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NASA’s Marshall Space Flight Center is developing an improved joining technology called

thermal stir welding that improves upon fusion welding and friction stir welding. This new tech-

nology enables a superior joining method by allowing manufacturers to join dissimilar materi-

als and to weld at high rates. NASA’s technology offers users an exciting alternative to current

state-of-the-art fusion and friction stir welding technologies.

TECHNOLOGY Opportunity

B e n e f i t s
Unique advantages of this tech-
nology over fusion welding or
friction stir welding include the
following:

• Totally independent heating
and stirring functions 

• More degrees of freedom for
greater process control and
optimization

• Easy assembly-line use

• Improved surface finish results

• High travel rates

• Separate heating function for
easier welding of alloys with
higher melting temperatures,
such as steel and inconel alloys

P r o c e s s  C a p a b i l i t i e s
Thermal stir welding has many
similarities and attributes typical
of friction stir and fusion weld-
ing processes.

• Joining of dissimilar metals

• Key-hole close-out

• Optional inert processing
environment 

• Elimination of backing anvil
requirement

A p p l i c a t i o n s
This technology has potential
applications in many industries,
especially where fusion or fric-
tion stir welding is already used.
Applications include:

• Aerospace fabrication

• Automotive fabrication

• Shipbuilding

• Storage tank or cylinder 
manufacture

• Construction

• Railway car fabrication



F o r  M o r e  I n f o r m a t i o n
If you would like more information about this technology or about NASA’s
technology transfer program, please contact: 

T h e  Te c h n o l o g y
NASA’s new thermal stir technology addresses shortcomings in fusion welding and friction
stir welding. Fusion welding compromises the microstructure of the material and thus lessens
its physical properties. Friction stir welding is limited by the dependent heating and stirring
functions when using a rotating shoulder/pin configuration. The shoulder produces frictional
heat to bring the material into the plastic state and forges the welded material with extremely
large forces. This forging effect requires a very robust backing anvil for support. The welding
pin, inside the workpiece, spins at the same rate as the shoulder, further restricting the process.
This dependent motion of the welding pin and shoulder restricts the speed of the welding
process.

The thermal stir process separates the characteristic heating and matrix transformation
processes of the friction stir welding process. It can use a fusion welding apparatus (laser, plas-
ma torch, etc.) to initially melt the material. It may also use a solid state heating process such
as induction resistance heating. If a fusion heating apparatus is employed to heat the material,
a separate grinding/extrusion feature recrystallizes the resulting dentritic matrix structure as it
transforms from the melted temperature state through the plastic temperature state.

The heat sources that melt each material of the weld joint can be independently controlled.
For example, a copper/aluminum weld joint can have independent temperature control as
each alloy is brought into its respective plastic and melting states. This independent melting
feature is advantageous because it provides a thermal environment conducive to the joining of
dissimilar metals, such as copper and aluminum or stainless steel and titanium. Because these
independent heat sources are kept separate from the weld matrix transformation feature (the
grinding/extrusion teeth), higher weld travel rates are possible as compared to fusion and fric-
tion stir welding processes.

Unlike friction stir welding, this technology requires no backing anvil. The apparatus used for
the weld process is enclosed in a main housing, which allows for the possibility of an inert
environment in the melting compartment if needed.

P a r t n e r i n g  O p p o r t u n i t i e s
This technology is part of NASA's technology commercialization program, which seeks to
stimulate commercial use of NASA-developed technologies. NASA would like to discuss
testing and/or applications of the technology with interested companies. A patent on this
technology has been filed, and NASA is seeking commercial partners interested in further
developing or licensing the technology.

Molly O’Donovan Dix
RTI
Phone: (919) 541-5866
Fax: (603) 672-8375
E-mail: dix@rti.org

Sammy Nabors
NASA Marshall Space Flight Center
Phone: (256) 544-5226
Fax: (256) 544-4810
E-mail: Sammy.Nabors@msfc.nasa.gov

www.nasasolutions.com
More information about working with MSFC’s Technology Transfer Department is available online. 

03.05.02
MFS-31559
FS-2002-02-44-MSFC


