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T he last ten years witnessed massive shifts 
in the industry. Back in 2010, I was the 
fresh-faced, brand new Editor-in-Chief 
of Turbomachinery International. Coal 

was king. Renewables were just beginning to 
have some real traction. Fast forward ten years 
and natural gas is king – at least in terms of 
U.S. annual power production. However, no 
official coronation ever occurred. In fact, the 
renewable energy camp seems hell bent on 
deposing gas as soon as possible. 

Ten years from now, renewables should be 
the undisputed champion. But gas won’t be far 
behind. No matter the dire predictions about 
gas being gone by 2030, the power grid can’t 
live without it. Plans to replace it entirely with 
energy storage, more renewables, and hydro-
gen have a long way to go to move beyond the 
wishful thinking stage. Cheap natural gas in 
the U.S. means it will be hard to dislodge as 
an important part of the power mix. 

Turning back the clock again to 2010, tur-
bomachinery OEMs were happily manufac-
turing and marketing the latest gas turbines, 
combined cycle plants, and oil & gas process-
ing compressors. These days, they are more 
intent on promoting their green initiatives. Yet 
the bulk of their sales and service orders are 
related to natural gas. Hopefully, the fact that 
the big OEMs have either reorganized or spun 
off units devoted to the power industry will 
bring us organizations that find ways to effec-
tively boost turbomachinery sales. 

Another big change since 2010 is software. 
Back then, almost all discussion was about 
hardware and equipment. Our magazine led 
the way in introducing more articles on big 
data, digitalization, cybersecurity, the Internet 
of Things (IOT), and the latest generation of 
controllers. These days, these items have 
firmly moved front and center. That’s why our 
cover story is about how software is expanding 
the capabilities of turbomachinery. 

The software theme is continued in a con-
tributed article about asset management. 
Further contributed articles address topics 
such as steam turbine condition monitoring 
and the use of expanders for ethylene recov-
ery at an Australian facility. Our show report 
summarizes the recent virtual Turbomachin-
ery Symposium. 

Meanwhile, on a visit to Virginia Beach, 
I popped into the Commonwealth Chesapeake 
plant on Virginia’s lower peninsula for a tour 
and briefing on how they operate as standby 
power while also providing spinning reserve to 
the region. 

Otherwise, our columnists attack issues 
such as bearing oil temperature and expansion 
joints. The Q and A for this issue features a 
Woodward executive talking about black 
boxes versus the latest generation controllers. 
And a new column known as Vendor Spotlight 
showcases Kobelco laying out its various com-
pressor products. 

NEXT TEN YEARS 
We began with a mention of how things were 
10 years ago. Let’s look ahead to the next ten 
years. Over that time, the grid is expected to 
change markedly. The power mix will shift, 
too, as coal disappears and wind and solar 
gain further ground. It’s up to our industry to 
carve out a future that includes turbomachin-
ery applications. Whether they run on natural 
gas, hydrogen, or something else, the future 
will be bright if those involved make it so by 
adapting to changing conditions in the mar-
ketplace and f inding viable applications for 
turbines and compressors. ■

The future will be bright if those involved 
make it so by adapting to changing conditions in 
the marketplace and finding viable applications 
for turbines and compressors.

DREW ROBB
Editor-in-Chief

QUITE A DECADE 
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ATLAS COPCO IN RUSSIA 

Atlas Copco will provide compressors for 
a combined heat and power station in 
Russia. The order is for three integrally 
geared fuel gas booster compressors (two 
natural gas units and one syngas unit). 
The first machines will ship in early 
2022. The fuel gas boosting compressors 
will be installed in a 250 MW combined 
cycle power plant in Kazan. The plant 
will use natural gas as a fuel source, as 
well as natural gas derivatives that are a 
byproduct from a nearby production 
facility. Plant construction has started, 
and it is anticipated that operations will 
start in March 2023.

WASTE-TO-ENERGY PLANT 

Doosan Škoda Power signed a contract 
with CNIM, a French engineering, 
procurement and construction (EPC) 
company, to supply a turbine set for the 
new waste-to-energy plant planned near 
Manchester, UK. The set includes a 
steam turbine generator with a capacity 
of 76.9 MW. The plant is scheduled to 
launch in late 2023.

SIEMENS DIGEST

Siemens Energy has been awarded 
contracts by global energy company 
Uniper to provide rotating grid stabiliza-
tion technology at two sites in the UK. It 
will supply and install two custom- 
designed synchronous condenser units at 
Uniper’s Grain combined cycle power 
plant in Kent. At Killingholme in 
Lincolnshire, the two Siemens’ steam 
turbine generators will be repurposed to 
enable synchronous condenser operation.

Siemens Energy is supplying two gas 
turbine packages for the Leipzig Süd 
district heating power plant in Germany. 
The plant aims to eventually operate 
with 100% hydrogen and expects to 
operate with 30 to 50% green hydrogen 
within a few years. Commissioning is 
scheduled for the end of 2022.

