MICROSTRUCTURE ANALYSIS OF TIG WELD JOINTS OF
NI-BASED SUPERALLOYS PRODUCED BY LASER
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Both a User and Service provider

of AM

« >10 years AM user
experience

» 200+ qualified AM
components

« >1,500,000 operating
hours

* Extensive material
data

« >40 DfAM engineers

Transmission

Positioned for technology
partnerships and value add

services
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Aerospace qualified
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Range of Materials
(Ni/Ti/Al/ Steels /
CO)

>5000 parts delivered

Tooling / Processing
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Global Footprint serving both internal,,.cq aerial- &
and external customers Manufacturing (AMM)
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3 printers
Expanding in 2023 1
people

Over 5.000 parts delivered to 80+ customers dedicated to AM

Certifications (AS9100, Nadcap, AMS7003) O
5 + printers

48,000 sg/ft serial production factory
Fully integrated AM Application Center in US ORL
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AM use cases In Gas
Turbines

* Higher combustion temps

* Fuel flexibility
* Improved sealing

* Reduced emissions

* Faster repairs
* Faster time to market
e Spare part availability
* Risk reduction

AM Strategy
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Addl'ﬂve Man ufacturlng Advanced Materials &

Manufacturing (AMM)
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Components

Goal =2 Print multiple (LPBF) parts separately to take advantage of various

print orientations, materials and geometries and join them subsequently with
tungsten inert gas (TIG) welding using standard industrial specifications.

Build Part
Restrictions Complexity

2000 ym
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Motivation

Laser Powder Bed Fusion (LPBF)
* Most mature metal AM technology today

High resolution s
Can be slow
Limited Build Volumes

» LPBF Stand alone = Limited use cases
 Joining Methods = Expanding the reach of LPBF

When considering joining AM hardware:
» System Level Thinking = Features, components &
location in the system

e Other Additive and Manufacturing Technologies
must be considered (WAAM, Cast, Subtractive, etc.)




Joining AM Types

Modular

Manufacturing S AM 4 AM
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Mixed
Manufacturing

} Casting —> AM + conventional




Modular setup: Test rig vane
(LPBF IN718)
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system
IN625 LPBF on IN625 cast
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M88A3 “Dummy” Spider Duct
Both Modular and Mixed Manufacturing

Mixed Manufacturing
LPBF Inco 625 to 316

Modular Manufacturing
LPBF Inco 625 to Inco 625 TIG
welded




Reqguirements & Approach

Application of our standard weld qualification within Siemens Energy
* Continuing with a known standard can increase acceptance

Standard Weld processes & filler material used for Non-AM materials
Weld Prep — Machined? Or Printed? - Both

V-Seam Root Shield / Backing
Argon 15 &= 5 Vmin

Welder Qualification
T Y pix BN 150 9606-04
60° Welding positions according to

DIN EN ISO 6947
b 2mm
c 0.5mm

PA  Horizontal welding
t 2.6mm PC

e =

cross position
PH Vertically rising Pipe
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Results, Benefits

 LPBFIN625 samples are weldable using the same TIG
welding setup as for conventional tubing.

* No cracks or out-of-spec defects were identified.

 Modular and Mixed setups in LPBF IN625 have been
fully qualified based on the results of the study.

scale like structure
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Advanced Materials &
by AM _ o _ Manufacturing (AMM)

Product Development Process

Strategic Product Planning Design Design Implementation Validation

Product Product & Conceptual Basic Final Design ~ Manufacturing Erection, Install, Product
Strategy Development Desian Desian & & Commissioning & » Monitoring
Plannlng 9 9 Procurement Assembly Trial Ops & Validation
Concept development, Verification and manufacturing trials Quality Assessments Production

Design approach:
Reducing part volume 2. Reducing support structure volume

Manufacturing trials:

- Support structure and removal for two build directions

« Line supports for vanes with varying line thickness |
Gap supports with varying gap lengths for burner tip

VWwwy @

3. Easily removable supports

=

Single-Vector Gusset Supports:
Break away during sandblasting

Manually removable line supports
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Conclusions and Outlook

More still to be done:

* Qualify more material combinations (incl. dissimilar joints)
 Qualify joining of different (AM) technologies (e.g. LPBF to WAAM)
» Additional mechanical testing (fatigue, creep..)

* Integrated fixture features into wed prep — decreasing tooling dependency
= Clocking orientation / manufacturing access

/ / Snap-fit M
4=

Bayonet feature g ‘ Snap-fit pin Milled



SIEMENS Advanced Materials &
CNeErcy Manufacturing (AMM)
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Tad Steinberg

| Siemens Energy Additive Manufacturing
Business Development, Sales & Marketing

12501 Research Parkway Orlando, FL 32826
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CEre — (OTTTSESEET] (RSOSSN

/' Siemens Energy Additive
{i Siemens Energy AM:



mailto:tad.steinberg@siemens-energy.com
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