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Current Integrated Systems Engineering

Global Product Data Interoperability Summit | 2016

- Current systems engineering tools leverage computing
and information technologies to some degree, and
make heavy use of office applications for documenting
system designs. The tools have limited integration with
other engineering tools
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Integrated Systems Engineering Vision 2025

Global Product Data Interoperability Summit | 2016

- The systems engineering tools of 2025 will facilitate systems engineering
practices as part of a fully integrated engineering environment.

« Systems engineering tools will integrate with CAD/CAE/PLM environments,
project management and workflow tools as part of a broader computer-
aided engineering and enterprise management environment.

+ Systems engineering tools will support high fidelity simulation, immersive
technologies to support data visualization, semantic web technologies to support
data integration, search, and reasoning, and communication technologies to
support collaboration.

- Systems engineering tools will benefit from internet-based connectivity and
knowledge representation to readily exchange information with related fields.

* The systems engineer of the future will be highly skilled in the use of IT-enabled
engineering tools.
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EVOLVING MBSE USE CASES
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Open Services for Lifecycle Collaboration

Global Product Data Interoperability Summit | 2016

OSLC is being used as a foundational layer to satisfy key customer use cases -
extended as needed to deliver more robust interoperability.

Standards-based “Link, not synch”
* Extends the value of ALM investments
+ RESTful Web Services architecture Managementll Management
Designed for maintainability "l ]
» Source application owns both data and UX g B
* No data transformations, replication or v ) Lufet;(;T:%ala 'y
synchronization - (OSLC) | @ -
. Managemen s PR | anagemen
Open / extensible T ‘i; :
- Enables use cases for cross-vendor . FT & O

interoperability

« Supports N:N relationships - ideal for Product Lifecycle
selective data sharing across supply chain Management
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OSLC Groups

Global Product Data Interoperability Summit | 2016

ALM-PLM Interoperability (2nd edition)
»  Define Industrial relevant scenarios for
interoperability of ALM and PLM engineering.
Lifecycle Integration Patterns
* Avuser group focused on finding and sharing of
solutions to common lifecycle integration
problems.
Linked Data Platform
*  Writing a W3C specification for HTTP-based
(RESTTful) application integration patterns using
read/write Linked Data.
RDF Data Shapes

*  Writing a W3C Recommendation for describing
structural constraints and validate RDF instance
data against those

Automation

* Reducing manual interactions in all phases of
software development and operations

Change and Configuration Management

*  Tasks, defects, assets, and configurations at
OASIS

PROMCODE TC

*  Exchanging project management information
across organizational boundaries

Core

e Common problems with finding, creating, and
updating resources

Architecture Management

*  Modeling, diagrams, and use cases for software
development

Automation

*  Plans, requests, and results for builds and
deployments

Change Management

» Defects, enhancements, changes, and tasks
Performance Monitoring

*  Watching availability, performance, and capacity
Quality Management

* Plans, cases, and results for ongoing testing
Requirements Management

+ Define stakeholder needs and how to meet them
Embedded Systems

* Integrating dedicated components
Mobile

*  Mobile-specific needs
Asset Management

* Reusable components, documentation, and
representations

Configuration Management
*  Snapshots, baselines, and versions
Estimation and Measurement
*  Size, quality, time, and effort for making software

£ ELYSIUM
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Requirements Modeling

Global Product Data Interoperability Summit | 2016

* Model Requirements in SysML or
* Import from a Requirements Management tool
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MBSE and Requirements Integration

Global Product Data Interoperability Summit | 2016

MBSE Tool ﬁe/quirements Management Toom
)

Requirements

Additional
Model Elements

Model Trace
Links

MBSE/Requirements Synchronizer
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OMG ReglF Requirements Interchange

Global Product Data Interoperability Summit | 2016

Challenge: Difficulty in exchanging requirements

» Description of Problem
+ Customers increasingly need to exchange
requirements and specifications between or
within companies using the same or different
requirement management applications
* Use Case(s)