Siemens Energy is partnering with 
Houston-based ProFlex Technologies to 
provide spontaneous leak detection 
services for pipeline operators. As part of 
the agreement, the company gained 
exclusive access to ProFlex Technologies’ 
d ig i ta l  P ipe-Sa fe  l eak  de tec t ion 

technology. The technology, combined 
with Siemens Energy’s Internet of Things 
(IoT) system, is for operators to reduce 
environmental risks by minimizing 
unplanned releases of product into 
the ecosystem.

Siemens Energy will supply an intel-
ligent controller for each of the four 
SGT5-4000F gas turbines and the SPPA-
T3000 control system for the Dubai Elec-
tricity and Water Authority’s (DEWA) 
Jebel Ali L2 power and water station.

The U.S. Department of Energy 
awarded Siemens Energy a grant to fund 
a pilot research project with Duke 
Energy and Clemson University to study 
the use of hydrogen production, energy 
storage ,and co-firing with natural gas at 
Duke Energy’s combined heat and power 
plant located at Clemson University in 
South Carolina. The pilot project, called 
H2-Orange, a nod to hydrogen gas and 
the collaboration with Clemson Univer-
sity, will ramp up in March 2021. 
Siemens Energy will study the use of its 
Silyzer electrolyzer to produce hydrogen 
fuel to help power the existing SGT-400 
gas turbine at the Clemson plant.

Atlas Copco fuel gas booster 

A Siemens synchronous condenser provides short-circuit power, inertia, and reactive power for 
dynamic loads. Inertia and short-circuit power are key elements of grid stability.

ANSALDO SUPPLYING  
POLISH PLANT

Ansaldo Energia will supply an 80 MW 
AE64.3 gas turbine for Synthos, a Polish 
producer of rubbers and polymers. 
Ansaldo Energia’s contract includes the 
gas turbine and related maintenance. 
The turbine, as part of the CCGT unit, 
will be installed at the Oswiecim plant, 
replacing the old coal boiler. When in 
operation, it will produce electricity and 
process steam required by the plant as 
well as heat for local district heating. 
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GE DIGEST
GE will supply power generation equip-
ment for a new 500 MW district heating 
plant in Naepo City, South Korea. The 
plant will receive a 7HA.02 gas turbine, 
with its matching H65 generator, and an 
STF-D650 steam turbine, with its one 
H35 generator, a condenser and equip-
ment maintenance services for 19 years. 

GE will provide RWE Generation 
11 units of its LM2500XPRESS power 
plant technology to build a gas-fired 
grid reserve plant in Biblis, Germany. It 
will comprise 11 GE LM2500 aerode-
rivative gas turbines, generators, fuel 
supply system, grid connection and 
auxiliary equipment.

GE Research was awarded a grant 
t h r o u g h  A R P A - E ’ s  U L t r a h i g h 
Temperature Impervious Materials 
Advancing Turbine Efficiency (ULTI-
MATE) program, funded by the U.S. 
Department of Energy, to develop 
material solutions that enable new 
thresholds in turbine efficiency. The 
company is developing Refractory Alloy 
Innovations for Superior Efficiency 
(RAISE) – an ultra-high temperature 
material system that would enable gas 
turbine blades to operate at 1,700 °C 
(3,092°F). The project is intended to 
push turbine efficiency beyond 65% and 
accelerate decarbonization of the 
energy sector.

VELO3D PARTNERSHIP
Velo3D has announced the formation 
of a U.S.-wide distribution partnership 
with GoEngineer. GoEngineer will 
operate as an extension of Velo3D, 
ded icat ing resources to educate 
designers about SupportFree tech-
nology, while offering sales and service 
support for various products such as 
Flow pre-print software, Sapphire 
metal AM printer, and Assure quality 
assurance and control system.

GE, SIEMENS ENERGY  
LAWSUIT
General Electric (GE) filed a lawsuit 
accusing Siemens Energy of “willful and 
malicious misappropriation of GE’s 
trade secrets” to rig bids for contracts 
with public utilities to supply gas 
turbines. The alleged theft dates back to 
May 2019 with a Siemens Energy bid to 
provide gas turbine equipment and 
servicing to Dominion Energy. GE 
alleges that trade secrets were improp-
er ly  rece ived f rom a Dominion 
employee who, over a 16-month period, 
sent a Siemens account manager confi-
dential business information included in 
GE’s submitted bid, including Domin-
ion’s analysis of all bids for the project. 
GE provided Dominion with technical 
specifications for four gas turbine 
models, pricing for different combina-
tions of the equipment and details on 
how the company would service and 
maintain it, the lawsuit claims.

Siemens alerted GE to improperly 
receiving the trade secrets 16 months 
later through what GE described as a 
letter minimizing the infraction and 
after Siemens and Dominion completed 
their own internal investigations, the 
lawsuit claims. GE asked a judge to stop 
Siemens from using the allegedly stolen 
material and pay damages totaling 
hundreds of millions of dollars or more.

VELO3D’s manufacturing facility in Campbell, 
California where final assembly and test 
takes place for all Sapphire 3D metal printers.

