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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes, the protocol does use Excel to analyze the welding data (normally we use a PC for that)________ 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? 

Basically everything we’re filming, which isn’t too much.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? The protocol is relatively simple.  “Determine the optimum duration of the vibration phase” is important to do correctly.  In particular the step bolded and in italics needs to be done correctly to ensure high quality of the welded joints.
E.  Will the filming need to take place in multiple locations? (Y/N) No 
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to produce thermoplastic composite joints for basic mechanical testing using simplified energy directors, rapidly-defined optimal welding parameters and displacement control for consistent weld quality. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Villegas: This method can help answer key questions in the composite joining field, such as “what single-lap shear strength can be expected from a welded joint between any thermoplastic composite materials?”

1.2. Palardy: The main advantage of this technique is that it produces consistent high quality welded coupons after fast definition of optimum welding parameters.

Protocol (read by voice talent at JoVE):

2. Equipment and Preparations 

2.1. For this procedure, have a micro-processor controlled [2.1.1-WID] ultrasonic welder that can operate at a constant amplitude. [2.1.2-MED]

2.1.1. Show set up, talent arrives and puts on gloves
2.1.2. Pan over the ultrasonic welder and its controls

2.2. The welder must output process data, [3.2.1] such as dissipated power and displacement of the sonotrode versus time to a computer. [3.8.2]
2.3. This demonstration uses a custom-built jig, designed to accurately position and clamp single lap shear samples. [LM]

2.3.1. 2-3-1_Figure1.jpg
Move step 2.5 here 
2.4. Before each experiment, log the following parameters: [2.4.1-WID] room temperature and humidity, [2.4.2-CU] the welding setup reference, the sonotrode type, [2.4.3-MED] the sample number and materials, the width and thickness of the top and bottom samples, [2.4.4-CU] and the thickness of the energy director. [2.4.5-CU]

2.4.1. Talent reading thermostat

2.4.2. Log sheet, talent logging temp and humidity 

2.4.3. Talent checking set up and making notes on log sheet
2.4.4. Measuring sample’s dimensions with calipers/ruler

2.4.5. Measuring energy director dimensions with caliper/ruler
2.5. Turn on the ultrasonic welder and log into the computer. [WID]

2.5.1. Film as written, show something light up, like the Talent turns on ultrasonic welder, logs into computer, welder interface screen, talent goes to interface screen lights up
2.6. Start the data acquisition software and open a new session. [CU] [LM] 

2.6.1. Film the interface screen as the software is opened and a new session is opened, screen captures are not possible with this set up Show this action with screen capture video: 2-6-1_Screen capture.mp4 
2.7. Now, attach a sonotrode which has a bottom surface that completely covers the welding area.  [CU]

2.7.1. Talent holds sonotrode and a sample to be welded and demonstrates how they will fit together inside of the welding machine

2.8. This demonstration uses a 40-millimeter diameter cylindrical sonotrode.  [CU]

2.8.1. Fitting Show sonotrode into attached to the welding machine
2.9. The next steps are to add the samples and the energy director.  [CU]

2.9.1. Sample parts next to energy director, on bench, talent tears off a piece of tape
2.10. First, clean the samples and the energy director [2.10.1-CU], then tape the flat energy director to the bottom sample. It should cover an area [2.10.2-CU] slightly larger than the area to be welded. [2.10.3-ECU/TEXT]

2.10.1. Added shot: Cleaning samples and energy director

2.10.2. Sticking energy director to the sample with tape, show full technique

2.10.3. Detail of area attachment, TEXT: 12.7 mm x 25.4 mm
2.11. Then, place and align the bottom sample into the jig [2.11.1-CU], and clamp it down by tightening the top screw. [2.11.2-ECU]

2.11.1. Positioning the sample into jig and aligning it
2.11.2. Tightening screw to secure sample

2.12. Next, secure the other end of the energy director to the base of the setup using tape. [CU]

2.12.1. Removing alignment pin and taping the energy director to the base
2.13. Then, place the upper sample into the clamp and align it.  [CU]

2.13.1. Positioning the 2nd part of sample into clamp and aligning it
2.14. Now, tighten the top screw. [ECU]

2.14.1. Adjusting position of 2nd sample, then Tightening screw to secure the sample and removing alignment block.
2.15. Then, position the clamp for the top sample into the sliding platform [2.15.1-CU] and tighten both screws. [2.15.2-CU]

2.15.1. Film as written

2.15.2. Film as written
2.16. Before proceeding with the weld, tighten all four screws once more. [MED]

2.16.1. Adding a little extra torque to each of the four screws
3. Determining the Optimum Duration of the Vibration Phase and Welding
3.1. Palardy: To achieve the highest weld strength, it is necessary to determine the optimum duration of the vibration phase based on the displacement of the sonotrode.  This duration must be determined for each desired combination of welding force and vibration amplitude. [MED/WID]

3.1.1. Interview shot, at bench with welding machine interface in backdrop

3.2. Begin by setting the control-mode of the ultrasonic welder [3.2.1-WID] to the differential displacement. [3.2.2-CU]

3.2.1. Talent interfacing with welder controls

3.2.2. Film the screen of the welder control, screen captures are not possible, film described actions

3.3. Next, input the welding force and the vibration amplitude.  [MED]

3.3.1. Talent interfacing the welder controls, different angle

3.4. 86.2 microns corresponds to the peak-to-peak vibration amplitude.  However, in this machine’s settings, it is expressed as half this value. [CU]

