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Introduction

Airplanes and other aerospace and defense (A&D) products 
are incredibly complicated. So are the systems engineering 
processes bringing them to life. Every innovation adds to 

the complexity.

At the same time, A&D organizations face growing demands to 
innovate quicker while reducing costs. That would seem to pres-
ent competing priorities. Among other challenges, the more com-
plex the product, the more likely you are to encounter integration 
issues, which can slam the brakes on a project.

As the product evolves, so must the processes for creating it. New 
digital processes are driving revolutionary ways to design com-
ponents and whole systems. This transformation connects disci-
plines and allows teams to see how systems interact and evaluate 
the impact of revisions across the entire design. This approach 
is known as model-based systems engineering (MBSE), a meth-
odology that uses models rather than documents to orchestrate 
product development, requirements flow down, and overall 
integration.

Traditional systems engineering is its own niche function, not 
really plugged into the rest of the development process. A model-
based approach to systems engineering, however, can be the 
overarching driver of any program.

MBSE provides insights during conceptual brainstorming. It 
can drive requirements down into the detail level of the various 
domains, with complete validation and traceability. It can help 
predict, identify, and address problems proactively before they 
spiral into delays and cost overruns.

Foolish Assumptions
In preparing this book, we’re making a few assumptions about 
you, the reader:

 » You play a vital role in the engineering process for A&D 
programs, maybe as a program manager, an executive 
leader, or a systems engineer.
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 » You may know about systems engineering and perhaps 
MBSE, but it’s not clear how you can make MBSE work in 
your organization.

 » Your time is valuable, so you’d appreciate a quick read that 
will inevitably make your work life easier.

Icons Used in This Book
Throughout this book you’ll spot several icons. Think of them as 
road signs, letting you know of something significant nearby.

This book is short enough to zip through. Just don’t miss the par-
agraph next to this icon.

We hope this book will provide actionable insights, and this icon 
draws your attention to a helpful hint.

No one needs to tell you things can go very wrong. Here’s a pointer 
to avoid a bad situation.

Beyond the Book
This book is a few dozen pages, which only scratches the surface 
of MBSE. If you come away with an appetite for more, here are 
some resources:

 » Model-based Systems Engineering: Information from 
Siemens about solutions that can help you along the path

 » Accelerate Product Development with MBSE: A video on how 
MBSE can orchestrate the technical program

 » Talking Aerospace Today: An informative podcast from the 
Siemens Aerospace and Defense Industry team

https://www.plm.automation.siemens.com/global/en/industries/aerospace-defense/model-based-systems-engineering-mbse.html
https://www.plm.automation.siemens.com/global/en/resource/accelerate-product-development-with-mbse/92905
https://blogs.sw.siemens.com/podcasts/talking-aerospace-today/orchestrate-your-technical-program-with-mbse/
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Chapter 1

IN THIS CHAPTER

 » Flying high with A&D innovations

 » Embracing the challenges inherent in 
change

Soaring With Aerospace 
& Defense

Few industries fuel the human imagination as intensely as the 
aerospace and defense business. Think about all the books, 
movies, toys, and video games that revolve around flying 

somewhere exciting, winning a battle, or soaring into space. 
Consider how people around the world have been captivated by 
everyone from the Wright Brothers to Neil Armstrong to  
Elon Musk.

This chapter explores the fast-changing aerospace and defense 
sector and its embrace of innovations that will become tomor-
row’s books, movies, toys, and games. It outlines visions for the 
future, factors driving change, and how difficult it is to keep up 
with the forces of evolution and revolution.

Taking Flight
Innovation is the name of the game in the aerospace and defense 
sector (often known as A&D). In fact, innovation is creating new 
opportunities in propulsion, supersonic and hypersonic flight, 
and urban air mobility (UAM).
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Consider, for example, the concept of advanced air mobility. 
An electric vertical takeoff and landing (eVTOL) aircraft is an 
alternative for transporting people and goods in a faster, more 
environmentally friendly way. Although designed for urban envi-
ronments, it also means serving less-populated areas, delivering 
cargo or medical supplies with greater ease.

An all-electric taxi is an interesting example because it could 
involve technological innovation and whole new business mod-
els, such as Uber-like services for air mobility. All of this requires 
spectacular and disruptive innovation.

And then, there are ongoing innovations in existing, more tradi-
tional A&D sectors. There’s always a desire to get somewhere or 
deliver something faster, which means an ongoing push for such 
things as supersonic business jets or even hypersonic transport. 
Higher travel speed isn’t the only consideration. There’s more 
concern than ever about environmental impact, causing A&D 
product developers to keep greener alternatives on top of mind.

Expand your gaze further into space, and the innovation contin-
ues. For example, satellites are getting smaller and smaller, yet all 
the more powerful. Consider the Starlink constellation of small, 
low-orbit satellites developed by SpaceX to provide satellite-
based internet access.

Many of these exciting ideas are happening in the private sector, 
driven by commercial interests. Think of the current “space race” 
between Virgin Galactic, SpaceX, and Blue Origin. Of course, for 
every innovator on the commercial side, you’ve got many who are 
forward-thinking in the defense-focused A&D sectors.

No matter where you look, great ideas seem to emerge more 
quickly than ever. Everyone is trying to get to market faster, and 
at less cost. For example, digitalization may enable a mechanical 
system to move to a software-based capability that’s both speedy 
and cost-effective to adopt.

Meanwhile, innovation on the military side of A&D has tradition-
ally come with a skyrocketing price tag, as famously suggested 
by former Lockheed Martin CEO Norman Augustine. Augustine’s 
“Law Number 16” states that while defense budgets may grow at 
a linear pace, the cost of new aircraft grows exponentially.
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Rising costs are simply no longer sustainable. The emphasis now 
is on innovating, yes, but also on controlling costs and cutting the 
development schedule significantly.

Despite exciting signs of progress, the truth is A&D is an indus-
try that’s not always accustomed to moving quickly. It’s not a 
matter of wanting to move slowly in product development — it’s 
just that products that fly through the air or shoot into space are 
incredibly complex.

Many years can pass between that light-bulb moment and a 
product hitting the market. As the pace of progress accelerates, 
long cycle times become a problem. What if expectations change 
while your product is still on the way to market? How can you 
remain flexible enough to evolve the product while it’s still in 
development?

The complexities that slow the wheels of progress aren’t going 
away. There is more electrification, for example, and more effi-
cient and reliable electromechanical options are supplanting 
hydraulic technologies.

Everything these days is software-driven, not just in A&D but vir-
tually everywhere. Again, this enables greater control and flex-
ibility, improved efficiencies, and futuristic capabilities. But it’s 
making engineers’ lives even more stressful.

Embracing Change
The thirst for innovation is far from the only factor driving change 
in the way companies operate. There are also ongoing pressures 
from governmental agencies and regulators, everything from the 
U.S. Department of Defense (DOD) to the Federal Aviation Adminis-
tration (FAA) to the European Union Aviation Safety Agency (EUASA).

Companies have urgent priorities, some shifting and some not 
always in alignment with one another. The industry must adapt 
to serve its many masters — and that must include the way its 
products are engineered and manufactured.

Change is also being propelled by newcomers’ efforts, including 
startups in space, air mobility, and defense. Disruptors such as 
drones are making noise across the industry, as well.
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Ecological considerations are driving change, too, and in ways that 
might differ from one part of the world to another. A push toward 
alternative fuels in one society may be matched by increased 
interest in electric or hybrid solutions somewhere else.

Safety, of course, is an ever-present issue that gets attention from 
the industry, the public, and regulators. The issues that the Boeing 
737 MAX experienced are just one example of the way safety is more 
important than everything else. To succeed, aircraft manufacturers 
must consider every conceivable hazard from turbulence and thun-
derstorms to bird strikes to human error across the design process.

Meanwhile, companies are subject to workforce issues that impact 
many industries. Baby Boomers are moving toward or into retire-
ment. As A&D employees, they’ve developed valuable institutional 
knowledge. Their employers must consider how to capture that 
knowledge and ensure that it gets passed down to new workers. The 
need for greater collaboration is one more reason to update the way 
organizations manage engineering-related data and knowledge.

Longtime institutional knowledge can also work against the 
forces of change. That’s an issue with organizational cultures that 
do things because, “We’ve always done it this way.”

Perhaps the biggest challenge of embracing these multifaceted 
and sometimes competing forces of change is the fact that every-
thing in this complex A&D world is so incredibly interrelated. 
There’s more integration. Every little change can have a signifi-
cant and sometimes hard-to-predict impact somewhere else in 
the design, engineering, and production processes.

The bottom line is, you’re not just designing an airplane or  
helicopter or rocket, or whatever the final product may be. You’re 
developing a system of interconnecting systems. They all must 
work in unison, where one system works affects many others.

