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BACK WHEN THOMAS EDISON used
to send light bulbs to college campuses, Iowa
State University in Ames was generating its own
electricity to test them.  This concept of co-gen-
eration got a foothold in central Iowa 116 years
ago, long before the term was coined.  And now
the university has expanded on that legacy.

In 1891, Iowa State utilized reciprocating steam
engines to generate electricity and supply steam
for heating campus buildings.  Now in the 21st
century, the university remains an even
stronger proponent of co-generation and with a
far more sophisticated system capable of gener-

ating all of the electrical needs of this renowned
engineering and agricultural institution.

Not only does it provide the energy for its peak
load of 34 megawatts, the equipment now in
place provides heating and air-conditioning
through steam extraction.  “Our system heats
all of the main campus,” said Jeff Witt, assis-
tant director of utilities for the university.  The
school was founded in 1858, became the coun-
try's first land grant college in 1864 and now
has a student body of more than 25,000.

Until two years ago, the school wasn't quite
capable of meeting its peak load demands,
until it installed a 10-stage frame RD7MPQ
steam turbine by Tuthill Energy Systems of
Burlington, Iowa.  (In 2005, Dresser-Rand
acquired certain assets of Tuthill Energy
Systems, an international manufacturer of sin-
gle and multistage steam turbines and portable
ventilators under the Coppus, Murray and
Nadrowski brands.) 

“It was a 10-stage 15-megawatt generator set,”
said Dick Perry, Dresser-Rand's manager of
applications in Burlington.  It replaced a 1948,
3-megawatt system, bringing its electrical gen-
erating capacity to 46 megawatts.  “They need-
ed more power.  The system that was manufac-
tured is capable of electric generation, steam
heating, and air-conditioning.  The whole fact
that it's an integrated system for heating in the
winter and cooling in the summer makes it
ideal for a large campus that operates year-
round.”

Generator sets weren't popular for a long time,
according to Perry.  In the early 1990s chiller
drives started to come into vogue.  The system
designed and manufactured for Iowa State is the
“largest one we've done,” Perry said.  Dresser-
Rand recently installed an 18-megawatt system
for the University of Rochester in Rochester.  But,
it operates at a higher exhaust pressure and
requires smaller blading.

Sega Inc., an engineering consulting firm
based in Stilwell, Kansas, developed the specifi-
cations for the system for the university,
according to Derek Jacobs, Sega's project man-
ager.  The system was so large, that it had to be
disassembled partially to get it out of the plant,
and at Iowa State, the existing building had to
be reconfigured.  

The result of the lower vacuum and higher
specific volume of steam was that the equip-
ment took up more area.   As a result, large
blades had to be designed.
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“Our system heats all of 

the main campus.” 

— Jeff Witt, 

Assistant Director of Utilities,

Iowa State University

The power generation facility at Iowa State
University, in Ames, Iowa, produces electricity
for the campus, as well as heating and air-
conditioning through steam extraction.



In addition to the steam turbine, the system
included a Lufkin Speed Reduction Gear
mounted on a base plate; separate 15,000 KW,
13,800-volt Ideal synchronous generator; Ideal
generator instrument and relay cubicle; sepa-
rate lubrication system; Graham surface con-
denser, plus miscellaneous items such as cou-
plings, coupling guards, and turbine-to-con-
denser expansion joint.

“College campuses have been employing co-
generation for years and years,” said Mike
McGuinness, Dresser-Rand's director of sales for
the Americas.  On most campuses, the co-gen-
eration facilities use the excess steam from elec-
tric generation to chill water for air-condition-
ing, according to Jacobs of the Sega engineer-
ing firm.  “They all want to do that,” he said.
“It's the efficiency.  It's more efficient to take
the wasted steam and use it for something else.”

According to McGuinness, nearly every college
campus in the country has Dresser-Rand
equipment for its utility operations, ranging in
size from a couple of megawatts to 45
megawatts.  Worldwide, Dresser-Rand has tur-
bines in more than 140 countries in all sizes up
to 75 megawatts.

U.S. campuses are particularly well suited for
co-generation.  In the Midwest and the
Northeast, the universities are ideal for co-gen-
eration because of the need for electricity, air-
conditioning, and heat.  “This trio of uses
makes co-generation extraordinarily cost effec-
tive for college campuses.  There is a definite
payback,” McGuinness stated.

At Iowa State they are able to use excess steam
to heat the entire campus and to operate its air-
conditioning system, in addition to providing
all of the school's other electricity needs.  They
first began to air-condition the campus in

1968.  “We have underground piping and tun-
nels to convey the steam throughout the cam-
pus,” Witt said of the heating system.  

The main reason for expanding its utility oper-
ations is economics.  “The cost to purchase
energy was getting high enough to make it
cheaper to make it ourselves,” Witt said.  “On
average, we're probably saving about 1 to 1.5
cents per kilowatt.  The public utility price
ranges from 4.5 to 4.8 cents a kilowatt for us.”

“We've been engaged in co-generation since
1891, starting with a steam engine.  This was
back when Thomas Edison mailed light bulbs to
the university for professors to experiment with.”

Because of its long history with co-generation,
Iowa State had to re-work its operations facili-
ty before installing the new equipment.  “The
whole construction project was a challenge,”
Jacobs of Sega recalled.  While Sega was the
design engineering firm, Iowa State took on
the responsibilities of construction manager.

“The new steam turbine was going right in the
middle of our operating plant,” Witt said.  “We
have other generators and switch gear there.
We had steam piping to relocate.  It took about
eight different phases of piping operations to
keep steam in service to the campus.  It took a
while to figure all that out.  This is an old plant
and a 1948 turbine and 3-megawatt generator
and its foundation had to be removed, as well
as another 1952 generator.”

They had to excavate beneath the plant to find
out what they had.  And what they found was an
underground creek.  “We had a lot of stabiliza-
tion to do before starting construction,” Witt
added.  And when it was all finished, there was
still more to do - they had to take the top of the
new turbine off to fit it through the doorway.

