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One Shot at
Perfection

United Launch Alliance 
optimizes analysis data and 

processes to decrease its 
rocket design cycle without 

sacrificing quality. P.22



2  DESKTOP ENGINEERING   December 2013 /// deskeng.com

Optimize Analysis /// PLM

Winning the Hearts and 
Minds of Rocket Scientists
ULA set out to consolidate analysis data and processes  
in Siemens PLM Software’s Teamcenter.
BY KENNETH WONG

When Michael Gass, president 
and CEO of United Launch 
Alliance (ULA), sat down for 

an on-camera interview with Siemens 
Product Lifecycle Management (PLM) 
Software’s public relations department, 
he revealed something about engineers 
that might seem counterintuitive to 
many. “Engineers are not the most flex-
ible people, especially when they have a 
process that works,” he observed. “In our 
culture, we kind of resist change … Any-
time you introduce a new process, there’s 
a bit of resistance.” 

That culture is bound to test the mas-
sive data-and-process consolidation initia-
tive at ULA. 

As the science of rocket building gets 
more sophisticated, the types of analysis 
and simulation possible to predict and 
perfect the rocket’s performance also 
grow. “What is necessary to [analyze a rocket] evolved over 
time,” says Marc Solomon, ULA’s PLM chief engineer and 
engineering systems architect. “We kept saying, ‘Let’s go 
try this’ or ‘Let’s make sure this doesn’t happen.’ We’re con-
stantly learning. So we end up where we are today — hun-
dreds of tools, and a chain of analysis in multiple steps, each 
one feeding into the next.”

It wouldn’t surprise anyone that ULA relies on digital sim-
ulation using industry-accepted CAE software to verify the 
integrity of its product concepts. But what’s lesser known is its 
reliance on non-geometric analysis. Solomon describes them 
as large-scale calculations related to “mass, moments of iner-
tia, control dynamics, and angle of attack, for example.” These 
are, he says, “non-geometric analysis parameters that affect the 
basic plan of flight.”

ULA’s ambitious plan is to bring hundreds of simulation 
tools — a mix of homegrown, commercial and hybrid codes 

— under a single environment. As its data-management hub, 
ULA chose Siemens PLM Software’s Teamcenter. Solomon 
predicts that the team will “probably learn more about our-
selves than we do about Teamcenter” in the process. 

The Data Mound
In the past, ULA had to cope with disconnected systems and 
manual processes. To keep product development from differ-
ent disciplines in sync, the staff resorted to labor-intensive 
data re-entry.

“How we melded data was measured in meetings and meet-
ing time,” Gass explains. “It was brute force to get everyone 
to share information and check through the data to verify an 
analysis translated to a physical design. To have the most up-
to-date data, we relied on manual processes — and obviously 
that led to errors.”

The data syncing difficulty was made more complex by 

United Launch Alliance’s engineering 
workflow is designed to minimize human 
error via automation.
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ULA’s use of multi-disciplinary optimization 
(MDO), an approach in which various simulation 
and analysis tasks undertaken by different depart-
ments must come together.

“Our designs are essentially larger than their 
parts,” explains Solomon. “In most cases, we’re 
analyzing a large chunk of the system or the whole 
thing. It seems the rest of the world is focused on 
design management. That’s not enough for us. We 
must manage our design, but the world we work in 
demands a comprehensive engineering approach.”

Because ULA is one of a handful of companies 
building rockets, the company had to develop in-
house tools to tackle the tasks commercial software 
couldn’t address.

“In the rocket world, there aren’t too many 
things you can buy off the shelf,” Solomon quips. 
“We use lots of commercial tools, tools we’ve 
developed in-house, and hybrid tools that have 
home-developed extensions on commercial tools. 
A big part of our Teamcenter integration is looking at how 
to integrate our non-commercial software tools.” 

Big Bang Not Recommended
Like any large institution, ULA has built up the equivalent of 
muscle memory in its processes over the years. To persuade its 
staff to abandon the familiar routines, even for more efficient 
ones, wouldn’t be easy. 

“I knew it was going to be hard, and it continues to be hard 
from the social perspective,” Solomon admits.

If the current system isn’t broken, why fix it? “We also 
wanted to break the mold of being tied to our roots to go on 
to doing something new,” Gass says, adding that he also rec-
ognized change is not ULA’s forte. Thus, he hedged on an in-
cremental deployment strategy: Instead of the all-at-once Big 
Bang approach, which would have likely been disruptive and 
resistance-prone, the company launched a pilot program that 
would serve as a template. 

As its first priority, ULA singled out requirements and 
analytical systems, the sectors that involve a high number of 
homegrown tools with different characters. 

