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ADDITIVE MANUFACTURING

ASTM’s Global Advanced Manufacturing Division -ull’ CENTER OF EXCELLENCE
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Perspective and Industry Experience

Carl Hauser ing- 20 L Lorse scatecz016 |
Technical Fellow — Metal Additive Manufacturing - , , »
@ ASTM Internation UK and Wohlers Associates =

30+ years of experience in metal AM: specialist m
in industrial DED deployment and scale-up

o

My Journey in Manufacturing and Additive Technologies ‘ A ;
E I DED-LB Parts from 300 to over 1500mm in diameter
® ! @ ®
Bridging Technology, Standards and
1 990 Shopfloor 1 996 201 O 2024+ Industrial Reality
Fabrication, Welding &  PhD - Metal PBF Industrial DED Standards & Industry \{/
Machining The University of Leadership Collaboration From early AM research to large-scale DED
Leeds Parts, RePa” and Wobhlers Associates, deployment and global standards activities,
Coatings powered by ASTM my focus is enabling repeatable, reliable

and scalable industrial outcomes.
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DED Has Reached a Turning Point
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“DED technologies are transitioning
from specialist capability toward broader
industrial deployment.” ......icam2025

|/l DED (including WAAM) traction increasing
e.g. defence, aerospace, marine, and energy

Y Growing focus on repair, remanufacture,
N and large-scale production

on_ Expansion of hybrid manufacturin
“/ v p y g
-— and deployable AM approaches

?.\ Shift from experimentation
o * toward operational deployment

k& The industrial pull behind DED is increasingly
operational rather than experimental. b

Key Drivers Accelerating Industrial Deployment

Deployable & Material Sustainability
Large Scale Hybrid Performance & Repair Productivity

PARN
Y 2 &
[ % 2 S
Multi-meters Flexible deployment Comparable to Asset life extension  High throughput
structures and parts and hybrid forged/cast materials  through repair and production

integration coatings

Real-World Applications

Large scale structures (DED-LB) Large scale structures (DED-Arc)
T :
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Scaling WAAM Is More Than Scaling Deposition 4Ty | ADDITIVE MANUFACTURING
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Industrial deployment requires more than technology.
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a Technology

Robust processes,
monitoring and
repeatability

e People
Skills, experience and

multidisciplinary expertise

e Confidence e ——
Evidence, traceability and : -
industrial acceptance

Image courtesy of:
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What Industry Told Us!

Findings from the ASTM ICAM25 DED White Paper
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DED WHITE PAPER 2025 TOP 5 BARRIERS TO DED INDUSTRIALISATION (1IcAM25 Live Poll Ranking)

& \CAM25

Accelerating

i sS IN
Readnr\\/esepos,\ tion (DED)

.'.
... Input from 30+ OEMs,

end users, service
providers, machine
suppliers, researchers,
and standards

@

\ndustrial
Directed

organisations

20+ Countries

Across aerospace,
energy, marine,
transportation, defence,
and general
manufacturing.

June 15, 2026

~70% ] Beyond R&D

STANDARDS, QUALIFICATION &
INDUSTRIAL READINESS

v Biggest gap to widespread industrial adoption
v Workforce capability and training

MATERIALS DATA & ALLOWBLES

v Need for traceable materials data
v Robust design allowables

PROCESS CALIBRATION
v Machine-to-machine variability
v Repeatable and transferable processes

TESTING & INSPECTION

v Inspection confidence remains low
v Limited validated NDE methods

IN-PROCESS MONITORING & CONTROL
v Advanced sensing and monitoring
v Closed-loop process control

e , |
66% ) Supportequivalency ﬂ/—
P393

ASTM Proprietary. Do not release without permission.

Lack of harmonised
qualification pathways

Essential foundation for
reliable design,
qualification and scale.

Critical for scaling DED
with production
confidence

Participants noted
inspection should rank
even higher.

Enables real-time quality
assurance and control

Skills remain a barrier

COMMUNITY PRIORIES FOR

FUTURE COLABORATION

Ranked by % of respondents
(top technical collaboration priorities)

Process Calibration
& Consistency

15%

Materials Data &
Allowables

11%

DED Process-to- 0/
Process Equivalency 9%
Repair &
Remanufacturing
Approaches

8%

Post-Processing / In-
Process Monitoring /
Other Topics

8%

(n = 60 participants)



Is WAAM “Just Welding”

Welding is a foundation.
Most challenges in industrial DED-Arc
deployment sit below the surface.

