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Authors, please fill out the brief questionnaire below.   
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? 5.1 – 5.3, 6.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  6.2 If all of the material is adequately flat, and properly assembled, the most important steps are the alignment procedures. We ensure success by using the autocollimator in the alignment, and using a velocity diagnostics system with a short optical leg. 
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. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this approach for conducting elevated temperature plate impact experiments is to enable exploration of dynamic material behavior under thermomechanical extremes by alleviating special challenges in the conventional approach. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Vikas Prakash: A key question of great interest is ‘How does the dynamic shearing resistance of metals near their liquid-solidus transition temperature respond to changes in pressure and applied shear strain-rates?’
1.2. Bryan Zuanetti: This important question in the dynamic material characterization field, and others, can be addressed by this technique, which also mitigates critical sources of experimental variation present in current approaches.   
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Tianxue Wang: Though this method was designed primarily for investigations of high temperature compressive and/or shearing resistance of materials, it can also be applied in studies such as dynamic slip, and spall. 
D. Introduction of Demonstrator: N/A
E. Ethics title card: N/A
Protocol: (read by voice talent at JoVE) 
2. The Customized Single-stage Gas-gun
2.1. The gas gun at Case Western Reserve University is single-stage with a 6-meter length and 82.5 millimeter bore. [1-WIDE][2-Broll] One section houses a custom modification to the gun for this experiment. [3-WIDE]
2.1.1. Representative shot of the facility. Please consult authors
2.1.2. Broll of the facility
2.1.3. Section of the barrel with the heating system. Please consult the authors
2.2. The modifications are represented on this schematic. [1-LM] A heating system mates with the existing gun barrel, so that the sample held at the front of the custom heat-resistant sabot can be heated to desired temperatures in excess of 1000 degrees Celsius. [2-LM]
2.2.1. LAB MEDIA: 57232fig6.jpg
2.2.2. LAB MEDIA: 57232fig6.jpg (Video editor: Please draw attention to the symbols labeled “Power supply and thermocouple feedthrough” and “Heater stem with axial and rotational freedom” [which extends into the red-colored region] during “A heating system...gun barrel”. Then change the focus to the symbol labeled “Heat-resistant sabot” [grey and brown symbol inside the red region] for the remainder of the sentence)
2.3. Additional modifications are at the target chamber end. [1-LM] There, a photonic doppler velocimeter probe precisely measures the velocity of the rear surface of the target plate. [2-LM] Trigger and tilt diagnostic signals come from voltage biased pins on the front surface of the target plate. [3-LM]
2.3.1. LAB MEDIA: 57232fig8.jpg
2.3.2. LAB MEDIA: 57232fig8.jpg (Video editor: Please call attention to the symbol labeled “PDV Probe”)
2.3.3. LAB MEDIA: 57232fig8.jpg (Video editor: Please call attention to the red line labeled “Trigger and Tilt Diagnostics”)
3. Sample and Target Material Preparation
3.1. The first step is to create the sample and target for the experiment. [1-WIDE] Create samples using high purity polycrystalline aluminum. The equispaced holes are for securing the sample. [2-CU-TXT]
3.1.1. Talent with completed sample at a bench or near where the sample flatness will be measured, possibly holding the sample to display in next shot
3.1.2. The completed sample [TEXT: Sample – diameter: 76 mm; thickness: 5.6 mm]
