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Design for Affordability: 
Implications for Simulation-Based Engineering

Simulation-based engineering (SBE) tools — such as finite element analysis, 
computational fluid dynamics and electromagnetics field solvers — are a proven 
value-added contributor to the product development process in the defense industry. 
In fact, numerous reports demonstrate significant return on investment in this 
sector. All too often, however, the industry focuses on the tools’ capabilities. While 
fundamental capabilities are necessary for effective contributions, they represent 
only a fraction of factors that enable best-in-class organizations to leverage the tools’ 
full value. In general, how the tools are used (process) and who is using them (people) 
are assigned lower priority — or neglected altogether — by the wider modeling and 
simulation community. This introduces inefficiency factors that become embedded 
and accepted as a cost of business in operations and new program proposals.

In this era of defense spending constraint and uncertainty coupled with a 
re-emergence of design for affordability (DfA) as the governing mantra, organizations 
must address these inefficiency factors to support the need to do more without more.

By surveying the defense modeling and simulation community that leverages 
simulation-based engineering at leading government facilities and contractors 
around the globe, ANSYS has identified the top three contributors of embedded 
inefficiency: 

•	 Flawed processes for data exchange between segregated engineering disciplines 
and functions

•	 Limited data and knowledge re-use
•	 Lack of focus on staff development, training and task automation

This white paper discusses the relevance of simulation-based engineering to 
the design for affordability initiative and the origins of embedded inefficiency. 
It  introduces some best practices that best-in-class organizations implement to 
overcome it.
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Simulation-Based Engineering Tools Support Design for Affordability

Numerous studies around the globe have demonstrated cost, schedule 
and quality impacts that simulation-based engineering tools can have on 
defense programs. For example, the U.S. Department of Defense (DoD) 
produced a return-on-investment study reporting that defense programs 
that invested in SBE averaged a return of between six and 13 times [1]. The 
conclusion is that these tools have an acknowledged impact and support 
the design for affordability initiative. This is why these tools proliferate 
throughout the defense product development community.

On the topic of design for affordability for highly engineered defense 
technology, Mike Jones, senior vice president at technology consulting 
firm Booz, Allen and Hamilton, identified that it is necessary to “challenge 
those [design] decisions that were made 15 to 20 years ago [at program 
inception]” and “change the design.”  He added  that implementation of 
DfA through this redesign process can yield a 30 percent reduction in 
acquisition and sustainment costs [2]. SBE tools are an ideal resource to 
cost effectively challenge design decisions.

Design for Affordability Demands Improvements 
in SBE Processes and People

Reports that place the value of simulation-based engineering tools beyond 
doubt typically show a return on investment that is based on process 
outcomes. For example, the value in applying SBE tools can be determined 
by the number of physical tests eliminated, shortening the design cycle, or 
reducing product failures. However, the efficiency of the process itself or of 
the people using the tools are rarely assessed.

As improvements in defense product cost, schedule and quality delivered 
by applying SBE are established as the norm, how then does the modeling 
and simulation SBE community rise to the challenge of design for 
affordability, which demands delivering more without more? 

Based on extensive research and surveys of the defense modeling and 
simulation SBE community around the globe, ANSYS has identified that 
while incremental tool enhancements will make a contribution to DfA, a 
significant impact can be made by improvements in process and people. 
To understand these and place them in context, it is necessary to review 
the historical development of simulation-based engineering tools and 
understand the environment in which they are used.
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The value of using simulation-based engineering on defense 
programs has been proven on numerous occasions. For example, 
the U.S. Department of Defense produced a return-on-investment 
study reporting how defense programs that invested in SBE 
averaged a return on investment of between six and 13 times [1].

“To drive down total ownership cost and support the DfA initiative 
requires changing the design ... and challenging those (design) 
decisions that were made 15 to 20 years ago.” 

— 
Mike Jones, Senior Vice President 

Booz, Allen and Hamilton
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Historical Evolution of SBE Tools Has Embedded Inefficiency 
in the Process

As software-based engineering simulation emerged, tools focused on 
physics and capabilities to solve an often narrow application. Usability 
was of little concern, as the user was typically the developer of the code. 
This led to a small number of expert users who had developed tools that 
were used only within their engineering function — for example, specialist 
aerodynamics codes in the aerodynamics group, thermal codes for the 
thermal team, electronics codes for the electrical department and structural 
codes for stress engineers. 

