[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 68141
Scriptwriter Name: Sulakshana Karkala
Project Page Link: https://review.jove.com/account/file-uploader?src=20783053


Title: Investigating the Potential of Single-Curved Thin Piezoelectric Transducers for Energy Harvesting and Structural Health Monitoring

Authors and Affiliations: 
Aleena V Krishnanunni1, Suresh Bhalla2, Naveet Kaur3

1Thottiyar Hydro-Electric Project, Kerala State Electricity Board Limited
2Civil Engineering Department, Indian Institute of Technology, Delhi
3CSIR-Central Road Research Institute, Delhi

☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Naveet Kaur 			(nkaur@crri.res.in)
Email Addresses for All Authors: 
Aleena V Krishnanunni 	(vkaleena@gmail.com)
Suresh Bhalla 			(sbhalla@civil.iitd.ac.in)
Naveet Kaur 			(nkaur@crri.res.in)




Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  11
Number of Shots:  26

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Testimonial Questions (OPTIONAL): 

Videographer: 

· Please ensure that all testimonial shots are captured in a wide-angle format, while also maintaining sufficient headspace, given that the final videos will be rendered in a 1:1 aspect ratio.
· Also, kindly note that testimonial statements will be presented live by the authors, offering their spontaneous perspectives.

· Note: Testimonial statements will not appear in the video but may be featured in our promotional materials.
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial. This will appear in our journal’s promotional materials.
· During the shoot, the author should speak naturally in their own words, using complete sentences and a conversational tone—no script will be provided.

How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.11. Enter author name, Enter author title: (authors will present their testimonial statements live)
Can you share a specific success story or benefit you’ve experienced—or expect to experience—after using or publishing with JoVE? (This could include increased collaborations, citations, funding opportunities, streamlined lab procedures, reduced training time, cost savings in the lab, or improved lab productivity.)
1.12. Enter author name, Enter author title: (authors will present their testimonial statements live)


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Energy Harvesting and Storage Using Piezoelectric Transducers
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, use the M5628-P2 (M-Five-Six-two-Eight-P-Two) variant of the piezoelectric material with a thickness of 300 micrometers, ensuring that it exhibits sole d31 (D-Thirty-One) effect [1]. Cast two cement mortar cylinders each with a diameter of 100 millimeters and a thickness of 30 millimeters [2].
2.1.1. WIDE: Talent selecting the M5628-P2 piezoelectric patch and checking its specifications on a datasheet.
2.1.2. Talent pouring cement mortar into cylindrical molds.

2.2. During casting, place one straight and one curved MFC (m-f-c) piezoelectric transducer at the mid-depth of each mortar cylinder [1-TXT]. Then use a brush to apply a protective layer of standard epoxy adhesive to each MFC patch to prevent degradation during casting [2]. Allow the mortar cylinders enclosing the transducers to cure for 7 days [3].
2.2.1. Talent embedding straight and curved MFC patches at mid-depth. TXT: MFC: Macro Fibre Composite
2.2.2. Talent applying epoxy adhesive on the MFC patches using a small brush.
2.2.3. Talent placing the molds in a curing chamber. 
2.3. Cast a reinforced concrete beam using M30 grade concrete [1-TXT]. During casting, tie the concrete vibration energy harvester and the concrete vibration sensor to the top layer compression reinforcement of the beam, ensuring that their top surfaces align with that of the beam [2]. 
2.3.1. Talent casting a reinforced concrete beam using M30 grade concrete. TXT: Dimensions: 1500 mm [L] × 300 mm [B] × 100 mm [D]
2.3.2. Talent tying the CVS and CVEH to the reinforcement and ensuring flush alignment with the top surface.
2.4. Confirm that the electrical connections of the piezoelectric transducers remain protected throughout the casting process [1]. Then, position the reinforced concrete beam in a supported setup with an effective span of 1100 millimeters for experimental testing [2].
2.4.1. Talent taping or insulating electrical leads for protection.
2.4.2. Talent placing the finished RC beam between two supports on a test rig.
2.5. Next, position an eccentric rotary-type shaker at a quarter of the beam length from the nearest support [1]. Connect and set up a speed controller to regulate the shaker [2]. 
2.5.1. Talent positioning the shaker at one-fourth the beam’s length from the nearest support.
2.5.2. Talent connecting and setting the speed controller.
2.6. Now connect the concrete vibration sensor and concrete vibration energy harvester outputs to two channels of a oscilloscope [1]. Fix an accelerometer with a sensitivity of 100 millivolts per gram at the mid-span of the beam [2]. Then connect it to an ICP (I-C-P) amplifier [3]. 
2.6.1. Talent connects CVS and CVEH to 2 channels of a oscilloscope. 
2.6.2. Talent installing the accelerometer at mid-span of the beam.
2.6.3. Talent connecting the accelerometer to an ICP amplifier.
2.7. To analyze the power generated by piezo transducers, first prepare a power measurement circuit by connecting two resistors, R1 (R-one) and R2 (R-Two), in series across the piezo sensors [1-TXT]. Connect a digital multimeter across R1 to monitor the output voltage V2 (V-two) [2]. Then connect the digital multimeter to a laptop for data acquisition [3].
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20783053
2.7.1. Talent assembling the power measurement circuit with labeled R1 and R2 resistors. TXT: R1 = 335 kΩ and R2 = 340 kΩ
2.7.2. Talent connecting a multimeter across R1.
2.7.3. SCREEN: Show multimeter connected to laptop displaying live voltage readings.
2.8. Start the shaker to induce vibrations in the reinforced concrete beam and adjust the acceleration using the speed controller [1]. Using the multimeter, record the output voltage V2 from each sensor [2-TXT]. Then calculate the power generated by each sensor at the different acceleration levels [3].
2.8.1. Talent turning on the shaker and gradually increasing the speed.
2.8.2. SCREEN: Show multimeter capturing voltage output for each sensor. TXT: Repeat vibration test for 2 or more shaker accelerations
2.8.3. TEXT ON PLAIN BACKGROUND:
[image: ]									(3)							
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Where i is the current flowing through the circuit.
2.9. To assess the power storage potential of the piezo transducers, setup the experimental apparatus without the power measurement circuit [1]. Replace it with a simple full-bridge rectifier circuit [2].
2.9.1. Shot of prepared experimental setup. 
2.9.2. Talent disconnecting the resistor network and attaching a rectifier module to the sensors.
2.10. Start the shaker and induce vibrations in the reinforced concrete beam [1]. Adjust the acceleration of the shaker using the speed controller [2]. 
2.10.1. Shot of the shaker being started and the RC beam undergoing vibrations. 
2.10.2. Talent adjusting speed of the shaker with the speed controller. 
2.11. Using the multimeter, measure and record the output voltage Vc (V-C) from the rectifier circuit for both sensors [1]. Calculate the total energy stored and the average power stored in the capacitor for both sensors using the given equations [2].
2.11.1. SCREEN: Show multimeter measuring rectified voltage from both sensors.
2.11.2. TEXT ON PLAIN BACKGROUND:
[image: ]									
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Where C is the capacitance (1000 μF), and Tc is the total charging time of the capacitors



Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 217
· Please note that the video cannot include voiceover without an accompanying visual.

3. Results 
AUTHORS: Please confirm that the results have been accurately summarized. 
3.1. In the frequency domain, the peak frequency was identified at approximately 55 Hertz for both transducers and the accelerometer [1], confirming the natural frequency of the beam [2].
3.1.1. LAB MEDIA: Figure 6C. Video editor: Highlight the peak of both the red dashed and black curves around 55 
3.1.2. LAB MEDIA: Figure 6D. Video editor: Emphasize the single large peak in the orange plot around 55 on the frequency axis.
3.2. In sinusoidal excitation, CVEH generated a consistently higher voltage than CVS over the same time interval [1-TXT]. Across various excitation frequencies and shaker positions, CVEH consistently produced a higher open circuit voltage than CVS, particularly at one-third and halfway positions from the beam support [2].
3.2.1. LAB MEDIA: Figure 7A. Video editor: Highlight the red dashed waveform (Curved) 
TXT: CVEH: Concrete Vibration Energy Harvester; CVS: Concrete Vibration Sensor
3.2.2. LAB MEDIA: Figure 7B. Video editor: Emphasize the bars corresponding to shaker at L/3 and L/2 
3.3. The power generated by CVEH increased substantially with acceleration, with power ratios rising from 8.36 at 15.19 meters per second squared [1], to 13.01 at 21.68 meters per second squared [2].
3.3.1. LAB MEDIA: Figure 8A. Video editor: Highlight the red waveform (CVEH) 
3.3.2. LAB MEDIA: Figure 8C. Video editor: Highlight the red waveform (CVEH)
3.4. At a mid-point acceleration of 4.89 meters per second squared, CVEH charged the capacitor in 236 seconds [1], compared to 335 seconds by CVS [2].
3.4.1. LAB MEDIA: Figure 9A. Video editor: Highlight the point on the red curve (CVEH) reaching the dashed line at 236 s.
3.4.2. LAB MEDIA: Figure 9A. Video editor: Highlight the black curve (CVS) reaching 1.6 volts later at a time close to 335 seconds.
3.5. At a higher acceleration of 8.84 meters per second squared, CVEH stored 8.65 microwatts of power [1], approximately 1.68 times that of CVS at 5.14 microwatts [2].
3.5.1. LAB MEDIA: Figure 9C. Video editor: Highlight the taller striped bar labeled 8.6 under “Curved” for 8.84 m/s².
3.5.2. LAB MEDIA: Figure 9C. Video editor: Highlight the shorter solid brown bar labeled 5.1 under “Straight” for 8.84 m/s².
3.6. For structural health monitoring, deviation from baseline admittance signatures was more pronounced in the CVEH [1] than in the CVS, especially after successive damage stages [2].
3.6.1. LAB MEDIA: Figure 10A. Video editor: Emphasize the dashed curves for “1st damage” , “2nd damage” and  “3rd damage” 
3.6.2. LAB MEDIA: Figure 10C. Video editor: Emphasize the dashed curves for “1st damage” , “2nd damage” and  “3rd damage”
3.7. The root mean square deviation values between healthy and damaged stages were consistently higher in the CVEH than in the CVS for both conductance [1] and susceptance [2].
3.7.1. LAB MEDIA: Figure 12A. Video editor: Highlight the first three brown bars under “Curved” for 1st, 2nd, and 3rd damage stages showing values of 57, 77, and 34.
3.7.2. LAB MEDIA: Figure 12B. Video editor: Highlight the corresponding bars under “Curved” showing RMSD values of 67, 91, and 40.
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