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Optimization of the FSW ProcessWho We Are
 Tous droits réservés CNRC2
 • Federal research organization
 • Partners with Canadian industry
 • Over 3700 employees at 22 Research facilitiesacross Canada
 • Aerospace• Construction• Agriculture• Mining• Medical• Astronomy• Hydrology• Surface transportation• …
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Optimization of the FSW ProcessProcess Description
 Tous droits réservés CNRC3
 • Solid state welding approach (no fusion)• High strength tool is forced into aluminum with high rpm• Heat is created due to friction• Material mechanically mixes• Weld is formed
 • Creates high resistance welds• Weld efficiencies of over 80% are possible (compared to parent material)
 • Produces fewer defects than conventional weldingmethods
 • No melting and solidification means improved weld quality
 • Interesting process for industrial applications• No harmful gases, sparks or waste produced• Automation is simple
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Optimization of the FSW ProcessFriction Stir Welded Components
 Tous droits réservés CNRC4
 • FSW is gaining mainstream acceptance in industry
 Eclipse 500 FLJ Toyota Prius BonnetTesla Model
 SSpaceX Fuselage
 Aluminum Alloy Wheel Nasa`s OrionSeven Seas NavigatorHitachi Express Train
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Optimization of the FSW ProcessPhases
 Tous droits réservés CNRC5
 • There are four major phases in FSW
 1. Plunge – In this phase the tool descends into the aluminumplates (very high forces) while rotating. The pin first makes contactwith the plates (aka work pieces). The pin starts to penetrate intothe plates. Friction causes the aluminum to heat up and becomemalleable.
 2. Dwell – The shoulder makes contact and the tool remainsstationary while continuing to rotate. The temperature stabilizing inthe weld zone and heat moves out into the rest of the plates
 3. Advancing (welding) – Once the work pieces become warm
 enough to be highly malleable, the tool starts to advance (whilecontinuing to rotate) and the weld is created. The ration ofadvancing speed to rpm is an important parameter in the FSWprocess
 4. Retraction – Once the weld is finished (the tool reaches the endof the work pieces), the tool is retracted from the plates. Thisleaves a hole at the retraction site.
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Optimization of the FSW ProcessTool Design
 Tous droits réservés CNRC6
 • The tool is typically made of hardened steel alloys
 • The tool has two main regions• A small diameter protrusion called a pin• Helps to mechanically mix the work pieces
 • A larger diameter region called the shoulder• Responsible for a large portion of the heat generation in the plates
 • The tool design has an important effect on the weldquality
 • The pin can be tapered, filleted, triangular, etc.• The shoulder can be convex, concave, scrolled, knurled, etc.
 • The movement of the material, and as such the presenceof defects is dependent on the tool design
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Optimization of the FSW ProcessParameters
 Tous droits réservés CNRC7
 • Choosing the correct process parameters is difficult fornew joint assemblies. Many parameters to change:
 • Axial force?• RPM?• Plunge speed?• Dwell time?• Advancing speed?• Tool design?
 • Determining optimal parameters is time consuming andcostly with current state of the art simulation or trial anderror experiments
 • Numerical simulation• Can take many hours or even days
 • Models need to be validated before parameter testing
 • Physical experiments• Tie up machine
 • Technician time
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Optimization of the FSW ProcessDefects
 Tous droits réservés CNRC8
 • Various types of defects can develop in an FSW joint• Lazy S (kissing bond)• Worm hole (tunnel)• Incomplete Weld• Surface defects
 • Control and prevention of defects is critical• Process parameters such as weld speed, rpm, pressure, etc. are
 important to prevent defects
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Optimization of the FSW ProcessPhysics
 Tous droits réservés CNRC9
 • The physics behind FSW is complex• Large plastic deformation• Heat transfer• Thermal expansion• Friction at the interface between the tool and the plates• Heat generation due to:• Friction• Plastic work
 • Material mixing• Microstructure changes• Temperature dependent material properties
 • Taking all the physics into consideration in the FSWprocess is complicated and requires advancedsimulation approaches
 Liechty BC, Webb BW. Modeling the frictional boundary condition in friction stir welding. International Journal ofMachine Tools and Manufacture. 2008;48:1474-85.
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Optimization of the FSW ProcessSimulation Approaches
 Tous droits réservés CNRC10
 • Different approaches can be used• Fluid mechanics• Solid mechanics
 • Stresses are found directly from the effectiveviscosity
 • No stress and strain history (based on currentconfiguration)
 • Cannot determine residual stresses• Cannot determine post-welding distortions
 • Stresses are found from a modified Hooke’s law(integrating a stress rate equation)
 • Requires more computational effort• Time steps must be smaller to account for stress
 wave propagation• Allows us to have material history• Can predict defects, residual stresses and
 distortions
 Fluid Mechanics Solid Mechanics
 • Simulating large deformation is difficult with FEM with a solidmechanics formulation (Lagrangian)
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Optimization of the FSW ProcessSimulation Approaches
 Tous droits réservés CNRC11
 • Since a solid mechanics approach is preferred, advancedsimulation approaches are required to capture the largeplastic deformation
 FEM with Adaptive Meshing Meshfree
 D. Schmicker, K. Naumenko, and J. Strackeljan, "A robust simulation of Direct Drive Friction Welding with a modifiedCarreau fluid constitutive model," Computer Methods in Applied Mechanics and Engineering, vol. 265, no. 0, pp. 186-194, 10/1/ 2013.
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Optimization of the FSW ProcessWork Shop Challenge
 Tous droits réservés CNRC12
 • CNRC-NRC currently uses an advanced meshfree approach• This method requires significant calculation time• A model can take hours to over a day to run.
 • We need to be able to optimize the welding parameters for ourclients in a more efficient manner.
 • Develop a computationally efficient model of the FSWprocess. Ideally the model will be able to:• Predict temperature fields and history• Predict the post-weld deformation• Predict internal defects in the weld zone
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Optimization of the FSW ProcessData for Model Validation
 Tous droits réservés CNRC13
 • Five (5) FSW test cases areavailable for model validation withthe following data• Temperature history results in the pin
 of the tool• Tool forces (forge, advance, lateral)• Tool torque• Distortion (using metrology scanner)• Ultrasound (defects)
 Test # RPM
 AdvanceSpeed
 [mm/min]
 ForgeForce[kN]
 Max. Temp.[°C] Defects
 Test 1 2000 500 3.0 456 Surface and internal defects(fails inspection)
 Test 2 2000 500 3.9 480 Minimal internal defects(passes inspection)
 Test 3 2000 1500 6.8 458 No
 Test 4 1000 2000 10.5 365 Large defects(fails inspection)
 Test 5 1000 2000 11.3 372 Large defects(fails inspection)
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Optimization of the FSW ProcessData for Model Validation
 Tous droits réservés CNRC14
 Test 3 Distortion
 Test 3 Ultrasound (No Defects)Side View End View
 Top View Side View
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