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Oh how far we have come...

Global Product Data Interoperability Summit | 2017
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Design for Additive Manufacturing
Traditional and new design workflows supported

Global Product Data Interoperability Summit | 2017

From Traditional
Prototyping

TO...

Scan to print

Optimize to print
Optimize Valldate
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Opportunities abound

Global Product Data Interoperability Summit | 2017

Individualization

L AN ,gﬂ

o= Courte&y 6t Materialise

Individual part Weight reduction Part reduction :
design light-weight structures — product simplification Inventory reduction

topology optimized _ zero inventory
geometries Low series

Personalized : lot size 1 On-demand

Functional - product availability
products implants, o Finished products

shoes, car parts optim I_Zatlon printed as assembled Supply chain

one-offs
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Optimizing Paths for AM

Global Product Data Interoperability Summit | 2017

Scan -2 modify - print
Lightweighting

Assembly simplification

Functional performance optimization
Multi-material parts
Digital materials

* Individualization

* Replacement parts / digital inventory
» Accelerate innovation cycles

» Design anywhere. Print anywhere.

* Repair parts

« Supply chain restructuring / shrinkage

» Eliminate castings

|i"ﬁ - Eliminate injection molding
ncmg « Rapid manufacturing aids
acturlng . Checklng/tool fleur_es

A N « Composite part prl.ntlng

N \ * Low volume (lot size of one)
Multi-material parts

Product transformation

Status quo

Ad
Man IF

v
°

Shift from conventional design to enterprise DFAM

Manufacturing transformation
Shift from prototyping / experimentation to mainstream industrial production
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How do you achieve Industrialization?

Global Product Data Interoperability Summit | 2017

Smart model-driven process

Simulate 3D Print

Data Management and Shop Floor Connectivity
Siemens Production Software and MES Systems

Partnerships
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Design for AM

Global Product Data Interoperability Summit | 2017

Advancing
Products

« Generative design using
topology optimization

* Design with Convergent
Modeling ™

e Lattice structures

* Design rules for
manufacturability
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Design Evaluation

Global Product Data Interoperability Summit | 2017

I r O d u C t § - © B switch Window [ Window » ¥ NX 11 Build Additive.127 - Pre/Post - [(FEM) EclipseHorizontalStabiliserTopologyOptimisationAssembly_fem1.fem (Modified) ()] SIEMENS . & X

Home Nodesand Elements Results View SurfaceWrap Analysis  Application  Developer  OmNICAD for NX Plma0.asx

O s i > ¥ v 4 A . N ® W > VA 3 4 Al 3|
8 o B = I°n A & 2 u & K w3 » %% @ :

Manage Physical Mesh More  Merge Stitch v" More ED) Mesh More  Mesh 10 More Eement Node/ More Show Reverse  Show  Show
tecials Materials Properties Collector ¥ ®  +  Tetrahedral Mesh Control ¢~ Mating Conn v Quaity E Only Face Display Adjocent and Hide %

% Menu~ | No Selection Filter ntire Assembly i I} » @ W@ | Single Body § 2 3 ¥
- -
I11 9 | Simulation Navigator © New FEM O X
S I u a I O I I . Nane ! e &

F& @ EclipseHorizontaiStabiliserTopologyOptimisationA...
2 Mesh Controls
@ CSYS CAD Part A
@ Groups
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CAD Pant

Idealized Part

Create idealized Part

« Validate optimized
designs e

Polygon Body Resolution Standard
* Select Bodies (0)

Geometry
« I Geometry Options...

« Generate simulation

Name Status
Session Solver NX Nastran

models to validate — | [
® 55-111334

20 Solid Option | None
® 55-112
pEAtRUAAS Default Cyclic Symmetry Cylindrical CSYS

convergent body S

® 55-103530-20.
® 34-109251-10. h Morphing

D Save Full Morphing Data

« Access all validation
and editing tools in one
environment
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Changing the face of Manufacturing

Global Product Data Interoperability Summit | 2017

Advancing Powder bed fusion Multi jet fusion
Manufacturing

Productivity Simulation

HP Multi Jet Fusion

* Drive additive
manufacturing technologies
for real production

 Integrated post-printing
machining and inspection
programming

Hybrid additive
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General Climate for AM Today

Global Product Data Interoperability Summit | 2017

C 4 CAE
ustomer CAD

Requirements

Quality

Post Process  Finishing
-— ' Assurance

7 Material

A

Conventional Multiple Uncontrolled Disconnected Certification
thinking data conversions workflow software
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Moving from Prototype to Production

Global Product Data Interoperability Summit | 2017

DESIGN AND ANALYZE PLAN AND MANUFACTURE

/~ \ /7~ \

' = TOOLPATH
DECOMPOSITION POST
« PART REQUIREMENTS GENERATION « PLANNING AND
- MANUFACTURING + MACHINE SCHEDULING
REQUIREMENTS . ENVIRONMENT - PRODUCTION
 REQIREVED « PART FILE oo - ADDITIVE OPERATIONS . COLLISION + CAM TO CONTROLLER EXECUTION
PRODUCT PREPARATION « SECONDARY * MULTI-AXIS SLICING REACHABILITY & * ROBOT TO TABLE * PRINT PART
DEVELOPMENT - FEATURES & SETUP S PERATIONS DIRECTLY ON MODEL SINGULARITY SYNCHRONIZATION - VALIDATE PART
» DOCUMENTATION DEFINITION - SEQUENCING DETECTION - TOOLPATH TO ROBOT -~ SCADA
MANUFACTURE

PATH CREATION
MACHINE
SIMULATION

ADDITIVE
PLANNING

DESIGN

CAD/CAE/CAM

DATA, PROCESS AND MANUFACTURING OPERATIONS MANAGEMENT
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What can happen without comprehensive control?