This system of systems isn’t just limited to the aircraft. The 
 system that is an airplane must perform its primary mission of 
getting safely off the ground, of course, but it also must work 
within the air-traffic control system and airport infrastructure.

Each system has teams of engineers bringing it all to life. Helping 
all of these equally important players collaborate effectively is the 
aim of model-based systems engineering, and that’s what this 
book is all about.
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Chapter 2

IN THIS CHAPTER

 » Understanding systems engineering

 » Taking on the complexities

 » Innovating digitally

 » Adopting a model-based approach

Rethinking Your Systems 
Engineering Approach

The aerospace and defense (A&D) industry creates all kinds of 
exciting things, all of them incredibly complex (for more on 
this, see Chapter 1). An airplane, for example, is a combina-

tion of countless interconnected systems that all must work in 
perfect harmony as they tackle hundreds of thousands of require-
ments. Ongoing advances in electrification mean more complex 
systems of wiring link these systems. And the creation of the 
many systems on an aircraft must proceed as smoothly as a sym-
phony, because any note out of place can impact the final score in 
unpleasant ways.

That symphony needs a new conductor these days. This chapter 
explains why by exploring how systems engineering has worked 
in the past and how ever-increasing complexities require a new, 
modern approach. It discusses how digital innovations provide 
these new options and give a basic understanding of the model-
based systems engineering (MBSE) approach.



8      MBSE For Dummies, Siemens Special Edition

These materials are © 2022 John Wiley & Sons, Inc. Any dissemination, distribution, or unauthorized use is strictly prohibited.

Defining Systems Engineering
Systems engineering is a multidisciplinary engineering approach 
that pulls together complex systems of systems across their life-
cycles. It’s a structured and robust approach guiding design, 
development, production, and ongoing maintenance of a super-
complicated product such as an airplane. Metaphorically speak-
ing, systems engineering is kind of like the various musical scores 
of the symphony mentioned earlier, with a part for the first violin 
and a part for the tuba and a part for all of the other players who 
collectively make it sound amazing. Systems engineering is the 
composer of that beautiful music.

Meanwhile, the International Council on Systems Engineering 
defines model-based systems engineering as “the formalized 
application of modeling to support system requirements, design, 
analysis, verification, and validation activities, beginning in the 
conceptual design phase and continuing throughout development 
and later lifecycle phases.”

Systems engineering pays close attention to requirements and 
how various requirements relate to one another. It gauges how 
adjustments to one set of requirements might impact the abil-
ity to meet others. It makes sure requirements are refined and 
adequately constrain the design process. And it assures that the 
design can be verified to ensure requirements are fulfilled.

The scope of systems engineering continues past design mod-
eling and simulation, optimization and verification, into pro-
duction and ultimately, into product operation, retirement, and 
disposal. Systems engineering ensures all requirements are satis-
fied while maintaining safety as a paramount priority throughout 
development.

To make a long and extremely complicated story short, systems 
engineering means a lot of different things to a lot of impacted 
people. It may be one of the most misunderstood disciplines 
involved in the creation of complex products, with common con-
fusion between systems engineering and systems design.

Systems engineering starts with the big picture and works its way 
down into the details. It’s very rigorous about managing require-
ments, and driving those requirements and functions down into 
systems, subsystems, and components. Through this methodical 
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process of driving requirements further down from one level to 
the next, it’s possible to trace a requirement from the big-picture 
view of the aircraft down to an integrated circuit and back again.

Systems design, on the other hand, is an interdisciplinary engi-
neering activity that enables the realization of a specified system. 
It’s a type of process that defines components, interfaces, and 
other data to ensure all specified requirements are met.

It’s also an important way to focus on safety. That’s because the 
more safety-critical a particular system is, the more important it 
is for people to think about it earlier in the design process.

Systems engineers take into account the safety-critical nature of 
a particular system to ensure the design will be safe. It’s on their 
mind as requirements are set, as the function of the design is 
considered, and implementation unfolds. They write new require-
ments based on the safety analysis — creating a loop that begins 
with initial requirements, proceeds to safety analysis, and then 
initial requirements are revised to accommodate newly decom-
posed requirements. It’s common to run multiple iterations to 
define product requirements.

The V model of systems engineering, illustrated in Figure  2-1, 
paints a picture of how it all works. Engineers start from the left 
side at the top with a concept of operations, the overall func-
tional aim that drives downward through high-level and detailed 
requirements into high-level and detailed design.

Simplified System Engineering Process

Requirements Identi�cation Requirements Veri�cation

MULTI-
DISCIPLINARY

DESIGN
(Mechanical, Electrical,

and Software)

PRODUCT VERIFICATION

SYSTEM VERIFICATION

ITEM VERIFICATION

SAFETY REQ DEVELOPMENT

SAFE
TY REQ VERIFI

CATIO
N

SYSTEM

ALLOCATION

ITEM
ALLOCATION

ITEM

IN
TEGRATIO

N

SYSTEM

IN
TEGRATIO

N

FIGURE 2-1: The systems engineering V process, simplified.
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That process of definition and decomposition of requirements 
reaches the bottom point of the V, where implementation unfolds. 
Then it’s back up the right side where integration and verification 
take place. Exit the right side of the V, and you’ve reached opera-
tions and maintenance. See Figure 2-1.

No matter what level, systems engineering assigns a means of 
verification. For example, there may be checks of an electrical 
system box, bench testing or rig testing of a subsystem, or clos-
ing the loop by flight testing the whole product.

Systems engineering is very rigorous and fully interdisciplinary, 
even if it’s sometimes not well understood. Many people talk 
about systems design, and when they do, they may be thinking 
about three-dimensional, computer-aided design, or modeling 
systems in CAD, or other aspects of simulation or verification. 
Some think of requirements, decomposition of requirements, 
diagrams, and the modeling of a product or the various systems 
within the product.

But systems engineering is more than a beefed-up CAD system. 
The systems engineering process tends to orchestrate, while 
the rest of processes execute. It’s the glue that holds the sys-
tem development process together. Put another way, the systems 
engineer is a program manager’s best friend.

The MBSE approach, the focus of this book, is far more than just 
the left side of the V, and the trip back up the other side of the 
V.  It’s adopting an approach that’s model-aided and design-
automated. It’s leading the process through multiple conceptual 
iterations that define requirements and the product architecture. 
It’s facilitating a clean handoff from conceptual design into detail 
design, on through verification, and finally into manufacturing 
and product support.

Going back to that symphony metaphor, MBSE is a bit like the 
conductor’s score. It has one unified display of what all the var-
ious instruments are playing, giving the conductor visibility into 
how the various parts interact. The conductor knows that when 
the concertmaster plays this particular thing on the violin, the 
tuba needs to be playing that other thing. Ultimately, the conduc-
tor knows what will sound best from the audience’s perspective 
and will know what to do if part of the symphony doesn’t go over 
as well as hoped with the audience.
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MBSE isn’t an entirely different approach from traditional sys-
tems engineering, but it does artfully remove some of the labo-
rious intensity of systems engineering. A CAD-like, model-based 
methodology and toolset make that possible.

Keeping Up with the Complexities
It’s worth discussing a bit more about why we need an updated 
approach to systems engineering and why the practices of the 
past few decades are not enough for the needs of the 21st century.

You may not have even been born yet when systems engineer-
ing came into the picture, but you know that technology was a 
lot simpler if you were around half a century or so ago. Back in 
that day, the kind of computer we are using today barely even 
existed in science-fiction imagination. There were computers 
built into our space program’s vehicles, but not into cars or typi-
cal airplanes. And the computers that flew astronauts to the moon 
couldn’t do most of the things your mobile phone can do today.

Even going back 20 years, a lot of important design-related work 
and data storage took place in spreadsheets or word-processing 
documents, maybe diagram software, sometimes even on paper. 
Everything was document-centric, hard to effectively manage in 
a big-picture kind of way.

In A&D design, more and more functions were interconnected 
and consolidated, controlled with software. As systems became 
increasingly federated, it became more complicated to monitor 
system interactions. With integrated modular avionics, there are 
far too many interactions to track on a spreadsheet.

From the software perspective, as the complexity of an aircraft 
increases, so too does the complexity of the software. That puts 
new challenges onto software development and its timeframe, 
especially as you combine that complexity with the challenges of 
certifications. You need tools that can move quickly as you inte-
grate software with hardware, model and test, as you slowly begin 
to embrace the digital realm.

Think now about the ever-smarter weapons systems that mili-
tary leaders seek or autonomous vehicles in either the defense 
or commercial sectors. As vehicle-level electronics become more 
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sophisticated, along with the digital infrastructure in the environ-
ments where these vehicles operate, how can you create verifica-
tion plans to ensure complex systems will behave appropriately 
and safely?

What’s required is a single, integrated environment to ensure 
that all product verification events, whether simulation modeling 
or analysis are driven by requirements, planned and executed in 
the correct sequence, linked to the necessary resources, and con-
ducted with full traceability.

