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25 YEARS OF AM HISTORY AT P&W

AM Evolutionary Development

Resin & Wax Powder Based Non- EPowder Based Metallicé Powder Based
Stereolithography metallic g ~ Aerospace Metallic

Nesting Prototype

Supported structures | Unsupported structures Medical grade Tooling
Tooling, prototypes Production
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EXPERIENCE IS IMPORTANT

Part count and variety teaches various aspects of the process

— Visual — ~ Rigs &
Testing

>
~

— Engine Development —— Production —

o

.l

Over 3,000 metal parts builds experience and knowledge
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HOW DOES ADDITIVE GENERATE VALUE?

Specific categories of value generation

Supply chain leverage Cost reduction

‘ Ultimate opportunity — Unique designs enabled by Additive Manufacturing ‘
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ADDITIVE MANUFACTURING

What we need to do to be good at this

Critical drivers to future success

Process ‘
Understanding

)‘

Requirements for Material Design Space
(AM Property Design Curves)

g

Process /
Material

AU
Characterization -

Robust Process Development and Controls
(Cost Effective Delivery of Capabilities)

Design K Process

for \\ Control

Additive Establishment of Quality Control Capabilities

(Inspection Methods and Criteria)

Robust ProcesS¥or Airworthiness
(Validation/Compliance/Certification)

Powder Properties
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COMPONENT DESIGN

Existing Design Standard Work is applied to AM component design

« AM standards and specifications are defined for - e .
the component. TECH 5 MANUFACTURING

READINESS

« Relevant process features of AM are
Incorporated into the design process through a
Design Guide.

FixedProcess and Oversight

— Geometric features, Support Structure, Build

. . . Part Design Additive Manufacturing Controlled Material
Orientation, Build examples, etc. s S Compontant Valkdation
_ _ ] «Structures and Lifing — . Cl.Iemistry
« Mechanical properties required for Structural e RN e corvoiea o * MicTOStIUCHUT / SOUNdness
“ . *Design standard work e K - Process development * Mechanical physical and

assessments are added to the “Materials e I o N oo SNYRE pipelos

_ et _ _ wockooton  Joumonent » Material specification
Selection Activity” of Engineering Standard o

Work.

« Oversight including -- Source selection, Process
evaluation, Process Approval, Approval of BROBUCTION
changes and variation CERTIFICATION

« Component level validation of properties.
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PW1500G SYNCH RING BRIDGE BRACKETS

Electron Beam Ti16-4

Why?

« Can Minimize Significant Conventional Machining
from Forging

» Optimized Utilization of Build Layout
e Good Tie-4Al Material Candidate

Learning
« Teaming with Regulatory Agencies very beneficial.

» Leveraged learning from other difficult AM
processes

» Powder/Process/Material specifications essential

« Technical challenges are prevalent and Drive
Technology Readiness

* Procedure, traceability, documentation and
certification become primary drivers of
Manufacturing Readiness and dominate overall
timeline

HPC SVA System
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CONCLUSIONS

AM technology is PROGRESSING within UTC

EXISTING development and validation methodologies
are utilized

Oversight/!
Controlied
ProCess

EXTENSIVE characterization of the relevant Processes [ certification/
i ] - : | Validation

and Materials Is a set of standards and specifications

that provide Process Control

/Technology \
( / Product
W Readiness J

_ _ _ _ { Manufacturi Tools/
INVOLVEMENT with industry standards committees is oS ) Learning
key to future certification
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THANK YOU
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