At most campuses, natural gas is the dominant
fuel and they typically utilize a gas turbine
generator and steam.  But at Iowa State, they
decided on coal.

Iowa is not far from coal country.  It ships in
coal from Illinois and Kentucky by barge on
the Mississippi and Ohio rivers to southeast
Iowa where it is transferred to truck for trans-
port to Ames in central Iowa.  In keeping to an
environmental commitment, the coal trucks
return with loads of corn or soybeans.  

About 160,000 tons of coal a year is burned.
“It's blended to our specifications,” Witt said.
“We specify a range of coal that's acceptable to
us.  It has to have a BTU content of at least
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9,500 a pound.  Currently we're at 11,800 BTU
a pound.  We also specify maximum moisture
content, ash, and sulfur.”

The current maximum specs are 12 percent
moisture, 16 percent ash and 4.5 pounds of sul-
fur for every million BTUs.  “We evaluate coal
on the cost of the fuel and the cost of removing
sulfur,” Witt explained.  “All are factored into
the lowest cost fuel.  Environmentally, we're as
good as most coal-fired electric generating util-
ities in the country.”  

The two new boilers that Iowa State installed
are fluidized bed boilers.  “We burn limestone
with the coal and the limestone reacts with the
sulfur to form the ash,” Witt said.  The
Environmental Protection Agency requires that

90 percent of the sulfur be removed.  “We typi-
cally remove in the range of 91 to 92 percent.” 

Ash residue is recycled.  “Last year about 70
percent of our ash was used for fill and recla-
mation at a rock quarry,” Witt said.  “The
remaining 30 percent was used for soil stabi-
lization, raw material for making cement, or
was mixed with other waste products and made
into compost.”

After 116 years of steam-powered electric gen-
eration, Iowa State University has pioneered
the way in co-generation.  It has installed the
most modern steam turbine generators, creat-

ed a technologically sophisticated plan to oper-
ate and manage its power plant to provide a 22
to 31 percent savings over purchased electricity,
and aggressively pursues environmental oppor-
tunities.  

Witt is pleased with the equipment, the design
of the operation and the results.  He has good
reason, as he explains, “Our overall plant effi-
ciency is about 55 percent and that compares
with most public utilities at 35 percent.”■
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"The whole fact that it’s an

integrated system for heat-

ing in the winter and cooling

in the summer makes it

ideal for a large campus that

operates year-round.”  

— Dick Perry, Manager of

Applications, Dresser-Rand

With the addition of this 10-stage,     
15-megawatt generator set, Iowa State
University increased its total electrical 
generation capability to 46 megawatts.
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visions
CANDID

Ken Marcia, Dresser-Rand's vice president
of Supply Chain Management (SCM) and
Process Innovation (PI)

BUILDING QUALITY INTO OUR
PROCESSES

Our future growth depends largely on a robust
supply chain.  We view our supply chain as an
extension of Dresser-Rand's manufacturing
network, and a solid manufacturing company
requires robust and repeatable processes (stan-
dard work) that should be followed by all --
suppliers, engineers, finance professionals, and
manufacturing personnel.  Everyone needs to
be involved in quality improvement and lean
implementation.

This is precisely why Process Innovation was
created at Dresser-Rand several years ago.  Our
company has made significant progress
through its PI initiatives.  We now have more
than 100 employees worldwide dedicated to PI.
We believe that millions of dollars of opportu-
nity exist in this area.  

Our PI professionals work closely with each
Dresser-Rand function and operation, and with
our suppliers to facilitate continuous improve-
ment.  Each area tracks metrics that measure
the robustness of D-R's processes and the
impact on business metrics such as warranty
and product cost.   In this regard, incorporat-
ing critical quality characteristics into our
designs, and on solving problems -- such as
casting porosity -- will drive these numbers in
the right direction.

During the past year, we've deployed advanced
lean practices such as value stream mapping,
which builds on basic process mapping tech-
niques by highlighting relationships, commu-
nication, and process timing.  This tool pro-
vides clear visibility to waste and helps us
reduce manufacturing and business process
cycle times.  

REDUCING CYCLE TIMES AND COSTS
THROUGH VA/VE

Our products are highly engineered by our
best-in-class engineering functions.  We con-
tinue to leverage this talent through the VAVE
process -- a methodology which seeks to
increase value in products by focusing on func-
tion (all things a product must do to make it
work well and sell), while simultaneously
decreasing cost.  Simply put, it's a systematic
team approach to providing value in products,
projects, and service.       

At Dresser-Rand, we use VA/VE to deliver bene-
fits beyond piece-part cost savings.  These ben-
efits include reduced cycle times, improved
quality, and increased productivity.  Since
2003, we've realized more than $20 million of
savings through VA/VE processes.  While we
only record VA/VE project savings for one year
after completion, most of the benefits extend
beyond the 12-month tracking period.

One major example of VA/VE involved inter-
continental teams from Dresser-Rand North
American Operations and Dresser-Rand India
Operations.  The teams worked together to
reduce costs on cylinders and running gears
manufactured at D-R's Ahmedabad, India
facility for our reciprocating compressor prod-
uct line.  To date, we have recorded $500,000 in
savings on this project alone. 

By using ideas from a variety of sources
(including clients, suppliers, and our own
employees), we also have opportunities to suc-
ceed in other areas with VA/VE.  Key steps for
2008 will be to support these efforts with tools
such as web-enabled portals for improved com-
munication and access to ideas.  We believe
that committing internal resources to VA/VE
represents an investment that will continue to
provide valuable returns to Dresser-Rand.

THE FUTURE IS TODAY

In today's business environment, value chains
compete -- and value chains include the supply
base.  Our goal is for Dresser-Rand's global
value chain to be unparalleled in its competi-
tiveness.  And we're confident that the innova-
tions and changes we're making will continue
to accelerate for the benefit of our clients and
shareholders.■
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On the Road to Great Improvements

Editor's Note:  The following article was written
by Ken Marcia, Dresser-Rand's vice presi-
dent of Supply Chain Management (SCM)
and Process Innovation (PI). Marcia has
responsibility for worldwide strategic com-
modity management, tactical purchasing,
and PI initiatives. He leads the worldwide
effort to remove waste, increase productivity
in all functions, and achieve world class
standards for process excellence.

