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. everyone working together
to make the best decisions
every day.....

To produce the best products...

To Optimize Our Customers’
Experience...
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Not Difficult when Scale is Small...
... and you wear lots of hats!
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Not Difficult when Scale is Small...
.. and you wear lots of hats!

Purey, Serv,‘c@ 3

the same room....

- |Our Communication is.....
e | ow Risk

 Low Latency

él* High Context & Error Free
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But Challenging when we... “Advance”
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Design

Complexity
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And We grow .....

Global Product Data Interoperability Summit | 2015
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And Now Our Communication has...

Bringing the parts together in Everett

M) O Averelt
Loy ol B~
g

Higher Risk
Higher Latency
Less Context & More Errors

]

- FROM AUSTRALIA :
ASRTRALIA. Movable triling edges
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shipped to Everett {
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Which Causes...
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Product Development

MFG S-A-§
| STUDIO | ENG MFGENG | MFG. Service & After Sales

Higher Logistics
Costs & Inefficiencies

Too Many
defects at Launch...

Program Timing
is TOO long.....
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Growth Effects on Collaboration...
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Supplier Extended Enterprise

OEM Organizational
“Dispersement”

OEM
Geographical
“Dispersement” .

OEM Co-Location

» 100% Collaboration * < 100% Collaboration « << 100% Collaboration » <<<< 100% Collaboration
* 0% Latency (min’s) * > 0% Latency (hours) + >> 0% Latency (Days/WKks) » >>>> 0% Latency (Months)
* 100% In-Context * < 100% In-Context e << 100% In-Context * <<<< 100% In-Context
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The Way Forward...
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Traditional Product Realization Landscape...

Global Product Data Interoperability Summit | 2015
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Traditional Product Realization Landscape...
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4 4
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By Domain
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Target Product Realization Landscape...
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X
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The Way Forward...
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Product Development Service & Afier Sales

Smart Product

Manufacturing

Smart Factory

Sourcmng

N S v

Collaborate Visibility

Measure

Monitor

Manage

Optimize
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What can be done today....
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Mfg Intelligence j’Usage based MMce
* Energy Mgt * Usage based Design Validation
) Er.1g Ac\:nr?ly'glcst . Asset Mgt -+ Remote Diagnostics
Issge I\%gt * Machine Maintenance

+ CAPEX Analysis

«  WIP Tracking « Condition History Reporting

« Efficiency Monitoring
« OEE
* Waste Analysis

Content Integrity
+ IP/IEXP

Surrogate Modeling

Design for Mfg
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Smart Engineering - MBSE

Global Product Data Interoperability Summit | 2015

FProduct Development

z Manufacturing s Service

A

Mechanical

L Electronics )
S/W
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Smart Factory - Analytics Driven Optimization

Product Development Manufacturing > Service ,
Sourcm§ %uali%
Process Plannmg MES
e
%ﬁ ; 3
' Smart Engineering ‘ ‘ Smart Factory

Mechanical

L Electronics )
S/W
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Smart Product = Captured Service Experience

h. Product Development 7> Manufacturing

> Service >

Sourcing

Process Planning

(=

' Smart Engineering ‘ ' Smart Factory

%uali%
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X

Certification
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Smart Product - Captured Usage Experience

h. Product Development 3. Manufacturing > Service Fleet Usage
| W

ol ; == I_ =

ourcin uall
== — S Service

— . e
Process Planning MES

=2, e = HTsa_

Smart Engineering ‘ ‘ Smart Factory ' Smart Product ’

X XJX

Mechanical

L Electronics Y
SIW
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We Can now Build => Digital Thread

Global Product Data Interoperability Summit | 2015

~  Product Development > Manufacturing 2 Service 2 Fleet Usage 4
— —

l% — Sourcin %ualit)g
— % Certification
—

Process Planning MES
— — &/
“As-Designed” “As-Built”
Events Events

FAA Compliance

| “As-Experienced”
Events Events

|| Function || vogicat || ¢ dysicat || process || meso “""*l Analytics Engine

“As-Serviced”

