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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. 
2.3, 3.8, 3.9, 4.5, 5.4, 5.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. 
4.2, 5.1: Assure the attachment of copper wires to the surfaces of the samples minimizing the electrical contact resistance. Use narrow silver paint layers and hot melt adhesive.
E.  Will the filming need to take place in multiple locations? (Y/N) Y 
If yes, how far apart are the locations? Less than five minutes’ walk.


1. Introduction (Experimental Goal and Author Interviews 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to achieve self-sensing properties in composite materials for structural health monitoring. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Rocío Moriche: This method can help answer key questions in the in-situ damage detection field, such as quantification of strain and damage in blades of offshore wind farms and prediction of their service life.
1.2. Rocío Moriche: The main advantage of this technique is that damage can be detected by the structural component itself.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Alberto Jiménez-Suárez: Though this method can provide insight into structural damage of composite materials, it can also be applied to other systems, such as biomechanical analysis during injury recovery.

Protocol (read by voice talent at JoVE):
2. Preparation of Functionalized Graphene Nanoplatelet (f-GNP)/Epoxy Composite Material
2.1. To begin the preparation, in a ductless fume hood, hand-mix 24 grams of functionalized graphene nanoplatelets with DGEBA monomer. [1-MED-TXT]
2.1.1. In the fume hood, talent adds DGEBA to pre-weighed f-GNPs and mixes by hand. (TEXT: 24.00 g functionalized graphene nanoplatelets (f-GNPs) and 143.09 g bisphenol A diglycidyl ether (DGEBA) monomer)
2.2. To disperse the f-GNPs into the monomer, first sonicate the mixture with a probe sonicator for 45 minutes. [1-MED-TXT]
2.2.1. Talent sonicating mixture, with readout showing parameters visible if possible. (TEXT: Sonicate for 45 min at 50% amplitude with a cycle time of 0.5 sec.)
2.3. Then, calender the mixture three times, increasing the roller speed each time. [1-MED-TXT] After dispersion, weigh the mixture. [2-MED-Over shoulder]
2.3.1. The mixture finishes one calendering cycle. Talent then increases the roller speed, with readout visible if possible. (TEXT: Calendering cycles: 250 rpm, 300 rpm, 350 rpm. Roller gap: 5 m)
2.3.2. Talent weighing mixture.
2.4. Heat the mixture to 80 C while stirring, [1-MED] and then place the mixture under vacuum. Degas the mixture while stirring for 15 minutes. [2-MED-Over shoulder]
2.4.1. Talent starts the mixture heating and stirring.
2.4.2. Talent starts the vacuum once the mixture has reached 80 degrees (readout visible if possible) and watches the pressure drop in the vacuum chamber.
2.5. Weigh out the hardener in a 100:23 weight ratio of DGEBA monomer to hardener. [1-MED] Remove the mixture from vacuum and stop magnetic stirring. [2-MED] Add the hardener and stir by hand until homogeneous. [3-MED-Over shoulder]
2.5.1. Talent weighing hardener.
2.5.2. Talent vents mixture and turns off the stir motor.
2.5.3. Talent adds the hardener to the mixture and begins hand-stirring the mixture.
2.6. After degassing and hand-mixing, keep the f-GNP/epoxy material at 80 °C under magnetic stirring. [1-MED] Then, clean a steel plate with acetone. [2-MED/MED-Over shoulder]
2.6.1. Talent puts the degassed mixture with hardener on a stirring hot plate (or wherever the material is kept during manufacturing).
2.6.2. At least two takes of talent cleaning steel plate. (Shot will be reused in 3.4.1)
2.7. Using fabric scissors, cut 14 layers of glass fiber fabric to the desired dimensions. [1-CU-TXT] Warm the glass fabric to 80 C in an oven. [2-MED]
2.7.1. Talent cutting squares of glass fiber fabric. (TEXT: 120 mm x 120 mm)
2.7.2. Talent places glass fiber fabric in an oven, with temperature readout visible if possible.
