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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No 
2. Does your protocol include software usage? No
3. Which steps from the protocol section below are the most important for viewers to see? 2.5, 2.6, 2.7
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Accurately cutting the specimen along the fiber direction (2.7)
5. Will the filming need to take place in multiple locations? Yes, three rooms in the same building, two rooms are on the same floor


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.

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Amy Engelbrecht-Wiggans: This protocol can help answer key questions in the field of body armor development by defining a repeatable procedure to test the mechanical properties of flexible unidirectional composite fabrics.
1.1.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera


What is the main advantage of this technique?

1.2. Amanda Forster: This technique fills a gap in current testing by allowing interrogation of a material’s properties without hot pressing, which is more representative of its use in soft body armor. 
1.2.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera


OPTIONAL Interview Statements: N/A

Introduction of Demonstrator: N/A

Ethics title card: N/A

Section - Protocol
2. Cutting Procedure for Warp-direction Specimens, Cut Perpendicular to Roll Axis
2.1. Unroll a bolt of unidirectional material to be tested to a work surface. [1-TXT] The unwound portion is the precursor material.  [2-TXT] Visually verify that the principal fiber direction is parallel to the width of the bolt. [3]
2.1.1. WIDE: Talent with bolt of material, placing it on work surface [TEXT: Material: PPTA (p-phenylene terephthalamides) unidirectional laminate]
2.1.2. MED: Bolt as it is being unrolled on surface [TEXT: Bolt width: ~1600 mm] 
2.1.3. CU: Demonstration of the principal fiber direction (Videographer Comment: T2)
2.2. Next, get a scalpel to isolate the precursor material. [1] Create a tab by making a cut parallel to the fiber direction. Then, make another parallel cut about 3 millimeters away. [2] Manually grasp the tab tear it away to expose the fibers on the layer underneath. [3] Pull until the two layers have been separated across the whole length of the precursor material. [4]
2.2.1. MED: Talent with scalpel, preparing to cut precursor material (Videographer Comment: Use 2.1.3 T1)
2.2.2. CU: Precursor material as it is being cut
2.2.3. MED: (this might be CU) The tab as it is grasped and pulled (Videographer Comment: Use 2.1.3 T1)
2.2.4. MED: Talent pulling to separate layers across the precursor material
2.3. Remove any loose fibers from the edge of the tab that neighbor the exposed cross fibers. [1] These may be up to 1 to 2 millimeters away from the tab path. [2] Continue by separating the piece of precursor material from the bolt. [3-TXT] Turn over the material so the new principal fiber direction is the warp direction. [4]
2.3.1. MED: Talent working to remove loose fibers [Shots 2.3.1 and 2.3.2 combined]
2.3.2. CU: Loose fibers as they are being removed (not necessarily fibers 1-2 mm away from the tab path)
2.3.3. MED: Talent working to separate precursor material from the bolt [TEXT: See text protocol for details.]
2.3.4. MED: Talent turning material over 
2.4. Now, mark the grip lines on the material aligned in the weft direction. [1] These lines are a set distance from and parallel to the cut edges of the material.  [2-TXT] Once again, cut a tab in the material. Then, pull the tab to determine the principal fiber direction for the specimen to be cut from the material. [3] The fiber direction should be perpendicular to the grip lines. [4] 
2.4.1. MED: Talent marking the grip lines
2.4.2. CU: Detail to show the position of a grip line [TEXT: Grip lines are 115 mm from edge]
2.4.3. MED: Talent cutting a tab, then grasping and pulling the tab [Shots 2.4.3 and 2.4.4 combined]
2.4.4. CU: Demonstration of the fiber direction with respect to a grip lines
2.5. Take the material to an appropriate self-healing gridded cutting mat. [1] Carefully align the fiber direction with the gridlines on the mat, using the cut edge as a guide. [2]  Ensure that the fiber direction in the material is aligned with the gridlines. [3] Avoid damaging the material and secure it to the cutting mat by taping its corners. [4]
2.5.1. WIDE: Talent with the material, approaching surface with cutting mat
2.5.2. MED: The material as it is being aligned on the mat 
2.5.3. CU: Demonstrate alignment of fiber direction and gridlines
2.5.4. MED: The material as is secured to the mat 
2.6. Use a medical blade and a straight edge to cut specimens from the material. [1] Place the straightedge at the desired specimen width and align it with the grid on the cutting mat. [2] Clamp the ends of the straightedge in place and check that is still correctly positioned. [3]
2.6.1. MED: Talent beginning to place the straight edge into position on the material 
2.6.2. CU: The straightedge as talent completes putting it in proper position on the material. Demonstrate the alignment with the grid. (Videographer Comment: Use 2.6.1 T1)
2.6.3. MED: The straightedge clamped in position 
2.7. Cut the specimen along the straight edge with a constant velocity and pressure. [1] Unclamp the straightedge, taking care not to move the material. Then, remove the specimen. [2] These are all of the specimens obtained after repeating the cutting steps to maximize specimen production. [3-TXT]
2.7.1. MED: The material as it is cut along the straightedge
2.7.2. MED: Talent unclamping the straightedge and removing the specimen 
2.7.3. MED: A sample of specimens [TEXT: Store specimens for later use in a dark, ambient temperature location.]
2.8. Amy Engelbrecht-Wiggans:   A straight, clean cut, well oriented with the fiber direction, is critical for the accurate measurement of failure stress by preventing additional sources of error
2.8.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera (Videographer Comment: Filmed with intro 1.1)