Just as tasks and technologies are becoming more complex, so 
too are regulations. That’s true across many sectors, particularly 
in such areas as A&D and automotive. Safety standards? They’re 
growing in number and complexity.

They’re established in individual nations (and sometimes 
regions), in the European Union, and in international forums. 
They’re coming from regulatory bodies, standards institutes, 
insurance groups, ratings agencies, and the like.

The many regulations from many places bear lots of similarities 
but also enough differences to cause extra headaches. And as new 
requirements emerge, designers take note, make changes, and 
adjust accordingly, and that creates ripples that can cause com-
plications, especially later in the design process.

Exploring Digital Innovations
To clarify, the discussion of increasing complexities in the previ-
ous section is a high-level summary. The full story could go on for 
page after page after page, and leave you as a reader feeling hope-
less. And that would be wrong, because this complicated situation 
is anything but hopeless.

Indeed, there is a need for a more disciplined, digital approach to 
systems engineering. You really can’t rely on documents to get a 
handle on the complexities. There’s just too much to maintain, 
with thousands of parts, hundreds of thousands of requirements, 
and millions of interactions. And any change you make in one 
place must be updated elsewhere.
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You can’t rely on humans to keep up with it all, either. We are, 
after all, only human. In earlier times, with a file-based system, 
there was a lot of manual cutting-and-pasting by people already 
feeling overwhelmed. Two decades ago, systems engineering was 
already an elephant. Now it’s thousands of elephants.

Fortunately, this is an increasingly digital age, with ever-more- 
powerful digital capabilities. That’s why this is not a hopeless 
situation. A good example of this is a “digital thread.” A digital 
thread brings a multiplying effect to teams using a digital twin 
by enabling numerous data processes across multiple systems. 
Merging the physical and digital worlds with a digital thread 
enables systems engineering teams to predict performance and 
optimize their product. Teams can effectively deliver on their 
programs in a proven and secure manner.

To take it a step further, one can think of a digital thread as a 
digital fabric that aligns with the most commonly used func-
tional programs; engineering, program management, supply 
chain, production, and product support. This arrangement is not 
serial processes within a single function, nor are these functions 
intended to operate independently of one other. The exact oppo-
site is true. With the digital thread, task automation is achieved 
and functions are interconnected, integrated and linked so con-
nected digitalized teams can quickly access, share, and manage 
program details across the entire product lifecycle — at any time, 
from any location. A digital thread can automate formerly manual 
processes — not just automate them, but actually rethink them. 
You still have a herd of elephants to contend with, but it’s no lon-
ger a circus with a new trainer on the job.

Meanwhile, digital innovations in the world of systems engi-
neering continue to march forward. SysML is just one example. 
The open-source Systems Modeling Language grew out of Uni-
fied Modeling Language, or UML, and it handles the business of 
specification, analysis, design, verification, and validation for 
systems. It was the first stab at creating a graphical language for 
systems engineering. Meanwhile, Arcadia is a systems engineer-
ing approach that taps into models in the architectural design of 
systems, hardware, and software.
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Digital innovation has clearly been a good thing for those who 
live in the world of systems engineering, but in its original form, 
whether SysML, Arcadia, or any other modeling tool, there have 
been issues with collaboration and shortcomings with regard to 
how these version V1 tools weave into the digital thread, which 
is a key component that brings MBSE to life. Figure 2-2 shows 
examples of the various modeling languages, methods, and tools 
currently available at a system engineer’s disposal.

SysML Version 2 replaces that original release with an entirely new 
model, by focusing on data-level representation in a repository. 
There’s new syntax, new language, a whole new way of interaction 
that bridges silos and takes advantage of today’s digital thread.

Turning to MBSE
More and more companies are turning to MBSE processes to 
manage product development, requirements flow down, and 
overall integration. These are all things that traditional systems 
engineering has attempted to tackle — the question is, how to do 
it much more efficiently in a way that is not overwhelmed by the 
complexities of such things as A&D programs.

A siloed approach doesn’t cut it in today’s A&D world. You can 
exchange all the PDFs you want, but you still end up with blind 
spots in the middle of the program. Various departments and 
domains all use their own tools, which work fine for looking at 
isolated performance in the silo but doesn’t allow an integrated 
view.

ARCADIA
OOSEM
Harmony SE
Object-Process Method
…Method

System
Model

ToolModeling
Language

System Modeling Workbench
Cameo Systems Modeler
Rhapsody Modeler
Opcat
…

UML
SysML
ArcadiaML
Object-Process Language
…

FIGURE 2-2: MBSE Essentials Pyramid.
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You can have all players doing a fantastic job in their own little 
worlds, but that doesn’t give insights into the integrated perfor-
mance of a complete aircraft. Inside each silo, you may have the 
best expertise and the latest digital tools but no dynamic view of 
the program as a whole. Thinking again in terms of an orchestra, 
it’s as though the woodwinds are playing from one score, and the 
strings are following another. It’s more of a cacophony than a 
symphony.

The MBSE approach involves taking all elements that were file-
based and making them model-based, connected by a digi-
tal thread allowing for greater collaboration and reducing blind 
spots. (Incidentally, there are numerous digital threads availa-
ble today. In addition to the MBSE digital thread, you can find 
a digital thread for Intelligent Manufacturing or Product Sup-
port, for example.) Through the MBSE digital thread, models 
are shared from one domain to another and also with suppliers 
as needed. The information moves back and forth smoothly and  
efficiently  — and when compared with dealing with countless 
separate documents, it’s far easier to manage.

The concept works miracles with workflows, allowing systems 
engineers to fully manage all the technical data, rather than sim-
ply being caught up in the administration parts of the job. Most 
important, it’s a recipe for far better control of and visibility into 
the entire technical program, with downstream linkages and the 
impact of changes much clearer.

Don’t forget that the systems engineering V really can’t be simply 
a sequential approach anymore, especially when it comes to A&D 
programs. MBSE supports a process where different domains are 
working concurrently, collapsing that V.

For example, consider the notion of spelling out a requirement, 
then sending it on down the line to be dealt with. With a model-
based systems engineering approach, simulation becomes more 
than just simulation — it can also help make informed decisions 
about what architecture is the most appropriate. It can create 
alternatives and potential solutions for all to see.

Should your aircraft rely on hydraulic brakes or an electrome-
chanical braking system? Writing down the requirement doesn’t 
make that decision, but a simulation can. Now imagine making 
all kinds of other decisions through multiple simulations that also 



16      MBSE For Dummies, Siemens Special Edition

These materials are © 2022 John Wiley & Sons, Inc. Any dissemination, distribution, or unauthorized use is strictly prohibited.

include costs, maintenance, and reliability. Because you can get 
quick turnaround of simulation models, you can get insights into 
high-level requirements early in the process and make better and 
more balanced decisions about technologies and architectures. 
You just can’t do that with a digitized paper-based process, paper, 
or presentation software.

Analogies, though often imperfect, can be helpful at times. Think 
in terms of the computer-aided design space. You can draft a 
component and create 3D digital models. And you can then com-
bine components until the point that you’ve built a digital rep-
resentation of an entire plane. Not a bad way to think about it, 
though your CAD model may not really take into account various 
functional aspects what the software is up to, the electrical sys-
tem, and so forth. And that’s where MBSE comes in. It defines the 
brains of the aircraft.

In short, by adopting MBSE, you’re moving away from a niche 
modeling approach, with several very specialized individuals 
producing architectures and analyses. You’re moving instead to 
a digital thread view where multi-domain architectures are used 
to propel and orchestrate product development, incorporating key 
design decisions to fulfill the products’ performance targets.
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Chapter 3

IN THIS CHAPTER

 » Connecting with the digital thread

 » Taking control of the technical program

 » Deriving data from disparate tools

 » Doing things better

Painting a New Vision for 
the Future

Model-based systems engineering (MBSE) unlocks a whole 
new way of orchestrating your aerospace and defense 
(A&D) engineering operations. It’s a vast step beyond 

document-centric methods that required a whole lot more work. 
Using a model-based approach drives greater insights throughout 
the program, builds more effective connections and more scalable 
processes, and gets all players working together in new ways.

This chapter explores how the digital thread links domains and 
changes work routines. It outlines how MBSE orchestrates your 
technical program while allowing experts within their respective 
domains to keep using the tools they like. And it describes ways 
your processes and results can improve.

Weaving the Digital Thread
The basic problem with documents is that you have to put them 
somewhere. Paper documents are stored in file cabinets or stacks 
of folders on your desk. Electronic documents are on a hard drive, 
in a folder, perhaps in the cloud. They may be on a shared drive or 
on Bob’s laptop he left at home while he’s on vacation.



18      MBSE For Dummies, Siemens Special Edition

These materials are © 2022 John Wiley & Sons, Inc. Any dissemination, distribution, or unauthorized use is strictly prohibited.