2.8. Cut two squares of anti-adherent polymer film in the same dimensions as the fabric. Place the film on the clean steel plate. [1-MED-Over shoulder]
2.8.1. Talent cuts the polymer film and places it on the steel plate.
2.9. Using a brush, apply a layer of f-GNP-filled epoxy to one square of the polymer film. [1-CU] Carefully place one square of warmed glass fiber fabric on the epoxy-covered film so the epoxy and film are completely covered. [2-ECU]
2.9.1. Talent paints epoxy on the polymer film.
2.9.2. Glass fiber fabric placed on the epoxy-coated film.
2.10. Use a de-airing roller to compress the materials. [1-MED] Continue applying layers of epoxy and fabric, compressing each time, until all remaining fabric has been used. [2-MED]
2.10.1. Talent using a de-airing roller on the fabric and epoxy.
2.10.2. Talent paints on another layer of epoxy, places a square of fabric, and uses the de-airing roller on the fabric and epoxy pile.
2.11. Apply one last layer of epoxy and place the remaining square of anti-adherent polymer film on top of the laminate. [1-CU] Cure the laminate in a hot plate press with increasing pressure. [2-MED-TXT]
2.11.1. Talent paints on epoxy and places the film on the pile.
2.11.2. Talent puts the plate in the hot plate press and sets parameters/parameters visible on readout if possible. (TEXT: Cure at 140 C for 8 hr with pressure increasing to 6 bars.)
3. Preparation of f-GNP/Glass Fiber Fabric and f-GNP/Glass Fiber Composite Material
3.1. In a ductless fume hood, prepare a 1 to 1 mixture of sizing agent to distilled water. [1-MED] Add to this 7.5 g of f-GNPs. [2-MED-Over shoulder-TXT]
3.1.1. Talent mixing sizing agent and distilled water.
3.1.2. Talent adds f-GNPs to the sizing agent mixture. (TEXT: 7.5 g of f-GNPs and 142.5 g 1:1 sizing agent:distilled water.)
3.2. Remove the mixture from the fume hood and disperse the nanoplatelets by probe sonication. [1-MED-TXT]
3.2.1. Talent brings the mixture to the sonicator, sets parameters, and starts sonicating the mixture. *Container should be labeled by now, but the label does not have to be facing the camera here. (TEXT: Sonicate for 45 min at 50% amplitude with a cycle time of 0.5 sec.)
3.3. Cut out 14 squares of glass fiber fabric. [1-MED-TXT] Use a dip-coater to coat the glass fabric with the f-GNP-filled sizing. [2-CU] Then, dry the coated fabric in a vacuum oven. [3-MED-TXT]
3.3.1. Talent cutting out glass fiber fabric. (TEXT: 120 mm x 120 mm)
3.3.2. Dip-coater coats a square of glass fiber fabric in clearly labeled sizing mixture.
3.3.3. Talent transfers coated fabric to vacuum oven, with temperature readout visible if possible. (TEXT: Dry at 150 C for 24 hr or as per sizing manufacturer specifications.)
3.4. Clean a steel plate with acetone. [1-MED-Over shoulder] Place a square of anti-adherent polymer film of the same dimensions as the glass fiber fabric squares on the steel plate. [2-MED]
3.4.1. Use alternate take from 2.6.2.
3.4.2. Talent cuts out a square of anti-adherent film and places it on the plate.
3.5. Place the 14 squares of coated glass fiber fabric onto the polymer film, ensuring that the edges are aligned. [1-CU] Then, place the plate and fabric in a vacuum bag. [2-MED]
3.5.1. The fabric squares are placed on the film and their edges are aligned.
3.5.2. Talent puts plate and fabric in the vacuum bag.
3.6. Using sealant tape, seal the vacuum bag. Preheat the bag in an oven at 80 C. [1-MED]
3.6.1. Talent seals the bag with tape and then places it in an oven with temperature readout visible if possible.
3.7. Degas the DGEBA monomer under vacuum while stirring. [1-MED-TXT] Add hardener in a 100 to 23 monomer to hardener weight ratio and stir until homogeneous. [2-MED]
3.7.1. DGEBA monomer heated and stirring while under vacuum. (TEXT: Degas DGEBA monomer while stirring at 80 C for 15 min.)
3.7.2. Talent adds hardener to the monomer and stirs the mixture by hand.
