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Friction Stir Welding: Consistently Enabling Stronger, More Efficient
 Structures
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q  This webinar will be available afterwards at www.designworldonline.com & email
 q  Q&A at the end of the presentation q  Hashtag for this webinar: #DWwebinar
 Before We Start
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Moderator Presenters
 Mary Gannon Design World
 Jason Weber SAPA
 Stephen Jackson SAPA
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This  is  Sapa  – Today  and  together,  shaping  a  lighter  future
 Friction  Stir  Welding  -‐‑    Consistently  enabling  stronger,  more  efficient  structures.
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. Friction Stir Welding - Consistently enabling stronger, more efficient structures
 AGENDA • Who  is  SAPA • FSW  Applications • History  of  FSW • FSW  Process • FSW  vs.  Fusion  Welding • FSW  to  Manufacture  Larger  Extrusions • FSW  in  Mass  Transportation • FSW  in  Renewable  Energy • FSW  in  Thermal  Management
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Shaping a sustainable future through innovative aluminum solutions
 Precision  tubing Profile-‐‑based  building  systems Value-‐‑added  profiles
 6
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Present in 40countries
 100+  production  units 5  business  areas  Profiles  Europe,  Profiles  Americas,  Profiles  Asia,  Building  System,  Precision  Tubing
 ~$8.5  billion  sales  Worldwide,  $2.4  billion  sales  America’s
 Sapa in figures
 23,000employees worldwide, 6,500 in Americas
 *    2011  pro-‐‑forma  
 World  leader  in  aluminum  solutions  
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Global Application Development •  Sapa Extrusions’ central product development resource. The team supports customers and
 regional Sapa resources in developing innovative solutions and products.
 Key  competencies l  Aluminum  Extrusions l  Product  Design  &  Optimization l  Simulation  &  Analysis l  Project  Management l  Technology  &  Knowledge  
 Transfer
 Product  expertise l  Renewable  Energy l  Thermal  Management l  LED  Thermal  Solutions l  Marine l  Engineered  Products
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9
 LOCAL PRESENCE, AROUND THE WORLD

Page 10
                        

Sapa in North America
 Yankton,  SD
 Portland,  OR
 City  of  Industry,  CA
 Spanish  Fork,  UT
 Burlington,  NC
 Connersville,  IN
 Mountain  Top,  PA
 Mississauga,  ON  
 Montreal,  QC
 Elkhart,  IN  Cressona,  PA
 Gainesville,  GA
 Delhi,  LA
 Phoenix
 St.  Augustine
 Sidney,  OH
 Kalamazoo North  Liberty,  IN
 Belton
 Toronto,  ON  
 Magnolia,  AR
 Mone`,  MO
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Sapa  shall  offer  the  market  innovative,  value-‐‑enhancing  solutions  based  on  profiles  and  strip  in  the  “green”  and  lightweight  
 material  aluminum.
 Sapa  shall  be  perceived  as  the  most  a`ractive  partner  through  a  combination  of  innovation,  business  know-‐‑how  and  cost  
 effectiveness.
 Our mission & vision
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•  There has been a tremendous surge in the use of Friction Stir Welding (FSW) applications in recent years. The process is being utilized to manufacture ships, subway vehicles and trains, as well as space going vehicles like NASA’s Space Shuttle. This presentation will examine how this “new” process is being utilized in aluminum extrusion and thermal management applications.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  APPLICATIONS: o  Marine/Ship building o  Trains/Subways o  Renewable Energy o  Thermal Management
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  HISTORY o  Invented and patented by the Cambridge, England based The Welding Institute
 (TWI) in 1991. o  Sapa, the largest aluminum extruder in Europe, played an active part in the
 process of converting theory and laboratory experiments into full scale production.
 o  In 1996, Sapa started series production in the railway and marine industries.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  DEFINITION o  FSW is a method of joining two pieces of metal with no filler material by
 subjecting the components to heavy plastic deformation, at high temperatures, but lower than the melting point.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  PROCESS o  A rotating tool is plunged into the components and friction heat is generated.
 The tool produces severe plastic deformation under high pressure, at which time the weld interfaces are stirred together and a homogenous structure is formed.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  METHOD
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  WELD STRUCTURE o  Fully re-crystallized fine grain micro-structure is created in the nugget by the
 intense plastic deformation at elevated temperature.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  FUSION WELDING: o  Most common fusion welding techniques of aluminum extrusions are MIG
 (Metal Inert Gas) and TIG (Tungsten Inert Gas) o  Filler metal to join the two extrusions o  Filler metal typically is not the same alloy o  Shielding inert gas to prevent containments from the air entering the weld o  The inert gas also protects the metal from reaction with the atmosphere since
 the rapidly formed aluminum oxide can be detrimental to the weld quality. The oxide is heavier than the molten metal, and may form inclusions or porosity.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  TIG Welding "   MIG  Welding
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.