Clearly, with a complex project, this haphazard approach doesn’t cut 
it. Each document contains data that’s disconnected from the rest 
of the development process, which will need to be extracted in one 
way or another. That’s a major cause of late-in-the-game integra-
tion problems that end up eating half of the schedule and resources.  
A digital thread in MBSE solves this problem. It centralizes informa-
tion, making it visible and accessible to those who need it.

That’s great, but it’s really just a tiny piece of the value of the 
digital thread. Each element in the program is connected to the 
thread, and together they create a fabric. The weave of that fabric 
offers visibility into all things impacted by any particular change.

The digital thread starts at the front end of the program lifecycle. 
It’s established by decisions made by architects there. It begins 
with a problem to solve and looks at alternative solutions. It con-
nects downstream requirements to functions that are tested and 
simulated. And then tested and simulated over and over again.

The digital thread is, in short, a connection of everything. It 
allows you to drive your desired functionality to the system level, 
connecting with the logical architecture – across the entire prod-
uct lifecycle.

MBSE maintains the thread of behavioral, structural and inter-
face requirements throughout the program. The thread of 
requirements influences how the system is designed, tested, and 
delivered.

The digital thread must comprehend and prioritize verification. 
Developing an aircraft virtually is a tremendous  innovation, 
through virtual modeling and simulation  — physical testing 
alone is no longer sufficient.Virtual modeling and simulation have 
become a critical dependency of the total system verification. That 
said, physical testing is always part of the picture, so the digital 
thread must link virtual with physical.

Ultimately, the MBSE-driven digital thread improves program 
execution by allowing you to:

 » Define your system of systems using modeling to continu-
ously refine product requirements and architecture.

 » Turbocharge your design space by optimizing multidiscipli-
nary design, ultimately leading you to the best design faster 
than ever.
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 » Test virtually before you build, reducing the amount of 
testing, risk and cost.

 » Promote reusability and/or modularity of system engineer-
ing artifacts across products/projects/programs, improving 
program-specific execution.

 » Manage integration across the supply chain, with technical 
oversight of the design process and clearly defined 
interfaces.

 » Trace all requirements and verification plans to ensure that 
you achieve compliance.

 » Keep tabs on key performance indicators throughout the 
whole process.

 » Access nearly any data source through the cloud, ensuring 
authorized team members can view files and author 
changes.

Orchestrating Your Technical Program
Who wouldn’t want to orchestrate the technical scope of program 
more effectively throughout the entire product lifecycle?

MBSE changes how everyone interacts across the process. It 
means rolling functionality down through the various parts of the 
product development program and introducing the final product 
more easily.

It’s about keeping things in sync. A major problem today is the 
unpredictable nature of A&D development, as the players are dis-
connected. Without the insights delivered through MBSE, changes 
in one domain may not immediately be visible in other places, 
including program planning and execution.

MBSE is a new way to work. It’s like moving from black- 
and-white television to HD color. It’s like evolving from a rotary 
phone to a smartphone. It really is that much better.

With a digital thread in place, you’re able to work more collab-
oratively with suppliers and partners, as well as with fellow engi-
neers on your team. Because everyone is connected, it  doesn’t 
matter which specific toolset anyone is using  — everything is 
shared across all the different domains and functional areas.
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A single digital thread drives the entire program. The digital 
thread builds tremendous synergy between players across various 
areas. Starting with requirements, once you begin to identify the 
solution, different engineers tackle the varying details. All have 
different tools, different modeling technologies, and their own 
simulation tools. But they’re all linked together within a product 
lifecycle management system, such as Teamcenter from Siemens.

As illustrated in Figure 3-1, parameters are objects that are used 
to manipulate the desired form, fit, and function to meet the tar-
gets and constraints for various system attributes. They are just 
one of the many MBSE solution artifacts that can be used when 
building the digital thread. Equally important are interfaces, 
requirements, and safety analyses — all are critically important 
components to an overall MBSE strategy.

Here are more dreams you can fulfill by using MBSE to orches-
trate the technical program:

 » Eliminate the integration issues between complex systems 
and between suppliers before moving into detail design.

 » Easily trace all design decisions within the product from the 
concept phase to the final certified product.

 » Trace final verification and certification results back through 
design and analysis, back to the original requirements.

 » Continuously monitor, with real-time data and parameters, 
key technical performance indicators, rather than taking 
snapshots at points in time.

FIGURE 3-1: Managing parameters across multiple domains.
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How does this concept work in practice? Take as an example an 
MBSE digital thread solution built on a product lifecycle man-
agement (PLM) system, such as Siemens Teamcenter. With this 
particular MBSE digital thread, the focus is on orchestrating the 
technical program and driving the technical scope, by moving 
from system modeling alone to a highly digitalized approach.

This comprehensive digital approach tracks all technical require-
ments and architecture implementation from conceptual design to 
verification. It captures design decisions as the product matures. 
All of this can be accomplished securely in the cloud.

That last point is vital considering development cycles can run a 
decade or longer, and you’ll inevitably have product updates or 
changes along the way. Certification and compliance guidelines 
will also change, so relying on a few knowledgeable people (who 
may have left the company) isn’t the best course of action.

The Teamcenter PLM approach lets users integrate all the prod-
uct design and supplier interfaces within a very flexible and open 
multi-tool solution.

Making it Comprehensive
MBSE doesn’t work unless it works for everybody in the program. 
It’s one thing to have an active digital thread, but another to cre-
ate content in the thread. This must be made possible regardless 
of the tool the content creator prefers to use.

The thread itself is created with a database structure to organize 
the data. But in the interest of allowing comprehensive informa-
tion and full compatibility, that data can come from multiple dif-
ferent tools.

The caveat, however, is something that’s truly comprehensive 
can quickly become overwhelming. As you connect into the digital 
thread to exploit the details of a certain point, you want only the 
right details to be shared. To borrow a term from texting, you 
don’t want TMI — “too much information.”
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On the other hand, there are cases when greater level of details 
are essential. If there’s a new supplier in the loop, you may need 
more details in the thread to closely manage the new relationship. 
Whatever is needed for managing suppliers and identifying inte-
gration challenges is the right level of detail.

Getting Results
In the realm of A&D engineering, your team knows how to get the 
job done. The question is, can you find a way to get the job done 
better, particularly in terms of efficiency and cost?

MBSE holds significant promise in that regard. Most compa-
nies going down this path find their development cycle greatly 
reduced by 25 or 30 percent. They’re getting through programs 
with reduced risk, too.

Right out of the gate, MBSE can bring new insights into the early 
development stages. Multidisciplinary analyses can shed light on 
performance early on. There are time savings further down the 
line, too, as hybrid testing modes introduce simulation with actual 
physical testing. That can reduce testing time in some cases.

MBSE’s digital thread brings new levels of scalability and breadth 
of focus into the modeling process. With MBSE, your gaze can 
shift from the big picture to the finer details and from component 
level to systems of systems. As an example, you must track brak-
ing behavior within the context of the landing gear, but also cer-
tify it at the integrated aircraft level, while ensuring compliance 
with the global aviation infrastructure.

Achieving certification and compliance depends on meeting the 
engineering challenges. Through MBSE you can model not only 
the form and function of a particular item but also its fluid, 
thermal, vibration, noise in the cabin, noise outside, and other 
dynamic characteristics. All of that together is what helps you 
understand behavior, from the component through the integrated 
system and product levels.

Integration issues are also a major headache for big OEMs, often 
threatening to derail programs. MBSE and the digital thread have 
proven their ability to eliminate many major integration issues.
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Chapter 4

IN THIS CHAPTER

 » Defining and understanding 
requirements

 » Creating the models

 » Putting safety at the forefront

 » Writing software that makes it all work

 » Keeping tabs on performance

Driving all Domains with 
MBSE

This chapter dives into the nuts and bolts of how model-
based systems engineering (MBSE) gets its hands into all of 
the various domains that collectively create new A&D prod-

ucts. It offers more detail on the digital thread that weaves the 
whole program together and keeps all players informed and play-
ing from the same orchestra score. It details requirements man-
agement, system modeling, the key role of software, the critical 
importance of safety, the need to verify every requirement, the 
challenge of integrating many operations, and the need for  
up-to-date data.

Getting with the Program
Chapter 2 referenced the traditional V diagram that outlines the 
general flow of the systems engineering process, from the light-
bulb moment at the top left through the complex series of activi-
ties that end up at the top right with your airplane safely in the 
air. Simply put, all the definition and distillation of requirements 
occurs on the left, and the detailed work of integrating the many 
interconnected systems takes place on the right. As you climb up 
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the right side, you’re verifying those requirements and ensuring 
that there are no problems.

That sounds like a fine approach, but it can seemingly take for-
ever to get from one side of the V to the other. And these days, 
no one is willing to wait forever. Indeed, if work in one domain  
doesn’t happen fast enough, downstream domains may get to 
work anyway, and you end up with a potential runaway situation.