Global Product Data Interoperabili
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Holistic Approach

Global Product Data Interoperability Summit | 2017

Product Manufacturers

Cloud-based, open IoT operating system

Print Preparation
Machine Control Data Analytics

Finishing & Engineering . )
Quality Process Sim & VC Operation / Execution (MOM/MES) Co-innovation ecosystem
Micro-factories Engineering

Engineering / Optimization

Security & Quality and job shops community
3. @ H Software
- | providers
Product Production Production Production s T SWN, Sag !
3 =i services
co-innovating
Collaboration platform N W i

A o]

. ® ~ %
Machine .Q @ Materials
services PSS

Equipment
vendors

System

design 2 planning engineering execution

Machine Machine Machine Machine
concept engineering issioni operation
Part buyers

Security & Quality

Machine design & simulation Machine Control Data Analytics

Automation engineering

Machine Builders

|
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Digital Enterprise

Global Product Data Interoperability Summit | 2017
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AM Eco-system

Global Product Data Interoperability Summit | 2017

A global, digital collaboration Micro-factories Engineering

platform for distributed, industrial and job shops community
additive manufacturing (AM) and

co-innovation solutions Software
providers
Our digital platform links together )

an ecosystem of product ] Expert

developers, experts, service
manufacturers, 3D printing
machine OEMs, AM material : "

vendors and software providers

Our digital platform provides a

secure, transparent and

automated process Equipment

from idea to finished-part delivery vendors Part buyers

Materials

Copyright © 2017 Northrop Grumman Corporation. All rights reserved.
GPDIS_2017.ppt | 15

-v' 5 GLOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
’ A 'SN T EJR OthE RI’\"IIB ! 'i' T{f Copyright © 2017 Boeing. Al rights reserved.
£ ELYSIUM e QL ooEING

& ELYSIUM [ parke: 00 oo asecan Qo moene



The Digital Twin
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Cloud-based, open loT operating system
* o o

feed back insights to continuously optimize product and production

Digital Twin of Digital Twin of Digital Twin of
the product the production the performance
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Predicting Build Issues

Global Product Data Interoperability Summit | 2017

Distortions

Local over-heating
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Predictive DfAM

Global Product Data Interoperability Summit | 2017

Residual
Stresses
 Distortions

* Qver-heating
* Meltpool
morphology

 Porosities

« Powder
distribution
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Case Study on Inconel 718, SLM process
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« Distortion calculation has been performed, based on effective
values of multilayer shrinkage

0.18
0.16
0.14
10.12
10.1
1 0.08

0.06
0.04

0.02

Diameter from CAD : 133mm Simulated distortion :
Measured Distortion : 0.4mm 2*0.19=0.38mm
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The journey to Industrialized AM

Global Product Data Interoperability Summit | 2017

Customer 4 CAD }
Requirements

Quality
Assurance

7 Material

A

Conventional Multiple Uncontrolled Disconnected Certification
thinking data conversions workflow software
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Begins with collaborative development

Global Product Data Interoperability Summit | 2017

Data Management Order Parts

T (=

Manufacturing Operations Management

Customer CAD/CAE/CAM } PLM

Requirements }
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Extends into Machine Integration

Global Product Data Interoperability Summit | 2017

7

Data Management Order Parts

T (=

Customer
Requirements

CAD/CAE/CAM PLM

Manufacturing Operations Management

Print Pro
S
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( Material
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Followed by Post Operations

Global Product Data Interoperability Summit | 2017
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Data Management Order Parts

PLM -
} Manufacturing Operations Management ! ﬁ { r

Customer
Requirements

CAD/CAE/CAM

Print Pro
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Lastly the certification process

Global Product Data Interoperability Summit | 2017

7

Data Management
Manufacturing Operations Management

Customer Order Parts

Requirements

CAD/CAE/CAM

Quality
Assurance

Print Pro
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All together comprises an Industrialized Approach

Global Product Data Interoperability Summit | 2017

Customer (CAD/CAE/CAM Data Management . Order Parts
Requirements Manufacturing Operations Management H { r
( .
Quality
Assurance
Print Pro
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What can help us get there?

Global Product Data Interoperability Summit | 2017

A focus on standards
« Nadcap - provides independent certification of manufacturing

processes for the industry

ASTM - Subcommittee F42.05 on Materials and Processes

3MF Data analytics framework for manufacturing

Data Analytics for Mfg e = ; :

ISA-95 for AM

aad| L LT
"

Visualization E———

Computer Vision /
Image Processing

Machine Learning /
Statistical Analysis
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Standards Drive Design and Manufacture

Global Product Data Interoperability Summit | 2017

Generati
Design
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Design for Additive Manufacturing
Traditional and new design workflows supported

Global Product Data Interoperability Summit | 2017

From Traditional
Prototyping

TO...

Scan to print

Optimize to print

£ ELYSIUM

Optimize

System Generated Design
'v’ P RSN 9017

& ELYSIUM
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Valldate

Validated
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Let’s not be this guy
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Thomas Hoffman
Sr. Enterprise Engineer — R&D
Siemens PLM Software

Tom.Hoffman@siemens.com

Thank You!
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