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The leading independent authority on PLM and its 
digital transformation. We provide research, education, 

and strategic consulting to clients around the world.

OUR MISSION: 
Maximizing clients' ability to design, deliver, and 

support innovative products and services.

Strategic management consulting for competitive advantage in global markets

Defining What Comes Next in Digital Transformation
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• 35+ years of experience in transformation and IT enablement 
of product development and manufacturing processes.

• Strategic advisor and program manager for PLM programs 
across the Americas, Europe, and Asia.

• PLM Practice Manager at CSC Consulting and at A.T. Kearney.
• Previously with EDS, served as chief architect for General 

Motors’ worldwide engineering systems.
• Areas of Focus

• Facilitating cooperation within the aerospace and defense 
industry

• Strategically expanding PLM within aerospace and defense 
companies 

• Extending PLM from airframe and propulsion OEMs to their 
external value chains

Presenter’s Profile

James Roche
Aerospace & Defense 

Practice Director
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Key Takeaways

• The concept of a digital thread as the progression of product 
representations, or structures, that are created and consumed along 
the product lifecycle
• How lifecycle product structures are interrelated in a weblike 

configuration
• Guidelines for designing and incrementally implementing a digital 

thread vision

What you should understand at the end of 
this session 
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• Introduction
• Digital Thread Concepts
• Digital Thread Case Studies
• Concluding Remarks

Agenda
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Source:

Digital Thread Comes of Age
Recent advances in PLM solutions have made 
the Digital Thread technically possible

Source:

Source: PTC

Source: Siemens
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Lifecycle Product Structures
Connections between the four principal product 
structure configurations – Thread vs web

Product Lifecycle Timeline Sequence (Thread)

Product 
Rqmnts

Engineering 
BOM

Mfg
BOM

Service 
BOM

Product 
Rqmnts

Engineering 
BOM

Mfg
BOM

Service 
BOM

Derivative Dependencies (Web)
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Lifecycle Product Structures

• Product structure is the organizing construct for all information that defines and is associated with 
the product definition throughout its lifecycle. There are many views by which this structure can be 
configured:

• Requirements view
• Functional and logical views
• Engineering view (i.e., eBOM)
• Purchasing view
• Manufacturing view (i.e., mBOM)
• Service view (i.e., sBOM)
• Sales view
• and many others, including simulation and test views, as built and inspected views

• On each of these configurations is hung the information needed by the owning business area to 
perform its role within the overall product program lifecycle

Framework for the Bill of Information (BOI)
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• Introduction
• Digital Thread Concepts
• Driving Influences for Digital Thread Design

• Systems Engineering
• Program Planning & Control
• Bill of Information

• Laying Out a Digital Web
• Digital Thread Case Studies
• Concluding Remarks

Agenda

Copyright © 202310

Systems Engineering

Systems Engineer
The systems engineer should develop the skill for identifying and focusing efforts on assessments to 
optimize the overall design and not favor one system/subsystem at the expense of another while constantly 
validating that the goals of the operational system will be met.

Source: NASA Systems Engineering Handbook

Optimization
Finding an alternative with the most cost effective or highest achievable performance under the given 
constraints, by maximizing desired factors and minimizing undesired ones.

Source: BusinessDictionary.com

Validation
Showing that the product accomplishes the intended purpose in the intended environment—that it meets 
the expectations of the customer and other stakeholders as shown through performance of a test, analysis, 
inspection, or demonstration. Source: NASA Systems Engineering Handbook

A driving influence for the digital thread
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Systems Engineering
Methods Maturity

Level 1 – Requirements analysis and design Level 2 – Modeling and simulation

Level 3 – Modeling and simulation with physical validation Level 4 – Modeling and simulation with virtual validation

Copyright © 202312

Systems Engineering
Why “Functional” analysis?

Requirements
Function

Physical
design

Source:  G. Esdras and S. Liscouët-Hanke, Bombardier Product Development Engineering, Aerospace, Montréal QC,~2014

The functional model 
is the link between 
requirements and 
physical design
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Aircraft
Level

Component
Level

System
Level

Sub-system
Level

Stakeholder 
Requirements 

Definition
Requirements 

Analysis

Architecture 
Design

Requirements 
Analysis

Architecture 
Design

Requirements 
Analysis

Architecture 
Design

Requirements 
Analysis

Design

Verification

Integration

Verification

Integration

Verification

Integration

Verification

Validation

Transition

At each successive level, requirem
ents analysis and design At
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Systems Engineering
Design processes repeat at each level of the 
system hierarchy
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Component test
- at supplier -

Sub-system test
- at a/c manufacturer -

- a/c ground test -
System integration

- HIL rig test -

Aircraft
integration
- a/c flight test -

Implementation

Component
requirements

Aircraft
requirements

System
requirements

Sub-system
requirements

Systems Engineering 
Methods maturity

MIL: Model-In-the-Loop simulation
SIL: Software-In-the-Loop simulation
PIL: Processor-In-the-Loop simulation
HIL: Hardware-In-the-Loop simulation

Continuous analysis, allocation, design, 
verification, integration and validationLevel 5 –

