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Thermal stress 

All fusion based AM processes suffer from thermal stresses 

Successive layers of metal are deposited, solidify and cool 
leading to tensile stresses accumulating 

In PBF-LB the general strategy is to build onto very thick build 
plates (>50mm thick) but even these can distort and in some 
cases the supports can fail allowing the part bend upwards 
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https://www.canadianmetalworking.com/canadianmetalworki

ng/article/metalworking/multi-laser-additive-manufacturing
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Thermal stress in DED 

• Can be much higher than PBF-LB

• Even bolting parts to welding table can lead to the table bending 

• The stress can be sufficient to  detach the parts from the base 
plate
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Deposition strategies 

• Stress tends to be highest in the deposition (along the bead) direction.

• Depositing at different orientations is a common approach in PBF-LB and is also 
used in DED 
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Note: don’t have to be orthogonal (90o to each other) 
then can be at 45o

DED deposition strategies 
to reduce stress
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Destortion depends on the part geometry

• Although all DED parts suffer from stress not all suffer from distortion 

• Cylindrical parts tend to be more stable 

(although based plates will bend slightly)

Long parts with ribs (eg wing spar) will suffer the worst  
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Doubled sided deposition 

• One approach to overcome distortion is to undertake doubled sided deposition 

• This can be either two of the same part (one on either side of the build plate) 

or 

• Single parts with the build plate positioned at an axes of symmetry
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Double sided strategy for two identical parts 
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Example
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https://www.aero-mag.com/welding-makes-its-mark-in-3d-printing/

https://www.cranfield.ac.uk/case-studies/research-case-studies/waammat

https://www.aero-mag.com/welding-makes-its-mark-in-3d-printing/
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Part Rotation 

Using a symmetrical deposition strategy where the 
substrate is positioned at a plane of symmetry on the 
part and layers are deposited alternately on each side of 
the plate by rotating the part between  layers. This 
balances the build-up of the residual stresses avoiding 
distortion during the manufacturing  process (Williams et 
al. 2015)
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Depositing single part around access of 
symmetry  
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https://www.cranfield.ac.uk/case-studies/research-case-studies/waammat
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Designing turnover fixture 
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Final design 
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Demonstration of additive manufacture of real landing gear component -
YouTube
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https://www.youtube.com/watch?v=BMigrZUmgKM
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In process stress relieving 

Several potential in-process stress relieving methods 
including;

• Rolling

• Peening 

• Thermal stress relieving 
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Rolling 
• Pressure is applied to the top of 

each bead using a rolling process 

• Residual stress reduction from 600 
MPa to 250 MPa 

• Produces a smoothen more even 
top surface to layer

• Improved mechanical properties 
such as tensile strength by 19% 
and yield strength by 26% 

• Also has the benefit of improving 
the microstructure
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Affect of rolling on microstructure 
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• Video of rolling process 
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Rawfeed additive manufacturing of titanium 
structures - YouTube

https://www.youtube.com/watch?v=e2vcMZDR14w
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Challenges with Rolling 

• Requires a very stiff automation platform capably of applying the load 

• Also it introduces a significant delay in the process if rolling is 
performed for every deposited layer 

• And the method struggles in terms of complex part geometry 

• Tall – thin walls are likely to buckle unless stiffening features added 

• Effect is high focused on the top surface on bead
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Peening 
• Cold working process 

• Surface of component is deliberately deformed

• Surface layer attempts to expand laterally but prevented from doing so 
by the elastic nature of the sub-surface, bulk material.

• Results in development of beneficial, compressive residual stresses in 
the surface layer, which are balanced by tensile residual stresses 
elsewhere.

• The layer of compressed surface material produced by peening resists 
the development and propagation of cracks and increases resistance to 
fatigue failure, corrosion fatigue, stress corrosion and cavitation erosion. 
The main peening techniques are:

o shot

o needle

o hammer
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Shot peening 
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https://www.lsptechnologies.com/r
esources/what-is-shot-peening/

Impact of steel shot on surface 
introduces compressive stress 
which counteract tensile stresses 
and thus increase fatigue life  
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Needle peening 
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Needle Peening head 
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Air is applied and pins 
virbrate up and down 

Substrate
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Initial trials on flat titanium plate 
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It was demonstrated 
that peening induced a 
compressive stress in 
the top surface of the 
plates causing them to 
bend downwards 
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Surface contamination 
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Contamination of 

Ti64 surface –

Ferrous deposits 

from the tips of  

peening needles 
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Microstructure
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Peening of beads

30

PTA (Plasma Transferred Arc)

Single linear bead each time

Current: 100A

Wire feed rate: 1.5m/min

Torch traverse velocity:150mm/min

Plasma gas flow rate: 1.0l/min



This project has been funded with support from the European Commission. This communication reflects the views only of the author, and the
Commission cannot be held responsible for any use which may be made of the information contained therein.

Peening of top surface 
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Hammer Peening 

• https://youtu.be/E4zfizO65xo
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In-situ thermal stress relieving 

• Number of research projects have explored the potential to 
undertake locally reheating of the surface – inconclusive 
results to date 

• One potential solution to thermal stress is to deposit at an 
elevated temperature (similar to PBF-EB process from GE 
Additive) But this would require the part and the equipment 
to be subjected to elevated temperatures (for example 
760oC for Ti64)
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Post process stress relieving

• Parts together with the build plate can be thermally 
stress relieved 
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PARTNERS
Thank you  & Questions ?

This project has been funded with support from the European Commission. This communication
reflects the views only of the author, and the Commission cannot be held responsible for any use
which may be made of the information contained therein.

www.skills4am.eu

http://www.skills4am.eu/
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