Knowledge Engine

Mechanical

1 ot Electronics Content Integrity (IP/EX)
‘L S/W . .
Digital Thread
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From the Digital Thread => To The Digital Twin

~  Product Development > Manufacturing 2 Service D2 Fleet Usage )
—— | —]

l% — Sourcin %ualit)g
— % Certification
—

Process Planning MES
—caD__ e —

FAA Compliance

“As-Serviced”

“As- Experlenced

“As-Designed” “As-Built”
Events Events Events Events |
][ Function " Logical ] ysical I Process ” Resource | Ana|ytiCS Engine
........ -—__._ " Resuurr_e
; e ) ”m Knowledge Engine
Mechanical
Electronics Content Integrity (IP/EX)

S/W

Digital Twin '

Digital Thread

Digital Twin
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From the Digital Thread => To The Digital Twin

Global Product Data Interoperability Summit | 2015

Where we are starting...
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Requires a Digital Thread Platform......

Product Development

PLM Efficiency Mgt

» Service & After Sales

Mfqg Operations Mgt

Service/Maintenance Mgt

Analytics Engine

Knowledge Engine

Content Integrity (IP/EX)

Digital Thread

R

Maintenance

£ ELYSIUM

@aﬂflﬂa

~" GLOBAL PRODUCT D T
’ 4 INTEROPERABILI
|
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Because...The Thread Platform must manage 3" party tools links......

Global Product Data Interoperability Summit | 2015

e Product Development Manufacturin Service & After Sal

-

Program Mgt
Backbone

P N System
(" System \ SR

L i}
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I Tools [ R, I Toolsy |
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' I
' /
S o e e e e = — —— e = =
Design Design
Instance ] Instance

Digital Mfg_|

Product Design Backbone
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Because... The Thread Platform must manage/synthesize links......

Global Product Data Interoperability Summit | 2015

Product Development Manufacturing Service & After Sales
Plant

Features Reqts BoM Prototypes Testlng Sourcing Mfg Processes Services

Logistics (ME & War
(::> E§= Program Mgt Backbone j <:> % %

Functional Logical

G\nodeling Modeling 0P Simulation 1D Simulation 2D Simulation

3D Simulation 3D Simulation

i

Performapfe
Attribyfes

Issues Compliance BoP(rocess) Plant Layout Work Instructions

/
I*f' 4 ﬁ;;i: gl Tl ol %

Product Design Backbone
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Because... File-Based Integrations vs Attribute Linkage Mgt (n? vs 2")
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Program ERP Warranty File Based Links
Reqts
6 xBOM
2
n
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2000 2
Digital Mfg Quality 0 ——
badl LN T T s
HHm"'r\m Mat ey,
Nmmqggsr\ o o T o
Plant layout CrRBFn
"n" mn2 m2n o
MES N=10

Attribute based Links
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BOEING is a trademark of Boeing Management Company

l:‘% LDI TA Copyright © 2015 Boeing. All rights reserved.
.E.z ELYSIUM m WM @Iaflﬂﬂ ’ M M | Copyright © 2014 Northrop Grumman Corporation. All rights reserved.

GPDIS_2015.ppt | 26



Because... Shop Floor Data Collection is Heterogeneous/Granular

Global Product Data Interoperability Summit | 2015 Example Protocols and Manufacturers:

v Allen Bradley PLCs
v DNP3
v ICCP
v' GE Fanuc PLCs
v Mitsubishi PLCs
v' Modbus Devices
v' Modicon PLCs
v OMRON PLCs
v ROC/ROC+
v' Siemens S7 PLCs
v ABB AC450, AC460 and AC410
v APACS
v’ Bailey DCS
_ v’ Fisher Provox
Example Historians and Databases v' Foxboro
o OSIPI v" Honeywell TPS (TDC 3000)
o AspenTech InfoPlus 21 v' RS3 RNI
o GE-Fanuc Automation Proficy (iHistorian) v" Triconex
o Wonderware Historian (InSQL) v Yokogawa
o MatrikonOPC Desktop Historian + others
o Honeywell PHD
o InStep eDNA
o Microsoft SQL Server
O

All OPC-HDA Compliant Historian
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Because... In-Flight Data Collection is Massive

~ 20GB per hour

8000 parameter/tests
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The Digital Thread Platform must.....