3.4.1. Film the screen of the welder control, film described actions

3.5. Now, input the sonotrode’s displacement, or travel, at the end of the vibration phase.  Use a value equal to the initial thickness of the energy director, which in this case is 0.25 mm. [CU]

3.5.1. Film the screen of the welder control, film described actions

3.6. Then, input the solidification force and the solidification time.  In this example, these values are 1000 Newton and 4000 milliseconds. [CU]

3.6.1. Film the screen of the welder control, screen captures are not possible

3.7. After inputting these settings, [3.7.1-MED] the system is ready to make ultrasonic welds.   Put on protective eyewear, soundproof headphones and start the process. [3.7.2-WID] [3.7.3-CU]

3.7.1. Talent looking over parameters on screen, double checking against a written document

3.7.2. Putting on eyeglasses, ear protection, and preparing to start weld

3.7.3. If possible, show what the machine does when it makes the weld
3.8. After completing a weld, [3.8.1-WID] take note of the following output parameters: vibration energy, maximum power, welding distance and vibration time.  [3.8.2-CU]

3.8.1. Talent looks at machine, confirming it has completed weld, removes headphones and eyeglasses, then turns attention to interface

3.8.2. Film the screen of the welder control, show talent points at the three first output parameters listed above

3.9. Then, remove the coupon from the welding setup [3.9.1-CU] and label it on both ends with an identification number using a paint marker. [3.9.2-ECU]

3.9.1. Removing welded coupon

3.9.2. Labeling welded coupon twice
3.10. Now, export the welding data to a spreadsheet [3.10.1-CU LM] and plot the power and displacement versus time during the vibration phase of the process.  This curve plots the downward displacement of the sonotrode relative to its position at the onset of the vibration phase. [3.10.2-LM]

3.10.1. Film the screen of the welder control, show data export action Show data export action with screen capture video: 3-10-1_Screen capture.mp4
3.10.2. Show steps in Excel with screen capture video: 3-10-2 Screen capture.mp4

3.11. From the curves, identify the displacement in the middle of the power plateau.  This displacement value is the optimum travel that controls the duration of the vibration phase for high-strength welds. [LM]
3.11.1. 3-11-1_Figure2.eps
3.12. Use this optimum travel value in every subsequent weld for the same welding force and amplitude.  [CU]

3.12.1. Film the screen of the welder control, setting up the next weld showing value highlighted in 53592_Villegas_Figure2.eps 
3.13. After completing all the welds, test their single lap shear strength [3.13.1-WID] by following the ASTM D 1002 (letters are pronounced individually A-S-T-M-D) test standard or a similar standard [3.13.2-MED] and use a universal testing machine. [3.13.3-WID]

3.13.1. Representative action of testing single lap shear strength

3.13.2. A subsequent representative action of testing single lap shear strength

3.13.3. Another subsequent representative action of testing single lap shear strength
4. Results: Ultrasonic Welding of thermoplastic composite samples for highest Lap-Shear Strength
4.1. Composite samples made out of carbon fiber reinforced polyetherimide with a nominal thickness of 1.92 mm, were welded using the described method.   Flat polyetherimide energy directors with 0.25 mm thickness were used. The optimum travel value for a 300 Newton welding force and 86.2 microns amplitude was calculated as 40% of the initial thickness of the energy director.

4.1.1. 4-1-1_Figure3.eps This image is indeed supposed to be the same as 3-11-1_Figure 2.eps.
4.2. To validate the calculated optimum travel, samples were welded at different travel values and subsequently tested. Five welds were made for each value.  The apparent lap shear strength peaked at 40% of the initial thickness of the energy director, which was indeed the calculated optimum travel value.

4.2.1. 4-2-1_Figure4.eps 
4.3. Fracture surfaces of the tested samples showed complete welded areas, which demonstrates the flat energy director’s ability to weld the intended welding area.

4.3.1. 4-3-1 Figure5.jpg
4.4. Finally, displacement-controlled welding resulted in highly consistent weld quality as shown by the low dispersion in strength values.  A different strategy such as time-controlled welding is expected to result in high scatter as suggested by the significant overlapping of vibration times for different travel values, and hence different strength levels. 

4.4.1.  4-4-1_Figure6.eps
5. Conclusion (said by authors on camera)

5.1. Irene Fernandez Villegas: After watching this video, you should have a good understanding of how to produce optimal, thermoplastic composite, ultrasonically-welded joints at a consistent quality.  These welds are intended for basic mechanical testing using simplified energy directors and process data to define optimal welding parameters.

5.2. Genevieve Palardy: Once mastered, the definition of optimum welding parameters and the welding of a batch of samples can be done in less than two hours if performed properly.

5.3. Genevieve Palardy: Following this procedure, other methods such as cross-section microscopy can be performed in order to answer additional questions like thickness of the weld line or extension of heat-affected zone.

Provided Media

Insert your media filenames here.
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Screen capture videos:

2-6-1_Screen capture.mp4

3-10-1_Screen capture.mp4

3-10-2_Screen capture.mp4
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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