Page 21
                        

•  Compared to Fusion Welding, Friction Stir Welding provides: o  Increased strength (High tensile, fatigue & bend properties) o  Improved sealing, completely void-free leak proof joints o  Reduced thermal distortion and shrinkage o  Improved repeatability o  The ability to join two different alloys o  Suitable for automation o  No filler metal (parent metal thermal conductivity) o  Cost effective
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  MECHANICAL PROPERTIES
 *MATS ERICCSSON AND ROLF SANDSTROM AT THE ROYAL INSTITUTE OF TECHNOLOGY
 6082 T6 Aluminum Yield Strength (MPa) Tensile Strength (Mpa) Elongation (%)
 Min specification for profile, 5mm 250 295 6
 Actual Specimen 291 317 11.3
 Pulsed MIG 147 221 5.2
 TIG 145 219 5.4
 FSW 150 245 5.7
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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"   PROFILE CIRCLE SIZE o  Not all presses with the same
 container size are alike. o  For example, Sapa has a number of
 10” presses, but profiles that fit one 10” press may not fit another 10” press at a different location.
 o  Circle size is one of the factors for determining the appropriate size press a given profile.
 o  (Sapa is able to extrude profiles with circle sizes up to 22” in North America.)
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  WIDE EXTRUSIONS: o  7” Circle Size is the most common width of extrusions o  21” circle sizes are available, but expensive o  With proper design, there is no limit to the width of a FSW extrusion o  FSW can penetrate the surface as deep as 20 mm o  The base provides an efficient thermal path to remove the heat.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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"   Top  deck
 "   Side  Panels
 "   Passenger  deck
 "   Stair  deck
 "   Car  deck
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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Original  design
 Result  from  topology  optimization
 Final  web  design
        ~15  %  weight  reduction  with  the  same  deflection  and  stress
 •  Developing reliable and optimized solutions through the use of advanced structural analysis tools.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  This process is usually performed on FSW equipment up to thirty feet long.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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"   Renewable  Energy  (aka  Ba`ery)  Housings:
 "   Super  Capacitors  are  being  used  to  store  energy  for  hybrid  and  electric  vehicles.    The  capacitors  are  usually  held  together  via  a  housing.    Thermal  management  has  been  a  challenge  for  these,  however  FSW  extrusions  are  a  proven  solution.    They  provide:
 "   Thermal  Efficiency
 "   Custom  Shapes
 "   Tight  fit  to  capacitor
 "   Structural  integrity
 "   Low  start-‐‑up  costs
 
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  Another use of FSW has been in the lighting industry where specialized lights are required to be sealed from the atmosphere. Sapa has successfully friction stir welded an aluminum extruded hollow heat sink to a casting end cap to provide a complete seal.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  BI-METAL HOUSINGS: o  FSW is used to join the copper heat spreader with the aluminum extrusion.
 Although a large Copper heat sink will also solve the problem, copper is significantly more expensive and heavier than the aluminum extrusion.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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"   THERMAL  PROPERTIES:
 "   Aluminum  has  high  thermal  efficiency
 "   Custom  shapes  and  ease  of  manufacturability
 "   Low  material  costs
 "   Light  weight
 "   Extrusions  superior  to  castings  and  bonded  fin  options
 "   Challenge:  Ratios  greater  than  16:1
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  Fin height to gap ratio is typically limited to 16:1
 Example  of  7.5:1
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  Technical Expertise in Thermal Design o  Developing the most effective heat sink solutions through the use of CFD/
 FEM computer simulations.
 Sapa  developed  software  for  designing  and  optimizing  air  
 cooled  heat  sinks.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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"   BONDED  FINS:
 "   Definition:  Joining  an  aluminum  extrusion  or  plate  to  a  sheet  of  aluminum  via  a  thermal  epoxy.
 "   Challenges:  Manual  operation,  thermal  interference
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  SOLUTION: Sapa FSW Module Heat Sinks o  Ratios up to 40:1 o  8% more thermally efficient than comparable bonded fin heat sinks o  Automated process o  Custom solutions possible
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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FSW    Bonded   
 "   FSW  Heat  sink  vs.  bonded  fin  heat  sink:
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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"   Thermal  testing  setup:
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  THERMAL RESISTANCE: o  The thermal resistance of FSW modular heat sink is 8% lower than bonded
 fin design.
 *THE   DEFINITION   OF   THERMAL   RESISTANCE:   
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  LIQUID COOLING o  Typical Definition: Copper pipes thermally glued to aluminum plate, than
 vacuum brazed o  Challenges: Rising price in copper, manual process, lengthy process o  Sapa Solution: FSW cold plates with extruded “pipes”
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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*PATENTED BY SAPA
 "   EXTRUDED  LIQUID  COOLER*
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  METHOD o  The liquid cooler is sealed by friction stir welding the lids to the extruded
 body.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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"   METALLOGRAPHIC  EXAMINATION
 "   PRESSURE  TEST
 "   The  liquid  cooler  can  withstand  burst  pressure  up  to  90  bar.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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 Thermal   
 Performance   -‐    Alloy   selec0on   -‐    Fin   design/spacing   -‐    Heat   sink   orienta0on   -‐    Surface   treatment   -‐    CFD   Analysis      
 Extrusion   Design   
 -‐    Weight   reduc0on   -‐    Profile   func0onality   -‐    Space   limita0ons   -‐    Best   prac0ce   mfg.      
  Efficient   cost   
 effecEve   soluEon   
  
 "   SUMMARY  OF  ALUMINUM  EXTRUSIONS  &  FSW
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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•  CONCLUSION o  Friction Stir Welding is an alternative to other welding and mechanical joining
 methods to cost effectively join aluminum extrusions together when a larger final product is required or when physical limitations prevent the exclusive use of extrusions. FSW is frequently used to manufacture battery housings, large structural devices such as train bodies, module heat sinks, as well as an alternative to bonded fin and brazed heat sinks.
 o  The automated process can be applied to aluminum extrusions, as well as joining aluminum extrusions to other materials. The resulting product is stronger and thermally more efficient than MIG, TIG or bonded fin heat sinks.
 Friction Stir Welding - Consistently enabling stronger, more efficient structures.
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Questions? Mary Gannon Design World [email protected] Phone: 216-860-5267 Twitter: @DW_MaryGannon
 Jason Weber SAPA [email protected] Phone: 605-321-4387
 Stephen Jackson SAPA [email protected] Phone: 412-996-4872
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Thank You q  This webinar will be available at
 designworldonline.com & email
 q  Tweet with hashtag #DWwebinar
 q  Connect with Design World
 q  Discuss this on EngineeringExchange.com
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