« Synchronize requirements for supported

applications
— IBM DOORs
— PTC Integrity Lifecycle Manager

* Imports and exports standard ReqlF
(requirement interchange format) files

« Support rich text, images, OLE, and
relationship information

* Independent viewer for standard ReqlF files

* Flexible configuration and mapping of
exchange information

« Customer Value

* Enables organizations to interchange large
amounts of requirements information on an
on-going and managed basis over the lifetime
of any particular project or product.
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Requirements Interchange and Connection

Global Product Data Interoperability Summit | 2016

-

PTC Integrity \
Lifecycle Manager

-

PTC Integrity \
Lifecycle Manager

T

PTC Integrity R
Lifecycle Manager Adaptor

PTC Integrity

e

~ Requirements Connector

4 )
IBM Rational DOORS
(\ . __\ J
PTC Integrity PTC Integrity
Lifecycle Manager Adaptor DOORS Adaptor
PTC Integrity PTC Integrity
_ Requirements Connector | | Requirements Connector
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System Context Modeling

Global Product Data Interoperability Summit | 2016
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Structural and Behavioral Modeling

Global Product Data Interoperability Summit | 2016
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System Model Simulation
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Systems Engineering and the Internet of Things

Global Product Data Interoperability Summit | 2016

Layer PTC Integrity Modeler system Design Live ThingWerx System Real World
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OMG Reusable Asset Specification (RAS)

Global Product Data Interoperability Summit | 2016

Modular Design is an approach which segments the design of whole
systems into linked, manageable and reusable sub-system designs

Module

A58t
Wheel

System Model
— ] =]
g
L Bomas

—
e

Module (Asset)
Library

i
' Expand product offering while
\ / reducing costs
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The Overloaded System Model

Global Product Data Interoperability Summit | 2016

Theresulting ‘Overloaded’ System Model
created by using previously created System
Blocks, or reused Library Assets
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Model Based Product Line Engineering ISO 26550

Global Product Data Interoperability Summit | 2016

Orthogonal Variability Modeling (OVM)

arequirements P — Y
|New Variation Point 'l] q New Requirement
Large Load
Load I

a a —
Regular Large

-

(" Y

Y
o | e ||| e |

asatisfys asatisfys
arequirements arequirements
The vehicle shall be capable of carrying Large Load

N . Linked requirements that are satisfied by system blocks ﬁ
medium duty” loads (class 4,5,6).

Drag & drop arequirements onto a
diagram and define a ‘Satisfy‘ link
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Model-based Product Line Engineering

Global Product Data Interoperability Summit | 2016

Variable Parameters

City LongHaul

J

a )
ChassisLength
=<

{End Multiplicity Texd} n /

MNumberof LoadAxels
=1
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Generate the Product Model

Global Product Data Interoperability Summit | 2016

Use the Variant Selector
to create a Product Model

O O @ |© @\6 -><> Trufk Decision Setl ‘Q Q @
[ Create Product Model .
Accomodation v
’ N\
e @ D Tank Volume x
| > Make your decision
Fue () for each Variant: e — —
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B D Tank Volurme . QL) @ (Q)(C) 6 34 Gallons
‘ ; : SO0
Gas Tank Volume P (@) () () G 48 Gallons
‘ (@ (&) (Q) b 52 Gallons
Length ) &Y \ M)\
48
| (6/8)
Load W
(J Large Q Q Q @
Temp Providor P
@ Physical 4
‘ Are you sure you want to x
Transmission V) Create Product Model?
(‘ Automatic
o -
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The Generated Product Model

Global Product Data Interoperability Summit | 2016
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Model- Based Product Line Engineering

Global Product Data Interoperability Summit | 2016

Integrated MBSE, Modular Design & Variability Modeling =
Model-based Product Line Engineering

Product Line
Models

Links via
Assets

Sub-system
Product Line
Models
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Product Lifecycle Management (PLM)

Global Product Data Interoperability Summit | 2016

- Product lifecycle management (PLM) is the process of
managing the entire lifecycle of a product from inception,
through engineering design and manufacture, to service and
disposal of manufactured products. PLM integrates people,
data, processes and business systems and provides a product
Information backbone for companies and their extended
enterprise.

