
BOEING is a trademark of Boeing Management Company

Copyright © 2014 Boeing. All rights reserved.

Copyright © 2014 Northrop Grumman Corporation.  All rights reserved.

GPDIS_2015.ppt | 1

Six Stages 

of Additive 

Engineering

Richard Murrish –
Technology Management Services

316-461-7238
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“Look at the world differently!”

Destin Sandlin – Smarter Every Day

Parallax 
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“Look at the world differently!”

Destin Sandlin – Smarter Every Day

You Cannot Ride This Bicycle !!

Neural Plasticity

Reduces with Age 

https://www.youtube.com/watch?v=MFzDaBzBlL0
https://www.youtube.com/watch?v=MFzDaBzBlL0
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Things you need to know and

Limits you need to challenge 

• Now that complexity is (almost) FREE –
How much does impossible cost?

http://www.ted.com/talks/bastian_schaefer_a_3d_printed_jumbo_jet
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What’s in a name?

Additive Manufacturing

aka – Accelerated Digital 

Manufacturing

aka – Additive Layer Manufacturing

aka - Solid Freeform Fabrication 

aka – Rapid Prototyping 

aka – Digital Fabrication

aka – 3D Printing
aka – ……
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Technology – More Names

Powder bed fusion

Selective Laser Sintering

Directed energy Deposition

Electron Beam Direct Mfg

Ballistic Particle Mfg

VAT photo-polymerisation

Two-photon Lithography

Fused Deposition Modeling

Liquid Jet Metal Print

Continuous Liquid Interface 

Production

…….

Stereo-Lithography

Sheet lamination

Layer Object Mfg

Material jetting

Binder jetting

3D Doodling

Material extrusion

Polyjet

Bioprinting

FreeForming

……..
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AM Processes – Types - 5?  7?  9? More?

Bed-Based

Vat-Based

Feeder-Based

Lamination Extrusion
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Processes – Polyjet

Or - Ballistic Particle Manufacturing and Stereolithography

http://www.stratasys.com/3d-printers/technologies/polyjet-technology
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DeFAT

SLALOM

EBM

Design For Additive Technologies
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Stage ZERO

Ask yourself why?

Is it really the right way to go?

Or are you just wanting to play?

Or need a paperweight for desk?

• AM is still expensive –

usually more than other 

“production” methods

• You need to take the entire 

product life cycle into 

account to establish value

• Cut lead time

• Performance Improvement

• Weight improvement

• Production rates

• Reduced inventory

• Cut Tooling 

• Environmental impact
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Stage One

Stage Zero

Prototyping or AM for Metalheads

COE 2014 Certification Model

Take a CAD Solid and Print it – No Thinking
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Stage One

Stage Zero

Stage Two Saving money or Metalheads on a budget/schedule

Sparse Fill - automatic

Orientation Options

Material Options

Process Options
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Sparse Fill – Automatically Generated

Interior not part of Design Intent

Simplify3D infill patterns



Global Product Data Interoperability Summit | 2015

BOEING is a trademark of Boeing Management Company

Copyright © 2015 Boeing. All rights reserved.

Copyright © 2014 Northrop Grumman Corporation.  All rights reserved.

GPDIS_2015.ppt | 14

Example – Time, Space and Orientation

Inspiration @ Siggraph ‘08

BRRD.pdf
BRRD.pdf
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1.85 hr per copy
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3.17 hr per copy

1.09 in3 per copy part

1.12 in3 per copy - support
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What’s Different?

Material and Process
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Stage Two

Stage One

Stage Three

Stage Zero

Design Considerations 

Decision Tree

Complexity is (almost) Free

Training is not

Topology Optimization (automatic)

Attention to other “Design For”

Material Selection?

Durability?

Color Required?

Size?
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Speed

Waste

Material Properties

Material Cost

Support
Capital Cost

Build Envelope

Envelope Utilization

Surface Finish Color

Post Build Processes

Flight CertifiedOffice Environment

Setup

Accuracy

And on and on …

Pre-Processing

Technology Overview – Decision Tree

M
u
lt
i-

F
u

n
c
ti
o
n

a
l

Availability

Resolution
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Processes – Material Cost and Color
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Process – 3D Printing

22

Note – you never see me and Captain America

at the same place and the same time???
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Process – Support Costs

23

SLS

FDM

NBG_Nested-Balls-george-hart.1_1.pdf
NBG_Nested-Balls-george-hart.1_1.pdf
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Complexity is (almost) Free – Training is NOT!

sse_complex_plus_ball.pdf
sse_complex_plus_ball.pdf
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Typical COE “Top Gun” Challenge?
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Typical COE “Top Gun” Challenge? Plus some -
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Process – Part Consolidation
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Process – Resolution
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Process – Material Selection
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Process – Post Processing
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Design Considerations - Topology Optimization

• Not specific to AM

• AM allows geometry to be manufactured that could 

not be machined

• FEA determines where material is needed based on 

loading and boundary conditions

simulatetoinnovate.com

Airbus A320 Hinges Airbus A380 Bracket
Within Technologies
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Design Methodologies: Truss Structures

• Conformal truss structures 

Hybrid Geometric Modeling Method for Large Scale Conformal Cellular StructuresHongqing Wang, Yong Chen, David W. Rosen,