3. Tensile Testing of Unidirectional Laminate Specimens
3.1. Prepare to mark points to track on a specimen for use with a video extensometer. [1] For consistency, use a template placed over the specimen. Mark the gauge points with a permanent marker. [2] Ensure the marks are visible on the specimen to allow measurement of strain. [3]
3.1.1. WIDE: Talent placing specimen on surface to begin marking it [Shots 3.1.1 and 3.1.2 combined]
3.1.2. MED: Specimen as template is placed on it, followed by a permanent marker marking it
3.1.3. CU: The marks on the specimen 
3.2. Next, take the specimen to the extensometer on a Universal Testing Machine. [1]  There, insert the end of the specimen through the gap in the capstan and bring it around to the grip line, forming a loop. Center the specimen on the capstan grips. [2] While keeping the specimen centered, turn the capstan to the desired position. Use a tensioning device to hold the sample in place before locking the capstan in place. [3]
3.2.1. WIDE: Talent with specimen at the Universal Testing Machine
3.2.2. MED: Demonstrate the procedure to attach and center the specimen. Videographer: It may be necessary to break this up into several shots. [Shots 3.2.2 and 3.2.3 combined]
3.2.3. MED: The centered specimen as the capstan is put into position, the specimen is held in place,  and the capstan locked in place Videographer: It may be necessary to break this up into several shots.
3.3. Complete mounting the specimen by repeating the same steps with the other end. [1] When done, apply a small preload of 2 Newtons and record the actual gauge length. [2-TXT] Now, set up the instrument to perform a tensile test at a constant 10 millimeters per minute and begin the test. [3]
3.3.1. MED: Talent attaching the other end of the specimen to a capstan
3.3.2. MED: Talent noting gauge length with a small preload [TEXT: Preload: 2 N]
3.3.3. MED: Talent working at instrument controls, then starting the test
3.4. For the test, the testing machine applies a constant rate of extension to the sample while the load and displacement are recorded. The test continues until a break occurs in the sample. [1] This plot is a typical load versus displacement curve for these experiments. [2]  When monitoring the display, a 90% reduction in the observed load indicates a break in the specimen. [3] Record the maximum stress and data to find the failure strain. [4] 
3.4.1. MED: The sample during the test. Videographer: Please record the entire test, which may take up to 2 minutes. Consult the authors regarding best camera placement.
Video editor: It may not be necessary to show the entire test. The failure of the sample should be shown, as well as some lead up to it. Please use a higher playback rate if necessary.
3.4.2. LAB MEDIA: typ_load_disp.eps
3.4.3. LAB MEDIA: (continued) Video editor: Please call attention to the drop in the purple curve at about 16 on the horizontal axis.
3.4.4. LAB MEDIA: typ_load_disp.eps Video editor: Please call attention to the highest point on the purple curve and draw lines from it to intersect the vertical and horizontal axes perpendicularly (to indicate values to be recorded)

