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Boeing Product Development — circa 1918
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Boeing Model C
(1916, 56 built)
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Boeing Product Development — 1970s

9000 pages of part standards i S -.:,xg,ujJ_f i :
8600 part attribute rules L B
475 BAC process specs — 3

40 billion
part numbers
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Evolution of Product Design
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- Drawings
* Lots of paper

vy * Digital designs

* Parametric modeling
* Model based definition
* 3D GD&T
* Product Standards Data
* PLM, PDM, ERP, MES
* Virtual Manufacturing

* Digital drawings
* Early solid modeling
 Data entry systems

1960 1970 1980 18
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Desktop Computational Capacity
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or Moore’s Law as it applies to aircraft design

1000 Disk — GB
100
Airplane — Detailed CAD
10 Memory — GB
CPU
1
m
O]
0.1
Airplane — Preliminary Design
0.01
0.001
0.0001

1985 1990 1995 2000 2005 2010 2015
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Computational Design
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We want to
« Automate repetitive work
* Develop better products within shorter cycle times
* Reduce development costs

We are facing huge engineering challenges
« People are creative and flexible, but expensive
« Computers are systematic, tlreless thorough, and cheap
... and we just don’t have enough engineers

We want to create innovative designs
that we just can’t create otherwise
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Computational Design
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« Knowledge-Based Engineering (KBE)
 the tools and technologies for encoding engineering knowledge and
methods in software to analyze and generate aircraft, component, tooling
and other designs

« Generative Design
« automated reasoning with interactive and automated design methods -
based on the concepts of shape grammars and spatial grammars - that
gre used for generating designs and exploring spaces (languages) of
esigns.

. By encoding our knowledge

in modular, flexible design rules

applying them to generate and check our designs

use our computers as intelligent design assistants

leaving the more difficult - and more interesting - problems to our
engineers
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Genesis / KIRTS

Knowledge-based Integrated Routing Tool for Systems

 used for the design of aircraft systems tubes, pipes, ducts, hoses, cables and
bundles, including clamps, clamp blocks, fittings

« for hydraulic systems, fuels, cabin air, emergency oxygen, smoke detection,
fire suppression, fresh water, gray water, sewer

 contains design rules for engineering, manufacturing, fabrication and
maintenance

767-400 Hydraulic Systems
main landing gear bay
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A Genesis / KIRTS Design Rule
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condition(tubel,
‘Tube has no geometry.").

lhs(tubel, [Tube], [Partl, Part2]):-
schematic_tube connections(Tube, Partl, Part2),
in_context(Tube),
not occurrence_has_geometry(Tube),
occurrence_has_geometry(Partl),
occurrence_has_geometry(Part2).

description(tubel,
‘Create a tube and its fittings.").

rhs(tubel, [Tube]):-
make tube(Tube).
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Logical Reasoning about Designs
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« Axioms / base representations
* solids & assemblies
« part type classifications
« part interfaces
« system schematics

 First-order logic
 map from design rules to base representations

* Goal clauses
» specify design conditions
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Design Generation & Exploration
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« Design generation
* interactive generation and modification using design rules
« automated generation of detailed designs

» Design checking
« correctness and consistency checking
« automated analysis
* integrated simulation

« Exploring spaces of designs
« automated generation of alternative designs
« design iteration and quality evaluation
« design comparison and merging

BOEING is a trademark of Boeing Management Company

.'
, 'ﬁ g% LD ATA Copyright © 2015 Boeing. All rights reserved.
* ELYSIUM m NORTHROP GRUMMAN BOFING y W Copyright © 2014 Northrop Grumman Corporation. All rights reserved.
& - ’ o M | GPDIS_2015.ppt | 17



Comparing Designs in Genesis/KIRTS
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From Research to Production
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Carnegie Mellon University / Queen Anne Houses
* Representing 3D polyhedral solids

* Logical reasoning

« Parametric shape rules

« Simple design generation

Boeing / Aircraft Systems

* Representing 3D solids, assemblies, part classes, ports, function
« Parametric shape (plus) rules

* Interactive rule application & automated generation

* Simple design evaluation & exploration

* Representing design variants (alternative) designs

» Fast interference and systems separation checking

« Large scale, in-context design

« Comparing designs
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Open Source Computational Design
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What we need is a community effort to build computational
design tools that are

* high quality, robust and innovative

* interoperable with CAD/CAM/PDM systems

« embeddable in custom applications, analysis and
optimization tools

 usable by everyone

j> Free and open source software @ A
y [
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Open Source Computational Design

Global Product Data Interoperability Summit | 2015

Why would Boeing want to develop a design system as
Open Source?

We want to

- develop a robust, long lived system that can be used to develop
multiple generations of airplanes and aerospace products

» share the costs of developing and maintaining the system

* move to a standard, neutral knowledge representation
» enable sharing of design rules, e.g. from NASA, FAA, universities

« encourage collaboration with universities, government labs and
Industry to develop state-of-the-art capabilities
— speed technology transfer into Boeing
— speed the application of new technologies to Boeing products
— supports research collaboration with Boeing

— facilitate hiring of outstanding engineers into Boeing
GLOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
right © 2015 Boeing. All rights reserved.
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Open Source Software Knowledge-Based Engineering

= We use a modular

Architecture and User Scenario architecture, with

= modules that are shared
open source

User Program Specific Rules = proprietary modules that are
not shared

User Interface Graphical Display

User Product Development Rules

Design Generation & Exploration = We choose an open

UserDesign Standards source license that allows
users to use open source
Design Rules Licensed Design Rules modules with proprietary
modules — without having
o . . Industry Standard Design Rules to share the proprietary
Scripting Language Logic Engine modules

: : University Design Rules
Design Representations API

= Users can decide what

Generic Design Rules design rules to share and
what to keep to
_ themselves
Requirements User Reps:
SE & Systems Arch Design User Proprietary
gunctional g ALogicaL |' I\Sllanulfactl\t;lringt = Users can develop
eomet ssemblies upplier Mgm . : . =,
Part CIa;ysification Sygtr()-:-ms : Proprietary = tcensed fo User proprletary CapabllltIeS to
PLM / DBMS Industry Shared — Open Source augment the Open source
capabilities
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Computational Design
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Our Engineering Grand Challenge:

Construct, apply and share engineering knowledge

* In an active, computational form

able to analyze designs

able to synthesize and

able to optimize designs

with the knowledge independent of the design system

... In other words
Global Product Knowledge Interoperability
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