What’s more, the reality is that you can’t view the V as simply a 
here-to-there proposition. In one part of the V, there are changes 
made, problems addressed, and important realizations, which all 
impact activities elsewhere. Differences resolved in one domain 
may result in solutions that can be applied in other domains, too. 
How can you get a handle on all that activity?

MBSE fulfills this need by creating one digital thread through the 
entire process  — from conceptual design, through preliminary 
design, through detailed design, to the test and build stage, to 
certifications and determination of airworthiness. It’s the MBSE 
thread that guides all other threads that are supporting various 
functional teams and domains. Such areas might include product 
design, verification, manufacturing, and program and supplier 
management.

The ambition of solution providers, such as Siemens, is to com-
pose the entire product lifecycle process along the digital thread, 
from design to manufacturing to service, and all points in between. 
MBSE crosses the whole lifecycle of the product.

It also crosses between the many different tools found across the 
individual domains. For example, a CAD engineer works in one 
world, and a simulation engineer takes CAD data to see how it 
performs, using a different tool in a different world. These sim-
ulation results may be important to the designer who wants to 
know how the design is performing, but they’re not in the design 
file. And in fact, the simulation file is many gigs of data that only 
a few people know how to interpret. The digital thread weaves it 
all together in a way that can make sense for everyone.

As outlined elsewhere in the book, systems engineering processes 
have been around for decades. Still, today’s aerospace and defense 
(A&D) challenges necessitate a move from document-centric to 
model-based methods to more of a comprehensive model-based 
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systems engineering approach. That’s the only way to effectively 
manage product development, requirements flow-down, and 
overall integration of design, analysis, validation, and verification 
activities.

Managing Requirements
The thread of your project begins with a determination of features 
and functions — if it’s a plane, you begin with the general vision 
of what functions the plane must achieve and under what cir-
cumstances. Imagine that you’re having dinner with the customer 
CEO and jotting it all down on a cocktail napkin. This plane can fly 
2,000 miles, with a specific number of passengers and a particular 
top speed. You’re getting a general idea here, but you’re running 
out of room on the napkin already.

These features and functions lead to requirements that inform the 
architecture, and the bigger the project, the more requirements 
you’re defining. Designing a big plane? You’re likely talking about 
hundreds of thousands of conditions. Definitely, more detail than 
your cocktail napkin can handle.

Thus is the challenge of managing requirements. As you work 
through the flow-down of requirements, from big picture to 
smaller and more specific systems, you encounter more and more 
variables that can impact requirements up and down the line. As 
concepts mature, system-level requirements can change, as does 
the overall understanding of what the system looks like. There are 
many iterations before anything is ever finalized.

Perhaps for this customer whose request started on a cock-
tail napkin, you have three general concepts that might fit the 
bill. Within these concepts are different potential engines, each 
of which drives its own configuration because of its specific fuel 
consumption, the size of the wing to which it will be attached, the 
drag, the fuel tanks. The product-level requirements work their 
way down into system-level requirements, on and on until you 
get to the component level.

Coordinating and making sense of these requirements involves 
connecting lots of dots. It’s also a matter of ensuring the quality 
of those connections, being sure there aren’t any missing connec-
tions, and ensuring that the requirements are specific enough to 
be actionable and verifiable.
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Consider the family dynamics of requirements as you flow down. 
All requirements need to be traceable through what is essentially 
a family tree. For every requirement, you should be able to iden-
tify its parent, which is the requirement directly above it in the 
hierarchy. And the majority of requirements in a complex project 
have children that have been derived below them.

You know you’ve got a problem when you have an orphan require-
ment, which is just what it sounds like: a requirement for which 
you can’t trace up to the parent. It’s also a sign of a problem if you 
have a top-level requirement that has no children. If no require-
ments are flowing down, you’ve likely missed something, or it’s 
a bad requirement. Suddenly, you have requirements creep that 
threatens to change the scope of the job.

An important point in requirements management is that require-
ments should be as specific and as individual as possible. Are you 
specifying a part that needs to be round and blue and made of alu-
minum? That’s not a requirement — that’s three requirements.

And quality requirements are “shall” statements rather than 
“should” statements. Wishy-washy needs are not quality 
 requirements. That’s not to say requirements are inflexible — a 
requirement can establish an acceptable range for whatever it’s 
specifying. But the result must be within the range to meet the 
requirement.

How do you communicate these requirements in a way that 
informs the various domains that play a role in meeting them as 
they model their various systems? Your approach likely taps into 
many different authoring and validation tools. Parameter defi-
nition and management is the central part that builds the thread 
across these tools spanning multiple domains.

Your parameters will often come in sets of four.

 » The goal: Specify the desired thrust, for example. Or the 
goal for fuel consumption that is coming from the require-
ment system.

 » The minimum: This is the bottom level of the range that’s 
considered to be acceptable.

 » The maximum: The upper limit for the range viewed as 
acceptable.
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 » The result: This is the current measured value of the 
particular parameter, based on the model as it stands now.

Consider any activity that involves lots of numbers like this. Not 
just A&D work but also your tax planning or the details of a home 
remodeling project. Most likely, you’ve written those numbers 
down or plugged them into a spreadsheet on your computer. It’s 
document-based, one way or another.

Traditionally, the systems engineering requirements have ended 
up in a big requirements document, often a huge book sitting on 
the system engineer’s desk. That approach may work if you’re 
keeping track of your flooring installation and plumbing work, 
but it falters if you’re tracking hundreds of thousands of require-
ments related to a new airplane.

That’s why the MBSE approach links requirements in a database, 
where each requirement is an individual object which is part of an 
overall product configuration. Now you know that this particular 
requirement impacts these different part numbers and, in turn, 
whatever requirements assigned to them.

But that, too, doesn’t cut it in a complex situation. Better to 
extract values in the requirement, create measurements on 
the geometry of a component using a 3D model in CAD systems 
such as NX. Further, users may choose to plug in the metrics of a  
performance-based requirement such as stresses or strains or 
temperatures, or volume flows into CAE systems such as Simcenter.

Your digital thread can flow through all of this. It can tie into the 
relationships between requirements and logical architecture, and, 
ultimately, physical components. Understanding and account-
ing for these relationships is the key to wrestling the complicated 
beast of A&D engineering complexities — so you can trim both 
costs and development cycle times. And everything is verified, so 
you do not have a conflict of requirements.

Modeling the System
With requirements well established, your MBSE digital thread 
moves you into the process of modeling the system, the all- 
important work of testing before you build. For example, func-
tional modeling explores the many functions that you’ve built 
into requirements.
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Through such technology as Capella and tools such as Siemens’ 
System Modeling Workbench (SMW) for Teamcenter, you’re 
starting with a top-level set of requirements to develop these 
functional models to examine how different systems are doing 
the work. The system architecture model must be integrated with 
PLM to carry the digital threads it produces through architectural 
decisions made during system modeling.

For example, you’re modeling the control of the aircraft on the 
ground, and in doing so, breaking functions into sub-functions. 
You’re doing the same thing when modeling control of the air-
plane in the air, considering such sub-functions as roll, pitch, and 
yaw control.

Your system safety process starts with functional hazard assess-
ments. And that begins by examining and defining hazard levels.

To continue with the above example, consider roll control. Lose 
that control, and the hazard is catastrophic. That determination, 
in turn, drives redundancy and integrity considerations  — and 
drives requirements back up and into other models.

Your MBSE digital thread winds its way through parameters (sys-
tem design attribute, performance metric, etc.) and requirements, 
functional modeling, as well as through logical modeling and the 
details of the architecture. A physical model follows — not the 
physical product itself, but a manifestation of the design. Consider 
the example of SMW for Teamcenter. The MBSE digital thread 
takes various forms while winding through architecture modeling 
in SMW, starting from high-level mission concept through iden-
tifying the physical components and their behavior. These various 
digital threads then traverse outside of the architecture model, 
connecting the various domain design implementations through 
the realization of the final physical product and beyond. Much 
of this can be achieved via collaboration through the cloud with 
product lifecycle management tools to plan, develop, and deliver 
aerospace programs faster. See Figure 4-1.

Indeed, system modeling is not the work of one person who 
develops the system model of the entire aircraft. A system model 
consists of numerous models, namely architectural, 1D/3D multi-
physics, MCAD, ECAD, DFMEA, RAMS, and so on.
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Ensuring Safety
In the world of A&D, nothing could be more important than safety. 
The safety process is, in fact, a sub-process in overall systems 
engineering.

This runs through the process of assessing functional hazards and 
integrating safety with the product lifecycle. As mentioned in the 
previous section, this includes determining and applying a level 
of severity to different events. For a particular situation, is safety 
affected? And if so, is it major or minor? These vital classifications 
determine integrity, reliability, and redundancy considerations.

