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Key Takeaways

What You Need to Know

Takeaway #1
In Aerospace, companies make 
money when programs are executed 
well

Takeaway #2
Program management within 
aerospace continues to grow in 
complexity due to market needs, 
competition, changes in product 
development processes, a shift in 
focus from product to service, and 
the emergence of disruptive 
technology

Takeaway #3
Developing aerospace products, 
especially new aircraft, is a high risk 
effort due to the large investments 
in money and time and the long 
lifespan of the resulting product 

Takeaway #4
Art of Possible is TCS’ strategy to 
help clients maximize their product 
capabilities and return on 
investment

Takeaway #5
TCS has the scale and knowhow to 
deliver integrated solutions that 
support aerospace product 
technology needs, operations, and 
services, so manufacturers, their 
suppliers, and clients can all achieve 
their objectives with greater 
certainty 
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While traditional challenges of cost, quality and schedule 
in aerospace program management (PM) keep increasing, 
new challenges and corresponding opportunities are 
emerging and rapidly gaining prominence.

Addressing these game changers requires a substantial  
adjustment to how programs are executed so step-
increases in speed and agility can happen, while also 
ensuring profitability. 

In this eBook, CIMdata and TCS have collaborated to 
define the Art of Possible for advanced program and 
configuration management, to address the new 
challenges and leverage them to create new competitive 
and business opportunities. 

We talked to several aerospace Engineering, Program, and 
PLM leaders about how product complexity and program 
complexity are managed within their companies. The 
companies’ products ranged across the commercial and 
defense domains including aircrafts, systems and 
components, and defense products.

The Art of Possible

Introduction

Today’s Game Changers
• Non-deterministic program management needs
• Software and domain interdependencies
• Greater configuration complexity
• Evolving business models
• Digitalization opportunities
• Shift from product centric to user experience centric 

development
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Within the aerospace industry, 
complexities abound, no matter how 
you look at design, manufacturing, or 
use. While the drivers of the products 
are similar to most industries; timing, 
cost, client and consumer 
expectations, and the application of 
advances in technology, the 
aerospace industry is exceptional in 
the scale and absolute number of 
complexities. 

Organizational Complexity

A major aerospace program can have 
thousands of people at dozens of 
firms around the globe involved 
during the design and initial 
production of a new product. 

Market Complexity

Global and regional airlines as well as 
premium and economy airlines have 
different needs and demands. 

IT Complexity

Perhaps even more daunting is the 
scale and the complexity of the data 
to design, manufacture, and operate 
products. While early products were 
created with 2D drawings, modern 
product are created from 3D and 
other complex data. Product, 
manufacturing and service data are 
developed and managed using 
hundreds of different software 
applications. 

Service Complexity

After-sales revenue from parts and 
service have become a significant 
element of companies’ revenue mix 
adding design for service to program 

management complexity.

The Complexity of Change

The data elements that describe the 
product have complex relationships. 
Software, hardware, and 
documentation such as manuals 
need to be validated as a unit for 
certification, and cannot have 
discrepancies. Changes are a fact of 
life. The products need to be adapted 
to changing requirements. Cost 
reduction, continuous improvement, 
and part or supplier obsolescence all 
drive product and process changes 
over the product lifecycle. 

Aerospace Product Complexities 

Complexities Abound Throughout the Lifecycle 

“In aerospace, your company 
makes money when programs 
are executed well. Profitable 
programs lead to a profitable 
company.”
-PLM Lead at a tier 1 aerospace 
supplier

Product Complexity

Within a modern aircraft, hundreds 
of thousands of unique CAD models 
describe the mechanical and 
electronic systems. Millions of lines 
of software code control and 
manage the systems on and off the 
ground.

