By Roland Sievert, Engineering Manager, Generator Development,
Siemens Power and Gas, Muelheim, Germany

The generator product development group at Siemens Power and Gas faces significant challenges in meeting stringent
customer demands for delivery speed and quality. The team’s goal is to increase customer value and productivity, with-
out adding more resources. In designing complex rotating machinery, how does this team balance uncompromising
product quality with rapid delivery of its systems — while keeping personnel costs reasonable? Roland Sievert shares

five strategies for boosting engineering productivity.

he Siemens generator business is part of the
company’s Power and Gas division, which
supplies utilities worldwide with high-
reliability, high-performance rotating
power equipment. At its facility in Muelheim,
Germany, engineers develop and enhance a com-
prehensive portfolio of turbo generators for large-
scale power generation applications up to 2200MVA.

Backed by a 100-year history, an installed fleet of more

than 1,300 units and efficiency levels up to 99 percent,
Siemens generators are known for uncompromising product
quality. In an industry where warranty expenses can be enor-
mous and power outages can cost up to $1 million per day,
Siemens’ engineers cannot afford to make errors. For this rea-
son, the company has invested in attracting the industry’s best
talent and assembling a portfolio of advanced engineering
technology solutions that support creativity and productivity.

Today, the global power generation industry is characterized
by strong competition. Large multinational companies are
making significant investments in this sector. Original equip-
ment manufacturers (OEMs) like Siemens are also facing
tough competition and new challenges. Generators produced
by Siemens are large, and they are also time-consuming and
expensive to build. The engineering phase is a natural target
for compressing the overall product delivery cycle time.

Simulation of the generator stator core system demands
a real multiphysics approach using ANSYS simulation due

to electrical field forces, heat generation, conduction and
heat transfer as well as mechanical integrity assessment
(e.g. during a short circuit) and for modal analyses.

While facing tighter deadlines, the development team
also provides diverse customer services. In addition to
developing highly customized, clean-sheet generator
designs or technologies, Muelheim engineers produce
systems using off-the-shelf components to minimize
complexity. All components need to operate together
perfectly to meet or exceed various exacting perfor-
mance needs. Plus, as Siemens’ fleet of existing genera-
tors in the field ages, this same engineering team provides
increasing maintenance, repair and refurbishment services.

How does the Muelheim team balance all these priorities, while
still delivering the high quality demanded by the global power
generation industry? Over the past several years, the manage-
ment team at Siemens’ generator business has worked hard
to amplify the productivity of this highly skilled development
team. Based on these efforts, Siemens’ engineering managers
have identified five keys to achieving higher productivity.
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How does the team balance priorities, while still delivering the
high quality demanded by the global power generation industry?

On any given day at Siemens’ generator business, engineers
are focused on a number of competing priorities. To meet all
these demands simultaneously, Siemens has created an agile,
fluid organizational structure. A number of “priority teams”
are always dedicated to critical projects, such as getting a
customer back online in the wake of an outage. But the staff
members not assigned to a priority project are

flexible, changing assignments as projects

evolve and personnel needs change.

Experts in mechanical engineering,

electrical engineering and other

specialized disciplines rotate

among different teams as their

knowledge is needed.

To support this type of agile,
ever-evolving engineering,
Siemens has arrived at some
general staffing and technol-

ogy principles. First, the ma-
jority of staff members should
have a range of general skills
that make them extremely versatile
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across teams. Engineering simulation is a specialized skill for
many development teams; however, at Siemens Generators
about half of the engineering staff uses simulation software
frequently.

In addition, the platform of engineering and design tools
should make it easy for team members to collaborate on proj-
ects, even across different physics disciplines. For the
Muelheim team’s many simulation projects, a cus-
tom simulation base host governs most of the
engineering data. This one-dimensional
(1-D) host provides and receives parame-
ters from ANSYS Workbench. Workbench
provides a common, user-friendly
numerical analysis platform where
team members can converge, build
shared models and hand off design
concepts. This shared technology
environment works with the governing
master data host to ensure that every-
one is speaking the same language and
working toward the same objectives, even
as individual team members come and go.

SIEMENS AT A GLANCE

- 2014 revenues: 30.9 billion €
- Number of employees: 343,000

- Headquarters: Munich, Germany
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When an engineering organization is balancing multiple
priorities and members are shifting among teams, it is critical
that managers have complete visibility into the status of every
project. The generator engineering team uses a software prod-
uct called Concerto to visualize and monitor the many proj-
ects underway at any time. Regularly, project managers report
their teams’ progress in Concerto, including vital details such
as milestones achieved, deadlines missed, and the availability
or consumption of any “buffer” time that has been created dur-
ing the design process.

On at least a weekly basis, top engineering management takes
corrective actions, such as re-assigning a specialist if a par-
ticular team is falling behind or if another team is way ahead
of schedule. In making these decisions, managers weigh the
strategic importance of each project to the company, ensuring
that key customers are not disappointed and technology devel-
opment projects are not compromised.