Given the primitive nature of hardware, these tools often solved 
significantly reduced complexity problems on simple hardware (by today’s 
standards) and were used as an addition to a traditional workflow. Over 
time, commercial SBE tools appeared — some of them outgrowths of 
original in-house efforts — that continued to serve the needs of individual 
engineering functions. Today, there is a preponderance of single-discipline 
commercial SBE tools mixed with legacy, specialist in-house tools. 

This situation has intrinsic sources of inefficiency that impact efforts to 
implement DfA:

•	 Tool selection and usage are aligned with an individual engineering 
function, not the broader needs of the program that individual 
functions combine to serve. While the process of usage may be efficient 
within a single discipline, this narrow perspective can be detrimental 
to the wider usage demanded by the program.

•	 Tool procurement is often driven from an engineering function 
perspective, not a programmatic perspective. The combination of 
tools selected on a function-by-function basis may be suboptimal 
when viewed from a program perspective – concerning both cost and 
function.

•	 SBE tool usage is often restricted to resident domain experts. As a 
result, these experts often spend significant portions of time fulfilling 
non-expert tasks, such as model preparation or repeated setup of 
variational studies. Further, the wider engineering team is unable to 
leverage benefits of the technology.

•	 As products become more complex and interdependent, applying tools 
that are limited to a single engineering discipline increases the risk 
of failure during systems integration, as they do not account for wider 
interactions and interference. 

The idea of improving cost management performance within 
Department of Defense programs is not new. In the mid 1990s, 
DoD leveraged project management techniques from other 
industry sectors to introduce the integrated product and process 
development (IPPD) method, which uses integrated product teams 
to optimize design, manufacturing and supportability processes. 
When executed well, IPPD can deliver significant benefits for 
program cost management [3]:

•	 50 percent reduction in change orders
•	 40 percent reduction in design time
•	 30 percent reduction in manufacturing costs
•	 75 percent reduction in scrap and rework 

Since its introduction, IPPD has evolved to include techniques such 
as concurrent engineering, total quality management as well as 
lean and design for six sigma — but the basic matrix organization 
managed by a chief engineer and program manager remains intact.
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•	 The outputs from sophisticated simulations in one engineering 
function are required as inputs to others during concurrent design. 
Incompatibility between multiple tools across different functions 
results in loss of fidelity (as data are averaged or interpolated) and 
time (as scripts or in-house interpolation schemes must be used).

•	 The same operations must be performed repeatedly in each engineering 
function, as each tool requires its own interpretation and modification 
of the underlying geometry model. Not only is this inefficient, it results 
in engineering functions becoming desynchronized in the product 
development cycle, since one team’s updates are not captured in 
another team’s analysis.

•	 Many organizations do not have formal processes for capturing SBE 
knowledge. While data and files may be archived in a structured 
way, the knowledge and engineering intent synthesized from data is 
typically lost. This results in similar problems being solved repeatedly 
across different programs. Tools such as product lifecycle management 
and their variants have delivered significant benefit to the product 
development process; however, their focus on the practical aspects of 
a product, such as bill of materials, fails to address the issues listed, 
which focus on understanding the behavioral attributes of the product.

Fiscal Constraint Hinders Professional Development

In terms of people, the first challenge for the defense product development 
community is finding sufficiently capable staff to support growth or replace 
the increasing numbers of experienced retirees. Once new staff have been 
recruited, most organizations do not have a formalized development and 
training plan for modeling and simulation skills. Despite the fact that the 
effective use of these skills is project critical, training is ad-hoc and often 
driven from the engineer’s own initiative. In times of fiscal constraint, 
one of the first managerial budget cuts is training and/or travel required 
to attend a training class. There is a big divide between an organization’s 
recognition of the value of simulation-based engineering and its willingness 
to invest in formalized staff development and training.

Integrated Organizations: Segregated SBE Tools

Defense organizations typically operate as a matrix that consists of distinct 
functional engineering disciplines overlaid by product development 
programs. Variants of the matrix system have been implemented, including  
integrated product and process development (IPPD), total quality 
management (TQM) and concurrent engineering. Such frameworks are 
implemented with the intent of reducing program cost, improving program 
schedule and delivering higher-quality products. 
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Mounting option for a 350 MHz antenna on F-35 Joint Strike Fighter, 
along with resulting radiation pattern
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Many studies have demonstrated the benefits that can be realized. 
Remember, however, the evolution of simulation-based engineering tools 
described earlier and the resulting segregation of simulation tools within 
each discipline. Many organizations have not applied the same integrated 
principles to SBE-tool use as they have to the overall product development 
processes and, hence, fail to reap the benefits.