Timescale Complexity
• 5 to 10 years  for development 
• 30 to 100 year product life
• Boeing’s B-52 is in its 7th decade 

and still has upgrades planned
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When something goes wrong with an 
airplane, the stakes are always high, 
but the most critical issues are those 
related to safety; any potential issue 
that can cause harm to people or 
property. Governments’ regulatory 
agencies have assembled an 
indisputably successful body of 
requirements demonstrated by the 
low risk of air travel. However, 
ensuring that those requirements are 
satisfied is a daunting challenge due 
to the number and complexity of 
items, the different regulators 
around the globe, and testing 
required to validate. 

At one startup we talked to, the 
interviewee commented that 
validation was more difficult for a 
startup than for an established 
company due to new technical 
solutions as well as the lack of 
certification history. These challenges 
have an impact on schedule fidelity, 
making it  harder to plan for the 
length of time to get regulatory 
approval. 

He also mentioned that the lack of 
an integrated program management 
solution for assessing the impact of 
changes dramatically increases risk. 
He pointed out that this is not a 
problem only experienced at smaller 
start ups. It was a problem at his 
previous employer, a large well-
established aerospace supplier.

Regulations

A Special Class of Complexity for Aerospace 

Aerospace Regulatory 
Requirements
• Product requirements can 

number in the millions
• Regulations are implemented as 

a subset of product 
requirements

• Testing and simulation are used 
to prove regulatory compliance
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Aerospace is global at every step of 
the lifecycle. Design is done in 
offices around the world both by the 
prime contractor and within the 
supply chain. Components and 
subsystems are manufactured 
globally and transported for final 
assembly. The clients are global 
airlines that operate the products 
globally.

To operate globally means aerospace 
companies must support both 
operations and clients in multiple 
languages, local and regional 
regulations, be aligned with local 
infrastructure, and a myriad of other 
small and large aspects and issues.

One of the suppliers we talked to 
mentioned that their European sales 
office and system assembly facility 
was in the UK, the design office was 
in the US and series production was 
in Southeast Asia. Surprisingly, the 
design group’s worst communication 
issues were with the UK regarding 
requirements definition and 
compliance. A US expat leading the 
Asian facility made it much easier for 

the design group to communicate 
with the production facility.

Exacerbating the issue was the lack 
of an integrated scheduling tool. An 
enterprise tool was used for high 
level planning, but it was difficult to 
access and use outside the UK. As a 
result, desktop project management, 

spreadsheets, and email are used to 
get projects completed. As might be 
expected, deliveries have been 
unpredictable and typically late, but 
improved organizational discipline is 
improving the process. 

Of OEMs, Supply Chains, and Markets 

Globalization
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Aerospace products are typically a 
combination of engineer-to-order 
(ETO) and configure-to-order (CTO) 
processes. Products are described 
using features and options to specify 
the possible variants. 

When a new variant is created using 
proven features or options surprises 
can happen if there are unknown 
dependencies, leading to new 
engineering or development tasks. 
This can happen at any level of the 
product from interior components or 
engines to airframe structures. 

Serialized  components and systems 
add additional variability to the as-
maintained configuration. Any 

change can impact future designs, 
designs in production, and those 
already in service. The change 
impact analysis process can cause 
scope creep transforming a routine 
configure-to-order process into an 
engineer-to-order process requiring 
engineering, validation, and even 
certification.

Configuration Changes Can Create Surprises

Configuration and Change

Timing Can Be Everything

One airframe producer described a 
scenario where suppliers can 
dramatically impact the final 
product schedule. If a subsystem 
needs to be installed before a 
critical step, such as mating the 
wing to the fuselage, that 
subsystem must be on time.

