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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  Y
Can you record movies/images using your own microscope camera? (Y/N) Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) N
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)

3.2 Place the DP780 workpiece, and clamp 2 DP780 sheets (size: 125 mm x 40 mm) with an overlap of 35 mm. Fix the clean workpieces on an anvil to prevent shifting. 

3.9  Begin the welding process with the tool under high-speed rotation to plunge the tool pin into the workpiece. The tool shoulder contacts the workpieces and stops the rotation and retracts the pin.

3.10 Turn the stir button on. When the machine warms up, confirm that the tool pin is consistently operating at a 2,500 rpm rotation speed. Ensure that the tool pin is clamped well under the high-speed rotation at 2,500 rpm. 

3.11 The pin plunges into the workpieces under a high-speed rotation and the shoulder contacts the workpieces at a high angular speed.
                           
3.13 As the plunged tool pin continues stirring in the workpiece, soften the interface of the pin and the material from the friction heat to create the grain. When the shoulder of the tool pin comes into contact with the top of the workpiece, stop the process because the high rotation of the tool pin can generate high temperatures. 
3.14 Draw out the tool pin in the vertical direction. After the procedure, the pin creates the key-hole welding spot in the lap joint. 

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)

3.10 and 3.11

5. Will the filming need to take place in multiple locations? (Y/N) Y 
If yes, how far apart are the locations? (all in the same campus but different labs. There are only 5 mins by walk by each labs)



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Tsai, Meng-Hsiu: The weight reduction demands in the automotive industry have generated an increasing interest in lap joints and advanced high-strength steels, or AHSS. However, AHSS resistance spot welding joints have challenges for process reliability [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.

1.2. Tsai, Meng-Hsiu: The benefits of friction stir spot welding, or FSSW, compared with resistance spot welding are a lower welding temperature, no splashing, and more stability in the manufacturing process [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.

Introduction of Demonstrator: (Said by you on camera)

1.3. Tsai, Meng-Hsiu: Demonstrating the procedure will be Cheng, Chia-Ping, a graduate student from my laboratory [1]/[2]. 

1.3.1. Interview style: Author saying the above 
1.3.2. Cheng, Chia-Ping looks up from workbench or desk and acknowledges the camera.