For a system where failure would be considered catastrophic, you 
must have redundancy built in. The loss of electrical power on 
a plane is such an example. You can’t just have one system, but 
instead need to plan for parallel, redundant electrical systems. 
You must ensure that the loss of one system won’t cause loss of 
the aircraft.

As you understand what a system looks like, safety alters the 
requirements picture. Checking product design requirements 
against safety regulations often generates an updated set of 
product requirements. As the product design matures, so do the 
requirements for software and hardware.

FIGURE 4-1: MBSE Digital Fabric within SMW.
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Focusing on Software
As with so many other products we see today, the use of software 
in aircraft has been increasing dramatically. Software develop-
ment starts with requirements definition and considers the level 
of integrity you have to maintain. Is it flight-critical software? 
That changes how you design the software and puts different 
requirements on the development process.

There must be independence between who’s designing flight-
critical software and who’s testing it. It may be that a person in 
one place writes software, and a different person elsewhere writes 
testing requirements. Bringing disconnected users and stake-
holders together is a tremendous challenge, and if not done well, 
can result in massive delays or missed communications.

A solution such as Polarion has automated tools for defining, 
building, testing, and managing these complex software systems. 
In the area of software, it’s vital to bring it all into one place since 
software creation uses a wide range of open-source tools. You 
need to be able to talk to all of those different tools as you paint 
the big picture.

The role of software in the overall operation of the finished product 
can sometimes be deceiving. This is true in A&D, and in all kinds 
of other sectors, too. Take a drive in your new car, for example, 
and it is a very physical experience of getting from here to there 
with a certain level of comfort, efficiency, and style. It’s easy to 
overlook how much of that experience is driven by software.

Take that automotive example a step further. The newest model 
year may have some amazing new features driven entirely by a 
new piece of software code rather than a physical improvement. 
The critical importance of software is similar in A&D but on 
steroids.

This underscores the importance of software within your model-
ing environment and the digital thread you’re building. If you’re 
going to model something, you must be able to model the software 
in parallel to look at the product from the perspective of a true digi-
tal thread. An integrated solution like SMW can effectively enable 
model-based software architecture modeling, supporting numerous 
process improvements. These improvements range from concept 
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space exploration, requirements elicitation, and specification, pre-
dicting early behaviors, to even automating test-case generation.

Integrating software with PLM and plugging it into a solution 
such as Polarion helps ensure that you’re fully addressing the 
impact that software has on the overall product and its capabili-
ties. As you look at the product on a larger scale, as a finished air-
craft, you don’t see the software. It’s not visible to the naked eye, 
not as obvious. Still, its presence has every bit as much an impact 
on operations and capabilities as all of the aluminum, composites, 
and every other physical element.

Software development is happening in parallel with every other 
activity needed to produce the product. As the software team cre-
ates its part of the ecosystem, it must move at the right speed.

It’s a bit different for hardware development, which is more of 
a gated approach. Software development doesn’t happen all at 
once but is agile, with sprints and pieces developed on the fly. 
Your digital thread ensures that you’re synchronized at key points 
within the engineering process.

Verifying the Result
Verification management is an overarching process that starts 
with requirements. It doesn’t matter what the requirement is —  
it could be performance-related, a functional need, an attribute of 
the system, a particular certification. What matters is that some 
specific thing is required, and there needs to be a plan for verify-
ing whether that requirement is satisfied.

Indeed, for each requirement, you must develop a verification 
plan. How will you demonstrate that the requirement has been 
fulfilled and the intent has been met? Through some kind of 
analysis? By performing a physical inspection? By conducting an 
audit? Creating a physical test?

For example, perhaps there’s an electrical system requirement 
related to resilience during an electrical storm. That may necessi-
tate a physical test of a component in a lightning chamber. Other 
physical tests may involve ground testing or flight testing.
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The bottom line is, verification management is the process 
of determining what the goal looks like. That verification plan 
explains exactly what you must do to be considered successful at 
meeting the requirement.

As long as we’re talking in terms of goals, you can look to sports to 
illustrate how this works. In basketball, for example, the overarch-
ing requirement is getting the ball into the rim and through the net. 
That’s the equivalent of getting your plane safely into the air.

But there are smaller requirements that must be fulfilled along 
the way. A player must successfully inbound the ball to a team-
mate, and there may be a time limit for initiating that inbound 
pass. There also may be a time limit requiring that a shot be 
taken. The ball must be passed and dribbled if a player is moving. 
Referees are handling the verification of these steps along the way 
to the basket.

Meanwhile, your players must steer clear of various kinds of fouls 
or missteps. Again, the verification plan is handled by referees. 
Ultimately, your team will never score a basket if you can’t suc-
cessfully navigate and fulfill a lengthy series of requirements.

As for managing the verifications of your A&D project, once you 
have successfully run through the verification plan for a partic-
ular requirement, you now have data showing compliance (or 
lack of compliance). Your MBSE digital thread includes all of this 
data for the entire program, collected automatically. Every time a 
requirement is verified, it closes a loop.

Of course, nothing is simple. What happens if you find that you 
need to modify one system to fulfill a particular requirement? 
That may impact what you already did earlier to fulfill a differ-
ent requirement, and send a different team back to the drawing 
board. That’s why you need a digital thread tracking the big pic-
ture and all of the smaller images within.

Ultimately, your team’s work isn’t finished until you’ve closed 
all of the loops and verified that all requirements have been met. 
Your digital thread helps you ensure each item is crossed off the 
list, and it does so quickly — notifying all others involved.

The digital thread gives a welcome assist to the highly compli-
cated task of managing information. But it does even more than 
that. Given the high level of regulation and oversight that is the 
way of life in industries such as aerospace, you need for the whole 
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process to be transparent and traceable, from requirement through 
verification, including all applicable test data and analysis.

Your team needs to confirm compliance to know when the job 
is done, and safety agencies also need proof that you’ve fulfilled 
critical requirements. Your digital thread may provide that proof.

Managing Integration
For every complex program, there are many different functional 
areas. There are likely multiple departments and locations within 
the company, a design center in one place and another depart-
ment somewhere else.

You’ve also got multiple suppliers engaged (see Figure 4-2). 
Components of all kinds: avionics, hydraulic systems, and elec-
trical systems, to name a few. Talk about “it takes a village!” In 
these situations, you involve lots and lots of villages, potentially 
all over the world.

Now add in the complexities of the interfaces between the work 
products of these many villagers. Most obvious are physical inter-
faces. Perhaps your horizontal tail comes from one supplier, and it 
must connect to a vertical tail from another supplier. All the more 

FIGURE 4-2: Increasing interface complexity of subsystems involving multiple 
suppliers.
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reason to have an integrated interface management system that’s 
part of PLM. Interface definition happens during system model-
ing and carries throughout the lifecycle to enable the integration 
process. This interface has to be managed, or nothing works.

Likewise, hydraulic systems must mate successfully with what-
ever they’re controlling, with compatible connections and pres-
sures. Electrical harnesses require functional connection points 
that match. Data networks must connect. And speaking of data, 
you’re moving into digital interfaces that also must speak the 
same language to link one system to another successfully.

There are many opportunities for failure. Different sections of 
a plane don’t fit together. Wiring harnesses are too short or too 
long, or there are two male connectors, or connectors with dif-
ferent numbers of pins. There are many ways to stumble, each of 
them potentially very expensive and consuming huge chunks of 
time from your program schedules.

All of these are reasons for the kinds of integrated interface man-
agement that is part of PLM. Interface definition happens during 
system modeling and carries throughout the lifecycle to enable 
the integration process.

Automated control over this integration and all of the vari-
ous interfaces is vital. Think of interfaces almost like a contract 
between the departments or suppliers on each side of the connec-
tion. Your MBSE program, through its digital thread, ensures that 
everyone is complying with the agreed-to interfaces.

As you develop your early designs and the necessary interfaces, 
those details can then be used to drive execution and guide the 
design and development program. You achieve much better vis-
ibility into changes and the impact of potential revisions. If you 
change a requirement, you’ll have a much better assessment of 
what impact that change is going to cause.

You hear a lot of talk about systems modeling. This is one of the 
biggest values — using requirements to manage the interfaces. 
The interfaces, in turn, help manage integration more effectively.

Integration management is all about interface management and 
information management. You have lots of people and organiza-
tions within the supply chain. So, how do you exchange infor-
mation up and down and across the supply chain? How will you 



CHAPTER 4  Driving all Domains with MBSE      35

These materials are © 2022 John Wiley & Sons, Inc. Any dissemination, distribution, or unauthorized use is strictly prohibited.

communicate a specific design change from the OEM to a supplier 
who must deliver a critical component?

Model-based design chains are becoming increasingly more 
important as the digital transformation continues. OEMs recog-
nize the need for a major overhaul of their product development 
approaches, including their supply chains. Today’s systems are 
quickly becoming “systems of systems,” and the level of com-
plexity of these systems, along with increasing numbers of dis-
ciplines involved, almost demand that system architectures work 
in collaboration with their suppliers. No question today’s supply 
chains must be integrated into the overall MBSE environment.