MITSUBISHI POWER DIGEST 

Capital Power ordered two Mitsubishi 
Power M501JAC gas turbines to repower 
Units 1 and 2 at the Genesee Generating 
Station in Alberta, Canada, from coal to 
natural gas. The units will combine 
air-cooled combustion turbines and heat 
recovery steam generators with the 
existing steam turbine generators. The 
M501JAC gas turbines are hydrogen- 
capable to support future decarbonization. 
They will be able to operate on a mixture 
of natural gas and up to 30% hydrogen.

Mitsubishi Power wil l  provide 
Alabama Power with a power island for 
use at the James M. Barry Electric Gener-
ating Plant in Mobile County, AL. The 
720 MW combined cycle unit comprises 
a JAC gas turbine, a steam turbine, and a 
heat recovery steam generator. Mitsubishi 
Power will install the turnkey solution with 
Black & Veatch as a consortium for EPC.

Mitsubishi Power and Aubert & 
Duval, a manufacturer of special alloys 

and metal powders, agreed on technology 
licensing for specific composition and 
manufacturing of metal powders used as 
materials for metal AM. The agreement 
paves the way to a full-scale launch of 
Mitsubishi Power’s AM business.

Mitsubishi Power will supply a new 
set of steam turbine components for Unit 
1 at the Makban Geothermal Power 
Plant in Laguna, Philippines. The project 
is scheduled for completion in 2021.

Capital Power is using Mitsubishi Power turbines 
to convert its Alberta, Canada generating 
station from coal to gas.

HYBRID AM PROCESS 

Chevron and Sulzer are moving forward 
with a joint partnership with the goal of 
reducing parts inventory and improving 
flexibility. Sulzer developed and imple-
mented additive manufacturing (AM) or 
3D printing technology to produce new 
pump impellers without the need for 
tooling. The project is intended to 
reduce lead times for new parts without 
compromising quality. The collabora-
tion involves other partners such as 
suppliers of equipment for the manufac-
turing cell, powder suppliers, audit and 
certification bodies. The ability to create 
complex components, such as pump 
impellers within a few days has the 
potential to cut inventory costs. The 
technology incorporates laser metal 
deposition and precision machining. 

The laser metal deposition head for 3D printing 
can create finished parts in one machine.
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MAN SUPPLYING  
AFRICAN FPSO 

MAN Energy Solutions will supply six 
compressor trains for a floating, produc-
tion, storage and offloading (FPSO) unit, 
which will be deployed on the Sangomar 
field 62 miles south of Dakar, Senegal. 
The machines will be ready for installa-
tion in the fourth quarter of 2021. Once 
operational, the compression systems 
will help maintain the pressure of the 
Sangomar field to optimize hydrocarbon 
production. First production is planned 
for 2023. Combined with the nearby 
Rufisque and Sangomar offshore blocks, 
it is one of the world’s largest oil & gas 
discoveries of the last decade.

EMERSON MODERNIZES 
TENNESSEE PLANT 

Emerson will provide its software and tech-
nologies to help modernize the Tennessee 
Valley Authority (TVA)’s 908 MW 
Magnolia combined cycle power plant. 
The Magnolia project is part of TVA’s 
five-year, $110 million investment to install 
digital technologies across its power 

generating fleet. Emerson’s software and 
technologies will support TVA’s efforts to 
digitally transform the Mississippi plant 
through advanced operations, enhanced 
cybersecurity, and digital twin-enabled 
training. Emerson will replace existing 
systems at the combined-cycle plant with 
its Ovation automation system and soft-
ware. The Magnolia project is expected to 
be completed in 2022. 

NEW BEARING COMPANY

Solve Industrial Motion Group, a new 
company and supplier of industrial 
bear ings and power transmission 
components, has been officially formed. 
It encompasses three established busi-
nesses in the sector, including P.T. 
International (PTI) based in North 
Carolina, IPTCI Bearings headquar-
tered in Minnesota, and LMS Bearings 
in Colorado. Solve will be a resource 
for both metric and American standard 
products with an inventory of more 
than 25,000 SKUs of components. It 
has five regional stocking locations and 
plans to add more.

CAPSTONE SALES 

Capstone Turbine is supplying two 
ATEX-certified C200S microturbines 
and two C65 ATEX-certified microtur-
bines to offshore platforms operated by 
a global oil  and gas company in 
S a r a w a k ,  M a l a y s i a .  T h e  n e w 
ATEX-certified microturbines have 
been ordered to replace four obsolete 
TA100 microturbines,  currently 
running as the platforms’ main power 
generator. The new retrofitted C200S 
systems will be used for an unmanned 
drilling platform, while the C65 systems 
will replace TA100s located on a well-
head platform.

Capstone sold a 1 MW C1000S micro-
turbine to a Manhattan developer to be 
installed on the 68th floor of the 
5.4-million-square-foot mixed-use develop-
ment building known as Hudson Yards.

Capstone sold eight C65 microtur-
bines to six long-term care facilities in 
California. The C65 microturbines are 
expected to be commissioned in late 2021.

Capstone sold a biogas-fueled C600 
Signature Series (C600S) microturbine 
to the Nambu Sewage Treatment Plant 
in Busan, South Korean. It is expected 
to be commissioned in August 2021. 

Capstone sold two C1000 Signature 
Series (C1000S) microturbines to Ecop-
etrol to be installed in a primary power 
application in the Yaguara Oil Field in 
Colombia. The 2 MW project is under-
going commissioning. 