In the earliest stages of generator design, a full-blown, 3-D,
multiphysics transient simulation of the complete product is
not only unnecessary, it consumes a disproportionate amount
of resources. While Siemens’ finished systems are incredibly
complex, the engineering team begins by working in an in-
house 1-D design environment that Siemens created using
custom software code. This allows engineers to quickly pre-
optimize much of a product’s geometry before moving on to
more sophisticated, more exacting 2-D and 3-D modeling.

Assessment of stress and displacement of
conductors underneath the retaining ring.
Siemens engineers use ANSYS structural
software to determine shrink fit, heat
conduction, material combinations and in-
depth mechanics due to the rotating system.

Radial displacement of
retaining ring mounted
on rotor body
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There are many software tools available for monitoring project
progress, but the key is to have a system in place that creates
complete visibility. A systematic, technology-based approach
ensures that all decisions are made on a factual basis, with a
comprehensive view of the whole engineering workload. These
decisions are much higher in quality than those made on an
ad hoc basis, or based on who is knocking on a manager’s door
and asking for help. By implementing a formal project-track-
ing system over the past three years, Siemens Generator has
maintained the on-time delivery rate for engineering projects
at well over 90 percent — while doubling the number of com-
pleted projects.

As projects move through the design pipeline toward com-
pletion, Siemens engineers drill down deeper and deeper
to ensure final product quality and robustness. Accuracy is
increased only as it adds relevance and value. Instead of rely-
ing on a single tool and a single level of design detail, Siemens
Generators has created a broad toolkit, including its custom
1-D environment, that makes the best use of limited engineer-
ing resources — but is still capable of obtaining higher-fidelity
results when needed.
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Accuracy is increased only as it adds

relevance and value.

Just as the engineering team at Siemens’ generator business
limits its use of full-blown 3-D simulation, team members
deploy costly, time-consuming physical prototyping and test-
ing only when it makes strategic sense. Siemens has con-
structed a large, one-of-a-kind generator test bed where sys-
tems are verified before being delivered to customers. When
a company invests in this type of world-class resource, it can
be tempting to use it frequently and perhaps over-rely on it
as a quality check. To minimize the costs of both testing and
physical prototyping, Siemens relies on simulation to not only
provide early proof of machine performance, but to validate
and calibrate predictive engineering methods.

Development teams need
to examine and re-examine
even their most

Over the years, engineering simulation has proven highly
accurate in predicting system performance, eliminating the
need for multiple rounds of physical testing. When physical
testing is needed, simulation allows Siemens engineers to use
it in a very targeted manner, based on specific areas of concern
identified in the virtual design space — such as regions of high
mechanical stress or temperature.

When a finished generator design makes it to the test bed,
engineers know exactly which areas to investigate and how to
investigate them — the result of early planning and strategic
thinking. And, if problems are identified in testing, targeted
follow-up simulations help to address those issues quickly and
cost-effectively. At Siemens Generators, simulation and physi-
cal testing work together in a closed-loop cycle, with the test
bed used only when it adds customer value.

foundational processes.
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When an engineering team is working quickly and under
constant pressure, it’s easy to fall back on the philosophy of
“That’s the way we’ve always done it.” However, this is con-
trary to increasing competitiveness over the long term via
innovation and continual improvement. Development teams
need to examine and re-examine even their most foundational
processes to continually drive time and costs out of the design
cycle. When managers shine a spotlight on daily work processes
that have been accepted for years, the results can be surprising.

For instance, engineers at Siemens Generators once hand-typed
a multi-page electrical data sheet for each project according to
internal customer standards, which was very time-consuming.
Recognizing that this was a major source of inefficiency, the
Siemens team standardized this form by integrating the vari-
ous customer requirements. An online version made it very
easy for engineers to populate the form for each project with
just a few mouse clicks. Now electrical specification happens in
seconds, not days. Because the old way’s resulting inefficiency
impacted every downstream process, this single improvement
has saved the generator business substantial lead time.

As another example, when 3-D designs are created, prelimi-
nary data is passed on for numerical analysis. As both physi-
cal design and numerical modeling continue in parallel, the
design often evolves and does not match the numerical model
anymore — increasing design uncertainty and decreasing the
model’s value. To ensure consistency, the engineers involved
need to convene and verify the model’s validity two times a
week, even if they are working in different parts of the world.
The engineers also agree on the subsequent action, with a
focus on both quality and schedule. On many occasions, this
saves weeks of rework and adds quality to the design at the
same time — for no additional cost.

It’s likely that every engineering team has institutionalized processes that have not been examined, and optimized, for years. By
taking an objective look around their engineering organizations, managers may be able to identify and eliminate these kinds of
hidden inefficiencies. Changing old, outdated ways of accomplishing daily tasks can power significant increases in engineering

productivity, often at little or no financial investment.
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