WELDI

ME &

INDUSTRIAL DED-ARC
REQUIRES MUCH MORE

Delivering reliable DED-Arc components
requires control of an entire
manufacturing ecosystem.

-

©

o

THE TAKEAWAY

WAAM builds on welding heritage

but demands expertise across
robotics, software, monitoring, data
and qualification /

\
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e — :

Robotics & Motion Control
Multi-axis kinematics, path planning,
reach, accuracy, repeatability

—~———

Metrology & Part Referencing
Scan-to-CAD, datums, coordinate
systems, dimensional control &
alignment

Digital Workflows & Toolpaths
CAD/CAM, slicing, deposition

strategies, simulation, version control

Monitoring & Process Control
Thermal management, in-situ sensing,
stability, feedback & adaptation

Inspection & Verification
NDE, dimensional verification,
acceptance criteria, repeatability

Data & Traceability
Digital thread, data management,
lineage, configuration control

Qualification & Certification

Procedure qualification, equivalency,
supplier approval, certification to class
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ASTM Response: From Industry Signals to Industrial Readiness & | CENTER OF EXCELLENCE

@ C
* ICAM25 @ WOHLERS

Wohlers

Where Industry Has Identified Key
Challenges:

Qualification & certification remain
major barriers

Inspection confidence is limited

Process/machine consistency is
difficult

Data traceability is increasingly
important

End-use adoption is growing across
key sectors

R [ % OC

INDSUTRY SIGNALS ASTM RESPONSE :COMMUNITY +
FRAMEWORKS

v"  DED White Paper
v Industry Engagement

v" CMDS DED Workstream

DED value chain

»‘ Framework Concepts Emerging from
D.E.E.P Project

ASTM

TECHNICAL REPORT ST

TECHNICAL REPORT

40+ organisations engaged across the

D5.1

Digital QA Framework
& Digital Twin
Architecture for
DED-Arc Manufacturing

D5.3

Qualification &
Certification
Framework for
DED-Arc Manufacturing

7~ DEEP
&) Project

REAL WORLD APPLICATION

Marine DED Demonstrator

A high-value, safety-critical maritime
component_

Used to evaluate:

* Qualification pathways

 Class society expectations

* Digital QA implementation

* Monitoring-to-certification
linkage

* Repair & new-build
opportunities

DEEP Project (UK) sep 25-March 26

Marine qualification and certification feasibility study

Co-funded by Innovate UK (UKRI)
through CMDC6

June 15, 2026
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BU|Id|ng a Road to Industrial Adoption 40y | ADDITIVE MANUFACTURING

W/
Technology is available. Confidence is built through standards, evidence, people and collaboration ¢l CENTER OF EXCELLENCE

CAPABILITY INDUSTRIAL CONFIDENCE ADOPTION
-We cando it - - Earned through evidence - -We do it at scale -
v" Parts can be built 19 T v' Procurement readiness i
igita
v ’ ) v ifi
Repairs can be performed System Readiness Evidence Qualified deployment
v" Monitoring available v Certified components
v' Materials knowledge 0oQ Data v Supply chain acceptance
continue to grow Process Control ~& Traceability v Production scale use
v' Repeatable Outcomes

<= Regulatory
1
Repeatable Outcomes == Alignment

~ Capability # Adoptio

i -l .
¥ o2

&
o =
& f
8 A 7 -
g/ 5 3,
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Help Shape the Future of DED 4l | ADDITIVE MANUFACTURING
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The next phase of DED industrialization will be shaped by the community.

OEMs

Drive demand
and define
requirements

Suppliers & Technology
Providers

Deliver solutions and enable
capability

Academia & Research / oOo EndlUtser: . l

Advance knowledge and @ CGD pply tec . nology in real-

develop talent Collaborate. world environments
Contribute.

Standards Bodies Accelerate. Regulatory Bodies

Develop consensus and Provide oversight, compliance
global standards and acceptance pathways

(%(]) ASTM /ISO F42 Use cases & requirements /D,,i Standards development

CMDS DED Workstream Qualification experience Best practices & guidance
Future frameworks

Workshops & working groups , Monitoring & inspection data

4

o000 Moving DED from capability to industrial confidence

CC )
@ Join the conversation. Join the community. @/6
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Questions?

Please contact:

Carl Hauser

ch@wohlersassociates.com
_— . ada ~ Image courtesy of:
~astmrorg

amcoe.org |IEEI| Manufacturing
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