Requirement to Design Order to Procure Procure to Build Build to Deliver Deliver to Service Service to Retire

ENGINEERING CONFIGURATION

PRODUCTION CONFIGURATION

SUPPORT CONFIGURATION

SALES CONFIGURATION

Conceptualization

Prototyping

Design Release

Order Definition

Order  Allocation

Sourcing

Inbound Logistics

MRP

Sequencing

Outbound Logistics

Dealer Management

Warranty Management

End of life management

Common 

Thread

CONFIGURATION MANAGEMENT “THREAD”

BUSINESS 

PROCESSES*

Key Organizational 

Processes*
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Image courtesy of TCS
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Aerospace products cost a lot of 
money and take years to produce. 
Billions of dollars are commonly 
invested in a new aerospace 
platform. Money needs to be 
invested in engineering, facilities, 
tooling, material, testing, and many 
other areas. Production rates are 
relatively low—in the double digits 
per month—and deliveries are 
typically scheduled years in 
advance. As a result, it takes a long 
time to recoup investments. Any 
delays whether logistical or 
technical have a material impact on 
profitability and add to the already 
significant financial risks.

Next Generation Products Require Huge Investments

Financial Risk 

The Program Manager’s Mantra

“In aerospace, your company makes 
money when programs are executed 
well.“

Key Takeaways

Introduction

Aerospace Product 
Complexities 

Regulations

Globalization

Configuration and 
Change

Financial Risk 

Software & Domain 
Interdependency

Obsolescence 

Managing Complexity 
is a Key Challenge 

The TCS Approach

Non-Deterministic 
Program Management

TCS Art of Possible

The Way Forward 

Conclusion



9

Software

Smart, connected products are a very 
visible trend in many industries 
today, but aerospace products have 
had these capabilities for decades. 
Fly-by-wire control systems and real-
time communication with ground 
monitoring systems for aircraft and 
their engines is relatively common. 
That said, complex software is still 
hard to develop, and predicting a 
development schedule is more art 
than science. Every line of code has 
the potential for bugs, getting 
requirements fully defined is difficult, 
and testing for all possible cases and 
all possible inputs such as hardware 
problems is a monumental challenge. 

Domain Interdependency

Aerospace products require smooth 
interaction between many different 
domains, for design, production, and 
operation. Interdependencies in the 
design are perhaps most critical as 
they determine how the product 
operates. 

The interaction between mechanical, 
electrical, electronic, sensors, and 
software is critical and complex. 
Identifying all possible requirements 
and use cases up front so a schedule 
can be determined with high 
reliability is virtually impossible. The 
headlines announcing certification 
delays with major new aerospace 
programs certainly are 
understandable.

Software & Domain Interdependency
Predicting the Known and Anticipating the Unknown

A Scary Interdependency Example
On a recent flight, we were 
diverted for an emergency landing 
and the ground crew executed full 
preparations! Fortunately, we 
landed without incident. In later 
discussions with the crew we 
learned the issue was that the 
altimeter indicated we were on the 
ground while at 35000 feet. The 
crew was concerned that the 
software would not allow the 
landing gear to deploy. The actual 
cause of the fault was unclear –
likely a sensor – but it is reasonable 
to fear a software program not 
allowing landing gear to be 
deployed if you are on the ground, 
it should already be deployed. 
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Product lifecycle management (PLM) 
systems are used to keep track of 
configurations to ensure traceability 
of product information so proper 
change impact analysis can be done 
quickly and accurately to minimize 
schedule and cost impacts while 
maintaining certifications. Everyone 
we talked to agreed that without 
enterprise level PLM applications, 
and integrated program 
management, it would be impossible 
to develop modern aerospace 
products. 

CIMdata has been working with 
major Aerospace OEMs and suppliers 
in a forum known as the A&D PLM 
Action Group. Obsolescence of both 
data and PLM solutions is a critical 
concern and subject of several 
research projects. Both data and PLM 
solutions can become obsolete if 
they are not maintained and updated 
as business needs change. The 
lifespan of aerospace products is 
typically much longer than the 
software and solutions that created 
them. The PLM solutions employed 

today are a combination of hundreds 
of software programs and have 
complex dependencies on computer 
hardware and software versions.