Section - Protocol
2. Material Preparation
2.1. During this procedure, wear goggles and gloves to prevent splash contact or heat damage [1]. Also, stand behind the hood or the baffle for protection [2].
2.1.1. Talent puts on goggles and gloves. 
2.1.2. WIDE: Talent with goggles and gloves standing behind the hood or the baffle, appearing to be prepping materials.
2.2. Manufacture all joints using a friction stir welder machine. Record the Z axial force and penetration depth during each joining operation using the embedded data acquisition system [1].
2.2.1. Talent works at the friction stir welder machine at the embedded data acquisition system. 
2.3. Set a tool pin rotation speed of 2,500 rpm, a tool pin dwell time of 4 seconds, and a rate of 0.5 millimeters per second of tool pin plunge into the sheet [1].
2.3.1. SCREEN: To be provided by the authors – Screen capture movie as talent sets a tool pin rotation speed of 2,500 rpm, 4 seconds of tool pin dwell time, and a rate of 0.5 millimeters per second of tool pin plunge into the sheet. Authors, please upload this screen capture to your project page
    Take the belt to top gear position and power on to drive spindle rotation speed under 2,500 rpm.  
2.4. Optimize the parameters for the operator. The range of the rotation speed is 1,000 to 2,500 rpm. The range of the dwell time can be from 2 to 10 seconds, and the plunge rate can be 0.1 to 0.5 millimeters per second [1].
2.4.1.  SCREEN: To be provided by the authors – Screen capture movie as talent sets a range of the rotation speed from 1,000 to 2,500 rpm. Talent sets the range of the dwell time from 2 to 10 seconds, and the plunge rate from 0.1 to 0.5 millimeters per second. Authors, please upload this screen capture to your project page.
Following 2.3.1 procedure setting up rotation speed from 1,000 to 2,500 rpm by changing the belt to gear position.
3. Friction Stir Spot Welding Procedure
3.1. Before the welding process, ensure that there are no impurity substrates contaminating the workpieces. Wipe the surface of the workpiece with knitted micro-fiber fabrics to eliminate any small particles [1].
3.1.1. Workpiece as talent wipes the surface with knitted micro-fiber fabrics.
3.2. Place the DP780 workpieces, and clamp 2 DP780 sheets with an overlap of 35 millimeters [1-TXT]. Fix the clean workpieces on an anvil to prevent shifting [2]. 
3.2.1. DP780 workpiece as talent places it and clamps 2 DP780 sheets with an overlap of 35 mm. Videographer, the authors consider this an important step for filming. TEXT: Sheet size: 125 mm x 40 mm
3.2.2. Clean workpieces as talent fixes them on an anvil to prevent shifting. Videographer, the authors consider this an important step for filming.
3.3. Ensure that the pin is clean to prevent impure substrate contamination. Use knitted microfiber fabrics to wipe the surface of the tool pin [1].
3.3.1. Tool pin as talent uses knitted microfiber fabrics to wipe the surface. 
3.4. To fix the pin with a clamp on the machine, first screw on the tool pin tightly [1]. Pay attention to the pin clamping step. Ensure that the pin is clamped tightly in the machine to avoid danger [2].
3.4.1. ECU: Pin as talent screws on the tool pin tightly.
3.4.2. Talent inspects the pin to make sure it is clamped tight in the machine. 
3.5. The rotating tool is surrounded by a nonrotating clamping ring with which the workpieces are pressed firmly against one another before and during welding by applying a clamping force [1].
3.5.1. ECU: Rotating tool as talent points out the surrounding nonrotating clamp ring. 
3.6. Confirm that the high-speed rotation pin without a clamp ring loosens. When the tool pin is placed on the machine [1], ensure that the tool pin does not separate from the clamp during rotation for safety reasons. The tool pin uses a low rotation rate from 10 to 100 rpm in 1 minute. The speed can accelerate from 100 to 1,000 rpm within 1 minute [2].
3.6.1. Talent places the pin into the machine.
3.6.2. Rotation as talent ensures the tool pin does not separate from the clamp.
3.7. Set the machine to a rotational speed of 3,000 rpm, a dwell of 4 seconds, and a plunge rate of 0.5 millimeters per second. Calibrate the welding location and the real product [1].
3.7.1. SCREEN: To be provided by the authors – Screen capture movie as talent sets the machine to a rotational speed of 3,000 rpm, a dwell of 4 seconds, and a plunge rate of 0.5 millimeters per second. Talent calibrates the welding location and the real product. Authors, please upload this screen capture to your project page.
The plunge rate sets the spindle displacement with 2 circles during 4 seconds. Each circle means 1 mm displacement.
3.8. [bookmark: _GoBack]Set the pin in the stir spot welder machine [1]. The gap between the pin and the workpiece is smaller than 5 centimeters to calibrate the joint location. After the location is confirmed, move onto the welding process [2].
3.8.1. Talent sets the pin in the stir spot welder machine.
3.8.2. ECU: Pin and workpiece showing the small space between. 
3.9. Begin the welding process with the tool under high-speed rotation to plunge the tool pin into the workpiece. The tool shoulder contacts the workpieces, stops the rotation, and retracts the pin [1].
3.9.1. Machine as talent begins the welding process with the tool under high-speed rotation to plunge the tool pin into the workpiece. If possible, film the tool shoulder as it stops the rotation and retracts the pin. Videographer, the authors consider this an important step for filming.  