Before joining Dresser-Rand, Marcia held
corporate-level positions at United
Technologies Corporation, most recently as
corporate director of supplier development.
He was twice elected board president of the
Supplier Excellence Alliance (SEA), a non-
profit alliance comprising aerospace,
defense, space prime contractors, OEMs,
major subcontractors, and leading suppli-
ers that work together to accelerate supply
chain capabilities.

It is no overstatement when I say that this is an
exciting time for Dresser-Rand.  Speaking
specifically for the company's Supply Chain
Management and Process Innovation teams,
we know our journey to become a world-class
SCM & PI organization will be both challeng-
ing and rewarding.  

It requires sharp focus on relentlessly improv-

ing quality, delivery, cost, and cycle times by
using the best tools and techniques for contin-
uous improvement.  It requires a commitment
to state-of-the-art performance methods such
as supplier conferences, supplier relationship
management, consumption management,
alliances, process innovation, value stream
mapping, and value analysis/value engineer-
ing (VA/VE).  Our Global Singular Process
(GSP) team facilitates this journey worldwide
through improved systems and data, which
enable us to measure performance and to
make data-based decisions.  

BUILDING STRONGER SUPPLIER
RELATIONSHIPS

Integrating a strong supply chain with D-R's
capabilities provides the basis for an overall
value chain delivering competitive advantage
and shareholder value.  Thus, as Dresser-Rand
seeks to build stronger relationships with
clients, so too SCM is working to create closer,
more enduring relationships with suppliers.  It
does this by identifying suppliers that can
strengthen the supply chain.  

For example, we're sponsoring interactive
global supplier conferences.  Last year, Dresser-
Rand hosted two major conferences in our
North American Operations (NAO) and
European Served Areas (ESA).  Suppliers repre-

senting more than 50 percent of our material
spend, as well as key non-product suppliers
attended these conferences.  Our message was
clear and consistent: remove waste, embrace
lean, reduce cycle times, increase total value --
and support the growing need for expansion
within Dresser-Rand's supply chain.

Developing supplier alliances represents a core
element for Dresser-Rand to compete on the
strength and capabilities of its supply chain.
Identifying potential supplier alliances
requires skill and diligence.  During the past
year, we focused on strategic sourcing, imple-
mentation, and supply chain development to
create supplier stability, to develop a collabora-
tive framework, and to determine appropriate
metrics.  To date, the amount of spend
addressed by a supplier agreement increased
from five percent to more than 30 percent.  

A recent success story involved sourcing com-
mon parts for our Le Havre, France and
Wellsville, New York, USA facilities at one sup-
plier in Mexico.  Our supply chain is becoming
as global as our client base.

The net impact of supplier alliances are
reduced lead-times, improved on-time delivery,
improved quality, lower total cost of ownership,
and reduced cycle times.  

4

The message is clear and

consistent — remove waste,

get lean, reduce cycle times,

and increase total value.
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reduce manufacturing and business process
cycle times.  

REDUCING CYCLE TIMES AND COSTS
THROUGH VA/VE

Our products are highly engineered by our
best-in-class engineering functions.  We con-
tinue to leverage this talent through the VAVE
process -- a methodology which seeks to
increase value in products by focusing on func-
tion (all things a product must do to make it
work well and sell), while simultaneously
decreasing cost.  Simply put, it's a systematic
team approach to providing value in products,
projects, and service.       

At Dresser-Rand, we use VA/VE to deliver bene-
fits beyond piece-part cost savings.  These ben-
efits include reduced cycle times, improved
quality, and increased productivity.  Since
2003, we've realized more than $20 million of
savings through VA/VE processes.  While we
only record VA/VE project savings for one year
after completion, most of the benefits extend
beyond the 12-month tracking period.

One major example of VA/VE involved inter-
continental teams from Dresser-Rand North
American Operations and Dresser-Rand India
Operations.  The teams worked together to
reduce costs on cylinders and running gears
manufactured at D-R's Ahmedabad, India
facility for our reciprocating compressor prod-
uct line.  To date, we have recorded $500,000 in
savings on this project alone. 

By using ideas from a variety of sources
(including clients, suppliers, and our own
employees), we also have opportunities to suc-
ceed in other areas with VA/VE.  Key steps for
2008 will be to support these efforts with tools
such as web-enabled portals for improved com-
munication and access to ideas.  We believe
that committing internal resources to VA/VE
represents an investment that will continue to
provide valuable returns to Dresser-Rand.

THE FUTURE IS TODAY

In today's business environment, value chains
compete -- and value chains include the supply
base.  Our goal is for Dresser-Rand's global
value chain to be unparalleled in its competi-
tiveness.  And we're confident that the innova-
tions and changes we're making will continue
to accelerate for the benefit of our clients and
shareholders.■
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On the Road to Great Improvements

Editor's Note:  The following article was written
by Ken Marcia, Dresser-Rand's vice presi-
dent of Supply Chain Management (SCM)
and Process Innovation (PI). Marcia has
responsibility for worldwide strategic com-
modity management, tactical purchasing,
and PI initiatives. He leads the worldwide
effort to remove waste, increase productivity
in all functions, and achieve world class
standards for process excellence.

Before joining Dresser-Rand, Marcia held
corporate-level positions at United
Technologies Corporation, most recently as
corporate director of supplier development.
He was twice elected board president of the
Supplier Excellence Alliance (SEA), a non-
profit alliance comprising aerospace,
defense, space prime contractors, OEMs,
major subcontractors, and leading suppli-
ers that work together to accelerate supply
chain capabilities.

It is no overstatement when I say that this is an
exciting time for Dresser-Rand.  Speaking
specifically for the company's Supply Chain
Management and Process Innovation teams,
we know our journey to become a world-class
SCM & PI organization will be both challeng-
ing and rewarding.  