3.8. Connect a vacuum pump to the vacuum bag and perform leak checks. [1-MED] Connect a length of polymer tubing to the bag and submerge the open end in the epoxy resin. [2-MED] Turn on the vacuum pump to draw the resin into the bag. [3-MED-TXT]
3.8.1. Talent performing leak checks on the system.
3.8.2. Talent feeds polymer tubing from the bag to the epoxy resin and puts the tube in the resin.
3.8.3. Talent turns on the vacuum pump and monitors the system as the resin is pulled into the bag. (TEXT: Performed at 80 C)
3.9. Once the glass fabric pile is completely soaked with epoxy resin, [1-CU] turn off the pump and seal the bag. [2-MED] Cure the laminate in the bag in an oven at 140 C for 8 hours. [3-MED] Then, remove the cured laminate from the vacuum bag. [4-MED-Over shoulder].
3.9.1. Glass fabric soaked in resin in the vacuum bag.
3.9.2. Talent turns off the pump and seals up the bag for curing.
3.9.3. Talent places the bag in an oven with temperature readout visible, closes the oven, and moves away.
3.9.4. Talent extracting the laminate from the vacuum bag.
4. f-GNP/Epoxy and f-GNP/Glass Fiber Composite Material Strain Sensor Testing
4.1. To begin preparation for strain testing, machine the laminate samples. [1-WIDE-TXT] Then, clean the sample surfaces with acetone. [2-MED]
4.1.1. Talent machining samples. (TEXT: See text protocol for machining parameters.)
4.1.2. Talent cleaning machined sample surfaces.
4.2. Using silver acrylic conductive paint, draw two narrow lines 20 mm apart on each sample. Lay fine copper wires flat along the wet silver paint to act as electrodes. [1-CU] Once the paint has dried, fix the wires in place with hot melt adhesive. [2-MED-Over shoulder]
4.2.1. Lines are painted on a clean sample, and then copper wires are placed along the wet paint.
4.2.2. Talent using adhesive to fix the wires.
4.3. Configure a mechanical test machine for a flexural test. [1-SCREEN] For each sample, measure the width and thickness with calipers before placing the sample in the machine. [2-MED]
4.3.1. *To be provided by authors: Flexural test being selected in software parameters.
4.3.2. Talent measures sample with calipers.
4.4. Set the test speed and start position appropriately for the size and location of the sample. [1-SCREEN]
4.4.1. *To be provided by authors: Test speed and position set for the sample.
4.5. Connect the electrical contacts to a multimeter and measure the initial electrical resistance between the contacts. [1-MED] Run the flexural test, monitoring the resistance throughout. [2-SCREEN]
4.5.1. Talent connects contacts to a multimeter and looks at the multimeter readout.
4.5.2. *To be provided by authors: Screen footage of the resistance measurements while the flexural test is in progress.
5. f-GNP/Glass Fiber Fabric Strain Sensor Testing
5.1. To prepare for the strain test, cut f-GNP/glass fiber fabric to 10 mm wide strips and affix copper wires to the fabric with silver conductive paint and hot melt adhesive. [1-MED]
5.1.1. Talent cuts a 10 mm band of f-GNP/glass fiber fabric, paints on silver lines, and starts laying copper wires on the paint.
5.2. Next, attach the f-GNP/glass fiber fabric bands to the thumb and first three fingers of a nitrile glove using hot melt adhesive. [1-MED-Over shoulder]
5.2.1. Talent places a fabric band with wires on a nitrile glove and attaches it with adhesive.
5.3. Measure the initial electrical resistance across the fabric on each finger. [1-SCREEN]
5.3.1. *To be provided by authors: The initial resistance values for the fully-wired glove.
5.4. Perform a sequence of finger bending while recording the electrical resistance. [1-MED] Begin by bending the thumb, then index, then middle, then ring fingers. [2-CU]
5.4.1. Talent wearing fully-wired glove with all connections in place.
5.4.2. *Film as written.
5.5. Bend all fingers simultaneously. [1-CU] Then, with increased speed, repeat the sequence from thumb to ring finger and back. [2-CU]
5.5.1. *Film as written.
5.5.2. *Film as written.