Automated 
modeling, 
simulation, 
validation

Model

Integrated
Model

Integrated
Model

Model
Verificati

on

Req
Validatio
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Model
Verificati
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Validatio
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Model
Verificati
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MIL+SIL+PIL

Virtual Iron Bird

MIL+SIL+PIL+HIL
Physical  Iron Bird

Model

Integrated
Model

Model
Verificati
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Req
Validatio
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Model
Verificati
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Req
Validatio

n MIL+SIL
Model
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Program Planning & Control
Process – Program management and 
program systems engineering

Work-to-Schedule Linkage 
Schedule tasks linked to work 

element deliverables

Product-to-Work Linkage 
Work element deliverables linked 

to product element artifacts

Requirements Allocation 
Mission Requirements and 

KPIs allocated and traceable 
throughout product structure Organization-to-Work Linkage 

Work element linked to 
organization delivery resources

Conceptual 
Studies

Preliminary 
Studies

Initial 
Definition

Joint 
Definition

Detailed 
Design Tests Maturity Series Stream Out

(Multiple dashboards, 
customized by role)

Reporting
Automated real time program 

control based on work element 
deliverables status

Copyright © 202316

Bill of Information
Data scope (1 of 3)

Protocol for the 
representation of 
systems engineering 
data that defines the 
context, scope and 
information 
requirements for 
various development 
stages during the 
design of an aircraft 
(ISO 10303-
233:2012)

Physical Structure
Aircraft
(Physical 
Product)

Systems Structure

Electrical 
Systems
Hydraulic
Systems

Landing Gear
Systems

Air Management
Systems

Fuel
Systems

Power Plant
Systems

Flight Control
Systems

Interior

Wings

Structural Vert’l
Horizontal Tail

Pylon

Doors

Wing Fuselage 
Fairing

Tail Cone

Structural 
Fuselage

Consists Of

Aircraft
(Functional 

Product)
Consists Of

Accommodate 
Payload & 
Resources

Provide Flight 
Information

Control Aircraft 
in Flight

Move Aircraft on 
Ground Provide Lift

Provide Power

Functional Structure
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Bill of Information
Data scope (2 of 3)

Enabling 
Systems

Aircraft Program
(OEM Perspective)

Aircraft
(Physical 
Product)

Expanded Aircraft
(Customer Perspective)

Consists Of

Systems Structure

Electrical 
Systems
Hydraulic
Systems

Landing Gear
Systems

Air Management
Systems

Fuel
Systems

Power Plant
Systems

Flight Control
Systems

Interior

Wings

Structural Vert’l
Horizontal Tail

Pylon

Doors

Wing Fuselage 
Fairing

Tail Cone

Structural 
Fuselage

Consists Of

Simulators 
and Training 

Systems

Disposal 
Systems

Development 
Systems

Maintenance 
Systems

Test SystemsDeployment 
Systems

Production 
Systems

Consists Of

Information for defining an 
aircraft and its support 
solution; information 
required to maintain an 
aircraft; and information 
required for through life 
configuration change 
management of an aircraft 
and its support solution 
(ISO 10303-239:2012)
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Bill of Information
Data scope (3 of 3)

V-Model for the 
Expanded Aircraft 
includes 3 
technical domains 
plus operations, 
and maintenance

Adapted from ProSTEP iViP Association (2014).  Smart 
Systems Engineering, Behavior Model Exchange Version 1.0
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• Introduction
• Digital Thread Concepts
• Driving Influences for Digital Thread Design
• Laying Out a Digital Web

• Digital Thread Case Studies
• Concluding Remarks

Agenda
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Digital Web
Systems engineering and program planning 
& control connections

Market 
Rqmnts

Certification 
Rqmnts

Design BOM
(mechanical)

Design BOM
(software)Design BOM

(electrical)

Product 
Architecture Simulation 

Pedigrees

Functional 
Structure

Product 
Breakdown 
Structure

Work 
Breakdown 
Structure

Test BOM

Product 
Rqmnts

Engineering 
BOM



The Promise of the Digital Thread
2023 Market & Industry Forum—30 March 2023

Page—11

This presentation is copyright © 2023 Clip art may be copyrighted. No use, reproduction or 
modification is permitted without prior written permission.

CIMdataâ is a registered trademark of CIMdata, Inc.

Copyright © 202321

Design BOM
(mechanical)

Design BOM
(software)Design BOM

(electrical)

Digital Web
Manufacturing engineering connections

CMM 
Programs

Tooling BOM

Robotics 
Programs

CNC Mach 
Programs

Work 
Instructions

Bill of 
Process

Engineering 
BOM
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Digital Web
Manufacturing planning & production 
connections

As-sched 
Mfg BOM

Plant-spec 
Mfg BOM

As-planned 
Mfg BOM

As-shipped 
BOM

As-built 
Mfg BOM

Work 
Instructions

Bill of 
Process

Make/Buy 
BOM

Mfg 
BOM

Design BOM
(mechanical)

Design BOM
(software)Design BOM

(electrical)

Engineering 
BOM
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Digital Web
Service connections