It requires sharp focus on relentlessly improv-

ing quality, delivery, cost, and cycle times by
using the best tools and techniques for contin-
uous improvement.  It requires a commitment
to state-of-the-art performance methods such
as supplier conferences, supplier relationship
management, consumption management,
alliances, process innovation, value stream
mapping, and value analysis/value engineer-
ing (VA/VE).  Our Global Singular Process
(GSP) team facilitates this journey worldwide
through improved systems and data, which
enable us to measure performance and to
make data-based decisions.  

BUILDING STRONGER SUPPLIER
RELATIONSHIPS

Integrating a strong supply chain with D-R's
capabilities provides the basis for an overall
value chain delivering competitive advantage
and shareholder value.  Thus, as Dresser-Rand
seeks to build stronger relationships with
clients, so too SCM is working to create closer,
more enduring relationships with suppliers.  It
does this by identifying suppliers that can
strengthen the supply chain.  

For example, we're sponsoring interactive
global supplier conferences.  Last year, Dresser-
Rand hosted two major conferences in our
North American Operations (NAO) and
European Served Areas (ESA).  Suppliers repre-

senting more than 50 percent of our material
spend, as well as key non-product suppliers
attended these conferences.  Our message was
clear and consistent: remove waste, embrace
lean, reduce cycle times, increase total value --
and support the growing need for expansion
within Dresser-Rand's supply chain.

Developing supplier alliances represents a core
element for Dresser-Rand to compete on the
strength and capabilities of its supply chain.
Identifying potential supplier alliances
requires skill and diligence.  During the past
year, we focused on strategic sourcing, imple-
mentation, and supply chain development to
create supplier stability, to develop a collabora-
tive framework, and to determine appropriate
metrics.  To date, the amount of spend
addressed by a supplier agreement increased
from five percent to more than 30 percent.  

A recent success story involved sourcing com-
mon parts for our Le Havre, France and
Wellsville, New York, USA facilities at one sup-
plier in Mexico.  Our supply chain is becoming
as global as our client base.

The net impact of supplier alliances are
reduced lead-times, improved on-time delivery,
improved quality, lower total cost of ownership,
and reduced cycle times.  

4

The message is clear and

consistent — remove waste,

get lean, reduce cycle times,

and increase total value.



The introduction of an advanced 
digital governor system for safety critical emer-
gency standby turbines used at nuclear power 
facilities worldwide has created new opportunities 
for Dresser-Rand’s aftermarket parts and services 
business segment. Replacing the obsolete hydrau-
lic controls with the latest digital technology 
and actuation system can help prevent serious 
crises at these power facilities.  Dresser-Rand has 
aligned with Engine Systems, Incorporated (ESI), 
of Rocky Mount, North Carolina in the develop-
ment of this state-of-art technology.

For years, nuclear power plants worldwide 
have relied on steam turbines to provide power 
as pump drivers for emergency feedwater sys-
tems.  While the first TerryTM solid-wheel steam 
turbine was installed in 1943, a majority of 
the current Terry turbines went online in the 
1970s. During the past 30 years, technological 
advances have improved the performance and 
reliability of these systems.

At present, more than 440 nuclear reactors world-
wide generate nearly 400,000 MW of electricity.  
As a safety critical component in plant opera-
tion, the emergency feedwater system remains 
on constant standby in the event of an emergent 
need for reactor cooling water.  Feedwater sys-
tems, such as the auxiliary feedwater system 
in pressurized water reactors and reactor core 
isolation cooling (RCIC) and high-pressure 
coolant injection (HPCI) in boiled water reac-
tors (BWR), provide additional makeup water 
to a plant’s reactor following reactor shut down.  
Consequently, the reliability of the steam turbine 
that drives a plant’s backup cooling supply can-
not be overemphasized.  

Original Terry turbines installed at nuclear power 
facilities were equipped with controllers supplied 
by Woodward Governor Company that incor-
porated an electronic governor module (EGM), 
electronic governor regulator (EGR), and remote 
servo-drive.  These components worked in con-
junction with the turbine’s mechanical linkage 
and governor valve to control the unit’s speed.  
This current governor system relies on turbine 
hydraulic pressure to activate, and provides speed 
control only after the turbine is spinning and 
supplying oil to the actuator.  The result is a 
turbine that can experience an over speed condi-
tion before the governor can achieve adequate 
speed control.  Additionally, the original hydro-
mechanical turbine control systems have become 
outdated, and in most cases spare parts are no 
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longer in production and unavailable for servic-
ing these turbines.

Recognizing the need to address these critical 
dependencies, Dresser-Rand recently introduced 
the latest advancement in turbine speed con-
trol technology for the nuclear power market.  
Dresser-Rand’s digital governor control system 
combines the proven capabilities of digital 
controllers with the rugged design of electro-
mechanical actuators to address the critical 
concerns surrounding the existing hydraulic 
speed control system.

“The governor systems on these units have 
become antiquated,” says Bob Shepard, a proj-
ect development manager at Dresser-Rand.  
“With the older hydro-mechanical systems, the 
turbine has to actually be running for the gov-
ernor to operate.  The system relies on oil sup-
plied by the turbine to the actuator.  In essence, 
the operator may not actually be able to control 
the system in the event of a failure.”

To address this critical need, Dresser-Rand has 
entered into an agreement with ESI to combine 
the experience of the steam turbine OEM with 
the expertise of an OEM-authorized control 
systems company.  ESI serves as Woodward 
Governor’s only authorized supplier to the 
nuclear market.  

The new Dresser-Rand digital governor system 
is a state-of-the-art technology that eliminates 
the issues associated with hydraulic control, as 
well as component obsolescence.  The updated 
system offers a nuclear-qualified Woodward 
505 digital controller supplied by ESI; an 
electro-mechanical, direct-coupled actuator; a 
servo amplifier; and speed probes.