Global Product Data Interoperability Summit | 2015

Product Development ~Manufacturing Service & After Sales
Data Collection....

- Applications - Devices - Meters - Product

- Databases - Machines - Controllers - Cloud

- Log files - Sensors - etc

Finance

?Qrchasing I

ERP

Production Planning I
— —

Warranty I

_

_/
™

PDM MES
TDM I S I
~NC I
D Process work Instructions I Tech. Pubs =
\ cAE I Re=curce I /
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The Digital Thread Platform must.....

Global Product Data Interoperability Summit | 2015

rlﬂ'. Rk .+'. ..a.. ﬂ.ﬁ;ﬁml;!\ ' p gt e v G &r};f :" s j : " PRI .:: L o .:.'t é:' f.i..i a: ' ' AR
- Data Aggregation - Data Normalization
- Applications - Devices - Meters - Product
- Databases - Machines - Controllers - Cloud
- Log files - Sensors - etc
BOEING is a trademark of Boeing Management Company
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The Digital Thread Platform must.....

Global Product Data Interoperability Summit | 2015

Product Development ~Manufacturing Service & After Sales

Apply Context....

- ISA88/ISA95 - PLM Processes
- Mfg Processes - Product Performance

- Data Aggregation - Data Normalization
- Applications - Devices - Meters - Product
- Databases - Machines - Controllers - Cloud
- Log files - Sensors - etc
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The Digital Thread Platform must.....

Global Product Data Interoperability Summit | 2015

Product Development ~Manufacturing Service & After Sales

Define Measurements, Domains, Ranges, Formulae...

e~
- Metrics - KPIs
- Targets - Alerts

- ISA88/ISA95 - PLM Processes

- Mfg Processes - Product Performance

- Data Aggregation - Data Normalization
- Applications - Devices - Meters - Product
- Databases - Machines - Controllers - Cloud
- Log files - Sensors - etc
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The Digital Thread Platform must.....

Global Product Data Interoperability Summit | 2015

Product Development ~Manufacturing Service & After Sales
PLM Efficiency Mgt Mfq Operations Mgt
Sa _— 5| - - 'T—

| e —

Monitor & Manage
Dashboards, Scorecards, Reports
- Metrics - KPIs
- Targets - Alerts
- ISA88/ISA95 - PLM Processes
- Mfg Processes - Product Performance
- Data Aggregation - Data Normalization
- Applications - Devices - Meters - Product
- Databases - Machines - Controllers - Cloud
- Log files - Sensors - etc
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The Digital Thread Platform must.....

Global Product Data Interoperability Summit | 2015

Product Development Manufacturing Service & After Sales
PLM Efficiency Mgt Mfq Operations Mqt _._Service‘Maintenance Mgt

Analytics Engine

Knowledge Engine

Mechanical

1 Electronics Content Integrity (IP/EX)

¥ b Digital Thread
[ | [ [ |

I Maintenance I

&m

Experience
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And then we can..... Have visibility on instrumented H/W & S/W

Global Product Data Interoperability Summit | 2015
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And then we can..... Monitor Program Progress & Analytics

Global Product Data Interoperability Summit | 2015
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And then we can..... Monitor Production Efficiencies
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And then we can...Monitor Production Efficiencies = Energy per Product

Global Product Data Interoperability Summit | 2015
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And then we can..... Monitor Green House Gas Emissions

By Product, By Geo, By Mfg Node....
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And then we can..... Monitor In-Use Products
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From the Digital Thread - To The Digital Twin < and Back...
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Thank You......
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