Teamcenter has been mentioned as a key partnering software 
with the MBSE digital thread. Here too, Teamcenter offers a com-
mon PLM environment where systems architects within the OEM 
and supplier organization can digitally come together.

Consider the fact that as you’ve built up a detailed view of func-
tionality, you’ve divided your aircraft up into various systems. 
There are reasons why one player in the supply chain must have 
full visibility into a certain area but zero visibility into some-
thing else.

Perhaps you have a supplier of a certain avionics system. You may 
not want that supplier to be aware of what the payload crew is 
working on. You don’t necessarily want to provide intellectual 
property from one domain of the system to another part of the 
system.

Thus, you need to be able to carve content out of one model and 
give it to a supplier that is working on only that part. Your digi-
tal thread must support a multiple-level view of any problem 
because if you had to build it all into one view of a very large and 
complicated system, you could end up with IP issues.

Monitoring Performance
Imagine taking a course in college in which you are doing impor-
tant work every day, but the professor doesn’t provide feedback 
very often on how you’re doing. And you’re working on a group 
project, but you don’t really have any idea how the fellow students 
in your group are doing on their individual parts of the project.
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That sounds like a recipe for anxiety at the least and failure at the 
worst. Frequent progress reports would help you know whether 
you’re on track, and if you’re not, a report of some kind might 
help you to course correct. That environment wasn’t always the 
case in the past, but students are accustomed to an online portal 
displaying up-to-date indicators of how they’re doing these days. 
And along those lines, parents of grade-schoolers often can use 
the same kind of portals to help ensure their kids are doing okay.

A similar reality applies in the world of systems engineering.

In the past, you got an update on various key performance indi-
cators perhaps once a month. And then you sometimes had to 
analyze the information, and by the time that was done, weeks 
had passed. It sure would have been nice to have some actionable 
insights a whole lot earlier, but it just wasn’t realistic or possible.

Today’s MBSE digital thread, on the other hand, gives you real-
time access into the status of how your project is performing — 
both from a technical perspective and in terms of cost, in small 
pieces, as well as throughout the whole program.

As the program moves along, progress is visible through dash-
boards that display the many aspects of performance and the 
key performance indicators associated with various systems and 
requirements. How’s fuel consumption looking? You have an  
up-to-date answer. Weight management? Aerodynamic effi-
ciency? Your data is available in real-time.

And it happens this way throughout the entire lifecycle, not a 
pause to generate a static report card every few weeks, but up- 
to-the-minute information about how on-track you are as the 
plan matures. That sure beats those days when the only time you 
had a truly complete snapshot was when you were flight-testing 
the aircraft and certifying, with fingers crossed.

The bottom line is, performance must be checked and monitored 
in all phases, from concept, through 1D and 3D models and forward 
through physical tests. You must be continuously integrated — a 
common bit of advice is “start integrated, stay integrated.”

You’re still using tools that are domain-relevant, but you’re putt-
ing it all on the table in a collaborative engineering approach. 
MBSE brings together the various disciplines, including the 
all-important domains of safety and reliability.
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Chapter 5

IN THIS CHAPTER

 » Determining where you’re headed

 » Making the future happen today

 » Finding the right expertise

Charting the Path 
Forward

This chapter focuses on the vision that materializes as you 
adopt model-based systems engineering (MBSE) across 
your organization. It explores what it takes to bring stake-

holders on board for a successful transformation and discusses 
things to look for as you choose products and vendors.

Painting a Vision
To create an aircraft or other aerospace and defense (A&D) prod-
ucts, you’ll be tapping into complex design chains. You can’t do 
this work alone  — you need to engage others and leverage all 
available knowledge. An MBSE approach facilitates the kind of 
teamwork that must happen if you’re going to succeed.

One of the main goals of system modeling is deciding what things 
will be accomplished and in what discipline. You’re dividing prob-
lems up to be more scalable.

Through the process, your team determines how you’ll deliver 
different system functionalities. You’ll identify what things 
need to be bought and what can be developed. You’re taking a 
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journey through product logical and physical architecture, decid-
ing whether a hardware unit will handle this particular function. 
And with software support?

You must give portions of the concept to experts in that domain 
and bring their wisdom back into the program. It boils down to 
four basic patterns of architecture interoperability:

 » Capturing the problem and the solution

 » Engaging others

 » Leveraging knowledge

 » Closed-loop verification and validation

That last bullet, closed-loop verification, is a big deal. The func-
tional chain, which describes the system’s expected behavior in a 
given context, can be used for piloting verification.

The vision of a digital thread that loops in all domains opens the 
door to the knowledge you need for your solution. For example, in 
many cases, you’ll have suppliers who have content that you can 
incorporate (as discussed in chapter 4).

If you think in terms of 3D CAD, people talk a lot about exchanging 
digital mock-ups (DMUs), which have been a powerful and help-
ful concept. The new vision takes that philosophy several steps 
forward — you’re not just exchanging DMUs. You’re exchanging 
designs that include how systems interact with each other (sig-
nals, power, hydraulic pressure, control laws, etc.) and sharing 
that information. It’s much more than pretty pictures.

Consider risk management. There are many processes for this, 
but it often boils down to a brainstorming process, in which the 
program management team identifies risks, assigns severity, 
predicts cost, and gauges probability.

Inevitably, the group winds up with a risk category referred to as 
“unknown risks.” Ultimately, “unknown risk” is a tacit admis-
sion that you don’t have quite a complete understanding of your 
systems and processes to know all the risks.

With MBSE, you’re able to take a more disciplined approach than 
a doomsaying brainstorming session. Having more information 
and control over technical workflows and more rigorous pro-
cesses, you’re able to identify risks more specifically. There may 
always be some unknown risks, but not nearly as many.
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Just as important, once you discover a risk, you can capture it 
in the digital thread and learn from the experience, rather than 
losing that knowledge when those who have worked on a project 
move on to a different role.

The MBSE vision is a story of building relationships between 
requirements, between functions and geometry, and between 
domains that otherwise would be in silos. That is key to harness-
ing intelligence and maintaining a handle on the constant change 
in a major program.

One area can perform an impact analysis, for example, and engi-
neers in different domains can get messages of changes. You 
can explore the effects of hitting a bird or debris on the runway, 
determine which functions are affected, explore what the backups 
might be, and make changes as needed to minimize the detri-
mental effects. With various kinds of system models (including 
behavioral models) linked through the digital thread, you have a 
vision of the total impact.

Altogether, it’s a futuristic vision that can be done through the 
discipline of MBSE. But it’s not sci-fi — it’s reality, and many 
companies are well down this path already.

These forward-thinking companies are more agile because they’re 
better at managing and leveraging information. They’re getting 
to market faster, at reduced costs, with fewer schedule glitches. 
They’ve cut risk, too. They’re getting through testing and manu-
facturing with fewer failures.

In short, they’re notching more wins. That’s how the MBSE pro-
cess helps companies be more effective and more competitive.

Implementing the Future State
If you want to implement a future state, the first step is admitting 
you have a problem.

Part of the challenge is checking your view of the world, to see 
how you might look at things differently. If your aim is simply 
doing the same things as before — but more electronically — you 
won’t get anywhere near the benefit you’re seeking.
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Consider, for example, your relationship with suppliers. You need 
to transform how you interact with suppliers, deliver measur-
ables, and sequence them in the product development process. 
That’s more than making a better electronic connection.

That said, the connection seems like a logical place to address  
at the outset. The future state starts with the digital thread because 
the data management piece is undoubtedly huge. It’s a massive 
matrix that you’re automating, bringing together the best tools 
for modeling and simulation and design optimization, orchestrat-
ing them with a strong product lifecycle management platform.

Perhaps a more logical place to begin, though, is tackling organi-
zational culture. You need to sell MBSE company-wide by focus-
ing on its myriad benefits.

In many cases, the best way to initiate change is an incremental 
approach. Establish a vision, then pick out achievable targets to 
help people make positive changes. This approach fosters a culture 
of ownership within the organization and establishes momentum 
when taking the next step toward the final vision.

Consider, for example, that science fiction promised us decades 
ago that one day we’d have a robot to do all of the mundane tasks 
around the house, from cleaning and cooking to maintenance. 
That still seems a bit farfetched. But you might own a robot that 
cleans the floors, and while it’s pretty cool, we accept it and take it 
for granted now. That’s an example of how you take a big change 
and break it into a manageable, incremental piece.

So, pick a pain point. For example, it’s not uncommon to have 
multiple repositories of documents in different places. Move 
those to a product lifecycle management system and create new 
project parameters. Show how the pain is eased, prove the value, 
then move on to another pain point.