Capstone sold an 800 kW Signature 
Series microturbine to Costa Group, an 
Australian grower, packer and marketer 
of fresh fruits and vegetables.

The Magnolia Combined Cycle Gas Plant in northern Mississippi

TAX CREDITS FOR BIOMASS, 
MICROTURBINES, AND CHP

The 10% federal Investment Tax Credit 
(ITC) for microturbines and combined 
heat and power (CHP) projects was 
extended through the end of 2023 in the 
recently passed COVID-19 stimulus bill. 
The leg is lat ion a lso extended the 
production tax credit (PTC) for renew-
able electricity from open and closed-
loop biomass through the end of 2021. 
The PTC can be used for 10 years after 
construction begins or can be converted 

to a one-time 30% investment tax credit.
In addition, the end of year omnibus 

budget bill included the CHP Support 
Act in the Energy Package, which 
re-authorizes the U.S. Department of 
Energy’s CHP Technical Assistance 
Partnerships through fiscal year 2025, 
as  we l l  a s  a  number of  resea rch 
programs related to distributed genera-
t ion, CHP and microgr ids. These 
programs include funding for industrial 
heat and improved efficiency with CHP, 
and for potential new fuels for CHP 
listed as priority areas.

SIMULATION SOFTWARE 
IN-HOUSE

EPC company Jōb Industrial Services 
( Jōb) has added Ansys Engineering 
Simulation Software, Ansys Fluent and 
Ansys Mechanical, to its capabilities. 
This enables the f irm to per form 
advanced f inite element analysis/
computational f luid dynamic (FEA/
CFD) analysis and directly implement 
results into its engineering designs. 
Ansys software simulates physical 
phenomenon (f low, reactions, heat 
transfer, thermal expansion, stress, etc.) 
in a def ined physical system using 
mathematical numerical methods. 
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WHY SOME 
TURBOMACHINERY 
APPLICATIONS NEED 
EXPANSION JOINTS 
BY AMIN ALMASI

T his column is about nozzles such as the 
suction nozzles and discharge nozzles 
connecting piping to compressors, steam 

turbines, and pumps. In other words, nozzles 
on turbomachinery casings that connect to the 
piping. Nozzle loads are loads exerted from 
piping to the turbomachinery.

Turbomachinery’s capacity to tolerate 
piping loads is l imited. Its ef fect iveness 
depends on near-perfect shaft alignment, 
balanced rotating parts, and proper clearance. 
Even a small shift in load can challenge this 
finely tuned condition.

To give you an idea of the significance of 
relatively low allowable loads and moments 
specif ied in turbomachinery codes (such as 
NEMA and API), the maximum stress in 
piping when meeting the piping nozzle loads 
of the turbomachinery is noted for compar-
ison with ordinary piping (those not connected 
to turbomachinery). For 12-inch (DN300) 
piping nozzles, the allowable moment corre-
sponds to piping stresses around 15 Mpa. 
These stress values are even smaller for sensi-
t ive machinery such as integral ly geared 
compressors or steam turbines. 

For example, for 12-inch (DN300) piping, 
the al lowable moment of a steam turbine 
corresponds to piping stress of only about 7 
Mpa. In comparison, a piping system that does 
not connect to any machinery can have a 
thermal stress plus sustained stress of more 
than 120 Mpa (usually more than 150 Mpa) for 
most commonly used piping materials.

LARGE SIZES
When size increases, allowable nozzle loads 
slowly increase. However, the reaction loads of 
piping increase rapidly with the increase of the 

piping size. Therefore, it is more challenging 
to deal with the issue of nozzle loads for large 
turbomachinery. As a rough indication, piping 
loads might be assumed to be proportional to 
the cube of the piping d iameter. But in 
commonly used turbomachinery codes and 
standards (API, NEMA, etc.), allowable loads 
are increased less than proportionally to the 
nozzle diameter. In line with actual numbers, 
the gap of understanding between piping engi-
neers and turbomachinery manufacturers 
grows wider as the piping size becomes bigger.

The extremely low allowable nozzle load 
on large turbomachinery such as steam 
turbines or integrally geared compressors 
makes it a challenge to connect them to piping 
systems. A perfect piping layout is needed 
combined with a well-planned support and 
restraint system that includes special compo-
nents. But this is not always enough. All 
parties involved, including the designers, engi-
neers, operators, and project managers, should 
be aware of challenges of piping nozzle loads 
frequently encountered in the piping systems 
of delicate turbomachinery applications.

In many cases, expansion joints are prohib-
ited due to maintenance and operational prob-
lems. After a l l , expansion joints can be 
expensive pieces of equipment and should only 
be purchased after specific engineering works. 
They need special care for correct installation, 
operation and maintenance.

The gap of understanding between piping engineers 
and turbomachinery manufacturers grows wider as 
the piping size becomes bigger.



 www.turbomachinerymag.comTurbomachinery International • January/February 2021 13

TURBO TIPS

However, when there is no way to make the 
piping load meet the allowable limit, an expan-
sion joint may be considered. Although an 
expansion joint is a specialty item requiring spe-
cial engineering, it is preferable to a system that 
will not work. Due to high temperature differ-
ences and large piping sizes, it may be impossible 
to provide a piping system that will meet the 
allowable load, even with loops or other options. 
This is particularly applicable to some high tem-
perature units such as large steam turbines or 
extremely low temperature compressors.