3.2. Next, check the surface flatness. [1-WIDE] Place the sample in contact with an optical flat, then position the two under a green monochromatic light source. [2-MED] Observe light bands that are curved and spaced depending on the surface features. The surface is sufficiently flat if 3 or fewer light bands are visible across the sample diameter. [3-CU-TXT]
3.2.1. Talent arriving at apparatus for checking surface flatness
3.2.2. Talent placing the optical flat on the sample and then putting both under the light source
3.2.3. The bands as they appear on the optical flat [TEXT: Proceed with lapping and polishing as required]
3.3. The experiment also requires a target plate and an aluminum ring. [1-WIDE-TXT] Make the target plates from precipitation hardened alloy rod. [2-CU] Section the ring from an aluminum tube and drill six equispaced slots in it before polishing it. [3-CU-TXT]
3.3.1. Talent at bench with the target plate and aluminum ring [TEXT: See text protocol for fabrication details]
3.3.2. The target plate [TEXT: Plate diameter: 25 mm; Plate thickness 7mm]
3.3.3. The aluminum ring [TEXT: Diameters: 41 mm and 32 mm; Thickness 7 mm]
3.4. Put the target plate and aluminum ring together to produce an assembly similar to this. [1-CU-TXT] Next, mount the assembly on the target holder ring. [2-MED] When done, the assembly will include copper pins for connecting to the trigger and tilt diagnostics circuit. [3-CU] Mount the ring on the target holder. [4-MED]
3.4.1. The target plate/aluminum ring assembly [TEXT: See text protocol for details]
3.4.2. Talent mounting target and ring on the target holder ring [TEXT: See text protocol for details]
3.4.3. Detail of the assembly on the target ring to show the copper pins. Please consult the authors
3.4.4. Talent mounting the target ring on the target holder
4. Assembly of the Custom Heat-resistant Sabot 
4.1. Gather the components of the heat resistant sabot. [1-WIDE] These include the sample holder, sample, and alumina screws. [2-CU] It also includes the alumina silicate Lava rock tube and aluminum body tube with its cap. [3-CU] 
4.1.1. Talent at bench with the materials for the sabot
4.1.2. The named items as a group
4.1.3. The named items as a group
4.2. Now work with the cap. [1-MED] The cap has an eyebolt. Its grooves have a sealing O-ring and PTFE key. Run a thermocouple wire through its bottom. [4-CU]
4.2.1. Talent getting cap
4.2.2. Details of cap as held by talent. First show the eyebolt. After a pause, the O-ring and key. After another pause, introduce the wire (if it is easier, have the wire in place from the start)
4.3. Use epoxy to adhere the cap to the back of the aluminum tube. [1-MED] At the front of the aluminum tube, epoxy the Lava rock tube. [2-CU] Pull the thermocouple wire from the cap through the tubes and the sample holder and adhere the sample holder to the Lava tube. [3-CU-TXT] 
4.3.1. Talent mounting/checking cap on the tube
4.3.2. Talent mounting/checking the Lava rock tube on the aluminum tube
4.3.3. The the wire coming through the sample holder with the sample holder affixed to the lava tube [TEXT: Adhere the sample holder with high temperature cement]
4.4. After the cement dries, secure the sample to the sample holder with the alumina screws. [1-CU] Before proceeding, ensure that the flatness of the front surface of the sample has not changed. [2-WIDE]
4.4.1. The sample on the sample holder, secured with alumina screws
4.4.2. Talent checking the flatness of the sample attached to the tubes
5. Assembly of the Test Materials Within the Gas-gun
5.1. Now begin working with the gas-gun at the impact chamber. [1-WIDE] Mount a 3-axis motion stage on a rod above the gun barrel. [2-MED] Attach to this stage a prism holder with a precision optical alignment prism. [3-CU] 
5.1.1. Talent approaching the chamber, possibly with the motion stage. Ideally the motion stage would be in the frame
5.1.2. The motion stage in position above the gun barrel
