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Outline 

 

What is friction stir welding (FSW)? 

 

What are its advantages/limitations? 

 

What is hybrid FSW? 

 

Why use lasers?  Why use diode lasers? 

 

Where is FSW currently used? 
MegaStir field demonstration 2012 

(MegaStir is a joint venture of Schlumberger) 

Other uses: 

 

- Several auto 

manufactures  

     (Honda, Mazda, Ford) 

- Airframes 

- Pipelines 

- Nuclear applications 

2014 iMac 

2011 Audi R8 

Outline 
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Friction Stir Welding 

Mishra, 2005 

FSW was developed in 1991 in the UK and is a 

solid-state joining technique (i.e. no melting). 

 

Advantages: 

- Low distortion 

- No loss of alloying elements 

- No filler materials 

- Excellent weld properties 

 

Limitations: 

- Difficult on hard materials (e.g. steel) 

- Tools can be expensive 

- Tools wear fast 

- Can be a slow process 

A typical high quality FSW tool can cost 

$3k-$10k and can have a limited lifetime 

The pin is a critical 

wear surface Goal: 

Softening the workpiece by pre-heating 

prior to FSW may significantly reduce 

tool wear, improve tool life, and/or 

increase welding speed. 
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Hybrid Friction Stir Welding 

Electrically Assisted, Ferrando, 2005 

Conductive Assisted, Sinclair, 2010 

In attempts to soften the workpiece prior to FSW, several hybrid 

FSW techniques have been proposed and/or attempted (none are 

production level operational): 

 

Contact required 

- Electrically Assisted, Conductive Assisted, Vibration Assisted 

 

No-contact required 

- Gas tungsten arc Assisted, Ultrasonic Assisted, High Frequency 

Induction Assisted, Laser Assisted 

 

Laser Assisted Friciton Stir Welding (LAFSW) 

- The earliest demonstration was in 2002. 

Contact methods will heat/affect the 

entire workpiece not just the weld area 

LAFSW (YAG), Sun, 2013 LAFSW (YAG), Kohn, 2002 

No organization has attempted to use a high-power 

diode laser (HPDL) in conjunction with FSW before. 
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Why Use Diode Lasers (DLAFSW)? 

Workpiece control 

Diode laser preheating offers significantly 

greater precision and controllability of the 

heated area in the workpiece than other 

methods. 

 

Cost 

Additionally high efficiency diode arrays 

are less expensive (2-5x less expensive) 

than conventional lasers systems. 

 

Safety 

The light leaving the diode array is 

incoherent light as opposed to coherent 

light due to the multiple (60) lasers in the 

diode array.  Scattered light is almost 

negligible. 

(23 Amps) 

(27 Amps) 

incoherent light 

 (793 nm) 

incoherent light 

 (793 nm) 

scattered light  

<10 mW/cm2 

At 1m 
 (approximate position 

of worker) 

Comparable 
Sunlight: 
12 mW/cm2 

LLNL has significant experience with 

HPDLs for various additive manufacturing 

processes. 
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Start with the Best First… 

After 33 trials (many good), the last data run may contain the most valuable data. 

laser on 25A 

moving starts 

current increased to 30A 

surface temp >704C 

surface temp >816C 

surface temp <1038C 

current decreased to 25A 

laser off, motion stops 

This is hypothesized as potentially an optimal set of conditions:  high 

welding rate (200 MMPM), bulk temperatures ~300C, no surface melting 

(>816C but <1038C), heated width comparable to  tool diameter. 