The low nozzle loads required by certain 
turbomachinery applications such as steam 
turbines or integrally geared compressors, may 
need expansion joints when piping sizes of 
12 inch (DN300) or greater are connected 
to them.

However, problems have been reported due 
to improper application or installation of expan-
sion joints. The most direct method of expansion 
joint installation is to have an anchor to take the 
entire piping load and to place the expansion 
joint in between the anchor and the turboma-
chinery nozzle. This may work well in some cases 
but not in others. Great care is needed for such 
an arrangement. 

One problem with this arrangement might be 
the pressure thrust force in the bellows (expan-
sion joint). In order to meet the piping load 
limitation, the maximum (permitted) internal 
pressure should be low. Tie-rods can sometimes 
be added to the expansion joint to deal with this 
specific issue. However, tie-rods may create other 
difficulties so they are not popular. ■

Amin Almasi is a Chartered 
Professional Engineer in Australia 
and U.K. (M.Sc. and B.Sc. in 
mechanical engineering). He is a 
senior consultant specializing in 
rotating equipment, condition 
monitoring and reliability.

Ph: +1.413.267.0590
sales@sohreturbo.com
www.sohreturbo.com
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SOFTWARE EXPANDS 
TURBOMACHINERY 
CAPABILITIES
BY RORY PASQUARIELLO 

Just how important is software to the field of 
turbomachinery? This anecdote provides 
some insight: 

In the summer of 1982, software monitoring 
a Siberian natural gas pipeline commanded the 
system to run a pressure test at a dangerously 
high pressure.

“It was a huge explosion. The Air Force 
thought it was a 3-kiloton blast,” wrote Thomas 
C. Reed, a former Air Force secretary who 
served in the National Security Council, in his 
2004 memoir, “At the Abyss: An Insider’s 
History of the Cold War.” 

According to Reed, the CIA planted the code 
in monitoring software it knew Russia would 
steal. The code ran fine for months until it trig-
gered the blast, which resulted in no deaths. The 
story remains disputed, especially by former 
Russian intelligence officials. True or not, it 
shows that computer technology creates efficien-
cies valuable enough to steal and how the soft-
ware can make or break your turbomachinery. 

Computer software has come a long way 
since 1982. It is used to design new parts, 
monitor the condition of assets, analyze 
turbomachinery performance, and automate 
many functions formerly performed by people. 
The benefits of a digitalized, software-driven 
world for turbomachinery include the capacity 
to handle large amounts of data. Now, engi-
neering teams can run larger, more complex 
simulations using cloud services and pass data 
seamlessly between teams.

Design engineers are increasingly using such 
simulations to bring their designs to market faster 
and make them greener and more efficient. The 
design cycle is shortening as technology improves 
and competition creates little margin for error. 
For gas turbines, simulation will be key to success 
of new fuel types such as hydrogen. 

The internet is another factor that has risen the 
profile of software in turbomachinery. Every new 
product today connects to the internet in one way 

or another. Like many industries, advantages come 
to those who can use that data to create better prod-
ucts in the future. Real-time monitoring, for 
example, helps companies accumulate huge 
amounts of data that can later be mined to improve 
current products and improve future designs.

New technologies incorporated into turboma-
chinery include 3D printing or additive manufac-
turing (AM), artificial intelligence (AI), machine 
learning, big data, digitalization, and the internet 
of things (IoT). Turbomachinery specialists such 
as Concepts NREC, SoftInWay, Woodward, 
Siemens Energy, Mitsubishi Power, CFTurbo, 
Third Wave Systems, Emerson Automation, 
Open Mind, Howden, Baker Hughes, and GE 
Gas Power are among the leaders in advancing 
software and digitalization. 

OMNIS by Concepts NREC is a user interface for all the company’s software that is in 
common with Numeca CFD.

The benefits of a digitalized, software-driven world 
for turbomachinery include the capacity to handle 
large amounts of data.
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CONCEPTS NREC
Concepts NREC offers a suite of tools starting 
from preliminary design through full 3D compu-
tational f luid dynamics (CFD), finite element 
analysis (FEA), and 5-axis machining of turboma-
chinery. Together, the system is called the Agile 
Engineering Design System. The company also 
co-developed a new system called OMNIS with 
Numeca International. OMNIS is a user interface 
for all of the company’s software as well as Nume-
ca’s CFD tools so the user can stay in a single 
environment for all design and analysis tasks.

“Design engineers are considering manu-
facturing earlier in the process,” said Dr. Peter 
Weitzman, President, Agile Engineering Soft-
ware at Concepts NREC. “Many designers 
work hand in hand with manufacturing coun-
terparts and in some cases are running 5-axis 
machining software themselves to ensure  
manufacturability early in the design process.” 