“Every [launch] mission has its own series of analyses,” 
Gass says. “Not only do we manufacture the rocket, but we 
also manufacture the mission design, and our ability to predict 
and model the mission, and deliver it to customers so they can 
use it, is critical.”

Gass had another reason for starting with analysis: Simula-
tion analysts comprised the biggest skeptics who believed they 
could do everything themselves. At the same time, he also rec-
ognized they had the skills to embrace a project of this magni-
tude. Getting early buy-in from this group, then, would set the 
tone for the rest of the enterprise. 

“We’re at the beginning stage. We’ve done all the home-

work. We’ve built the railroad tracks [for integration],” he says. 
“So as we move from group to group, we don’t need to start 
all over. We pick a solution of ours, figure out the manner in 
which we’d like to integrate it, capture that very quickly, and 
then move on to the next group. It’s important to do this on an 
incremental basis, because we cannot destabilize the business 
as we move [our tools] into Teamcenter.”

Laying Down the Tracks for the Future
When fully implemented, ULA’s Teamcenter deployment will 
oversee a mix of intertwining analysis activities, spanning from 
stability calculations in MathWorks MATLAB to structural 
analyses in Siemens’ NX CAE. The success of the implemen-
tation might be difficult to quantify, but Solomon has a specific 
yardstick in mind: “We want to see radical improvement in our 
ability to move information through the business.”

There is also the issue of the retiring workforce. ULA’s cur-
rent simulation expertise is confined to a small group, a “spe-
cial tribe.” Therefore, in Gass’ words, “the transfer of tribal 
knowledge to the next generation and [to] do so as fast as pos-
sible using tools that appeal to the next-generation’s skill set” 
has taken on new urgency. 

ULA runs two distinct rocket product lines, dubbed Atlas V 
and Delta IV. Each system, according to Solomon, has its own 
rich history and enterprise knowledge. 

“In the process of integrating the two businesses, with lots 
of different ideas from each, we have to make sure we in-
corporate everything we know about each, and not lose any 
knowledge,” he explains. With Teamcenter as its consolidated 
data and process hub, he says, ULA hopes to retain its insti-
tutional wisdom.

ULA measures launch success by its analysis work, even 
more so than its design work. 
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ULA engineers are used to relying on a rigorous checklist of 
questions to conduct their analyses. The data from the checklists 
will now be mapped into Teamcenter, so most handoffs are auto-
mated, with a series of dashboards that reveal hiccups. 

The most immediate benefit from the project so far, Sol-
omon observes, is a “reduction in overhead of documenting 
analysis assumptions, processes and outputs. These tasks used 
to be repetitive manual data-entry tasks; today, they’re to be 
captured by the system.” As a consequence, Solomon points 
out, “someone downstream should be able to follow a chain of 
analysis all the way back to the start, so he or she can confirm 
or challenge the assumptions.”

Another advantage introduced by Teamcenter is easier 
change management in the analysis chain.

“[Engineering] assumptions cascade through one group to 
the next,” Solomon says. “If there’s a change, new assumptions 
move downstream. So whenever there’s a change injected into 
the process, the groups have to reassess the assumptions.” 

With manual data entry, there was always a risk that altered 
assumptions might not properly be communicated to the rest 
of the analysis tree. The automated process ensures changes are 
flagged with alerts, along with dashboards providing a transpar-
ent view of how the change affects the rest of the operations.

“We tend to be overly cautious, because our mistakes are 
highly visible,” Solomon notes. “If we don’t truly understand 
a change’s impact, we might possibly — and certainly have in 
the past — redo the work we’ve done, just to be sure. If we un-
derstand the changes, we save cycles by reducing — in classic 
Lean manufacturing terms — overproduction.”

Hands-free Flight
Even among devout fans of rocket science, there may be a 
common misconception that unmanned rockets launched 
into space are meticulously shepherded by a team at Mis-
sion Control, perhaps using a sophisticated steering device to 
drive them through asteroid fields like you might do in a video 
game. But that is not the case, Solomon says.

“The launch vehicles are truly autonomous,” he explains. 
“When we designed them, we gave them structure, capability 
and power. We also gave them autopilot. We tell them, ‘Your 
job is to get from here to there. Whatever you may encounter 
in space, your job is to get this [payload] to this point and drop 
it off without breaking it.’ At a certain point, we say goodbye 
to them; they’re on their own. There’s nobody with a joystick 
driving them.”

To be able to travel through space autonomously, the rock-
et’s internal infrastructure must facilitate automatic flight data 
assessment, with no manual intervention from Mission Con-
trol. There’s a certain parallel to this hands-free approach to be 
found in what ULA has set out to accomplish with Teamcenter.

“We’re not research scientists tackling open-ended ques-
tions. We’re trying to solve engineering problems within set 
schedules and costs,” Solomon concludes. “We want to let 
our engineers be part of an integrated system that stays in 
lockstep with the business, but we don’t want to tell them 
how to do analysis.”

