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A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (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?  


Step 2 is the heart of the procedure.  However, including some of the preparation detailed in Step 1 would also be helpful. 

D.
What is the single most difficult aspect of this procedure and what do you do to ensure success?  


The most important aspect of the testing is the setup.  Ensuring the blade is mounted correctly, the sensors are secure, the wiring is correctly connected, and the software is properly set up.  It’s not necessarily difficult, but it’s important.  Overall, the testing is relatively straightforward. 

E.
Will the filming need to take place in multiple locations? (Y/N) _N

1. Introduction (Experimental Goal and Author Interviews) 

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

The overall goal of this procedure is to determine the embedded sensitivity functions of a structure.   The procedure will be demonstrated on a residential scale wind turbine blade.   

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Janette Meyer: This method can help answer key questions related to structural health monitoring, such as predicting how the response of a structure will change due to damage at a certain location. 

1.2. Janette Meyer: The main advantage of this technique is that it provides a method for modeling a structure based on experimentally measured data, eliminating the need for determining specific parameters for mass, stiffness, and damping.   

Protocol (read by voice talent at JoVE):

2. Preparing the Wind Turbine Blade
2.1. Begin with designing a test fixture to replicate realistic boundary conditions.  [WID]
2.1.1. Talent working on design of fixture, pan over lab setting, this is a long scene-setting, establishing shot
2.2. In this example, bolt locations are prepared to match the mounting locations of the blade. [CU]
2.2.1. Detail of the bolt-fixture plan for the blade, can be of talent working with computer with design on screen, or with talent working with printed design, making notes (preferably the later)
2.3. Fabricate the fixture from steel to minimize the fixture’s contribution to the dynamic response of the test specimen. [MED]
2.3.1. Unpacking and preparing fixture parts for use, preparing for T-bracket bolting to blade (2.4.1)
2.4. Assemble the fixture by first bolting the blade to the custom t-bracket [2.4.1-CU] and then clamping the fixture to a steel table. [2.4.2-MED]
2.4.1. locking down the bolts
2.4.2. securing/clamping the assembly to a steel table
2.5. Now, identify and mark a grid of impact locations on the blade.  [MED]
2.5.1. Marking points on blade, wide view of technique
2.6. Use a marker or wax pen to mark and number 30 points that span the entire blade. [CU]
2.6.1. Marking numbered points on blade, detail
2.7. Then, measure out the point’s [2.7.1-MED] relative position to use for the [2.7.2-CU] visual representation of the test results. [2.7.1]
2.7.1. Using tape measure to get distances between the marked points, taking notes in log book
2.7.2. Noting the distances in a log book
2.8. Next, prepare single axis, 10 mV per gram accelerometers. [CU]
2.8.1. Unpacking/preparing an accelerometer as described 
2.9. JJM: The required sensitivity is critical to achieving a good signal-to-noise ratios. Also, be sure that the frequency range of the sensors will capture the frequency range of interest for the test specimen. [MED/WID]
2.9.1. Interview shot in the lab
2.10. Calibrate each sensor.  Attach a sensor to a hand-held shaker [2.10.1-MED] that can output a single-frequency force of 9.81 meters per second squared. [2.10.2-CU]

2.10.1. Attaching sensor to shaker

2.10.2. Setting the shaker for 9.81 m/s2 and/or securing the attachment as needed

2.11. Measure the sensor’s response for two seconds of shaking.  [CU]

2.11.1. Shaking the sensor for a few seconds

2.12. The force output is provided in the software readout.  Multiply the RMS amplitude by 1000 to determine the calibration factor for the accelerometer in millivolts per gram.  [LM]

2.12.1. To be provided by authors.  Please prepare a screen capture of the software readout and the manipulations of the data as described to get the mV/g calculation.

2.13. The next step is to prepare an impact hammer [2.13.1-CU] which has a sensitivity of 11.2 millivolts per Newton.  [2.13.2-CU] Make certain the hammer can excite the test specimen in both amplitude and frequency. [2.13.3-CU]

2.13.1. Unpacking the hammer

2.13.2. Documentation of hammer’s sensitivity at 11.2 mV/N or greater

2.13.3. Documentation of hammer’s amplitude and frequency
2.14. Then, attach a nylon tip to the hammer, which will not compromise its function. [CU]

2.14.1. Attaching nylon tip to hammer

2.15. Lastly, connect the hammer to the data acquisition system via a BNC cable. [MED]

2.15.1. Film as written
2.16. Now, identify sensor locations on the blade and attach the accelerometers with superglue.  Choose locations at points m and n on either side of the damage location. [LM]
2.16.1. Figure 4 –map of 30 points on blade

2.17. Then, mount a third accelerometer [2.17.1-CU] at location k. Data from this sensor will be used to validate the results of the embedded sensitivity function analysis. [2.17.2-MED]