Weitzman says that the turbomachinery 
design community has reached a tipping point 
where optimization is in widespread use and is 
a necessary part of being competitive. Thus, 
optimization tools must work hand in hand 
with design tools. Further, the optimization 
structure must be developed by turbomachin-
ery designers for turbomachinery designers.  

SIEMENS ENERGY 
Simcenter is Siemens’ portfolio of simulation 
tools covering 3D CFD and FEA, 1D system 
simulation, and other applications. Engineers 
use these tools to investigate aspects of turboma-
chinery performance, from the early design 
phase to the late stages of product development. 
These tools enable engineers to investigate many 
options before any physical testing is carried out. 

Simcenter tools work together, and transfer 
data between software and teams, speeding up 
collaboration. Simcenter is part of Siemens’ 
Xcelerator portfolio, enabling other systems to 
be directly integrated with simulation models.

Big data and wireless technologies have 
changed the way engineers design turboma-
chinery and the way plants use such software. 

“The digital twin for predictive mainte-
nance is a reality for gas turbines and genera-
tors,” said Erik Munktell, Director Energy & 
Turbomachinery, Siemens Simcenter. “Data 
from turbines in operation can be fed back to 
performance simulations, enabling accurate 
predictions of component reliability. Engineers 
can plan for maintenance before component 
failure, reducing costly unplanned downtime.”

SOFTINWAY
SoftInWay offers the AxSTREAM software 
platform for design, analysis, and optimization 

of turbomachinery and related systems. The 
platform is made up of various modules, cover-
ing the complete engineering stack, ranging 
from thermodynamics to aerodynamics, full 3D 
structural and CFD simulation, as well as  
thermal-fluid systems and rotor dynamics.

SoftInWay software helps engineers create 
a digital twin of a turbomachine or power plant 
and can follow its physical counterpart through 
the complete lifecycle from initial design spec-
ification to deployment, operation, monitoring, 
and servicing in the field. 

Lack of data may be the largest obstacle to 
improving turbomachines and systems. While 
existing technology such as wireless sensors can 
help, the digital twin is going to be key in improv-
ing machine quality, performance, and operability. 

OEMs are often unwilling to give up pro-
prietary design data to end users. This can 
impact the validity of digital twin. SoftInWay 
is attempting to build enough technical assump-
tions into AxSTREAM to generate the data 
needed to create accurate digital twins. 

“While digital twin technology is improving 
each day, we feel that true the digital twin is 
still very much in its infancy,” said Valentine 
Moroz, Chief Operations Officer, SoftInWay. 

2020 has seen a major shift in how compa-
nies think about turbomachinery design, simu-
lation and analysis. With many engineers work-
ing from home, testing physical hardware in 
person has grown more difficult due to shut-
down restrictions and supply chain bottlenecks. 
In response, companies are placing stronger 
emphasis on accurate and fast simulation as 
well as the ability to perform remotely with a 
geographically distributed team. 

MITSUBISHI POWER
While others in the turbomachinery sector focus 
on monitoring and simulation software, Mitsub-
ishi Power has a focus on the creation of auton-
omous power plants. The company is creating 
the building blocks of the world’s first autono-
mous power plant, T-Point 2, a grid-connected 
validation facility featuring the M501JAC gas 

“Design engineers are considering manufacturing earlier 
in the process,” said Dr. Peter Weitzman, President, Agile 
Engineering Software at Concepts NREC.

“The digital twin for predictive maintenance is a reality 
for gas turbines and generators,” said Erik Munktell, 
Director Energy & Turbomachinery, Siemens Simcenter.

SoftInWay AxSTREAM software 
is made up of various modules 
covering the engineering stack.
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turbine and the Tomoni digital software suite. 
Tomoni uses algorithms and massive amounts of 
data to conduct predictive analysis, monitor the 
plant’s performance, and make improvements. 

The digital platform enables analytics and 
control systems to improve efficiency, generat-
ing more electricity with less fuel.  Every aspect 
of plant operation is monitored and optimized. 

CFTURBO
CFturbo creates software for the conceptual 
design of axial, mixed-flow, and radial pumps, 
blowers, fans compressors, and turbines, as well 
as vaned stators and volutes. It supports reverse 
engineering, and components made with 
CFturbo can be exported to rapid prototyping 
and AM systems.

Company President Ralph Peter Mueller 
believes the market is growing for turboma-
chinery design and simulation software and 
related engineering services. The number of 
software vendors for turbomachinery design 
and simulation has risen, and new consulting 
firms have entered the market.  

“We see major trends in massive CFD and 
FEA-simulation, including automated design 
exploration and optimization,” said Mueller. 
“Additionally, additive manufacturing makes 
much progress, not only for prototyping, but 
also for production parts. The aerospace indus-
try drives this development. The development 
of new turbomachinery will be driven more 
and more by AI technology which can lead to 
reduced development cost and time.”

THIRD WAVE SYSTEMS
Third Wave Systems sells and supports Finite 
Element Analysis (FEA) software, and Advant-
Edge machine modeling. The software helps 
users understand and capture data that is other-
wise impossible to measure in machining tests. 
It provides data on stress state of a workpiece and 
can measure various inputs on performance.