● ● ● ● 

TC4 TC3 TC2 TC1 
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Experimental to Modelling Data 

Planar view (x-y) Transverse view (x-z) 

25A 1.667 mm/sec 25A 1.667 mm/sec 

1.8 cm 
2 cm 

green ~300C 
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Summary of Current Work 

 Parameters of the 5 kW diode array determined on a 

beam dump (power and beam size vs current) 

 

 Scattering of diode light determined 

 

 Heating capability of the diode array on HY80 both 

stationary and moving determined 

 

 Temperature field following diode laser heating 

determined experimentally by multiple means for 

both stationary and moving conditions 

 

 Modeling of temperature response of workpiece 

closely matches experimental data 

 

 Operational parameters of diode laser determined 

for future use in a DLAFSW setup 

 

 The next step is continued collaboration with Naval Surface 

Warfare Center Carderock Division (NSWCCD) for 

development of a functional DLAFSW system. 
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Future Work – DLAFSW Setup 

x 

z 

y 

Using very similar equipment used at 

LLNL, the diode array will be mounted 

to an existing FSW machine at 

NSWCCD. 
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Generation II Ideas 

What can happen in 4 years? 

iPod (v1, 2001) 

5 GB 

10 hr life 

iPod (v5, 2005) 

80 GB 

20 hr life 

? 

 Include ability to post-heat as well as 

pre-heat 

 

 Decouple laser movement from tool 

movement 

 

 Improve ability to preheat plunge area 

 

 Reorient laser to be perpendicular to 

weld path 

 

 Heat on retreating side (or allow it as an 

option) 

 

 Integrate functions into laser head 

(alignment, temperature sensing, etc.) 
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DoD Applications of FSW 

Navy: 

- Littoral Combat Ship 

- FSW as a repair process 

 

Air Force: 

- Used on fuel tanks of several rocket 

systems 

- F-22, F-35, and C-130J 

 

Army 

-  Mine-Resistant Ambush-Protected Vehicle 

(MRAP) 
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Swinging for the Fences… 

Typical fusion welding  

(>100% Tm) 

(Liquid region) 

Typical FSW  

(80-90% Tm) 

(Austenite region) 

Goal 

(~50% Tm) 

(Ferrite region) 

One of the most problematic aspects of any joining mechanism of steels is phase 

transformations and the formation of brittle martensite upon cooling.  FSW reduces the peak 

temperature.  With further reduction it may be possible to avoid any phase transformation. 

This process could be called “Low speed FSW of carbon 

steels” and is potentially a patentable concept. 

 

Is this reduction in speed possible? 

LLNL has already demonstrated the ability to FSW high strength 

alloys at rotational speeds significantly less than previously 

published.  This reduction in speed directly correlates to a 

reduction in temperature. 

FSW in this 

region may 

reach the 

desired goal 

FSW of MA956 

Baker, 2013 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=XWa_MIp7H8l25M&tbnid=BVHTvSIR4ogXdM:&ved=0CAUQjRw&url=http://www.mrl.ucsb.edu/~edkramer/LectureVGsMat100B/99Lecture14VGs/FeCPhaseDiagramVG.html&ei=T5bOU-mwOcOKyATq1ILQBw&bvm=bv.71198958,d.aWw&psig=AFQjCNFs7u4mAR9-GoqAnaoI0EwZEWEMWw&ust=1406134165055990
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=XWa_MIp7H8l25M&tbnid=BVHTvSIR4ogXdM:&ved=0CAUQjRw&url=http://www.mrl.ucsb.edu/~edkramer/LectureVGsMat100B/99Lecture14VGs/FeCPhaseDiagramVG.html&ei=T5bOU-mwOcOKyATq1ILQBw&bvm=bv.71198958,d.aWw&psig=AFQjCNFs7u4mAR9-GoqAnaoI0EwZEWEMWw&ust=1406134165055990
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=XWa_MIp7H8l25M&tbnid=BVHTvSIR4ogXdM:&ved=0CAUQjRw&url=http://www.mrl.ucsb.edu/~edkramer/LectureVGsMat100B/99Lecture14VGs/FeCPhaseDiagramVG.html&ei=T5bOU-mwOcOKyATq1ILQBw&bvm=bv.71198958,d.aWw&psig=AFQjCNFs7u4mAR9-GoqAnaoI0EwZEWEMWw&ust=1406134165055990
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