As-maintained 
BOM

As-modified 
BOM

As-shipped 
BOM

Service 
Manuals

Make/Buy 
BOM

Service 
BOMDesign BOM

(mechanical)

Design BOM
(software)Design BOM

(electrical)

Engineering 
BOM
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Design BOM
(mechanical)

Design BOM
(software)Design BOM

(electrical)

Digital Web
Full lifecycle connections

Market 
Rqmnts

Certification 
Rqmnts

Simulation
Pedigrees

CMM 
Programs

Tooling 
BOM

Robotics 
Programs

Make/Buy 
BOM

CNC Mach 
Programs

As-sched 
Mfg BOM

Plant Spec 
Mfg BOM

As-planned 
Mfg BOM

As-shipped 
BOM

As-built 
Mfg BOM

Work 
Instructions

Service 
Manuals

As-modified 
BOM

Functional 
Structure

Product 
Breakdown 
Structure

Work 
Breakdown 
Structure

Test BOM

Bill of 
Process

Product 
Rqmnts

As-maintained 
BOM

Engineering 
BOM

Mfg 
BOM

Service 
BOM

Product 
Architecture
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Digital Web & Digital Threads

• The Digital Web is a representation of the relationships between 
product structures that are created and consumed by various 
communities across the product lifecycle
• Digital Threads are the actual interconnections that occur between 

elements within and across these structures
• Having the Digital Web representation allows the analyst to define and 

establish the higher-level patterns between product structures and 
then provide the user community with a framework for assigning the 
dependencies between data elements, i.e., the Digital Threads

Definitions and why it is helpful to work with 
both

Copyright © 202326

• Introduction
• Digital Thread Concepts
• Driving Influences for Digital Thread Design

• Systems Engineering
• Program Planning & Control
• Bill of Information

• Laying Out a Digital Web
• Digital Thread Case Studies
• Concluding Remarks

Agenda
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Heavy Equipment & Support Packages
Goal: Improve speed, efficiency and accuracy 
of proposal preparation

Proposal 
BOM

Service 
BOM

Manufacturing 
BOM

Make Buy & 
Costing BOM

Engineering 
BOM

Production

FinancePurchasing

Product Support
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Specialty High-Tech Equipment
Goals: 1) Improve efficiency of release to 
manufacture, and 2) increase design reuse BOM Management

Sale-to-Order Process

Manufacturing 
BOM (150%)

Sales BOM
(150%)

Design BOM

Engineering 
BOM (150%)

Design BOM

Product 
Architecture

Design BOMDesign BOMDesign BOMs
(Private)

Design BOMs
(Public)

Product & Work 
Breakdown 
Structures

Manufacturing 
BOM (100%)

Engineering 
BOM (100%)

Sales BOM
(100%)
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• Laying Out a Digital Web
• Digital Thread Case Studies
• Concluding Remarks
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Concluding Remarks

• Digital Thread is a straightforward and powerful metaphor for the 
concept of linking multiple representations of a product, each tuned to 
the needs of various creators and consumers, along the lifecycle
• Depicting the relationships between product representations as a web 

is more useful as a paradigm for defining scope and planning the 
design for a digital thread implementation
• Systems engineering, program management and bill of information are 

principal design influences that drive the information configurations 
and connections within the web 

The digital thread is really a web and use 
cases define the threads in the web (1 of 2)
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Concluding Remarks

• As with any major endeavor, the best approach to digital thread 
realization is to plan big – lay out the landscape so that as you build 
the pieces they fit together – and then build out piece by piece
• Use cases are the pieces – they define scope of the threads in the web 

and the business value associated with their realization

The digital thread is really a web and use 
cases define the threads in the web (2 of 2)
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• Access A&D PLM Action Group resources at www.ad-pag.com
• Digital Twin/Digital Thread Solution Definition for Aerospace and Defense: Phase 3, position paper, Feb 2023
• Digital Twin/Digital Thread Solution Definition for Aerospace and Defense: Phase 2, position paper, Jul 2022
• Multiple View Bill of Materials (BOM) Solution Evaluation Benchmarks, report, Jul 2020
• Multiple View Bill of Materials, position paper, Feb 2019

• Access CIMdata resources at www.CIMdata.com
• Multi-view BOM Value Potential, webinar, Apr 2022
• The Digital Thread is Really a Web, with the Engineering Bill of Materials at Its Center, webinar, Sep 2021
• Making Multi-view BOM a Reality, webinar, Mar 2020

• Contact for further discussion
James Roche, Aerospace & Defense Practice Director
Email: j.roche@CIMdata.com
Tel: +1.734.668.9922

To Learn More…

http://www.ad-pag.com/
http://www.cimdata.com/
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Questions & Answers
What’s on your mind?
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Defining What Comes Next in Digital Transformation

World Headquarters
Ann Arbor, Michigan USA

Tel:+1.734.668.9922

www.CIMdata.com

Serving clients from offices in North America, Europe, and Asia-Pacific

Asia-Pacific Headquarters
Tokyo, Japan

Tel:+81.47.361.5850

EMEA Headquarters
Weert, NL

Tel:+31 (0) 495.533.666

Strategic management consulting for 
competitive advantage in global markets