2.17.1. Handling the accelerometer

2.17.2. Mounting it to location k on blade

3. Preparing the Data Acquisition Software

3.1. Open the data acquisition GUI. [MED]

3.1.1. Talent starts data acquisition GUI

3.2. First, enable double hit detection. [LM]

3.2.1. To be provided by authors.  Please prepare a screen capture of the software while performing the above action(s).

3.3. Then, set the sampling frequency to 10,240 Hz. The usable frequency range is half the sampling frequency. [LM]

3.3.1. To be provided by authors.  Please prepare a screen capture of the software while performing the above action(s).  This should be a different screen capture file from that used for the previous step.
3.4. Third, set the sample time to one second. [LM]

3.4.1. To be provided by authors.  Please prepare a screen capture of the software while performing the above action(s).  This should be a different screen capture file from that used for the previous step.
3.5. Fourth, select the hammer channel as the trigger channel and set the trigger level to 10 Newtons. [LM]

3.5.1. To be provided by authors.  Please prepare a screen capture of the software while performing the above action(s).  This should be a different screen capture file from that used for the previous step.
3.6. Fifth, set the pre-trigger length to 5% of the total sample time. [LM]

3.6.1. To be provided by authors.  Please prepare a screen capture of the software while performing the above action(s).  This should be a different screen capture file from that used for the previous step.
3.7. JJM: The pre-trigger data is data collected before the data acquisition is started that has been stored in a buffer. It is important to retrieve and save this data so that the entire impact event is captured. [MED]

3.7.1. Interview with talent, working at computer
3.8. Sixth, select the H1 FRF estimator, which assumes that there is noise on the response channels and no noise on the force channel. [LM]

3.8.1. To be provided by authors.  Please prepare a screen capture of the software while performing the above action(s).  This should be a different screen capture file from that used for the previous step.
3.9. Lastly, enter the accelerometer and hammer information, including calibration factors and identification notes. Then, save the settings for record keeping and for use in future tests. [LM]

3.9.1. To be provided by authors.  Please prepare a screen capture of the software while performing the above action(s).  This should be a different screen capture file from that used for the previous step.
4. Impact Testing on the Healthy Blade
4.1. Once the superglue used to attach the sensors [4.1.1-WID] has fully cured, [4.1.2-CU] impact point 1 with the hammer. [4.1.3-CU]

4.1.1. Establish setting, talent checking the glue

4.1.2. Trying to budge attached sensor

4.1.3. Hammer impacts point 1 for the first time

4.2. When the amplitude of the impact force exceeds the chosen trigger level, [4.2.1-MED] the data acquisition system will be triggered and data, including the selected amount of pre-trigger data, will begin recording. [4.2.2-MED/WID]

4.2.1. Hammer hitting point one with increasing impact force

4.2.2. Hammer making impacts in background with computer screen in foreground showing the activation of data acquisition 

4.2.2.1. Author provided screen capture of computer screen showing data from the first impact.

4.3. During data acquisition, monitor the channels in the software to avoid clipping and double impacts.  Also, observe the coherence plot to further evaluate the quality of the acquired data.  Do not window the data during acquisition.  [LM]

4.3.1. To be provided by authors.  Please prepare a screen capture of the software while performing the above action(s).  This should be a different screen capture file from that used for the previous step.
4.4. Impact point 1 four more times with consistent impact amplitudes. [WID]

4.4.1. Repeating impact cycle at point one once

4.5. Then, repeat this process for each selected point on the blade. [MED]

4.5.1. Setting up hammer for point two and starting impact cycle

4.6. After impacting all the points, [4.6.1-WID] repeat the process entirely on the next specimen until enough specimens [4.6.3-MED] have been tested to have a sufficiently robust data set. [4.6.3-WID]

4.6.1. Removing the fully tested blade from the fixture

4.6.2. Attaching a new blade to the fixture, marked and ready for testing OR marking a new blade with impact points OR reuse 2.6.1 

4.6.3. Starting tests at point one on new blade OR measuring distances between points just marked on new blade OR reuse 2.7.1
5. Results: Predicting Damage-Sensitive Locations on the Specimen Using Embedded Sensitivity Functions 
5.1. Similar to frequency response functions, the embedded sensitivity functions have peaks near the natural frequencies of the structure. The higher the value of the functions, the more sensitive the location is to damage between points m and n. 

5.1.1. Fig 1

5.2. Take, for example, the amplitudes of the function near 142 Hz. It is clear that sensor locations corresponding to the squares in the first and third columns are most sensitive to the damage. Note that these locations were determined from data acquired with a healthy blade.

5.2.1. Fig 2

5.3. Ultimately, the measured difference between the frequency response functions from a healthy blade and a damaged blade, shows that the embedded sensitivity functions are very effective at predicting the locations on the blade which are most sensitive to damage. 

5.3.1. Fig 2 – editor: slide to the top of screen
5.3.2. Fig 3 – editor: show Fig 3 below Fig 2

6. Conclusion (said by authors on camera)

6.1. JJM: After watching this video, you should have a good understanding of how to acquire the data necessary to determine a structure’s embedded sensitivity functions.

6.2. JJM: Although demonstrated on a wind turbine blade, this procedure is applicable to any structure whose response can be measured using an impact hammer and accelerometer. 
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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