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CONTROL METHODS IMPROVE PROCESS, STABILITY, 
AND SPEED     
In friction-stir welding and friction-stir processing (FSW/FSP) and related 
processes, properties are governed by process temperature. Changing thermal 
boundary conditions cause variation in weld temperature which can result in 
weld defects and/or sub-optimal properties. Robust temperature control enables 
unprecedented control of spindle power input and process temperature.

Pacific Northwest National Laboratory’s robust temperature control uses torque 
modulation to control energy input with unmatched precision and robustness. 
Spindle power input or tool temperature can be controlled to a user-defined 
setpoint or profile. Robust temperature control can drive higher feed rates, 
improved properties, reduced variation, reduced development time, and 
increased process robustness.

TECHNOLOGY 
FEATURES
•  Spindle torque modulation 

enables unmatched thermal 
control accuracy and 
disturbance rejection.

•  Provides ability to command a 
power and temperature 
setpoint or power and 
temperature profile.

•  Temperature or power setpoints 
can be adjusted during welding 
and processing.

•  Gain scheduling for enhanced 
process robustness.

•  The software logic is provided 
in structured text as part of an 
integration guide for robust 
temperature control. Additional 
technical data and user guides 
are provided to assist with 
machine tool integration.

ROBUST TEMPERATURE 
CONTROL
Adjusts for quality and desired properties in 
friction stir based processes  

Temperature control for friction stir welding results in superior welds and manufacturing ease
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For many applications, robust temperature control can hold 
weld temperatures within +/-1°C of a setpoint. For 
processes with high traverse rates and extreme thermal 
disturbances, temperature variations may be higher. The 
figure below shows an example of a component with 
extreme thermal disturbances that could not be welded 
without robust temperature control.

Additional examples are highlighted in the bullet points to 
the right:

ANTICIPATED BENEFITS 
•  Expand the application of FSW, FSP, and related 

processes to complex geometries and 
temperature-sensitive materials

•  Reduce/eliminate part-to-part variations

•  Reduce/eliminate variations within a part

•  Reduce/eliminate process development time

•  Increase tool life

•  Increase low-temperature stability

•  Enable higher-optimization and control of microstructure 
and associated properties

EXAMPLES 
•  Dissimilar materials joining: enables 129% and 109% 

improvement for displacement and load to failure for 
armor-grade aluminum to armor-grade steel joints1

•  Grain size control: 43.75% reduction in grain size by 
temperature controlled FSP2

•  Improved properties: 95.9% improvement in cavitation 
erosion resistance by temperature-controlled FSP2

•  Disturbance rejection: Enabled weldability of complex 
weld geometry, thermal boundary, and high-speed 
conditions of next-generation copper rotors for electric 
vehicles3

Currently in use for FSW, FSP, Shear Assisted 
Processing and Extrusion, and friction-stir additive 
manufacturing.
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Comparison of temperature and spindle speed response in 
FSW of copper rotors. The top graph shows temperature 
response in a constant spindle speed weld. The bottom graph 
shows spindle speed response in constant temperature weld 
using robust temperature control. The photo on the right 
shows copper rotor welding using robust temperature control.


