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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? 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? 4.1, 4.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
3.5
E.  Will the filming need to take place in multiple locations? N – just in one laboratory of the building.
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 experiment is to evaluate the fatigue life of material in the ultra-high cycle region. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Libor Trško: This method can help answer key questions about safety and reliability of metallic components which have to withstand over ten million loading cycles during operation.
1.2. František Nový: This technique is based on driving the specimen into longitudinal vibration at its 20 kHz resonance frequency, which means that approximately 20000 loading cycles are carried out in a second.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Michal Jambor: To be able to drive the specimen into vibration at a particular resonance frequency, its size and shape must be carefully designed for the resonance condition.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) N/A
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total) N/A
Protocol: (read by voice talent at JoVE)
2. The Test Specimens
2.1. The tests will be conducted with an ultrasonic fatigue testing device. [1-WIDE] Specimens of the experimental material must be machined to have the standard “hourglass” geometry for tension-compression tests. [2-CU]
2.1.1. Talent at bench with testing device. Talent should be inspecting a test specimen that will be displayed in the next shot. Specimen could be in hand or on bench
2.1.2. Test specimen displayed consistent with the previous shot
2.2. This drawing of the test specimen labels the relevant dimensions. [1-LM] Choose the head diameter, the gauge diameter, and the gauge radius according to material parameters and test conditions. These determine the gauge length. [2-LM-TXT]  The head length defines the total mass of the specimen and must be calculated to fulfill the resonance condition at 20 kilohertz. [3-LM-TXT] 
2.2.1. LAB MEDIA: Figure1test_specimen.jpg
2.2.2. LAB MEDIA: Figure1test_specimen.jpg [TEXT: D: 12 mm; d: 4mm; l: 20 mm] (Video editor: Please highlight/point to the named measurements/parameters in turn. The labels for each are: D for head diameter, d for gauge diameter, r for gauge radius, l (lower case L) for gauge length. If possible, add the corresponding text overlay to the screen as the focus changes to each.)
2.2.3. LAB MEDIA: Figure1test_specimen.jpg [TEXT: See text protocol for details.](Video editor: Please highlight/point to the measurement/parameter labeled L)
3. Harmonizing the Resonance Frequency of the Test Specimen with the Ultrasonic System
3.1. Begin by preparing the testing device. [1-WIDE] Select an appropriate sonotrode for the required displacement range. [2-MED] Screw the connection screw into the sonotrode until it reaches the bottom. Then spread a small amount of acoustic gel on the sonotrode’s face. [3-CU] Next, screw the sonotrode into the piezo-electric converter. [4-MED]
3.1.1. Talent at/near testing device, possibly with various sonotrodes
3.1.2. Talent selecting/picking up a sonotrode for the experiment [TEXT: See text protocol for details.]
3.1.3. The sonotrode as the connection screw is screwed in, followed by acoustic gel being applied to the sonotrode’s face (Video editor: This goes with two sentences)
3.1.4. Talent screwing sonotrode into place
3.2. Move to the computer for the ultrasonic system. [1-WIDE] Use the control software to find the actual resonance frequency of the system. [2-MED]
3.2.1. Talent arriving at computer and preparing to use control software
3.2.2. Talent at computer using control software
3.3. Now work to mount the specimen. [1-WIDE] Screw the connection screw into the specimen until it reaches the bottom. [2-CU] Then screw the specimen to the sonotrode. [3-MED] This specimen is properly mounted for the next resonance frequency measurement. [4-CU]
3.3.1. Talent at or near test device, ready to work with a specimen that is at hand
3.3.2. Specimen as its connection screw is put into place
3.3.3. Talent screwing specimen into sonotrode
3.3.4. The specimen properly mounted in the sonotrode