“The benefits of the new digital system are 
significant,” Shepard adds.  “Elimination of 
the hydraulic system allows for immediate gov-
ernor control of the turbine.  Consequently, the 
potential of a speed overshoot shutdown event is 



significantly mitigated.  System response time is 
improved from seconds to milliseconds.”

With the Dresser-Rand digital governor, tur-
bine speed is monitored by a magnetic speed 
pick-up that provides a signal to the 505 digital 
controller.  The controller provides a 4-20mA-
demand signal to the servo-amplifier that 
controls the electro-mechanical actuator.  The 
actuator is mounted directly on the governor 
valve stem and includes a built-in internal 
resolver that provides positional feedback.

Dresser-Rand’s new digital solution eliminates 
the current EGM, EGR, the remote servo and 
hydraulic subsystem, the mechanical linkage 
between the servo and valve stem, the ramp 
generator speed converter (RGSC), and the 
voltage dropping resistors.  It offers program-
mability via laptop computer; power supply 
compatibility at 125 or 250 VDC; power con-
sumption of 1 AMP or less, and can be operated 
in both mild and harsh conditions.

In addition to the reliability advantages, the 
new governor eliminates much of the need 
for calibration and maintenance, according 
to Shepard.  “With no hydraulic system to 
maintain, operators no longer need to check 
hydraulic tubing for leaks, align or repair 
mechanical linkages to the valve stem, or 
replace faulty dropping resistors.”     

System maintenance is limited to routine 
replacement of the electrolytic capacitors used 
in the Woodward 505 controller every five 
to seven years, and the replacement of the 
actuator every 10 years.  These standard service 
requirements are easily accomplished through 
the use of a rotatable component pool.   It 
is recommended that the Woodward 505 be 
returned to ESI for authorized replacement of 
the electrolytic capacitors. 

Proven, Reliable Technology

The digital governor system is based on field-
proven technology and components.  The 
Woodward 505 digital controller has been used 
on both steam and gas turbine applications 
since 1998, with an installed base exceeding 
4,000 units worldwide.  The system’s electro-
mechanical actuator is based on an inverted 
roller screw design that has been employed 
successfully in more than 500 commercial and 
military applications.  Similarly, the servo-
amplifier matched to the actuator also has 
been used successfully in both commercial and 
military applications.

The Dresser-Rand digital governor system 
underwent comprehensive performance testing 
at the company’s Wellsville, New York facil-
ity.  Using a spare nuclear turbine, the system 
was tested uncoupled to a pump, with a steam 
pressure of 900 pounds at a temperature of 
550 degrees Fahrenheit (steam energy rating 
of approximately 1,200 pounds).  The unit 
was operated with ramp rates of 30 and 15 
seconds in both open valve and closed valve 
configurations.  Additional operational testing 
included steady-state testing, load-transient 
testing, component variation, as well as system 
limitation testing with ramp-rate variations. 

The digital control system also has been com-
pletely tested for seismic and environmental 
conditions.  Testing was performed seismically 
per IEEE 344, environmentally to IEEE 323, 
and for EMI/RFI to EPRI TR 102323 and Reg. 
Guide 1.180.  Environmental testing included 
radiation exposure, cyclic aging, and tem-
perature aging.  Dresser-Rand also performed 
software verification and validation (V&V) on 
the digital components to EPRI TR 106439 and 
Reg. Guide 1.152.

“Installation of the new digital governor on 
existing Terry turbine units in a nuclear facil-
ity application is a relatively simple process,” 
Shepard added.  “We are able to connect a 
secondary control panel to the plant’s exist-
ing turbine control box, or build and install a 
new, drop-in control box to replace the existing 
one.”

Shepard estimates that there are approximately 
200 to 250 Terry steam turbine units currently 
operating in nuclear power facilities worldwide, 
with two-thirds of those in use in the United 
States.  “Replacing the obsolete hydraulic con-
trols with the latest digital technology and 
actuation system just makes sense,” Shepard 
noted.  “With an emergency standby turbine, 
the unit has to work if a crisis ever arises.  By 
aligning with ESI, we’ve formed an OEM team 
that knows these systems the best.”n
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bolt-on extensions) for higher load carrying
capability.   The heavy-duty, forged steel crank-
shaft is balanced and rifle-drilled for pressure
lubrication and is counterweighted on two-
and four-throw frames to minimize horizontal
moments. 

The horizontally split, precision-type, tri-metal
bronze bearings provide optimum heat dissipa-
tion, maximize reliability, and increase the life
of the HOSS unit.  The main and crankpin
bearings are also equipped with a micro-bab-
bitt overlay that provides added start-up protec-
tion and corrosion resistance.

The forged steel connecting rods are rifle-
drilled for pressure lubrication.  They feature
high-strength, forged ferry head cap screws
with rolled threads.  The solid bronze connect-
ing rod pin bushings have a micro-babbitt
overlay.  The crank pin and main bearings are
identical for easy stocking and maintenance.   

The HOSS compressor uses the high-pressure
lineup of HOS cylinders; the only difference is
that in the HOSS compressor (as opposed to
the HOS compressor), the piston rod size has
been increased to 2.875 in. (73 mm),  which
requires a different piston and rod, packing
case, and different machining at the frame
end to accommodate both.  Pistons are
attached to the rod using 
a Superbolt torque nut 
that eliminates the 
need for 

V-blocks 
and special tools 
when servicing the 
piston and rod.  

Cylinder performance is optimized because
multiple valve sizes can be used with the same
size cylinder.  Gas passages are oversized to
reduce losses and, depending on the applica-
tion, valves can be sized to optimize efficiency.
An optional, high-volume, manually operated
variable volume clearance pocket (HVVCP) can
be adjusted “on-the-fly” and provides clearance
for greater capacity and horsepower control.

In addition, Dresser-Rand has added six new
intermediate diameter cylinders—12.25 in.
(311.1 mm); 14.00 in. (355.6 mm); 16.25 in.
(412.7 mm); 19.00 in. (482.6 mm); 22.00 in.
(558.8 mm); 24.50 in. (622.3 mm)—that
complement both the HOS and HOSS compres-
sors.  A new 16-in. (406.4 mm) distance piece,
similar to that of the HOS compressor with its
through-bolt design, is standard on the HOSS
compressor. 