The Modeling and Simulation SBE Community Has Identified 
Three Top Areas for Improvement

Taking the above factors into consideration, ANSYS conducted an extensive 
survey of the defense modeling and simulation SBE community. Comprising 
input from over 50 of the leading defense contractors and government 
facilities, the results were highly consistent and told a compelling story. 

The top three areas that the community reported had the greatest potential 
for improvement were:

•	 Staff simulation-based engineering skills development, training and 
process automation

•	 SBE data re-use and knowledge capture
•	 SBE data exchange between engineering functions

Note that SBE tool capability (or lack of) did not make the top five areas 
for improvement. The focus for improvements in support of DfA is on 
simulation-based engineering processes and the people who use them.

What Best Practices Can the Defense Industry Adopt to Improve Staff 
Simulation-Based Engineering Skills?

ANSYS observes best-in-class organizations focus on two key best practices, 
with a sample of associated attributes listed in the following table.

Amplify Existing 
Engineers’ 
Productivity

• Automate routine processes to free up engineers’ 
time to focus on complex issues

• Coordinate SBE and IT investment strategies to 
ensure hardware and software requirements are 
aligned

• Parametric modeling and optimization
• Strategic partnership with SBE tool provider, as 

opposed to client–vendor relationship

Democratize 
SBE Use in the 
Organization

• Customized SBE tool interfaces and capabilities 
to facilitate use by less-experienced engineers or 
intermittent users

• Direct modeling used to enable analysis to be 
performed at pre-CAD stage

• Formalized training processes and aggressively 
protected training budgets
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Top three SBE practices that defense organizations identified as 
having the greatest potential for improvement
Source: ANSYS, Inc. proprietary survey data
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What Best Practices Can the Defense Industry Adopt 
to Improve Re-use and Knowledge Capture?

Best-in-class organizations have established open and collaborative 
platforms for simulation that facilitate sharing and capturing of knowledge 
in addition to archiving data. These organizations have been able to do this 
within constraints imposed by the secure nature of defense projects.

Best Practice Typical Attributes Implemented by Best in Class

Open 
Collaborative 
Platform

• Dedicated engineering architecture for simulation 
data management

• Centralized simulation data management solution
• Cloud (internal or external) deployment of data 

management
• Integration of data management solution with 

PLM system
• Change management and control for modeling and 

simulation
• Global visibility into product behavior and 

performance data
• Governance and project management protocols
• Traceability with audit trails and IP security
• Combination of protection technologies
• High data volume and high data value
• Supply chain interaction and management

What Best Practices Can the Defense Industry Adopt to Improve Data 
Exchange Between Engineering Functions?

To improve the acknowledged performance gap in the ability to exchange 
data and information between segregated engineering functions, best-in-
class organizations have implemented a comprehensive and integrated 
multiphysics simulation solution. This solution includes different levels 
of scale and fidelity to be applicable at different stages of the product 
development cycle.

Best Practice Typical Attributes Implemented by Best in Class

Comprehensive 
and Integrated 
Multiphysics

• Physics-based simulation tools that can interact 
seamlessly at different levels of fidelity (e.g.,  
linear to nonlinear, steady to transient)
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In general, the modeling and simulation SBE community in the 
defense industry is at the beginning stages in the adoption of the 
open collaboration platform best practice. Therefore, it is useful 
to look at other industry sectors and import lessons learned that 
demonstrate the value of the practice for different purposes. 

In the automotive industry, MANN+HUMMEL is a multi-billion 
dollar supplier of filtration technology that makes extensive use of 
modeling and simulation in the development of its key products. 
The company has  adopted the concept of an open collaboration 
platform as a best practice. 

“Our engineers in multiple locations frequently need to collaborate 
in real time. Data management capabilities make it straightforward 
for our engineers to organize and track multiple versions of files that 
are created during a typical design and analysis cycle.”

