= ‘ AlloyAdditive

Industrial Titanium WAAM:

From Process Control
to Flight-Proven Parts

Mehmet Emre Cetinkaya | Founder

WAAMathon - Berlin



Alloy Additive

THD® (Tungsten High Deposition)

Robotic Ar
AVES

Unique value propositions:

3D Printi
Softwart

1) High titanium deposition rate

2) In-house developed 3D software

3) Expertise in own process parameters

Positioner
Axes

4) Exotic and super alloys capability
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TIG Printing for Titanium

B Stable and precise heat input

TIG gives smoother arc control, cleaner
bead formation, and more consistent
layer bonding for titanium WAAM.

m Quality advantage for large parts

The result is dense, repeatable
deposition with improved surface
guality.
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Production Capabilities

Istanbul Facility
300 m?

THD® (Tungsten High Deposition)
Build Volume-1x1x15m

RHM® (Rapid Hybrid Manufacturing)
Build Volume -3 x3x2m
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CASE STUDY

Radome flange - Ti6AI4V
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MANUFACTURING

WAAM and machining

As-WAAMED Machined final part
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PENETRANT TESTING

Liquid Penetrant Testing of Radome

Test Standard: TS EN ISO 3452-1

Cleaner: PFINDER 890
Penetrant: PFINDER 860
Developer: PFINDER 871
Inspection Area: Entire surface
Penetration Time: 30 minutes
Development Time: 15 minutes

The component was inverted and tested in two different orientations to increase
defect detection sensitivity, and all surfaces were inspected.

Evaluation Standard: TS EN I1SO 23277
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PENETRANT TESTING

Liquid Penetrant Testing of Radome - Outer Surfaces

No defects or discontinuities were observed on the outer surfaces.
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PENETRANT TESTING

Liquid Penetrant Testing of Radome - Inner Surfaces

The inner surfaces showed only the locations where radiographically detected defects
broke to the surface; no additional defects were found.
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RADIOGRAPHY

Radiography of Radome

Radiographic Test Conditions:

Test Standard: TS EN ISO 17636-1
Evaluation Standard: TS EN ISO 10675-1
Penetremeter: 13 TI EN

Wire Number Detectable with
Penetremeter: 15 (0.13 mm)
Radiography Source: X-Ray

Equipment: XR-ERESCO MF-4

Results revealed a LoF in a single layer only, no other defects were detected.
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Reasons of Defects

Possible defect causes

Heat Input
* Low amperage
 High amperage
* Tungsten work distance (voltage)

Motion & Toolpath

 Robot speed (TTS)
* Slicing & toolpath error

Thermal Conditions

° Interpass temperature

Torch, Tungsten & Wire Setup

‘ungsten stick-out
‘ungsten geometry (tip angle)

* Welding direction .

‘ungsten thickness

* Wire feed speed (WFS)
* Wire arrival point
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ROOT CAUSE ANALYSIS

Defect Traceability through Data log
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In-Situ Monitoring In

Optical sensing

(high-speed imaging)

Inertia

Signal monitoring for WFR,
speed, and power fluctuation
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Temperature monitoring
(contact-based)

\ / Pyrometer beam
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Thermocouple
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Temperature monitoring
(non-contact measurement)

e Acoustic monitoring
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CASE STUDY-

Daggerboard - Ti6AI4V 3D printed titanium rudder used during
Jules Verne World Record in 2026.

460 mm

For Illustrative purposes
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RADIOGRAPHY

Radiography of Daggerboard in WAAMed surface

Conventional radiography was conducted in the as-WAAM condition, and the weld seams
were clearly observed.
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RADIOGRAPHY

Radiography of Daggerboard in
CNC Machined surface

 Radiographic inspection (4 films) after
CNC machining.

* Walls examined individually.
* Improved clarity (no surface roughness).

* No lack of fusion defects detected.
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PENETRANT TESTING

Liquid Penetrant Testing of Daggerboard
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 Used alongside radiography to
& detect surface defects.

&
* Enabled comprehensive NDT of

both internal and surface integrity.
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PENETRANT TESTING

Liquid Penetrant Testing of Daggerboard
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PENETRANT TESTING

Liquid Penetrant Testing of Daggerboard

e No defects were found in the
component.

* The titanium weld quality and
surface finish achieved by TIG
welding were excellent.
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Space Flight

Rocket extension - TiGAI4V
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60% Lower 7 Days Instead Space Flight

Cost of 7 Weeks Proven
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Space Flight

Rocket extension - TIGAI4V
30+ parts produced for 6 missions including OTV
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SPACE MISSIONS

COMPLETED

Sounding Rocket Missions

Sounding Rocket - Nozzle
Sounding Rocket, 2nd Stage - Extension

~—

ONGOING
- &\&}_ :‘:_\

Orbit Transfer Vehicle _ st
OTV — Aft Dome + Extension ' d

UPCOMING

OTV & Lunar Hard Landing

OTV — Aft Dome + Extension (2026—2028)
Lunar Hard Landing - Extension (2027)
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THANK YOU

Questions & discussion

\\“\\\\ esa
# \s Hrna ark k.
DLR \\ lstanltl:)ul digireiHUB

European Space Agency Aachen

Contact

HQ: Teknopark Istanbul, Tiirkiye

Office 2: digitalHub Aachen, Germany

S m a rt et ) Manufacturing l{ ‘ VENTURE

LABS

Web: www.alloyadditive.com nufacturing

E-mail: info@alloyadditive.com
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