AdvantEdge helps to reduce design itera-
tions, simulate more designs, and adds focus to 
experimental results for faster decision making. 
As well as speeding time to market, it can help 
to improve tool performance by pushing tools 
to their limits, and analyze stress, temperature, 
and heat flow.  

EMERSON AUTOMATION 
Emerson’s Ovation control platform includes 
analytics, digital twin, mobile and remote work, 
and cloud-based services. Emerson specializes 
in automation and uses modeling from AI and 
machine learning to identify impending process 
issues or equipment anomalies to trigger action 
to avoid downtime or damage. It also supports 

integrated vibration monitoring, generator exci-
tation control, safety instrumented systems, dis-
tributed applications, virtualization, and digital 
twin embedded simulation. 

Most recently, Tennessee Valley Authority 
(TVA) selected Emerson to modernize and opti-
mize its Magnolia power plant. The Magnolia 
project is part of TVA’s five-year, $110 million 
investment to install digital technologies across 
its power generating fleet. Emerson’s software 
and technologies will support TVA’s efforts to 
digitally transform the Mississippi plant through 
advanced operations, enhanced cybersecurity 
and digital twin-enabled training.  

OPEN MIND
Open Mind offers CAM and CAD software. 
The company’s hyperCAD-S software is meant 
for Numerical Control (NC) programmers con-
ducting CAD-oriented tasks. It also sells hyper-
MILL, a modular CAM solution for 2.5D, 3D 
and 5-axis mill ing, and mill turning and 
machining operations such as high-speed cut-
ting and high-performance cutting. Applica-
tions include milling impellers, blisks, turbine 
blades, tubes and tire molds. 

Individual turbine blades are high-end com-
ponents that have to meet many dif ferent 
requirements for surface quality and profile 
accuracy. 5-axis milling processes are commonly 
used in the production of impellers and blisks.

The machining of impellers and blisks 
places high demands on CAM software. Stan-
dard 5-axis strategies are often insufficient for 
NC programs to produce these components. 
Diffusers and casings can also be programmed 
with the software. 

WOODWARD
Woodward offers software designed to pair 
with its custom compressor and steam tur-
bine-based control lers. The software is 

“The development of new turbomachinery will be 
driven more and more by AI technology which can 
lead to reduced development cost and time,” said 
CFturbo President Ralph Peter Mueller.

CFTurbo design software.

“While digital twin technology is improving each day, 
we feel that true the digital twin is still very much in its 
infancy,” said Valentine Moroz, Chief Operations 
Officer, SoftInWay. 
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intended to be a plant’s standard control  
platform. Woodward’s Vertex controller is 
designed for use on industrial-sized axial or 
centrifugal compressors. Standardization of 
controllers and related software program is 
aimed at saving plants in terms of the cost of 
spare parts and personnel training. Users can 
configure Vertex to function as a stand-alone 
control to manage and protect simple isolated 
plant compressors; or to control mult i- 
function-based compressor packages with 
more input and output signals and integral 
network connections to the plant DCS. 

“The use of one of these standard applica-
tion programs, which are already operating 
and protecting turbomachinery in the field, 
greatly reduces the risk of a control failure and 
allows customers to add their own custom 
site-specif ic logic and or algorithms,” said 
Rich Kamphaus, Global Sales Director at 
Woodward. “Woodward’s new line of control-
lers, including Vertex, allows customers to  
easily view and modify control logic, interface 
with other plant controllers, and modify and 
expand hardware input/output signals or  
program functionality.”

HOWDEN
Howden provides condition monitoring and 
data analysis of equipment performance and 
processes for insight into the operation of 
rotating equipment. The Howden Uptime 
digital platform enables internet-connected 
products in plants to optimize operational 
performance. It provides real-time analysis, 
advice, recommendations, informed decision 
making, alerts for approaching failures or 
needed part replacements, and access to 
equipment documentation.

Howden Remote Assistance uses software 
known as Vuforia Chalk to combine aug-
mented reality with real-time communications 
to connect remote product experts to on-site 
field technicians. The company’s Engineering 
Suite is a physics-based software package to 
model, simulate, analyze, and control the per-
formance of process systems. It demonstrates 
how systems and processes behave in real-time 
in actual environments.

Howden Ventsim Design software is a 3D 
ventilation solution. Users create a 3D model of 
tunnels, shafts, and raises using existing 3D 
drawings. They can simulate and animate air-
flow and fan behavior in real-time and analyze 
mine ventilation within a visual environment.

Ventsim Control is a mine ventilation solu-
tion, including data analytics tools. Uses can 
change mine ventilation to fit working sched-
ules and real-time operations. Fan speed is 

automatically reduced or increased or switched 
on and of f according to shift changes or 
planned events such as blasting and position of 
vehicles and personnel.

BENTLY NEVADA
Bently Nevada, a Baker Hughes subsidiary, sells 
condition monitoring sensors and software. Its 
condition monitoring platform, called System 
1, collects high resolution vibration, process, 
and control system data from a Bentley Nevada 
device, a Programmable Logic Controller, or 
from another historian. An alarm on any 
machine-mapped tag will trigger data capture 
from all other tags. 

