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Design for DED 

• We tend to think about DfAM (design for AM) in terms of enhancing 
part performance or weight reduction

• DED does bring potential performance benefits over conventional 
methods but the need (usually) to machine the part to gain an 
acceptable accuracy and surface finish certainly introduces constraints 
and the DED process too

• However this implies that AM applies no constraints to the design ….this 
is not true for PBF-LB and is certainly not the case for DED !
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Potential performance benefits using DED
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Mutimaterial
deposition 
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Potential performance benefits using DED
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30-40% more weight 
efficient structure –
only possible by 
ALM manufacture 
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Design for DED-arc 

• Necessary to consider build orientation, build sequence and design constraints 
of the WAAM process. 

• Also needs to consider the complete manufacturing process chain – DED, post 
machining and inspection… from the outset.

• If post-machining is required, for example in structural applications where stress 
raising features are of concern or for mating faces, then machining constraints 
must also be considered.
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Design for DED guidelines 
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Design for WAAM (Cranfield University)
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Part Dimensions

• Depending on the cell configuration (open or fully enclosed – usually 
constrained by shielding requirement for material 

• Some materials – steel, aluminium can be successfully deposited from 
wire feedstock using relatively rudimentary shielding 

• Titanium requires more sophisticated shielding ..including enclosers 

• Min wall thickness for deposition (3-5mm) – can be machined down to 
achieve thinner walls
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Show some examples 
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Finishing considerations

• Not all surfaces need to be machined – indeed Relativity space have 
been supplying launcher parts to Space unfinished and unstress relieved 

• It may be possible to treat the surfaces of the parts using shot blasting, 
shot peening and vibratory polishing methods (although these are 
usually not suitable for large parts)

• Need to consider cutting tool access (possible to generate enclosed or 
difficult to access features with DED-arc)
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https://singularityhub.com/2021/03/28/w
atch-a-robot-3d-printing-the-rocket-for-
relativity-spaces-first-orbital-launch/
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Difficult to build features 
• Long thin unsupported features 

• Lattice like structures 

• Sharply tapering features – where it is not possible to fit the beads into the 
available space 

• In this case it may be possible to increase the size of the feature and machine 
away the additional material from the finished parts 

• Where it is easy to machine holes in parts after deposition then these features 
should be removed from the DED part model 
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Sharp corners
• DED-arc can produce parts with sharp external corners 

but they are more difficult to manufacture due to 
additional stop-starts in deposition process. 

• Good to design the part to enable continuous welding 

• For parts that will be postmachined, internal corners 
must be designed with generous radii to allow for the 
tool radius during post machining as well as to avoid 
stress concentrations

• Avoid sharp features (these require finishing and may 
introduce stress)

• High stress points can lead to deposit separating from 
workpiece 
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Initial Assessment Criteria for WAA Manufacture
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Part set-up flow chart
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Build plate location
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(a) Stress matching 
(b) Stress matching if two parts are built back-to-back
(c) Stress reduction on not stress matching  
(d) Stress matching but build plate would not form substantial part of final part
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Assessment of Build Strategy 

Each build plate location can be assessed based on;

• Each substrate waste - ratio of substrate waste material mass (Msf) to initial 
billet mass for the machined part (𝑀𝑖 𝑀)

• Deposited material - ratio of the deposited material mass (𝑀𝑖 𝐴𝑀) to the final 
part mass(Mf)

• Number of deposition operations - reciprocal of number of WAAM build 
operations (N) required to build the part*

*assumed part is mounted on part-rotator so that deposition direction can be changed between 
operations to build features in different orientations. Each change of position is considered to be a build 
operation. Double sided build operations where the part is rotated between each layer are considered 
as two build operations

• Level of deposition difficulty 

• Ability for stress matching 
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Example 
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Okay it is worth progressing 
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Build orientation 

• Position of build plate will largely dictate the build orientation 

• For the particular example used there are 5 possible build plate positions 

• Build plate assumed to be rectangular and to extend by 25mm in all 
directions from the base of the part, and the substrate is assumed to be 
10 mm thick in all cases. 

• The details of the build options and the build orientation assessment 
results are shown in the next slide
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In simple 

terms the best 

single sided 

set-up in 1 

and the best 

double sided 

set up ins 4
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Practical Example of part set-up
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DED-Arc case studies 

• 24 kg outboard landing gear rib – Bombardier (

• 0.6 x 0.6 m titanium frame – BAE Systems

• 0.7 m titanium wing flap support - Fokker

Courtesy of WAAM3D/-
Cranfield University
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AFT Beam 
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Remove ribs 
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Select suitable build plate 
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Base Plate 1200x450x10mm
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Plan deposition of ribs
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Compare with machined from Billet 
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Billet  1200x450x124mm
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AFT BEAM 
Machining from billet Vs DED-arc + final machining 
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Machining from billet 
Final part weight ~30kg
Billet weight 300kg
Buy-to-fly (BTF) 10:1
Waste 270kg ~90% of original billet is machined away

DED-arc + machining 
Wire to form ribs 33kg based on ~3:1 BTF
Build plate 27kg 
Total raw material 57kg 
overall BTF ~2:1 2:1
Waste ~30kg 

Assuming the parts are good first time !!!!!



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. 29

ACcelerated CLAdding and Integrated Machining
Collaborative project
TSB: ADMA – Inspiring new design freedom through Additive Manufacturing

MLG
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Remove ribs 
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Top ribs  

Bottom ribs  
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Select suitable sized build plate
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Base plate 500x500x10mm
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Billet required to machine part 
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Billet 500x500x300mm
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AFT BEAM 
Machining from billet Vs DED-arc + final machining 
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Machining from billet 
Final part weight ~24kg
Billet weight 300kg
Buy-to-fly (BTF) 12.5:1
Waste 276kg ~92% of original billet is machined away

DED-arc + machining 
Wire to form ribs 45kg based on ~3:1 BTF
Build plate 11kg 
Total raw material 56KG
overall BTF ~2:1 2.3:1
Waste ~32kg 

Assuming the parts are good first time !!!!!
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Planning how to deposit material
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Decided to use a “node & web” strategy 
• Simplifies/standardises programming and parameters 
• Helps to manage thermal input and stress accumulation
• Add material to finished geometry 

Approach
• Deposit one layer of every circular node
• Draw one layer of the web between each node 
• Rotate part and repeat for other side of part 
• Repeat process layer-by-layer until the part is finished 
• After about 30mm of rib height it is distortion is not a problem but better to 

continue rotating to manage thermal input
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Bead width 

Minimum bead size possible is 2-3 mm 

Maximum bead size possible using oscillation is 30mm
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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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