Aerospace engineers are clearly very smart individuals. Come to 
them with a proven solution, and there’s a good chance they’ll 
accept it. Create those little victories, and bit by bit, you’ll move 
people in the right direction.
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Accessing Expertise
Many companies are hungry for the kind of transformation out-
lined in this book. The benefits are easy to see. So are the chal-
lenges inherent in pursuing change this drastic.

Maximizing the benefits of MBSE requires transformation both in 
technologies and in the mindset of the users. The good news is no 
one has to go it alone as they continue on this path.

Success depends upon choosing the right technology and vendor 
to help implement MBSE.  It’s far more than buying a piece of 
software — the vendor must bring a robust suite of technology 
and the expertise needed to achieve successful adoption.

Begin with the technical requirements. A satisfactory solution 
needs to address areas such as:

 » Product lifecycle management: MBSE must fully integrate 
into a PLM solution. It has to bring together multi-domain 
product development, including mechanical, electrical, and 
software domains. And it must fully address such consider-
ations as configuration, baseline, workflow, cost, reliability, 
and manufacturability. The PLM solution must define what 
will be built, instruct players how to do it, and orchestrate 
the downstream development processes.

 » Product requirements engineering: Requirements should 
be about driving the product development process from the 
customer’s perspective, so they should be part of your 
PLM. That way, they can be allocated to downstream 
functions, features, and product architectures, tracked by 
reports, documentation, and dashboards.

 » Product architecture and system modeling: These 
capabilities within PLM capture product architecture across 
the product lifecycle, allowing complete visibility into design 
decisions and integrates the various domains across the 
product lifecycle.

 » System simulation management: 1D models generate 
product data, so they must be part of your data manage-
ment objectives in the same way as 2D/3D models.
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 » Workgroup consistency: An out-of-the-box (OOTB) 
standard methodology needs to be in place to guide the 
systems development process, ensuring the entire team is 
working consistently.

 » Technical risk management: Look for a product that 
includes complete, model-based product safety and 
reliability approach. By adding reliability modeling to the 
product lifecycle, you can cut down on product recalls and 
really focus on creating safe and reliable products.

 » Change management: Systems engineering components 
must be included in the overall PLM process. That means 
standard change management practices that keep tabs on 
requirements, functions, logical, physical, processes, 
interfaces, targets/parameters, and other details. Rather 
than manage changes separately, include them with global 
product change planning and management.

 » Program planning and systems engineering: Resources 
and schedules should be committed by systems engineering 
architecture and requirement decisions. Requirements, 
functions, interface definitions, and the like should be tied 
directly to program milestones and project tasks.

That is a lot to consider. But you’d be surprised at just how far the 
digital transformation has progressed and the types of solutions 
now available. The Siemens Xcelerator portfolio is one such exam-
ple. Xcelerator is a comprehensive, integrated portfolio of software, 
services, and an application development platform. It includes both 
a comprehensive digital twin and the MBSE digital thread (dis-
cussed throughout this book), along with a personalized and adapt-
able approach to helping companies become digital enterprises. It 
may not have everything listed above, but its comprehensive nature 
and approach to things is definitely worthy of consideration.

That’s a good shopping list for the tools needed. Equally impor-
tant is having a methodological backbone in place to support these 
tools and solutions. The vendor you select should also be keenly 
aware of such methodologies, as these are critical to a successful 
MBSE environment.

Ultimately, you need a software vendor with deep engineering 
expertise, the technical know-how required to develop mission-
critical systems and is ready to help you with the paradigm shift 
that MBSE demands.
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Chapter 6

IN THIS CHAPTER

 » Bringing system modeling to the 
forefront

 » Making collaboration more feasible

 » Gaining solid buy-in

Ten Ways to Win with 
MBSE

For many years, aerospace and defense (A&D) engineering has 
been on a hard-to-sustain path of ballooning development 
cycle times and skyrocketing costs. As with just about every-

thing else in the world, there are pressures to deliver more inno-
vation, deliver it faster, and deliver it at a lower cost.

The model-based systems engineering (MBSE) approach prom-
ises gains in all of those areas, as this book has outlined. Follow-
ing are just some ways your organization can win by adopting 
MBSE, and some of the lessons to remember as you move forward 
in your digital journey.

Transform the Process
To be clear on what’s needed — transform, transform, and trans-
form again. Adopting the MBSE approach certainly requires bring-
ing on the right product lifecycle management system that builds 
the digital thread and a wide array of integrated tools for model-
ing, product architecture, change management, and so forth.

But in the end, it’s not just a matter of adopting new software. 
MBSE is not an app. It’s a transformational mindset that must 
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spread throughout the entire organization. You won’t win if you 
don’t transform.

Remain Welcoming
As stated previously, you need to think about the whole process, 
end-to-end, and be open to transformation. At the same time, 
remain aware that many players in this program already have 
tools in place working for them. You need an MBSE environment 
that’s transformative but also open and adaptable to processes 
that already exist or that key domains are hoping to put in place.

Redefine System Modeling
As you implement MBSE techniques and tools, a central part of 
the picture is system modeling. You’ll use the system modeling 
way of thinking and as an architectural representation of your 
design, and that’s a paradigm shift in the way you start building 
models. Take your architectural description and make it domain-
specific — you can do that all over the design cycle.

Embrace Collaboration
Some processes take time. Just ask any maker of fine wine or 
whiskey  — you can’t just bring in more people to make faster 
work of fermentation. But working through an A&D program can 
move faster and more effectively when you have subprocesses 
running simultaneously in a collaborative way. The important 
thing is that you don’t have separate engineers or supply chain 
partners in their silos, brewing up their own subprocesses with-
out regard to the big picture.

Digitalized MBSE removes the silo boundaries so these collabo-
rators can work more dynamically. They understand the var-
ious phases of development, as well as the impact of changes. 
And regarding the supply chain, MBSE aligns and integrates with 
supply chain partners, so all requirements are understood and 
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defined, alleviating potential problems from happening in the 
first place. With real-time access from anywhere, MBSE users get 
best-in-class collaboration that is secure, scalable, and flexible.

Keeping an Eye Out
Your MBSE solution should provide continuous performance 
monitoring. Seeing key performance indicators (KPIs) — in  
real-time — is an essential component that helps everyone involved 
gain confidence in developing a product and ensures that all per-
formance targets and program requirements are being met. This 
includes the level of maturity, the design itself, the relationships, 
the requirements, the verification of those requirements — just 
about everything that happens on both sides of the “V” diagram.

Tracing Your Way to Success
Traceability is essential, and it’s one of the key benefits of your 
MBSE digital thread. You’re using MBSE to organize the whole 
program — the data, activity, and all the interactions that hap-
pen along the way. Having a traceable process will pay signifi-
cant dividends, and your tool choices can enable and automate 
traceability. For example, System Modeling Workbench (SMW) 
for Teamcenter, with its Arcadia method backbone, enables such 
traceability.

Make it Real
You can implement the best tools in the world, but you won’t get 
anywhere if you don’t have everyone on board. You need solid 
buy-in, but before you ever get to buy-in, you need people to 
understand what you’re trying to do. Some have referred to MBSE 
as “CAD for systems engineering.” It is, perhaps, an oversimpli-
fication, but it seems to resonate well and make sense.

On the other hand, many early adopters of SysML believe that 
SysML is MBSE. But the reality is that SysML is merely an enabler 
of the overarching MBSE approach. Once you begin to make these 
distinctions, you’ll be well on your way.
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Circle the Wagons
Much has been said about the “V” diagram that underscores 
the systems engineering process. But it’s also worth thinking in 
terms of an “O”-shaped diagram. Not actually the letter “O,” but 
a circle that illustrates the ongoing, back-and-forth connections 
among requirements engineering, system modeling, analyses, 
safety compliance, and managing technical content into interface, 
integration, and verification.

The MBSE paradigm is a continual path connecting these elements 
that all inform one another. That’s true for systems engineer-
ing in the big picture and later in the process within the various 
domains, such as software, electrical, mechanical/physics, and 
electronics/hardware.

Tame Your Information
The biggest challenge for companies today is no longer within the 
engineering domain or level of modelers. The real challenge is 
the consolidation of all of the gigabytes of information coming in 
from all over into a single product architecture to view customer 
feedback, product requirements, and the latest from engineering, 
to name a few. The product architecture also includes areas in 
which companies have little means of managing the integration 
of electrical, electronic, and software with the functions to ensure 
the safety of the final product.

Get Physical
Models and simulations are remarkable things. MBSE allows you 
to benefit early in the process from insights that, in the past, 
would only have become evident much later. Those insights drive 
better requirements and make for a much more efficient journey.

It’s sometimes easy to forget that you will have physical testing 
to do. That is simply a fact: The more you innovate, the more you 
will at some point need to test your innovations. But make no 
mistake, MBSE significantly reduces the need to do physical test-
ing. Your MBSE program serves as that tight handshake between 
the virtual and physical worlds.
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