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The Challenge
Wire and Arc additive Manufacturing (WAAM) is a large-scale metal 3D printing process. 
It can replace traditional methods, such as casting and forging, to produce structural 
components. Its simplified, therefore resilient, supply chain, capability to drastically 
reduce material waste, and design flexibility give WAAM critical advantages over 
conventional manufacturing. 
WAAM produces near-net shape components that require machining. Machining can 
also be combined with WAAM to form a process capable of producing finished parts 
or repairing components as they are being built. The machining cost of WAAM parts 
is currently prohibitive, and the possibility of repairing components would significantly 
reduce WAAM implementation risks. 
These requirements and opportunities come with associated challenges: how to 
machine one-off components with high surface waviness and geometrical inaccuracy 
effectively? How to machine parts in a WAAM machine where no contaminant can be 
introduced? It is essential to address these challenges to lift implementation barriers for 
WAAM.
Machining is a well-established technology and the area of expertise of The Machining 
Group at AMRC. The Welding and Additive Manufacturing Centre at Cranfield University, 
one of the world’s leading institutions in WAAM, has only a limited understanding of 
machining. The Researcher in Residence scheme enabled both teams to share their 
respective technical and business knowledge and to set a collaboration roadmap to 
mature machining for WAAM and deliver one joint research project. The technical phase 
of the RiR focused on the in-situ repair of titanium WAAM components using a standard 
WAAM robot set-up and with contamination-free lubricants. 

Innovation
Launchpad
Network+



Innovation

Impact

In-situ repair of WAAM components
The AMRC team assessed the capability of the 
standard setup at Cranfield. The robot’s natural 
vibration frequencies were measured. 
Titanium samples were manufactured at Cranfield.  
The repair pockets’ dimensions were set to match the 
depth at which defects can be detected using Non-
Destructive Testing used for WAAM in-situ inspection. 
These pockets were machined at the AMRC using dry, 
CO2, and CO2 with Minimum Quantity Lubrication. The 
experiment was designed using the Vericut software 
to define cutting parameters theoretically compatible 
with the Cranfield robot’s capability. A wide range of 
cutting parameters was tested on WAAM samples and 
wrought bars of the same geometry. 
Turning trials were also conducted on small-scale 
WAAM titanium cylinders to assess the effect of 
WAAM inherent surface waviness and geometrical 
inaccuracies on the entire process, including set-up, 
clamping, positioning, rough and finish machining. 
The cutting tool design was selected to accommodate 
the variable depth resulting from the WAAM surface 
topology. Comparison trials were conducted on 
wrought components using cutting tools suited to the 
wrought product’s surface finish. 

WAAM & Machining Collaboration 
A working group across the AMRC and Cranfield 
University was established to discuss research and 
development topics related to WAAM subtractive 
manufacturing. This group comprises ten members, 
including professors and senior researchers/technical 
fellows from both institutions. A day-long workshop 
was organised at Cranfield to share capabilities from 
both institutions and to educate each other on the state 
of the art, current challenges, trends, and markets of 
our respective technologies.

In-situ repair of WAAM components
We now have the capability at Cranfield to 
demonstrate the entire repair process, from 
defect detection and machining to material 
addition. This can be done with a simple 
industrial robot not designed for fine machining, 
which can be up to 10 times more expensive, as 
they are heavy-duty to withstand cutting forces 
and the weight of the spindle. Demonstrating 
the reparability of such a conventional, low-
cost setup is critical to promoting WAAM 
implementation. We will implement this process 
within our WAAM project when relevant and 
explore its potential to produce parts with full 
integrity. 

WAAM & Machining Collaboration 
The collaboration between Cranfield and AMRC 
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“Spending time at AMRC has been an invaluable 
opportunity to learn a completely new topic by 
being exposed to The Machining Group’s years 
of practical experience and expertise. When 
meeting with the wider team or witnessing 
trials in the workshop, I had the chance to 
ask any questions I had to develop a good 
understanding, which I will continue to build 
on through the collaborative framework we 
established together.”Result

In-situ repair of WAAM components
The results demonstrated that the Cranfield robot 
and spindle could machine pockets in titanium 
WAAM samples for repair purposes. Suitable cutting 
parameters were established for all tested conditions 
(dry machining, lubricated with CO2, or CO2 + Minimum 

Quantity Lubrication). From an implementation 
perspective, dry machining is the easiest and 
cheapest option but can cause premature tool 
wear, leading to increased cutting forces and 
greater vibration variability. Solutions including 
CO2 require significant hardware investment 
but lead to lower tool rate and consistent 
cutting forces and variation, which would be 
less demanding for the robot and lead to less 
cutting tool waste. 
WAAM surface topology results in high cutting 
forces and greater variability during the first 
cuts. Once the part is cleaned, it is advised 
to switch to a different cutting tool design to 
reduce these forces.

WAAM & Machining Collaboration 
Four key research and development areas 
were identified: Sustainable manufacturing, 
using the production machining by-product 
as a raw material in WAAM; In-situ machining 
for repair and hybrid manufcaturing; Finishing 
of WAAM components to complete the 
WAAM component manufacturing chain; and 
qualification of machined WAAM parts, for which 
new machining standards might be required. 
A collaboration road map was established to 
investigate these areas and identify the most 
suitable funding opportunities. The alignment 
between this roadmap and current activities 
in both institutions was also considered. The 
working group is set to meet every two months 
to review the progress of each activity and 
discuss arising collaboration opportunities.

“It has been a real privilege to work 
alongside Cranfield University on this 
project. To get an insight to the technology 
they are building for the future has been 
inspiring. By supporting their efforts to 
successfully repair complex builds rather 
than starting from scratch is something we 
are proud of. We hope that this is the start 
of a thriving partnership between the two 
research groups.” - Ellis Taylor
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is only beginning. Still, one joint industry project has already been submitted, 
an EU grant proposal is being developed, and we are working on recycling 
swarf through an existing UK-funded project. 
Looking at the current scientific literature, this collaboration of expert teams 
from these two fields is relatively unique. Some work has been reported, 
but most publications are led by an additive or a subtractive team, with an 
apparent limited understanding of the process they are less familiar with. 
The next step is to identify the industry pull from both WAAM and machining 
stakeholders to develop a timely, medium-to-high technology-readiness-level 
proposal to support industry adoption of WAAM. The Cranfield and AMRC 
teams are best placed to facilitate this conversation with their respective 
networks and close the WAAM-to-machining gap on an industrial scale.