ASME Journal of Computing and Information Science in Engineering, 2006, accepted (paper)

http://www-bcf.usc.edu/~yongchen/Research/HybridModeling.pdf
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Topology & Shape Optimization: Process

Design Space

Topology Optimization Result

Validation Run

New CAD design

CAD reconstruction For Additive Manufacturing

For conventional 

Manufacturing

Shape 

optimization

Daniel Pyzak,

Dassault Systèmes,

dpk@3ds.com

mailto:dpk@3ds.com
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Stage Two

Stage One

Stage Three

Stage Zero

Stage Four Thinking Inside the Box

Mesostructure

Tailored Structure

Assemblies

Internal Design Intent

Graduated colors

http://www.georgehart.com/rp/10-3.html
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Varied Mesostructure Design

Disney Research Hub Presentation
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Design Considerations - Lattice Structures 

ASTM 42 – AMF Format

Hybrid Concept Model 
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Design Considerations - Lattice Structures 

Source: Ryan Dehoff, Oak Ridge National Laboratory, 

Manufacturing Demonstration Facility

European Space Agency
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Multi-Functional Design

Voxel8 Quadcopter
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Starting in 2015, GE Aviation will make 

30,000+ fuel nozzles for LEAP engine.
– Consolidates 18 parts

– Eliminates brazing operation

– 25% lighter

– 5X more durable

– Design change to reduce carbon buildup -

Part Consolidation Example
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Application and Testing - ORNL

Internal Design Intent and Inspection

https://www.youtube.com/watch?v=ecJ97NYzh3o
https://www.youtube.com/watch?v=ecJ97NYzh3o
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Stage Two

Stage One

Stage Three

Stage Zero

Stage Four

Stage Five Double Your Pleasure and Problems

Texture Maps

Graded Color/BMP maps

Hybrid structure/process

Multi-material configurations

Stratasys.com 

Objet Printers

http://www.festo.com/cms/en_corp/14252.htm
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3ders.org- ref: Lockheed Martin

Graded Color and Multi-Material – Plus complex Geometry
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Neri Oxman – MIT - Acoustical Chaise

44 different digital materials 

out  of an “infinite palette”
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Multi-Functional Design
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Stage Two

Stage One

Stage Three

Stage Zero

Stage Four

Stage Five

Stage Six

Design Intent in the REAL WORLD   
Allowables/Analysis

Dimensioning

Anything but round

Function rather than form

Inspection

Conveyance/Formats

Data Size
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NIST Research Program – contact Robert Lipman

• Measurement Science for Additive Manufacturing

• Characterization of Additive Manufacturing Materials 

• Qualification for Additive Manufacturing Materials, 

Processes, and Parts

• Real-Time Control of Additive Manufacturing Processes

• Systems Integration for Additive Manufacturing 

• Some printers at NIST

• Metal powder bed fusion (EOS M270)

• Metal binder-jetting (ExOne)

• Makerbot, Z-Corp, Objet, Afinia, …
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Application and Testing - ORNL
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ExoOne New Materials

Allowables ?  But, what if I vary them across a part?
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Application and Testing - ORNL
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Application and Testing - ORNL
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Application and Testing - ORNL



Global Product Data Interoperability Summit | 2015

BOEING is a trademark of Boeing Management Company

Copyright © 2015 Boeing. All rights reserved.

Copyright © 2014 Northrop Grumman Corporation.  All rights reserved.

GPDIS_2015.ppt | 61

Application and Testing - ORNL
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3DPrint.com

Air Duct for New Orbis Flying Eye Hospital

by Bridget Butler Millsaps · October 10, 2014

ULTEM Material

Qualified for fire and smoke

One of the few.

http://3dprint.com/author/bridget/
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EOS’s Aluminum AlSi10Mg alloy for

a Rennteam Uni Stuttgart racing car
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Dimension This?

Comp Tool K_Rick.pdf
Comp Tool K_Rick.pdf
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Or maybe this?

Note – Every vertical support is different 

diameter based on its length

Strut Test.pdf
Strut Test.pdf
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One commonplace element of part production that is decidedly not digital is the use of isolated 

linear feature dimensions as a proxy for the overall accuracy of the part. This practice, along 

with the awareness of geometric dimensioning and tolerancing (GD&T) that almost any 

machine shop takes for granted, is a relic of 2D representations of parts onto paper.

By contrast, Digital Tapestry manufacturing would instead be trusted to manifest the desired

form of a part, whatever that form might be, within an envelope of acceptable variation all the 

way around the original design. In the Digital Tapestry, instead of enumerated feature tolerances 

indicating whether a part broke the envelope, direct digital comparison with the envelope itself 

would qualify the part.

The data for this comparison might be obtained by scanning the part and comparing the 

scan against the design model. However, Little says the more efficient way to accomplish this 

same goal would be to validate the part-making process in terms of its fidelity at producing a 

form to the precision needed. Either way, there would be no dimensions and tolerances that 

would be appropriate to anything like a shopfloor gage. That is, there would be no numbers to 

describe the part in anything like the way that a machinist might expect.

AdditiveManufacturingInsight.com 

November 2014 Modern Machine Shop
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N-E-R-V-O-U-S.com

Data Size and Dimensioning Issues?
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N-E-R-V-O-U-S.com

Very Functional Requirement – Build Volume
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N-E-R-V-O-U-S.com

And wearability -
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