3.10. For plunging, first turn the stir button on [1]. When the machine warms up, confirm that the tool pin is consistently operating at a 2,500 rpm rotation speed [2]. Ensure that the tool pin is clamped well under the high-speed rotation at 2,500 rpm [3]. 
3.10.1. Talent turns the stir button. Videographer, the authors consider this an important step for filming.  
3.10.2. ECU: Tool pin as it operates at 2,500 rpm rotation speed. Videographer, the authors consider this an important step for filming.  
3.10.3. Talent ensures that the tool pin is clamped well under the high-speed rotation at 2,500 rpm. Videographer and video editors, the authors consider this an important step for filming and visualization.  
3.11. The pin plunges into the workpieces under a high-speed rotation and the shoulder contacts the workpieces at a high angular speed [1].
3.11.1. ECU: Pin as it plunges into the workpieces under a high-speed rotation and the shoulder contacts the workpieces at a high angular speed. Videographer and video editors, the authors consider this an important step for filming and visualization.    
3.12. As the plunged tool pin continues stirring in the workpiece, soften the interface of the pin and material from the friction heat to create the grain [1].
3.12.1. WIDE or MED: Talent works at the instrument to soften the interface of the pin and the material. 
3.13. When the shoulder of the tool pin comes into contact with the top of the workpiece, stop the process because the high rotation of the tool pin can generate high temperatures [1]. It is important to wear protective gear that ensures operational safety [2].
3.13.1. ECU: Shoulder of the tool pin comes into contact with the top of the workpiece and talent stops the process. Videographer, the authors consider this an important step for filming.  
3.13.2. Talent working at the machine wearing protective gear.
3.14. Draw out the tool pin in the vertical direction [1]. After the procedure, the pin creates the key-hole welding spot in the lap joint. Note that the friction stir spot weld stops in this step [2].
3.14.1. Tool pin as talent draws it out in the vertical direction. Videographer, the authors consider this an important step for filming.  
3.14.2. ECU: Lap joint showing the key-hole welding spot. Videographer, the authors consider this an important step for filming.   
3.15. Turn off the machine power [1]. After the welding is finished, remove the workpieces from the anvil [2]. Observe the samples for cracks and lack of fusion [3].
3.15.1. Talent turns off the machine power.
3.15.2. Talent removes the workpieces from the anvil.
3.15.3. Sample as talent observes it for cracks and lack of fusion. 
3.16. After the procedure, remove the tool pin from the clamp ring [1].
3.16.1. Talent removes the tool pin from the clamp ring. 
3.17. The appearance of the tool pin is observed and checked before the mechanical property evaluation as described in the text protocol [1].
3.17.1. ECU: Tool pin as talent inspects it by eye.
Section – Results
4. Results: FSSW Process on DP 780 Lap Joints  
4.1. The friction stir spot welding creates the keyhole in the center of the DP780 sheets to create the joint for 2 sheets [1]. 
4.1.1. LAB MEDIA: Figure 6a.jpg  
4.2. The dwell depth of the keyhole is measured from the sheet top to the keyhole bottom surface [1]. 
4.2.1. LAB MEDIA: Figure 6b.jpg 
4.3. The dwell depth measurement values are shown [1], for which the setting values are 2 centimeters… [2] and the real values are 1.92 to 1.98 centimeters [3]. 
4.3.1. LAB MEDIA: Figure 6c.jpg  
4.3.2. LAB MEDIA: Figure 6c.jpg – Video editors, please emphasize the four spots on the left side of the plot.
4.3.3. LAB MEDIA: Figure 6c.jpg – Video editors, please emphasize the four spots on the right side of the plot.
4.4. This image shows the keyhole overall view of the welding spot in the DP780 sheet. The analyzed area contained 4 parts [1]: the base metal… [2], the heat affected zone… [3], the thermos-mechanically affected zone… [4], and the stir zone [5].
4.4.1. LAB MEDIA: Figure 7 – Video editors, please remove the “a” label. 
4.4.2. LAB MEDIA: Figure 7 – Video editors, please emphasize the “I.”
4.4.3. LAB MEDIA: Figure 7 – Video editors, please emphasize the “II.”
4.4.4. LAB MEDIA: Figure 7 – Video editors, please emphasize the “III.”
4.4.5. LAB MEDIA: Figure 7 – Video editors, please emphasize the “IV.”
4.5. The analysis of the base metal microstructure shows no change in material properties [1]. The heat affected zone exhibits the martensite islands [2]. 
4.5.1. LAB MEDIA: Figure 8a.jpg 
4.5.2. LAB MEDIA: Figure 8b.jpg
4.6. The microstructures of the thermos-mechanically affected zone near the keyhole are characterized by a mixture of needle-like martensite and fine acicular ferrite [1].
4.6.1. LAB MEDIA: Figure 8c.jpg 
4.7. Whereas, the stir region around the keyhole reveals a fine grain martensite and porosity [1].
4.7.1. LAB MEDIA: Figure 8d.jpg


Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

5.1. Tsai, Meng-Hsiu: Friction stir spot welding of AHSS weld lap joints has great potential; on average, the conventional steel body of a car has more than 2,000 spot weld lap joints [1]. 

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
5.2. Tsai, Meng-Hsiu: Following this procedure, materials and design geometry of the tool pin can be performed for hard lap joints. A longer lifetime will be the demand of this process [1]. 

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
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