3.4. Now use the control software to find the resonance frequency of the system with the specimen. [1-WIDE-TXT] Prepare to modify the specimen if the resonance frequency is lower than that of the system. [2-WIDE]  For the modifications, have a lathe ready. [3-CU] Next, remove the specimen from the sonotrode. [4-MED] Then, mount the specimen in a lathe to reduce its mass.  [5-MED]
3.4.1. Talent at the computer, finding resonance frequency [TEXT: Compare resonance frequencies for system without and system with specimen]
3.4.2. Talent getting lathe in position for use. Ideally this would be close to the testing device
3.4.3. The lathe, ready for use
3.4.4. Talent removing the specimen from the sonotrode. This shot might be reused in 3.6.2. If so, please take from at least two angles
3.4.5. Talent mounting the specimen in the lathe
3.5. Use the lathe to turn down a tenth of a millimeter on each head. [1-CU] Remove an equal mass from each side of the specimen to raise the resonance frequency and maintain its geometry. [2-LM] When done, return the specimen to the sonotrode. [3-MED] 
3.5.1. The lathe and specimen as material is removed from one head. This shot might be reused in 3.6.2. If possible, please take from at least two angles
3.5.2. LAB MEDIA: (Authors: Please provide two figures, similar to Figure 1 in the manuscript, but without the labeled parameters. The depicted specimens should be the same, except one should have noticeably smaller heads than the other. Use ‘before’ in the filename with the larger specimen, and ‘after’ in the filename with the smaller specimen.) (Video editor: Please display the ‘before’ image and add the ‘after’ to suggest a transformation from one to the other)
3.5.3. Talent connecting specimen to the sonotrode
3.6. Next, measure the resonance frequency of the system with specimen again. [1-WIDE]  Continue to remove the specimen from the sonotrode and reduce its mass  until the two resonance frequencies are within 10 Hertz. [2-WIDE]
3.6.1. Talent using computer to measure frequency
3.6.2. REUSE 3.4.4 and 3.5.1 (Video editor: Please use these two shots [possibly others] to suggest repeating steps 3.4 and 3.5)
4. Running the Test
4.1. Start at the testing device with the specimen removed. [1-WIDE] Ensure the connection screw reaches the bottom of the specimen. Then, on the specimen’s face, spread a small amount of acoustic gel. [2-CU] Take the specimen back to the sonotrode and screw it into place. [3-MED] For this water cooled system, focus the water nozzles at the top head of the specimen so the water flows smoothly along the gauge length. [4-CU-TXT]
4.1.1. Talent at testing device, holding the specimen
4.1.2. Specimen as talent finishes testing/securing the connection screw. After a pause, the specimen’s face brought into view and gel spread onto it.  The location of the specimen should be consistent with 4.1.1. This might have to be two shots
4.1.3. Talent securing sample on sonotrode
4.1.4. The specimen and water nozzles as talent adjusts the nozzles and then starts the flow. End with several seconds of the final flow over the specimen [TEXT: To avoid cavitation, do not focus the stream in the middle of the gauge length.]
4.2. Finally, adjust the cooling system of the piezo-electric converter. [1-MED-TXT] At the control computer, begin the test. [2-MED] The test automatically ends when a fatigue crack is initiated in the specimen. [3-WIDE] Stop the cooling systems and dismount the specimen. [4-MED] As in this case, it is often possible to see the crack on the specimen’s surface. [5-CU]
4.2.1. Talent working to adjust the other cooling system [TEXT: Air pressure between 0.5 and 1 bar]
4.2.2. Talent at the computer to start the test
4.2.3. Talent at the testing device
4.2.4. Talent stopping water cooling and retrieving the specimen
4.2.5. The specimen, ideally showing a crack in its surface
4.3. Libor Trško: Initiation of the fatigue crack in the specimen causes a change of the stiffness of the ultrasonic system which shifts the system out of the resonance frequency. Thus, the test is naturally terminated when the crack initiates.
4.3.1. Interview style: Authors saying above
4.4. František Nový: If the fatigue crack does not initiate before the maximum number of cycles in the test, the test is marked as a run-out and represents the safe loading amplitude.    