Gass echoed the sentiment while talking about the project 
at Siemens’ analyst event in September: “It’s all about win-
ning the hearts and minds of people. Introducing Teamcen-
ter is more about people change management than about IT 
connectivity.” DE

Kenneth Wong is Desktop Engineering’s resident blogger and 
senior editor. Email him at kennethwong@deskeng.com or share your 
thoughts on this article at deskeng.com/facebook. Additional reporting 
by Desktop Engineering Contributing Editor Beth Stackpole.
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ULA is integrating its simulation tools via Siemens PLM 
Software’s Teamcenter.
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United Launch Alliance (ULA) 
is the leader in designing and 
building vehicles to launch criti-

cal spacecraft for the U.S. Government, 
including the Department of Defense, 
NASA, the Na tional Reconnaissance 
Office, and other commercial custom-
ers. As the science of rocket building be-
comes more sophisticated, the need for 
more complex, comprehensive simula-
tion models evolves. With this evolution 
comes a need to unify and integrate data 
from a wide range of sources and align it 
to mission objectives.

It IS rocket science
To achieve its goal of 100 percent mis-
sion success, ULA has come to rely on 
a vast array of simulation solutions – 
both off-the-shelf and custom – and 
a chain of analysis in which one step 
feeds the next. This de mands labor in-
tensive repetitive manual data manage-
ment. The result? An overwhelming 
mountain of data. ULA needed a bet-
ter way to harness simulation data to 

speed launch timeframes 
and ensure quality.

Teamcenter – a 
powerful solution to a 
complex problem
Teamcenter Simulation 
Process Management 
was developed for exactly 
these types of challenges 
that need to integrate and 
leverage complex simula-
tion data from a multitude of sources 
across the enterprise. Teamcenter Simu-
lation Process Management provides 
data, workflow, and process management 
across departments and functions to 
streamline collaboration. ULA, a long-
time user of Siemens PLM Software’s 
NX CAE and Teamcenter products, 
saw the potential of extending its use of 
Teamcenter to address the simulation 
data management challenge.

A rational implementation path
Engineers are an inherently conserva-

tive group, especially in an industry 
where mistakes are highly visible. ULA 
management knew it needed to demon-
strate early advantages on a controlled 
scale to fuel adoption. Teamcenter 
Simulation Process Management en-
ables exactly the incremental roll-out 
they wanted. ULA could select a pro-
cess to optimize, configure Teamcenter 
to address the challenge, and then move 
on to the next group. Although ULA is 
only beginning to implement this new 
approach, the early results are already 
paying dividends.

About Siemens PLM Software
Siemens PLM Software is a leading global provider of product life-
cycle management (PLM) software and services with seven million 
licensed seats and more than 71,000 customers worldwide. Head-
quartered in Plano, Texas, Siemens PLM Software works collabora-
tively with companies to deliver open solutions to help them make 
smarter decisions that result in better products. For more informa-
tion on Siemens PLM Software simulation products, please visit: 
www.siemens.com/plm/nxcae.

www.siemens.com/plm/nxcae
Contact Information:
5800 Granite Parkway, Suite 600, Plano TX 75024
Phone: 1-800-498-5351 •  Email: info.plm@siemens.com

For more information visit:

Rocket Scientists Unite  
Simulation Data to Go Beyond
Teamcenter Simulation Process Management from 
Siemens PLM Software gives United Launch Alliance 
truly integrated simulation data. 
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Siemens PLM Software: Smarter decisions, better products.

A simple idea inspired this product. 
Thousands of decisions made it real.©
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 Answers for industry.

Making a great product takes more than inspiration. It 
takes thousands of decisions for a good idea to become 
real. Not just the big milestone decisions, but all the small 
decisions that lead up to them. The fact is, anyone can 
make the decision that makes the difference in your 
product’s success.

For leading companies throughout the world, Siemens 
PLM Software is an essential environment for immersive 
product decision-making. Our solutions give everyone 
involved in making your products “high-definition PLM.” 
HD-PLM ensures that people get the information they 
need, when they need it—with absolute clarity—to make 
more informed decisions faster.

No matter what industry you’re in—automotive or aero-
space, electronics or energy, marine or medical, machinery 
and more—Siemens PLM Software helps you make the 
smart decisions that go into making great products. 
Learn more at siemens.com/plm/nxcae-symposium.

Siemens PLM Software provides an immersive decision-making 
environment that understands the cross-functional dependencies 
in your product lifecycle process. This gives everyone the right 
information in the right context to make the right decisions.

NX CAE 
Symposium 
presentations 
available.

SiemensPLM_Aerospace_DTE_DEC2013.indd   1 12/6/13   2:14:33 PM


