 millimeter thick layer of silicone elastomer on one face of the base. [3-CU]
5.1.1. Talent arriving at the bench with actuator components
5.1.2. (This might be a CU) The two components on the bench
5.1.3. The base component as elastomer is poured onto it
5.2. Then, place the chamber part on the base. There will be a space between the two pieces. [1-CU] Use a syringe to inject silicone elastomer into the space. [2-CU] Place the actuator in the oven at 70 ºC until the elastomer is cured. [3-WIDE]
5.2.1. The base as the chamber is placed on it. Ideally, the shot would be able to demonstrate the space between the two pieces
5.2.2. The assembly as silicone elastomer is injected into the space between the two parts
5.2.3. Talent placing the assembly in the oven
5.3. After curing the actuator, tap the actuator-tubing connector. [1-MED] It should accept the screw of a male stud push-in fit pneumatic fitting. [2-CU] With a needle, pierce the connection end of the actuator along the center line of the cylinder. [3-CU] 
5.3.1. Talent tapping the connector 
5.3.2. The connector showing result of the tapping
5.3.3. A needle appropriately piercing the end of the actuator 
5.4. Use a steel rod to increase the diameter of the hole to about 2 millimeters. [1-CU]  Get the actuator-tubing connector and screw it into the actuator. [2-MED] Once it is in place, push a section of tubing into the pneumatic fitting. [3-CU] 
5.4.1. The end of the actuator as a rod is used to expand the hole in the actuator 
5.4.2.  Talent screwing connector into actuator 
5.4.3. The actuator with its connecter, then tubing being connected to it. Include several seconds of the result
6. Leak Check
6.1. The final step is to check for leaks. [1-WIDE] For this, use a container of water that can cover the actuator. [2-MED] Get the actuator and connect it to an air source. [3-MED]
6.1.1. Talent at bench, preparing for tests
6.1.2. Talent moving container of water into position. It may be possible to combine this with the next shot
6.1.3. Talent getting actuator and connecting it to air source
6.2. Place the entire actuator into the water and pressurize it. Observe whether bubbles are formed due to a leak. [1-CU] After the test, remove the actuator from the water. [2-MED-TXT] 
6.2.1. The container of water as actuator is placed in it and then pressurized. Be sure to consult authors about whether or not any bubbles should be expected
6.2.2. Talent removing actuator from the water [TEXT: See text protocol for repair steps]
7. Results: Verification of the Performance of an Actuator with 30º Oblique Chambers  
7.1. In this video, a 30º actuator starts under zero applied air pressure. As the pressure increases from 0 kiloPascals to 90 kiloPascals without interruption, the actuator both bends and twists. As the pressure is reduced, it returns to its original state. [1-LM]
7.1.1. LAB MEDIA: “Movie 1.MP4” (Video editor: I have in mind that the text should go with the first 20 seconds of the video, at most. The video clip should start and end with the actuator hanging vertically.) 
7.2. The bending angle for the actuator is defined as the angle between the body line in unactuated position and the body line in the actuated position. [1-LM] The twisting angle is the angle between the tip line in the unactuated position and the actuated position. [2-LM]
7.2.1. LAB MEDIA: “Figure 3B_supplementary.psd” (Video editor: Please do what you can to call attention to the angle between the red lines labeled “AB” and “A’B’” in the main part of the image)
7.2.2. LAB MEDIA: “Figure 3C_supplementary.psd” (Video editor: Please do what you can to call attention to the angle between the black lines labeled “BC” and “B’C’” in the main part of the image) 
7.3. This plot shows the bending angle as a function of pressure for actuators with oblique angles of 30, 45 and 60 degrees. [1-LM] Here is a similar plot for the twisting angle as a function of pressure. Note the difference in the vertical scales. [2-LM] 
7.3.1. LAB MEDIA: “Figure 3B.psd”
7.3.2. LAB MEDIA: “Figure 3B.psd”, “Figure 3C.psd” (Video editor: Please add the new image to the right of the one in 7.3.1)
8. Conclusion (said by authors on camera)
8.1. Tianyu Wang: While attempting this procedure, it’s important to remember to pierce any bubbles that form on the surface and scrape off excess elastomer on the upper surface of the mold before place it into the oven. (Video editor: shots 3.3.1 and 3.3.2 are being referred to here)
8.2. Tianyu Wang: In this procedure, the silicone elastomer can be mixed manually and the elastomer can be cured at room temperature if the mixer and the oven are not available.
8.3. Lisen Ge: After its development, this technique paved the way for researchers in the fabrication of soft pneumatic actuators to explore oblique chambers’ coupled bending-twisting motions in 3D space.
8.4. Ningbin Zhang: Don't forget that working with needles and blades can be extremely hazardous and attention should be paid to avoid getting hurt. In addition, nitrile gloves should always be worn while working with silicone elastomer.
Provided Media
Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:
6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X
Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  
Insert your media filenames here.
General Preparation
It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   
Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  
All tubes/flasks should be pre-labeled neatly before we arrive.  
Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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