4.4.1. Interview style: Authors saying above
5. Results: Typical Data Accessible using Ultrasonic Fatigue Testing
5.1. These data are for three different steels: Hardox 450, Strenx 700 MC, and S355 J2. [1-LM] The loading stress is along the vertical axis. The number of loading cycles of the test is along the horizontal axis. [2-LM] All tests ended in fracture before 1010 cycles except one, the data point marked with an arrow. This test was terminated as a run-out. [3-LM]
5.1.1. LAB MEDIA: 57007_Figure2-S-N_plot.jpg (Video editor: If possible, please point to the data for each of the steels as they are named. “Hardox” data are in red, “Strenx” in green, and “S355” in yellow)
5.1.2. LAB MEDIA: 57007_Figure2-S-N_plot.jpg (Video editor: Please highlight/point to the vertical axis during the first sentence and the horizontal axis during the second.)
5.1.3. LAB MEDIA: 57007_Figure2-S-N_plot.jpg (Video editor: Please draw a vertical line from the bottom axis to the top axis starting at the 1010 mark on the bottom axis. When “the data point marked with an arrow” is said, please highlight/point to the data point with an arrow at the lower right. The goal is to distinguish all the points to the left of the line and the one point with an arrow.)
5.2. This scanning electron microscopy image provides information on the fatigue crack initiation and propagation. [1-LM] The fatigue crack started on the free surface. Crack propagation ended when the ultrasonic system shifted out of resonance and the test came to an end. [2-LM] The lighter area corresponds to fracture by static loading. [3-LM] (Voice talent: 50CrMo4 is said 50 chromium molybdenum four) The sample is 50CrMo4 quenched and tempered steel. [4-LM-TXT].
5.2.1. LAB MEDIA: 57007_Figure3-Fracture_surface_50CrMo4.jpg
5.2.2. LAB MEDIA: 57007_Figure3-Fracture_surface_50CrMo4.jpg (Video editor: Please point to the lower, darker portion of the image during the first sentence.)
5.2.3. LAB MEDIA: 57007_Figure3-Fracture_surface_50CrMo4.jpg (Video editor: Please point to the upper, lighter side of the image.) [TEXT: Loading amplitude 365 MPa; Fracture after 1.97 x 108 loading cycles]
5.3. This is a scanning electron microscope image of a cavity on the surface of a (Voice talent: 50CrMo4 is said 50 chromium molybdenum four) 50CrMo4 steel specimen after an improper cooling process. Cavities accelerate the fatigue crack initiation process by serving as stress concentration notches. The result of this fatigue test is not acceptable. [1-LM]
5.3.1. LAB MEDIA:  57007_Figure5-fracture_surface50CrMo4-with cavity.jpg 
5.4. This scanning electron microscopy image is of the fatigue crack propagation area of an AW 7075 aluminum alloy specimen. [1-LM] The arrow indicates the direction of fatigue crack propagation. [2-LM] The crack propagated with transcrystalline fatigue mechanism. [3-LM-TXT] 
5.4.1. LAB MEDIA:  57007_Figure4-Fracture_AW7075-arrow.tif
5.4.2. LAB MEDIA: 57007_Figure4-Fracture_AW7075-arrow.tif (Video editor: Please point out the arrow during this shot)
5.4.3. LAB MEDIA: 57007_Figure4-Fracture_AW7075-arrow.tif [TEXT: Loading amplitude 203 MPa; Fracture after 8.3 x 108 loading cycles]
6. Conclusion (said by authors on camera)
6.1. Libor Trško: The main advantage of this technique is that it is able to simulate years of operation in just a few hours or days.
6.2. František Nový: Once mastered, the specimen can be harmonized and run in 20 minutes, if it is designed and machined properly.
6.3. Michal Jambor: While attempting this procedure, it’s important to remember to intensively cool the specimens gauge length.
6.4. Michal Jambor: After its development, this technique paved the way for researchers in the field of fatigue to explore the ultra-high cycle region.
6.5. Libor Trško: After watching this video, you should have a good understanding of how to harmonize, run and cool down the ultrasonic fatigue test specimens.
6.6. Libor Trško: Don't forget that working with ultrasound can be extremely hazardous to ears and precautions such as ear plugs should always be taken while performing this procedure. 
6.7. Libor Trško: Our group would like to acknowledge the contributions of Otakar Bokuvka to our research efforts. (Videographer: If possible, please compose a group shot for this statement. Please consult the authors.)
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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