Dresser-Rand's high-efficiency PF ported plate
valve is standard and the Magnum™ valve
(mini-Poppet element) is available as an
option.  Both valves use Dresser-Rand's exclusive
Hi-Temp™ nonmetallic wear parts material. 

AFTERMARKET SUPPORT

Changes in operating requirements don't nec-
essarily mean clients need to purchase new

equipment.  “A HOSS compressor cylinder can
be applied on a HOS compressor frame by a
simple piston and rod and packing case
change-out while the reverse is true by a sim-
ple machining modification,” notes Tas.  This
cost-effective alternative provides added value
when considering revamp opportunities for
installed gas compressors. 

Tas further emphasizes that “Revamps can
increase an installed unit's reliability, availabil-
ity, and performance—regardless of what
nameplate is on the equipment—resulting in
extended life and an increase in the value of our
clients' installed assets.” Dresser-Rand can serv-
ice clients' gas field compressors and get them
back on-line quickly, efficiently, and safely.
Dresser-Rand's integrated teams help clients
develop cost-effective, field-proven solutions for
repairs, overhauls, upgrades, rerates, and near-
ly any other challenge involving installed gas
field compressors.

“For clients looking for a bigger, faster, higher
horsepower gas field compressor that can still
be conventionally packaged and that matches
up well to the newer, higher horsepower gas
engines in today's gas field market, the HOSS
compressor is the innovative solution that car-
ries the greatest value,” says Tas.■

9

NATURAL GAS CONSUMPTION
continues to grow worldwide as countries
invest in liquid petroleum gas (LPG), liquefied
natural gas (LNG), and gas-to-liquid (GTL)
projects.  Driven by rising energy prices, envi-
ronmental pressures, improved technologies,
and growing markets, these projects increase
the demand for natural gas compressors. 

To meet this demand, Dresser-Rand has devel-
oped a larger, medium-speed gas field HOSS™
compressor for gas compressor users.  Also
known as the “super HOS” compressor, it is
based on Dresser-Rand's HOS compressor and
can be purchased or leased in standard or cus-
tom packages via Dresser-Rand's authorized
distributors.  

According to Gary Tas, business development
manager for Dresser-Rand's Separable
Reciprocating Business Unit, “The HOSS com-
pressor was developed to meet clients' needs for
larger, higher horsepower gas field compressors
that could still be conventionally packaged.”

HOSS compressors are designed for 75,000 lb.
(333.6 kN) combined rod load in either tension
or compression and 87,000 lb. (387 kN) frame
load.  The HOSS units are rugged compressors
engineered for higher horsepower gas field
applications that include gas lift, gas gather-
ing, pipeline boosting, gas transmission,
underground gas storage (injection and with-
drawal), fuel gas boosting, landfill gas recov-
ery, and many other related applications. 

Built to handle sweet natural gas services, sour
natural gas, propane, carbon dioxide, air,
nitrogen, and most other gases, the HOSS com-
pressor is capable of moving larger volumes of
gas.  “It's an excellent fit for large compression
projects involving gas gathering, gas storage,
and gas transmission,” Tas notes.  “And in
some applications, it can meet traditional
operating requirements with a reduced num-
ber of crank throws.”    

RUGGED DESIGN FEATURES  

The HOSS compressor is available in two-,
four-, and six throws.  Its frame is longer, taller,
and wider than the HOS compressor frame (to
accommodate larger running gear), and fea-
tures integral crosshead guides (as opposed to
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“The HOSS compressor was
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— Gary Tas, business develop-

ment manager for Dresser-

Rand's Separable Reciprocating

Business Unit

HO
SS

Co
m

pr
es

so
r

PR
OV

ID
ES

 G
RE

AT
 F

IT
 

Fo
r H

ig
he

r H
or

se
po

we
r G

as
 F

ie
ld

 C
om

pr
es

so
r M

ar
ke

t















20

RE-INJECTION COMPRESSOR 
DESCRIPTION

The compressor used in this study is a nine-
stage, noninter-cooled, back-to-back centrifu-
gal compressor. A sketch of a typical back-to-
back centrifugal compressor is shown in Fig 
1. The center division wall seal is a damper 
seal (hole pattern seal). The compressor has 
tilting-pad radial journal bearings in series 
with squeeze film dampers, a tilting-pad thrust 
bearing, and dry gas seals. This unit has a 
7200 psi case pressure rating. The advantages 

ENGINEER'S
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of using a back-to-back machine for high-
pressure re-injection applications have been 
mainly better thrust balance ability especially 
at off-design conditions, elimination of large 
diameter balance piston resulting in less leak-
age, and higher damping because of the opti-
mum location of hole pattern seal.

ANALYTICAL MODELING

Rotordynamic modeling of this nine-stage, 
back-to-back, high-pressure re-injection com-
pressor is done by considering only the reaction 

Figure 1 - Sketch of high-pressure, back-to-back compressor

Figure 2 - Schematic of the rotor model

The model accounts for shroud forces but does 
not consider potential impeller-diffuser inter-
action forces. Gupta and Childs [1] reported 
a more stable stage than that predicted using 
Wachel’s model. This was in direct agreement 
with Memmott [7] for a large centrifugal 
compressor. Memmott found poor correlation 
between predictions and test and field experi-
ence using the specific Wachel’s formula. While 
Wachel’s model predicted an unstable com-
pressor for Memmott’s large centrifugal com-
pressor, the compressor was stable in operation. 
Qualitatively, the impeller-shroud model of 
Equation (4) did a good job in predicting the 
frequency characteristics of the measurements 
and an adequate job in predicting the cross-
coupled stiffness  k and direct damping C. 

