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Cleaning of joints:
− Necessary step for a successful joint 

− Remove dust, grease or moisture

− Negative fallouts of improper surface 
cleaning:
 Poor fatigue loading performance
 Localized low ductility 
 Volumetric defects 

Most common cleaning method:
Solvent and wiping it down with a 

paper towel 

Other cleaning methods 
(not commonly used):

Grinding

Wire Brushing

Paint Removers

Pickling

2.1 – Cleaning Methods 

FSW Operator



2.2 – Measuring Processes and Devices 

2.2.1 – Measuring processes

• Thickness of the parts to be welded

• Plate thickness variation

• Geometric flaws may arise from improper thickness measurement and 
subsequent incorrect parameters to compensate for thickness mismatch

• Most commonly used in a workshop:
− Mechanical devices: use a more direct approach of comparing the distance 

between the edges of the part and a ruler
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2.2 – Measuring Processes and Devices 

2.2.2 – Measuring devices
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Thickness gauges 

Vernier calliper 



2.2 – Measuring Processes and Devices 

2.2.2 – Measuring devices
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How to use a calliper? 



2.3 – Positioners 

2.3.1 – Types of Jigs 
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Welding jig (Courtesy of TWI)

Drill jig (Courtesy of Kreg Jig)Welding jig (Courtesy of Tulsa Welding School)

https://www.twi-global.com/technical-knowledge/job-knowledge/distortion-prevention-by-pre-setting-pre-bending-or-use-of-restraint-035/
https://www.kregtool.com/store/c13/kreg-jigsreg/p34/kreg-jigreg-k4/
https://www.weldingschool.com/blog/welding/what-is-a-welding-jig/


2.3 – Positioners 

2.3.2 – Types of Fixtures 
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Frame Railing

Railing Welding

Vacuum clamping

https://www.thefabricator.com/article/shopmanagement/what-to-look-for-in-railing-and-frame-welding-fixtures
https://www.thefabricator.com/article/shopmanagement/what-to-look-for-in-railing-and-frame-welding-fixtures
http://www.machexhibition.com/products/vacuum-clamping-systems


2.3 – Positioners 

2.3.3 – Clamping Systems  

Types of clamping:

Mechanical actuation clamps

Pneumatic and Hydraulic clamps

Vacuum clamping

Magnetic clamping

Electrostatic clamping
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2.3 – Positioners 

2.3.4 – Clamping Principles 

 Position – direct the clamping force on a robust and supported part of the 
workpiece

 Strength – enough to ensure a secure hold without damaging the workpiece

 Productivity – clamping time should be reduced with the aid of knobs and 
handles to achieve a higher productivity

 Ergonomics – the whole process of clamping should be operator friendly, 
reducing fatigue

 Clamps may be equipped with fibre pads to avoid damaging fragile workpieces

This project has been funded with support from the European Commission. This publication reflects the views only of the author, and the Commission 
cannot be held responsible for any use which may be made of the information contained therein - ERASMUS + KA2: 2017-1-SK01-KA202-035415 10

FSW Operator 



2.3 – Positioners 

2.3.5 – Influences of the clamping system on the weld 
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Common forms of distortion in welds 
(courtesy of TWI)

Influencing factors on distortion:

 Clamp location

 Clamping time

 Clamping release time

 Pre-heating of the clamps.

https://www.twi-global.com/technical-knowledge/job-knowledge/distortion-types-and-causes-033/


2.4 – FSW Programs 

2.4.1 – Types of FSW programs

This project has been funded with support from the European Commission. This publication reflects the views only of the author, and the Commission 
cannot be held responsible for any use which may be made of the information contained therein - ERASMUS + KA2: 2017-1-SK01-KA202-035415 12

FSW Operator 

Example of machine and control panel 
(Courtesy of Grenzebach)

Control system developed for FSW 
(Courtesy of ESAB)

https://www.grenzebach.com/press/friction-stir-welding-grenzebach-extends-its-portfolio/
http://www.esabpolska.eu/karty_katalogowe/automatyzacja/FSW%20system%20LEGIO_XA00117820%20GB.pdf


2.4 – FSW Programs 

2.4.2 – Basics on FSW programs 
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https://www.twi-global.com/technical-knowledge/published-papers/development-of-a-low-cost-friction-stir-welding-monitoring-system/


2.5 – Parameters and Limits 

2.5.1 – Control System  

This project has been funded with support from the European Commission. This publication reflects the views only of the author, and the Commission 
cannot be held responsible for any use which may be made of the information contained therein - ERASMUS + KA2: 2017-1-SK01-KA202-035415 14

FSW Operator 

 Welding speed or 
Traverse speed

 Tool rotational speed

 Plunge depth

 Axial force or Tool’s 
plunge force

 Tool tilt angle



2.6 – Welding Procedure Specification (WPS)
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2.6 – WPS

2.6.1 – Joint Design 
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2.7 – Types of FSW Tools
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FSW Operator 

1 – Workpiece
2 – Shoulder 
3 – Probe 

(a) Stepped shoulder with cylindrical threaded pin
(b) Flat shoulder with cylindrical threaded pin
(c) Flat shoulder with tapered pin
(d) Flared-triflute pin

FSW Tool Tool shapes for FSW



2.7 – Types of FSW Tools

2.7.1 – Offset position 
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FSW Operator 

1. Workpiece
2. Tool
3. Probe
4. Weld face

a. Direction of tool surface
b. Direction of source
c. Joint (faying surfaces)
d. Lateral offset
e. Location of joint before welding 



2.7 – Types of FSW Tools

2.7.2 – Z position 
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FSW Operator 

z position – spatial location on 
the process which is usually 
zero at the top surface of the 
workpiece

The force applied along the z 
position is called axial force



2.7 – Types pin/probes/tools

2.7.3 – Plunge depth  
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FSW Operator 

1. Workpiece
2. Probe
3. Tool
4. Shoulder (leading edge)
5. Heel (shoulder trailing edge)

a. Heel plunge depth
b. Direction of tool rotation
c. Axial force
d. Tilt angle
e. Direction of welding

Distance the heel extends into the weld metal 
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Thank you 
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