5.1.3. The prism holder and prism in the motion stage
5.2. Next, tape a first surface mirror over the sample plate. [1-MED] Then position the sabot in the gun barrel with the sample facing out. [2-CU] At the target chamber, put a first surface mirror on the target and put the target holder assembly in place. [3-MED]
5.2.1. Talent securing a mirror on the sample plate (possible over the shoulder shot)
5.2.2. The end of the gun barrel with the sabot in position
5.2.3. The target holder assembly in place 
5.3. Carefully rotate the prism to be between the target and sample plates and their mirrors. [1-MED][2-MED] Use a diffuse bulb to perform a rough alignment of the plates. [3-MED] Adjust the stage to achieve a single continuous reflected image of the bulb from all surfaces of the prism. [4-CU] Go on to achieve fine alignment with the aid of an auto-collimator. [5-WIDE-TXT][TEXT: See text protocol for details]
5.3.1. Talent rotating the prism into position (Videographer: Get both this and the next shot, or whichever the authors feel is the most illuminating to the viewer)
5.3.2. Prism in position between the target and sample 
5.3.3. Talent working to align the plates
5.3.4. The prism indicating that rough alignment has been achieved. Please consult the authors
5.3.5. Talent continuing with alignment
5.4. Tighten all the positioning screws on the target holder and remove the motion stage, prism, and mirrors. [1-WIDE] Move the sabot to the breach end of the gas-gun and connect the thermocouple to the temperature monitor. [2-WIDE]
5.4.1. Talent removing motion stage or in some way busy concluding this phase
5.4.2. Talent working to connect thermocouple to the temperature monitor
6. Arrangement and Alignment of the Laser-based Diagnostics
6.1. At this point, set up the doppler velocimeter. [1-WIDE] This requires an optical fiber focuser probe epoxied into an aluminum tube. [2-CU] Connect the optical focuser to the all-fiber-optic NDI/TDI interferometer. [2-MED-TXT] Now, take the focuser assembly to the target holder This one is outside of the target chamber for demonstration. [3-WIDE-TXT]  Use the attached mount at the rear to support the focuser. Aim the focuser at the rear surface of the target. [4-MED]
6.1.1. Talent at bench with optical focuser assembly in hand
6.1.2. The optical focuser assembly as held by talent
6.1.3. Talent connecting the focuser to the interferometer [TEXT: Review of Scientific Instruments 88, 033108 (2017)]
6.1.4. Talent arriving at target holder [TEXT: Demonstration. Target holder should be in target chamber.]
6.1.5. The rear of the target holder as talent mounts the focuser probe and then aims it at the target
6.2. Turn on the laser and adjust the focuser probe position using the screws on the focuser assembly. [1-MED] Stop after achieving proper light coupling and signal optimization. [2-CU][3-LM] Adjust the variable ratio controller to match the intensity of the reference and Doppler-shifted light to optimize the signal.[4-CU][5-LM]
6.2.1. Talent working to adjust the probe position. Ideally the oscilloscope used for feedback would be in the frame
6.2.2. The oscilloscope screen as the proper light coupling and optimization are achieved. Have the authors find the optimal setting and then move away from them before recording. The clip should be about 10–15 seconds. (Video editor: If 6.2.3 is available, please choose between this shot and that one.)
6.2.3. LAB MEDIA: (Authors: If you can, please provide a screen capture of the oscilloscope as the signal is optimized. The best way to do this is to optimize it, then move away from optimization before recording. Start recording and “realistically” find the optimization settings. If there is a still image that conveys what you want, you can provide that, instead.) 
6.2.4. The oscilloscope screen as the intensity is matched (Video editor: If 6.2.5 is available, please choose between this shot and that one.)