To date, there has not been a clear validated 
rotordynamic program for impeller-shroud 
force predictions. Furthermore, there has been 
no comparison between rotor stability predic-
tions using the impeller bulk-flow model and 
test results. Using the log dec measurement 
technique described by Moore, Walker, and 
Kuzdzal [12] and Moore and Soulas [13], log 
dec for a re-injection machine is measured and 
comparisons are made between the test results 
and the predictions.

NOMENCLATURE

MPACC = Modal Predicted Aero  
		  Cross-Coupling

NI = Number of Impellers

 = Unloaded First Damped Natural 		
	 Frequency (rad/s)

 = Logarithmic Decrement

 = Modal Co-ordinate of the Stage

 = Effective Aero-Cross Coupled 	
	         Stiffness

HPj = Horsepower of Impeller j (hp)
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Continued on page 22

forces and no moments. A model of the rotor is 
built using a rotordynamic analysis software 
developed by Ramesh [14]. A schematic of the 
rotor model is shown in Fig 2. For the complete 
lateral analysis of this compressor, the follow-
ing components are modeled: tilt-pad journal 
bearings in series with squeeze film dampers, 
hole pattern division wall seal, impeller eye 
and interstage stationary tooth labyrinth seals, 
second-section gas balance stationary tooth 
labyrinth seal, and all nine impeller stages.

Tilt-pad bearing coefficients are computed 
using the work of Nicholas, et al [15]. Hole 
pattern damper seal coefficients are deter-
mined using the ISOTSEAL program developed 
by Kleynhans and Childs [16]. The toothed 
labyrinth seals are modeled by the program 
of Kirk [17]. Impeller coefficients are calcu-
lated using both the modified form of Wachel 
number (MPACC) and the bulk-flow impeller 
code developed by Gupta and Childs [1]. The 
impeller bulkflow code solves the turbulent 
bulk-flow continuity and momentum equa-
tions to obtain full force and moment reaction 
matrices. Therefore, a reduced reaction force 
only matrix of the form given in Equation (5) 
is used for the analysis,

For seals and bearings, the mass matrix is neg-
ligible and is often eliminated in modeling. 

The current approach to compute the total 
impeller aero-excitation involves computing 
the aero excitation for each stage and then tak-
ing the modal sum by squaring the normalized 

deflection of the first fundamental frequency. A 
similar approach is followed when using the 
impeller bulk-flow code. The bulk-flow code 
produces both cross-coupled stiffness Kxy and 
direct damping C; therefore effective cross-cou-
pled stiffness defined in Equation (6) is used to 
compute the net aero cross coupled stiffness:

The first forward damped natural frequency  
 in the above equation 6 is taken as the 

unloaded damped frequency. In this particular 
study, the loaded damped natural frequen-
cy differed only slightly from the unloaded 
damped natural frequency.

MAGNETIC BEARING EXCITER TEST 
SETUP

The Type 1 test in accordance with ASME PTC-
10 test specification consisted of eight head-ca-
pacity points (1-8), and three additional data 
points (9-11) at the end of the test, all eleven 
points in co-ordination with magnetic bear-
ing exciter sweeps. The three last test points 
were taken during the evacuation of the gas 
from the test loop to obtain data at decreasing 
density profiles across the compressor. These 

three additional points provide further 
information about the effect of density on 
the stability of the system. The magnetic 
bearing exciter was attached to the free end 
of the rotor, and an asynchronous force 
was injected into the rotor system to excite 
the first forward whirling mode. This tech-

nique measures the rotor’s logarithmic decre-
ment (log dec) as described by Moore, Walker 
and Kuzdal [12]. A solid model assembly with 
the magnetic bearing exciter installed on the 
shaft is shown in Fig 3 and the magnetic bear-
ing exciter used is shown in Fig 4.

COMPARISION BETWEEN TEST DATA 
AND ANALYTICAL RESULTS

Fig 5 shows predicted impeller cross-coupled 
stiffness as a function of the discharge pressure 
for constant speed data points 6, and 9-11. 
The bulk-flow impeller code predicts the net 
aero-cross coupling forces to increase with the 
increase in discharge pressure. Comparison 
between measurement and predictions of the 
rotor log dec as a function of discharge pres-
sure is shown in Fig 6 for the constant speed 
data points used in Fig 5. Fig. 6 illustrates that 
system stability increases with increasing dis-
charge pressure. This result can be attributed 
mainly to the “dominance” of the hole pattern 
seal at higher discharge pressures. Thus, even 
though the impeller generated aero- cross cou-

Figure 3 - Solid model of the magnetic  
                bearing exciter

Figure 4 - Magnetic bearing used for the  
                excitation

(5)

(6)
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be attributed to various uncertainties and the 
conservative nature of predictions.

There is a small improvement in the predic-
tions using the bulk-flow impeller model. 
The impeller force excitation does not have a 
significant impact on the overall system stabil-
ity for this high-pressure re-injection machine. 

The impeller bulk-flow code correctly predicted 
the increased stability and provided a slightly 
better match than API-Wachel based MPACC, 
but the impeller coefficients are significantly 
small when compared to the hole pattern seal. 
Complete predictions of all the test points cov-
ering a wide range of operating conditions are 
given in Table 1.