SCREEN CAPTURES:  Authors: if we are going to show how techniques are performed on computers, you will be asked to make movie files of the software in use. Filming screens from a video camera often results in artifacts due to the screen refresh. When you receive the final script, and a shot is listed a “SCREEN CAPTURE” you will need to make a movie file of the actions required. Make exactly one file per requested SCREEN CAPTURE containing only the requested actions. Do not bundle several action sequences into one large file. Name the file according to the shot number. Then, upload each of these files to your project folder.

6. Results: Strain Monitoring of f-GNP-Including Composite Materials
6.1. Incorporation of f-GNPs into glass fiber increases the electrical conductivity of the material, which is affected by induced strain. The normalized electrical resistance increases with increasing flexural strain. Breakage of glass fibers at the point of failure disrupts the electrical network, which is seen as a jump in normalized resistance. [1-LM]
6.1.1. LAB MEDIA: 54512_PIname_Figure3.tif: On “electrical conductivity of the material”, highlight the title of the right y-axis. On “affected by induced strain”, highlight the titles of the left y-axis and the x-axis. On “The normalized…flexural strain”, highlight the blue trace on the graph. On “Breakage…failure”, highlight the peak of the black trace. On “jump…resistance”, highlight the spike in the blue trace. 
6.2. When f-GNP/glass fiber fabric is applied to the fingers of a nitrile glove, [1-LM] the bending of each finger and the duration of the movement can be tracked by changes in resistance. [2-LM]
6.2.1. LAB MEDIA: 54512_PIname_Figure5a.tif: Show Figure 5a without boxes.
6.2.2. LAB MEDIA: 54512_PIname_Video62.mp4: During “the bending…resistance”, in sequence, introduce 5b and the blue box on 5a, 5c and the red box, 5d and the green box, and 5e and the purple box.
-LAB MEDIA: 54512_ PIname_Video62.mp4
-LAB MEDIA: 54512_ PIname_Figure5a.tif
-LAB MEDIA: 54512_ PIname_Figure5b.tif
-LAB MEDIA: 54512_ PIname_Figure5c.tif
-LAB MEDIA: 54512 _ PIname_Figure5d.tif
-LAB MEDIA: 54512 _ PIname_Figure5e.tif

6.3. Subjecting the f-GNP/epoxy and f-GNP glass fiber composite materials to compressive and tensile strain induced slightly different patterns of change in electrical resistance.
6.3.1. LAB MEDIA: 54512_PIname_Figure4a.tif and 4b.tif: Figures 4a and 4b side by side. On “f-GNP/epoxy”, caption 4a with “f-GNP/Epoxy Composite Material”. On “f-GNP/glass fiber”, caption 4b with “f-GNP/Glass Fiber Composite Material”. On “compressive”, highlight “compression subjected surface” in the legend. On “tensile strain”, highlight “tensile subjected surface” in the legend. [1-LM]
-LAB MEDIA: 54512_ PIname_Video64.mp4
6.4. Below a certain level of compressive strain, normalized electrical resistance gradually decreases with increasing strain. Beyond that point, the resistance increases. However, the normalized electrical resistance increases with tensile strain throughout. [1-LM]
6.4.1. Figures 4a and 4b side by side: On “normalized…increasing strain”, highlight the downward-sloped blue traces in both graphs (to about 0.010 on the x-axis in 4a and about 0.015 on the x-axis in 4b). On “Beyond…increases.”, highlight the upward slanted side of the blue traces. On “normalized…throughout”, highlight the red traces in both graphs.

-LAB MEDIA: 54512_ PIname_Figure4a.tif
-LAB MEDIA: 54512_ PIname_Figure4b.tif

7. Conclusion (said by authors on camera)
7.1. Alejandro Ureña: After its development, this technique paved the way for researchers in the field of self-monitoring materials to explore damage in structural components.
7.2. Alejandro Ureña: After watching this video, you should have a good understanding of how to prepare a composite material with self-sensing properties and how to monitor it in real time.
   

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 720 x 480 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.  

6.1 – 54512_ PIname_Figure3.tif
6.2 – 54512_ PIname_Video62.mp4
6.2 – 54512_ PIname_Figure5a.tif
6.2 – 54512_ PIname_Figure5b.tif
6.2 – 54512_ PIname_Figure5c.tif
6.2 –54512 _ PIname_Figure5d.tif
6.2 –54512 _ PIname_Figure5e.tif
6.4 – 54512_ PIname_Video64.mp4
6.4 – 54512_ PIname_Figure4a.tif
6.4 – 54512_ PIname_Figure4b.tif

Authors: List additional media filenames below.


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 noted and specimens/samples should 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.

[bookmark: _GoBack]You will receive more detailed preparation instructions in the email accompanying the finalized script.
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