6.2.5. LAB MEDIA: (Authors: Please provide the analog of shot 6.2.3) 
7. Execution of High Temperature Reverse Geometry Normal Impact Experiments
7.1. After all preparations are complete, seal the breach target chamber and evacuate the gun-barrel to less than 100 milliTorr. [1-WIDE] Move the heater into position and turn it on. [2-WIDE] Increase its temperature in 100 ºC increments to reach the desired sample temperature. [3-CU]
7.1.1. Activity as the talent makes preparation to use the gun-barrel. Please consult authors
7.1.2. Talent at the heater position, lowering heater into place
7.1.3. Reading on instrument with the desired sample temperature
7.2. Pressurize the firing dump and load chambers. [1-WIDE-TXT] Also, be sure to secure the sabot catcher to the impact chamber. [2-WIDE]
7.2.1. Activity as talent sets the chamber pressures [TEXT: Firing dump chamber: ~1100 kPa; Load chamber: based on chosen impact velocity]
7.2.2. Talent checking/securing the sabot catcher
7.3. With everything in place, turn off the heater and immediately move it upwards toward the heater well. [1-WIDE] Record the temperature of the thermocouple at the sample surface. [2-CU] From here, continue with the normal firing sequence. [1-WIDE]
7.3.1. Talent at the position of the heater stem, raising the heater
7.3.2. Reading of the temperature on the instrument
7.3.3. Talent making final preparations, possibly firing the gun
8. Results: The Free Normal Surface Velocity vs Time for a Range of Temperatures
8.1. This is an example of recorded voltage as a function of time during a typical reverse geometry normal plate impact experiment. [1-LM] The red trace is the trigger signal from the voltage-based pins. [2-LM] The difference between the trigger times of the first and last pins allows an estimate of the maximum tilt at impact. [3-LM] A longitudinal wave arrives at the back surface. [4-LM] The black signal is the result of normal motion diagnostics of the free surface using the photon doppler velocimeter. [5-LM]
8.1.1. LAB MEDIA: PDV_tiltdata.tif
8.1.2. LAB MEDIA: PDV_tiltdata.tif (Video editor: Please draw attention to the red curve in the figure)
8.1.3. LAB MEDIA: PDV_tiltdata.tif (Video editor: Please draw attention to the interval labeled “Tilt time” between the two vertical dotted lines at the left of the image)
8.1.4. LAB MEDIA: PDV_tiltdata.tif (Video editor: Please draw attention to the dotted vertical line at the center of the image)
8.1.5. LAB MEDIA: PDV_tiltdata.tif (Video editor: Please draw attention to the black curve/region at the right of the image)
8.2. This plot is of the free normal surface velocity for a range of temperatures. [1-LM] Data symbols go from black to red, representing coolest to warmest initial sample temperatures. [2-LM] The initial sharp rise is related to the stress of the aluminum sample at its interface with the target as the shock evolves. [3-LM] The plateau results from the impedance match between the sample and target. [4-LM]
8.2.1. LAB MEDIA: “Normal FS Vel Trace(2).png” 
8.2.2. LAB MEDIA: “Normal FS Vel Trace(2).png” (Please draw attention to the key on the lower right corner. Possibly associate an arrow with the symbols of the key that points downward.)
8.2.3. LAB MEDIA: “Normal FS Vel Trace(2).png” (Video editor: Please call attention to the curves in the region from 0 to 0.05 on the horizontal axis and 0 to 5 on the vertical axis)
8.2.4. LAB MEDIA: “Normal FS Vel Trace(2).png”  (Video editor: Please call attention to the curves from about 0.35 to 0.8 on the horizontal axis)
8.3. Note that the highest free surface velocity is associated with the lowest temperature, and velocities decrease with increasing temperature. [1-LM] This suggests possible thermal softening of the sample under the different test conditions. [2-LM]
8.3.1. LAB MEDIA: “Normal FS Vel Trace(2).png”  (Video editor: Please draw attention to the arrow labeled “Increasing initial sample temperature”)
8.3.2. LAB MEDIA: “Normal FS Vel Trace(2).png” 
9. Conclusion (said by authors on camera)
9.1. Tianxue Wang: If the test materials are already assembled, once mastered, this technique can be done in about 5-6 hours.
9.2. Tianxue Wang: While attempting this procedure, it’s important to remember to take proper care in preparing the sample materials, so that the flatness, and parallelism tolerances are adequately met.
9.3. Bryan Zuanetti: Following this procedure, similar methods, like oblique plate impact, or pressure-shear plate impact, can also be performed, which enables elevated temperature dynamic material behavior to be probed at various loading rates, and modes.
9.4. Bryan Zuanetti: After watching this video, you should have a good understanding of how to perform an elevated temperature plate impact experiment using a breech-end sabot heater system. This approach can be used to alleviate critical experimental challenges in the traditional approach.
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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