Figure 5 - Bulk-flow impeller code predicted cross-coupled  
                stiffness vs. discharge pressure

pling force increases with discharge pressure, 
hole pattern seals provide net positive effective 
damping at a faster rate than the excitations. A 
good correlation is obtained between the mea-
surement and predictions, especially consider-
ing the stability trend with discharge pressure. 
The small under-prediction in the log dec can 

Figure 6 - Test and predicted rotor log dec vs. discharge pressure

1
2
3
4
5
6
7
8
9
10
11

2327.98
2313.80
2333.81
1756.30
2010.38
2016.08
2050.88
1469.51
1205.14
831.70
402.59

5586.58
5528.14
5559.78
5352.03
5526.35
5514.50
5574.98
5408.53
3590.58
2494.42
1156.04

20.08
20.49
20.53
13.11
13.57
13.68
13.68
12.27
9.84
7.19
3.35

11633
7993
5875
14704
14313
10487
8276
10464
6808
4701
2149

7234
6494
6153
9495
9150
8486
8199
9492
8480
8471
8504

4.8
6.2
6.8
5.8
5.2
5.3
5.7
5.3
4.9
3.6
2.9

5.5
6.3
7.3
3.9
3.8
4.1
4.3
4.3
3.4
2.8
2.1

6.1
6.8
7.8
4.4
4.2
4.5
4.5
4.6
3.7
3

2.2

Point  
#

Inlet  
Pressure 

psia

Discharge 
Pressure 

psia

Discharge 
Density 
Lbs/ft3

Gas Power 
HP

Speed 
rpm

Measured 
Log Dec 

API-Wachel 
MPACC 
Log Dec 

Bulk-Flow 
Log Dec 

Table 1 - Test operating conditions and log dec values
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Table 1 clearly shows that system stability is 
maintained, even when running at off-design 
conditions. Points 1 and 2, although operat-
ing at similar discharge pressure and gas 
density, differ in running speed. This change 
in speed produces less damping for point 1, 
which is close to the overload limit. Small over-
prediction occurs at points 1, 2 and 3 as shown 
in the Table 1. Also note that the high log dec 
measured at low discharge pressure is due to 
external squeeze film dampers in series with 
the tilt-pad journal bearings.

SUMMARY, DISCUSSSION, AND 
CONCLUSIONS

A complete analysis of the rotor model is 
done using the state-of-the-art tools available, 
including the newly developed impeller bulk-
flow code. Stability predictions were made for 
a wide range of conditions to cover both the 
head changes and density influence. Predicted 
results using a bulkflow model and the MPACC 
numbers were compared to the measured test 
data results. A good correlation is obtained 
between measurement and predictions. Actual 
impeller force coefficients were predicted by 
integrating the dynamic pressure and shear 
stress field in the shroud-casing clearance, thus 
providing a reasonable estimate of the impel-
ler contribution to the overall rotordynamic 
stability. This new model has helped in rational 
estimation of the impeller shroud forces. The 
results show that increasing gas density yields 
increased stability when hole pattern seals 
are used. The measurements provide further 
validation in the analytical tools and have 
helped in further validating the bulk-flow code 
predictions. The results presented demonstrate 
the low impact of impeller produced aeroexci-
tation on the rotordynamic stability when hole 

pattern seals are used at high discharge pres-
sure. Clearly, hole pattern seals are the most 
dominant element at high discharge pressure, 
and knowing the exact running clearances in 
operation, although difficult to achieve, could 
further improve the predictions. It has been 
shown that the compressor is stable for a wide 
range and can operate satisfactorily under 
off-design conditions from a rotordynamic 
stability standpoint.
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Hellan Fluid Strainer equipment provides
protection of sea water cooling systems for
critical machinery in U.S. Navy ships.  

DRESSER-RAND TO SERVICE 
HELLAN FLUID STRAINER 
EQUIPMENT FOR U.S. NAVY

Dresser-Rand expands role in
assisting U.S. fleet

Hellan Fluid Strainer of Cleveland, Ohio, has
selected Dresser-Rand to provide overhaul and
repair services for the military marine industry
throughout the United States.  An exclusive
agreement specifies Hellan's fluid strainer and
hose reel product lines that provide sea water
cooling protection for critical machinery cooling
systems, and hose reels for aviation fuel systems
and firefighting equipment on U.S. Navy ships.

Dresser-Rand has more than 65 years experi-
ence supplying products and services to the
U.S. Navy for all types of ships and submarines,
including steam turbines and compression
equipment for aircraft carriers, frigates, cruis-
ers, destroyers, amphibious ships, and 688-
Class and Trident Class submarines.  

Virtually every Navy ship and submarine has
D-R equipment on board, and ships' compres-
sors are considered critical equipment.  On sur-
face ships, compressed air is used for various
functions, from firing weapons to operating
propulsion plants. On submarines, compressed
air is used to blow ballast tanks so the subma-
rine can return to the surface.

“Hellan was looking for a company with a broad
service relationship already established in the
industry,” said John Lee, project development
manager at Dresser-Rand.  “Our demonstrated
expertise and responsiveness to the U.S. Navy
made us the prime candidate for selection.”

Under the agreement, Dresser-Rand will use
genuine Hellan replacement parts provided by
Federal Resources Supply Company, an
authorized Hellan parts supplier.  Dresser-Rand
will thoroughly test each overhauled strainer
or hose reel to comply with original manufac-
ture test requirements, and every overhaul will
be covered by a Dresser-Rand warranty.  

Primary service and repair activities will be
provided by Dresser-Rand service centers in
Chesapeake, Virginia, and San Diego,
California, and a recently opened facility in
Mayport, Florida.

According to Clark Wormer, vice president of
Hellan Strainer Company, Dresser-Rand was
selected because of the company's technical
knowledge and their “extensive experience in
troubleshooting, repair, and overhaul of the
Hellan strainer and hose reel product lines.”

The agreement with Hellan extends the range
of services that Dresser-Rand provides to the
U.S. Navy fleet.  In addition to Dresser-Rand
nameplate equipment, the company maintains

agreements to provide overhaul and repair
service for Carver Pumps, including the
AuroraTM brand; Curtiss-Wright, including
WorthingtonTM, FlowserveTM and Ingersoll-
Dresser PumpTM brand products; and Colfax
Pumps, including WarrenTM and IMOTM pumps.

“We're very pleased to be able to expand our
role as a single-source supplier of services to
the U.S. Navy,” Lee said.  “The addition of
Hellan strainers and hose reels will enhance
our role with this important client, as well as
make it possible for them to achieve repairs in
a timely manner.”  

While this agreement covers the Navy, Hellan's
fluid strainer and hose reel product lines also
are used on Coast Guard ships and on oil
platforms.■

An AFFF fire fighting hose reel by Hellan
Fluid Strainer installed in a machinery
space onboard a U.S. Navy ship.
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