PLM Technology Obsolescence

Obsolescence 
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Given all the complexity, it is an 
amazing achievement that modern 
aircraft get to production and 
operate as safely and reliably as they 
do. Many people work very hard to 
make this happen. There are tools 
available, but they are rarely fully 
deployed to maximize benefit. Much 
is accomplished with brute force. 
None of the people we talked to 
were using a common, complete 
toolset in the development of their 
products. Even for program 
management, a relatively well 
understood science and process with 
a mix of disconnected desktop and 
enterprise tools are the norm, 
causing waste and degrading 
communication. This environment 
needs to change to get the next 
generation of products delivered.

A Holistic Approach is Needed to Get the Full Benefit from Modern Tools

Managing Complexity is a Key Challenge 

According to a PLM executive at an 
Aerospace OEM:
Developing aerospace products, 
especially new aircraft is a high risk 
effort due to the large investments 
in money and time and long lifespan 
of the resulting product. 
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At CIMdata, we’ve been following 
TCS for some time. We’ve talked 
about their views on innovation, and 
the capabilities and technologies 
they’ve put in place to support their 
clients across the product lifecycle. 
We’ve previously identified them as 
not just a systems integrator, but a 
system innovator. The key difference 
is TCS takes a holistic view of the 
business and product from concept 
through life, and balances people, 
process, and technology in their 
solution approach. This perspective 
along with the scale and scope of 
services they are able to provide 
enables TCS to help clients realize 
what is possible, or as TCS likes to 
call it the Art of Possible.

In addition to many of the major 
aircraft producers, TCS also has 15 of 
the top 20 airlines as customers. The 
knowledge gained from supporting 
airlines closes the loop on aerospace 
design, production, and operations.

To support the holistic view for 
complex products and processes and 
meet all stakeholder requirements, 
an integrated program management 
solution is a must have. Managing 
large complex aerospace programs 
requires a non-deterministic 
solution. It is not possible to 
precisely predict program cost and 
completion date during the initial 
planning. Missed dates and cost 
overruns are common consequences 
of this reality.

A Holistic View from a Systems Innovator

The TCS Approach

Disconnected Execution—A Solvable 
Problem
In our discussions with aerospace 
executives the single common theme 
we heard was lack of program 
management integration. Separate 
tools are used for high level and 
detailed level project management, 
and deliverables are not connected to 
activities or tasks. Time consuming 
manual reporting is required to get 
consolidated views of project and 
program status. According to TCS, 
today’s modern program management 
and PLM solutions have the 
technology to manage complete 
aerospace programs. Aerospace 
companies need to step up, take a 
holistic view of their business, and put 
an integrated program management 
solution in place.
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As we have shown on the previous 
pages, large aerospace programs are 
hard to execute due to multiple 
complexities, some under the control 
of the company, many not. The most 
successful companies are not the 
ones that plan every detail at 
inception, but those that anticipate 
changes in requirements and respond 
with agility. 

TCS has defined an architecture that 
optimizes people, process, 
technology, and data to effectively 
manage aerospace programs. At its 
core, it supports application of an 
agile methodology similar to what is 
used in modern software 
development. 

Architecture Platform

The secret sauce of TCS’ approach is 
its architecture platform. It ensures 
that all configuration information is 
properly linked and accessible 
leading to faster issue identification, 
resolution, and decisions which 

improve program execution and 
business performance. 

This system of systems approach 
manages the complexity of modern 
aerospace products while enabling 
optimization of business goals.

Non-Deterministic Program Management

An Architecture to Support the Growing Complexities of Program Management 

• Architecture platform defined to 
get the right information to right 
roles in real-time for collaboration 
and decision-making

• System of systems approach–A 
collection of task-oriented or 
dedicated systems that pool their 
resources and capabilities together 
to create a new, more complex 
system which offers more 
functionality and performance than 
simply the sum of the constituent 
systems. (Source: Wikipedia)

• Single, unified configuration 
management process that supports 
full traceability from requirements, 
through design, production, and 
operations for all data elements 
and data related to them, including 
versions.