« Within PLM there are five primary areas;
« Systems engineering (SE)
« Product and portfolio m2 (PPM)
* Product design (CAX)
« Manufacturing process management (MPM)
* Product data management (PDM)
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Current SysML / MBSE limitations

SysML tools lack integration with other engineering tools and
requirements management systems

— Lack of standardized interfaces
— Immaturity of model exchange
— Problems handling large sets of structured requirement
« Lack of representation of artefacts from important disciplines:
— Mechanical CAD, Geometry
— Electrics, Electronics (ECAD)
 Insufficient support for the re-use for system models

* No encapsulation of SysML models
— To support model assemblies like in 3D CAD
— To build model libraries
— To exchange model patterns
« Lack of variant-, configuration, and change management

« Lack of information traceability throughout the whole lifecycle,
Including maintenance, disposal

Uwe Kaufmann
2Moc;c;elAlchemy Consulting ‘ MOdElAleemy

creativity via modelling
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Facets of PLM-MBSE integration

Or: fundamental issues in product development that need to be
solved

* Need for a holistic integrated system model

— Multidisciplinary development needs common language
« Traceability
« Complexity management

— Large sets of requirements

— Many dependencies between system components

— Collaboration between many development teams

« Co-Simulation
* Increase comprehensibility of a product/system

* Integration of enterprise and business aspects
— Enterprise architecture
— Business objectives

« Support for collaboration in MBSE
« Support management of MBSE artefacts

« ? Product line engineering =ALM

Uwe Kaufmann
2Moc;c;elAlchemy Consulting ‘ MOdelAleemy 29
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MBSE to PLM Productivity — High Level SCENARIO

Global Product Data Interoperability Summit | 2016
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Model and Part Structure in SysML
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Export of MBSE Parts List to PLM
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MBSE to PLM Selection of Parts
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Export of MBSE Variability to PLM
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MBSE and PLM Traceability
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MBSE and PLM Bi-Directional Traceability
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MBSE and PLM Bi-Directional Traceability
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viewed in PLM
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PLE integration across ALM, Modeling and PLM
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Integrated MBSE — PLM - ALM
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MBDVidia for PTC Creo
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2D /3D Annotation Synchronization

« Adds missing annotations from drawing to 3D model

« Corrects incomplete/incorrect annotations

« Creates combined states on 3D model from each drawing view
« Creates 3D cross sections from 2D cross sections

« Checks consistency between 2D & 3D annotations
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LINKING DIGITALASSETS TO THE REAL WORLD

According to a study last year by Boeing and the University of lowa,
Augmented Reality can...

Increase first-time fix rate by 90%

Speed procedures by 30%

Visualize Interact
Enhance the user’s view Train or guide users on Manipulate digital
of the physical world with how to perform a task information with natural
the overlay of actual or through the overlay of user interfaces or control
hypothetical digital graphical instructions a product through an
information or real-time expert augmented digital user
guidance interface
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Virtual Reality
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\

TORQUE FASTENERS TO 165 TO 215 IN-LBS ~
PER RCNA-STD 1138 '

(4) FASTENERS
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Augmented Reality

« Stop by the PTC booth for a demonstration.
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Service Lifecycle Management Portfolio

Connecting Products & Servi

ces

Global Product Data Interoperability Summit | 2016

Service Information

Create, Manage, Deliver, and Advise
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PTC Confidential — Forward looking information subject to
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Questions and Answers

Global Product Data Interoperability Summit | 2016

Thanks for your attention!

Speaker
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