— Dr. Martin Lehmann, Head of Simulation at Filter Elements 
MANN+HUMMEL

In the energy industry, Petrobras is one of the leading global 
integrated companies whose operations require high capital 
investments in highly engineered, long lifecycle, complex systems. 
The design and development processes for these systems make 
extensive use of modeling and simulation. Re-using historical 
modeling and simulation data with an open collaboration 
platform enables Petrobras to shave time and uncertainty from the 
simulation process. 
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Comprehensive 
and Integrated 
Multiphysics 
(continued)

• Physics-based simulation tools that can interact 
seamlessly across disciplines in a common 
working environment with minimal manual 
intervention (e.g., aero-loads transferred directly 
to stress analysis within a common simulation 
environment)

• Physics-based simulation tools directly connected 
to functional and architectural systems-level 
models

• Common geometry models serving segregated 
functional engineering teams

• Simulation capabilities determined from program 
requirements as opposed to individual functional 
requirements

• Contained within an open collaborative platform 
(See table above)

• Framework that supports access from distributed 
engineering teams

• Ability to leverage high-performance computing 
resources across physics disciplines

• Integration of commercial and in-house 
simulation tools in a common environment

How Can ANSYS Help?

Simulation-based engineering tools have been proven to deliver significant 
return on investment and cost savings to defense programs. However, as 
the defense community enters a period of increased financial scrutiny and 
uncertainty, best-in-class organizations focus on delivering these returns 
more efficiently to better support design for affordability. They are doing 
this by implementing best practices in the areas of SBE processes and 
people.

In addition to delivering industry leading SBE tools, ANSYS has developed 
solutions to enable companies to implement these process- and people-
oriented best practices.

ANSYS customers in the defense community actively compare their own 
processes and people-focused performance with the benchmark survey data 
summarized in this white paper, leading to immediate actionable steps to 
improve efficiency and impact their design for affordability initiatives. We 
welcome and invite you to participate.
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The impact of adopting best-in-class attributes of efficient 
multiphysics practice is not just theoretical. Industry leaders are 
showing results and significantly impacting DfA: Andy Sadwhani, 
senior engineer at Space Exploration Technologies (also called 
SpaceX) stated that coupling simulations through efficient 
multiphysics resulted in:

•	 10 to 15 percent reduction in system weight
•	 Increase in payload capacity
•	 50 percent reduction in development time
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ANSYS, Inc. is one of the world’s leading engineering simulation software 
providers. Its technology has enabled customers to predict with accuracy that 
their product designs will thrive in the real world. The company offers a common 
platform of fully integrated multiphysics software tools designed to optimize 
product development processes for a wide range of industries, including 
aerospace, automotive, civil engineering, consumer products, chemical process, 
electronics, environmental, healthcare, marine, power, sports and others. Applied 
to design concept, final-stage testing, validation and trouble-shooting existing 
designs, software from ANSYS can significantly speed design and development 
times, reduce costs, and provide insight and understanding into product and 
process performance. Visit www.ansys.com for more information.

ANSYS, Inc.
Southpointe
275 Technology Drive
Canonsburg, PA 15317
U.S.A.

724.746.3304
ansysinfo@ansys.com

© 2013 ANSYS, Inc. 
All Rights Reserved.

About ANSYS
ANSYS, Inc. focuses on ensuring that defense customers who leverage 
the power of simulation-based engineering can achieve their DfA goals. 
The company has developed specific technology to address key areas of 
inefficiency.

ANSYS® Multiphysics
ANSYS multiphysics solutions automatically combine the effects of two 
or more interrelated physics within one unified environment. When 
combined with the ANSYS Workbench™ environment, coupled analyses 
can be performed in a fraction of the time otherwise required, providing 
for greater solution accuracy and allowing users to explore a much broader 
range of engineering parameters in a given time to facilitate innovation in 
multiphysics designs. 

ANSYS EKM™
The ANSYS engineering knowledge management solution is an end-to-end 
support system designed with a special focus on scale, scope and purpose 
of CAE. It fosters organization-wide standardization on best practices, 
integrating distributed teams, and meeting regulatory compliance targets.

ANSYS Customization, Support, Services and Training
Whether you are new to engineering simulation or are a highly-skilled 
specialist, ANSYS provides the training, services and support you need to 
create the next must-have product. Live phone support and the customer 
web portal make it easy for you to submit requests and concerns. So you 
have available services when and where you need them most, and in the 
form that is most useful to your team. 
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