• Model-based definitions drive 
integrated configuration 
management, iterating between the 
core product creation lifecycle, 
order fulfillment lifecycle, and 
service lifecycle

• Systems engineering approach to 
multi-disciplinary, multi-physics 
(structural, thermal, fluids, 
electronics, etc.) product lifecycle

• PLM and ALM process interactions 
throughout the lifecycle

• PLM, ALM, Manufacturing 
Operations Management (MOM), 
and IoT, Advanced Analytics, MDM, 
and pervasive computing as 
building blocks of the Digital Thread

Non-Deterministic Program Management Key Elements
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To manage the emerging game 
changers listed in the introduction, 
TCS has many initiatives that can help 
aerospace program managers get 
ahead of the curve. They have been 
involved in social, mobile, analytics, 
and cloud (SMAC) since before the 
acronym existed. These initiatives are 
directly useful to program 
management within aerospace as 
each is directly applicable to 
improving cost, quality, and time to 
market. Beyond technology, TCS has 
domain knowledge and actually has 
teams of engineers that develop 
aerospace products such as their 
commercial avionics solution. They 
understand first-hand what it takes to 
bring a product to market.

Social

Social technology can capture 
unstructured data at all program 
phases, especially in upfront 
processes such as cabin 
configuration, but also throughout 
the lifecycle in design, 
manufacturing, and after sales. 

Mobile

Mobile is becoming more and more 
prevalent as potential use cases are 
better understood. Initial applications 
were for simple workflow approvals 
for workers on the go, but newer 
applications such as shop floor work 
instruction viewing to support 
assembly or repair, issue capture 
such as lab test results with rich data 
(pictures, audio, and video), and even 
augmented reality to support aircraft 
repair out in the field are starting to 
become mainstream.  

Analytics

Analytics to leverage both structured 
and unstructured data, and machine 
learning are being used to derive 
information and knowledge from the 
wide variety of data types and 
sources that make up modern 
aerospace products. For example, 
profitability of a navigation system 
upgrade can be estimated based on 
the number of aircraft with a 
configuration that can accept the 
upgrade.

Cloud

Applications that run on the cloud 
are generally easier to scale, as 
computing power can be added on 
demand. Aerospace products are 
simulation intensive but the 
computing demand is variable. Cloud 
elasticity enables peak demands to 
be more easily met. Accessibility is 
much simpler, especially if a public 
cloud can be used.

Profitability

A key aspect of a program is to 
manage not just cost but profitability. 
Even if cost targets are met, if the 
market forecast is wrong, the 
program will fail to meet sales 
volumes and business objectives. 
Creating models and designing a 
solution that can access cost data in 
context of the program schedule, and 
vagaries of a sales-to-delivery 
lifecycle that is measured in years for 
aerospace products requires 
technology and data integration skills 
along with business savvy. 

(Continued on next page…)
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Digitalization

Digitalization is becoming a reality. It 
is more than just converting paper to 
electronic files on a server. 
Digitalization implies that data are 
available and accessible by people 
and applications. It also demands the 
existence of automated models of 
program processes that can be used 
to execute and, perhaps more 
importantly, to simulate program 
scenarios such as aircraft variant 
volumes required to be profitable. 
These simulations predict or forecast 
a range of outcomes so decisions can 
be tested using a variety of 
optimization strategies.

Embedded Software

Embedded software is exploding in 
products, especially with the move to 
smart connected products.  Smart 
products are being made smarter. For 
example, commercial avionics can 
now report back on plane flight 
characteristics after each flight, 
rather than during scheduled 
maintenance. 

ALM-PLM Integration

Software is difficult enough to 
develop but, in aerospace, 
developers need to understand the 
hardware it is running on. The 
question is: Will software work on a 
specific hardware configuration? The 
configuration could include a custom 
single board computer, a variety of 
sensors, and hydraulic parts or 
electric motors in several variants—
in a landing gear system, for example.    