4. Beginning an Ageing Experiment
4.1. After making a plan for the study, cut the material needed for each condition to be tested. [1] The strips should be wide enough to yield the required specimens and have an additional 10 millimeters or more. [2] 
4.1.1. WIDE: Talent at bench, cutting material for the study [Shots 4.1.1 and 4.1.2 combined]
4.1.2. MED: Example of strip(s) for the experiment
4.2. Place the strips for the environmental exposure in a tray. [1]  At the environmental chamber, set its program for dry, room temperature conditions and allow it to stabilize. [2-TXT] Once the chamber has stabilized, place the sample tray inside, away from the walls or any points of condensation. [3]
4.2.1. MED: Talent placing strip in a tray 
4.2.2. WIDE: Talent at environmental chamber, setting program [TEXT: Example conditions: 25 ºC, 30% relative humidity] Video editor: If possible, please suggest the passage of time between this and the next shot (Videographer Comment: Mis-slated 4.3.2 T1)
4.2.3. MED: Tray being placed in chamber
4.3. Next, program the chamber to reach the target temperature for the environmental study. [1-TXT] When the temperature is stable, program the chamber to reach the target humidity. [2-TXT][3-TXT]
4.3.1. [bookmark: __DdeLink__2319_2398757055]MED: Talent programming chamber [TEXT: Target temperature for this study: 70 ºC] Video editor: If possible, please suggest the passage of time between this and the next shot
4.3.2. CU: The chamber environmental controls as talent sets the humidity. If visible, the temperature should be 70 ºC [TEXT: Target humidity for this study: 76% (relative)]
4.3.3. MED: Talent programming chamber [TEXT: Target humidity for this study: 76% (relative)] Video editor: This shot is an alternate if 4.3.2 is not viable
5. Extracting Aged Material Strips for Analysis
5.1. When it is time to extract aged material, program the chamber to decrease the relative humidity to approximately that of the lab. [1] After the humidity has stabilized, program the temperature to drop to room temperature or about 25 ºC. [2][3] To retrieve the material, be prepared with an appropriately labeled container. [4]
5.1.1. WIDE: Talent approaching environmental chamber, then starting to program it Video editor: If possible, please suggest the passage of time between this and the next shot
5.1.2. CU:  The chamber environmental controls as talent sets the temperature.  If the humidity reading is visible, please check with authors to be certain its value is consistent. 
5.1.3. MED: Talent programming the environmental chamber Video editor: This shot is an alternate if 5.1.2 is not viable
5.1.4. WIDE: Talent approaching the environmental chamber with a container 
5.2. With the humidity and temperature stable, open the chamber, remove the required material, and place it in the labeled container. [1] Return any remaining material to the environmental chamber and reestablish the chosen conditions. [2-TXT] Next, take the aged material to create aged specimens. [3] 
5.2.1. MED: Talent opening the chamber, removing the necessary material, and placing it in the container (Editor: The videographer made a note about 5.1.4 and this shot, but their note was not clear.)
5.2.2. MED: Talent returning material to the environmental chamber and programming the chamber [TEXT: Stabilize the humidity, then the temperature]
5.2.3. WIDE: Talent arriving at work surface with the labeled container (Editor: The videographer made a note here to use another shot, but their handwriting was unclear and I’m not sure what shot they wanted used instead. Perhaps 5.2.1?)
5.3. This aged material is aligned on a self-healing cutting surface. [1] Its grip lines have been marked as before. [2] Set up the straightedge to remove 5 millimeters from one side of the specimen. Trim this amount to remove any damage from handling during the aging process. [3] 
5.3.1. MED: The aged material, with grip lines marked, on the cutting surface [Shots 5.3.1 and 5.3.2 combined]
5.3.2. CU: Demonstrate the marked grip lines
5.3.3. MED: The aged material with the straightedge in place. After that, the material being trimmed Videographer: It may be necessary to break this up into two shots.
5.4. [bookmark: _GoBack]Continue to create the specimens in the same manner as the unaged material. [1] When done, the specimens are ready for use in tensile testing experiments. [2]
5.4.1. MED: Talent continuing with the next steps
5.4.2. MED: An example or examples of specimens created from the aged material


Section – Results
6. Results: Load versus Extension Plots and Failure Stress Distributions
6.1. For load tests performed with a fixed capstan, the load versus extension plots of several samples show the samples slipped. This reflects the difficulty of securing the material. [1] By contrast, with a rotating capstan, the curves are smooth and consistent. The material is an ultrahigh molecular mass polyethylene unidirectional laminate. [2]
6.1.1. LAB MEDIA: Figure9a.eps
6.1.2. LAB MEDIA: Figure9a.eps, Figure9b.eps Video editor: Please add the new image to the right of the first image
6.2. This failure stress distribution is plotted using Weibull scaling. The data are for PPTA unidirectional laminate specimens with a gauge length of 300 millimeters and width of 30 millimeters cut along the warp direction, with a load of 10 millimeters per minute. [1] There is a low strength outlier, which should be investigated. [2] For comparison, the same data are plotted, except with the outlier excluded.  Note the change in the horizontal axis. [3]
6.2.1. LAB MEDIA: Figure10a.png
6.2.2. LAB MEDIA: Figure10a.png Video editor: Please call attention to the data point that is at the far left, toward the bottom
6.2.3. LAB MEDIA: Figure10a.png, Figure10b.png Video editor: Please add the new image to the right of the first image. During the second sentence, call attention to the different horizontal scales in the two figures.




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.1. Amanda Forster: Following this procedure, molecular spectroscopy could be employed to answer questions about the chemical changes in the material due to the exposure to heat and humidity.
7.1.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
7.2. Amy Engelbrecht-Wiggans: Please remember that the medical scalpel is extremely sharp, and appropriate care must be taken to avoid injury.
7.2.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera
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