Composite Manufacturing

Composites have moved from exotic 
applications in high end military, 
space and other applications, where 
cost was not a major concern and 
performance is primary, into 
commercial areas. Properly designed 
composite parts can be lighter and 
integrate many components into a 
single or small handful of parts.  

Additive Manufacturing

Like composites, 3D printing, now 
renamed additive manufacturing, has 
been around for several decades but 
has only recently emerged into the 
mainstream of manufacturing. 
Recent advanced in materials and 
machines have demonstrated 
tremendous value potential, but to 
take full advantage, much has to be 
done. Further advances are needed 
in part and assembly design, material 
properties, part integration, 
validation, and tighter coupling to 
manufacturing processes. Also, 
simulation boundaries are being 
pushed—e.g., material may not be 
isotropic, a key assumption in many 
simulation programs especially 
custom tools common in aerospace 
companies.

(Continued on next page…)

TCS Art of Possible

Riding the Wave of Emerging Game Changers

“In short, software is eating 
the world”  
-Marc Andreessen
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Solving Big Problems

President Dwight D. Eisenhower’s famous quote fits well 
on this topic: “Whenever I run into a problem I can’t 
solve, I always make it bigger. I can never solve it by trying 
to make it smaller, but if I make it big enough, I can begin 
to see the outlines of a solution.” 

TCS The Art of Possible

By adding, managing, and leveraging non-traditional data 
as well as modern technologies and capabilities, and 
proprietary best practices for programs and projects, TCS 
is helping clients bring their visions into reality, 
successfully and profitably with their optimization of 
people, process, and technology.

Riding the Wave of Emerging Game Changers

TCS Art of Possible

Presidential Years Collection
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The current state is what it is and is a 
unique combination of good and not 
so good practices within each 
aerospace company. The key 
question is how to move forward.

It is critical to the economic viability 
of each company that their PM 
practices improve rapidly. The drivers 
for these improvement are increasing 
complexity and emerging game 
changers.

TCS has methods and the knowhow 
to address both drivers: a non-
deterministic PM architecture to 
manage the ever increasing 
complexity of products and 
programs, and the Art of the Possible 
to address the emerging game 
changers.

TCS’ engagement approach tailors 
the way forward to the unique 
circumstances of each client. More 
tools and technology are not the 
answer, but can be a major part of 
the solution. TCS has frameworks, 
processes, and experience to help 
define an optimized the path forward 
for each client.

Advancing the Art and the Science of Program Management

The Way Forward 
Key Takeaways

Introduction

Aerospace Product 
Complexities 

Regulations

Globalization

Configuration and 
Change

Financial Risk 

Software & Domain 
Interdependency

Obsolescence 

Managing Complexity 
is a Key Challenge 

The TCS Approach

Non-Deterministic 
Program Management

TCS Art of Possible

The Way Forward 

Conclusion



18

www.CIMdata.com

Global Leaders in PLM Consulting

The increase in complexity of aerospace products is well 
understood by those within the industry. How to manage 
the complexity increase is a continuing and growing 
challenge. The uncertainties caused by complexity often 
show up as deviations or slips in the program schedule. 
No one wins, clients get their products late affecting their 
business, and the aerospace companies miss their 
financial targets. 

Today’s enabling solutions for program management and 
product lifecycle management are very capable, but are 
typically underutilized, as the research for this eBook has 
shown. To address the complexity increase, companies 
need to get their processes rationalized, tools integrated 
and configured to support the rationalized processes, 
people trained, and establish the cultural discipline of 
continuous improvement. This is a tall order for any 
company, but a good partner with the right skills can go a 
long way toward realizing the necessary improvements.

Embracing Program Management Challenges as Opportunities will be the 
Differentiator in the 21st Century 

Conclusion
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