The strength of Bently Nevada’s platform is 
that it is centralized. Plant data is often siloed 
as it is collected concurrently from handheld 
devices, manufacturer-installed sensors and 
third-party sensors. Each monitoring tool col-
lects small pockets of information. System 1 is 
meant to access all plant data and make plant-
wide analyses. 

Bently Nevada software can also visualize 
data collected by sensors. The HMI Builder 
visually represents an entire plant system and 
shows operational health.

The company launched a joint venture with 
Microsoft Azure and an AI company called 
C3.ai. called BakerHughesC3.ai. The jointly 
developed BHC3 Production Optimization was 
al;so recently released. This AI-based applica-
tion allows well operators to view real-time pro-
duction data, better project future production 
and optimize operations for improved oil and 
gas production rates.

GE
GE Digital’s Asset Performance Management 
(APM) software connects disparate data sources 
and uses analytics to turn data into actionable 
insights. APM works across all equipment, all 
OEMs, and all industries, across the plant, and 
across the f leet. GE says that software is fast 
advancing in the energy industry equipment 
sector, especially advanced analytics, machine 
learning, and digital twin software. ■

“Woodward’s new line of controllers, including 
Vertex, allows customers to easily view and modify 
control logic, interface with other plant controllers, 
and modify and expand hardware input/output 
signals or program functionality,” said Rich Kamphaus, 
Global Sales Director at Woodward.

Woodward’s Vertex controller 
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ASSET MANAGEMENT
Assessing Asset Life Cycle, Asset Condition, Asset Reliability, And 
Asset Performance
BY SULTAN AL-SHNEIBER & RAMI AL-SHNEIBER

C omprehensive asset management consists 
of four main pillars: asset life cycle, asset 
condition management, asset reliability, 

and asset performance monitoring.
Asset Life Cycle: Under this pillar, the 

equipment road map must be initiated. The 
first and most important step is setting a list of 
equipment. Information for equipment is gath-
ered, such as drawings, data sheets, process dia-
grams, and input from different disciplines. The 
second step is the evaluation process, comprised 
of a criticality assessment. This includes equip-
ment obsolescence and age, previous reliability 
studies, and maintenance records. The third 
step defines the action needed for each equip-
ment item, such as replacement, upgrade, or no 
action is required. The final step is choosing 
how and when the action will be executed. Is it 
going to be through capital project or expense? 

Asset Reliability: The main purpose of this pil-
lar is to monitor critical equipment reliability and 
interference before failures occur. There are two 
main programs under asset reliability; reliability 
technical alert and key performance indicator.

Reliability technical alert is a proactive recom-
mendation that requires immediate attention to 
guarantee equipment reliability and availability. 
An example of this comes from the Abqaiq Plants 
facility in Saudi Arabia, one of the world’s largest 
oil stabilization plants that includes more than 
840 pumps, 30 compressors, 110 steam turbines, 
and 10 gas turbines. A motor failed at the plant due 
to internal cable damage, causing electrical 
grounding. The repair cost of the first motor was 
$47,424, without including installation, and 
removal of the motor. During investigation of the 
cause of the fault, the team noticed an internal 
cable in contact with an internal support. This con-
tact caused friction, cable insulation deteriorated 
and led to ground failure. A Reliability Technical 
Alert was issued to open and inspect the internal 
condition of sister motors. Signs of similar insula-
tion deterioration were found. The team reinforced 
the insulation and returned the motor to service. 

Key Performance Indicator Program:  
Different processes and mechanical parameters 
are monitored on a monthly basis, such as 

suction/discharge pressures and temperatures, 
flow, and bearing vibration and temperature. 
The normal and allowable range of each 
parameter is defined to identify any abnormal 
reading. This allows the reliability engineer to 
compare values from different months, as well 
as acting on and providing recommendations 
before reaching alarm conditions. 

Asset performance monitoring: Critical 
assets are monitored. If a certain item failed 
more than twice a year, it is included in the bad 
actor program. Long- and short-term recom-
mendations are tracked until the equipment 
graduates from the bad actor program. Once 
graduated, it remains on the list for three months 
under monitoring to ensure the effectiveness of 
recommendations to solve and tackle the root 
cause of the failures.

Asset condition monitoring: This is the most 
important pillar. It must be understood that one 
technology cannot do everything. Each tech-
nology has a specific field and benefits. All con-
dition monitoring tools require a strong foun-
dation based on establishing a guideline, creat-
ing new inspection routes and baselines for each 
tool, selecting the best reporting mechanism, 
and establishing a database. Further, all tools 
must be synchronized with the maintenance 
management system.  

CONDITION MONITORING 
Different condition monitoring programs  
utilize specific tools. This includes lubrication 

EQUIPMENT EVALUATION

Potential
Equipment

List

• Equipment’s Drawings
• Process Diagrams
• Team Input

• Criticality
• Obsolescence and Aging
• Realiability Study
• Maintenance Record

Evaluation

ACTION EXECUTION

• Replacement
• Upgrade
• No Action

Action

• Capital Project
• Expense

Execution

The asset life cycle

CONTAMINATION
91%

OIL MIXING
3%

DEGRADATION
6%

Lubrication analysis highlighted 
problems with water 
contamination due to the high 
number of steam turbines at 
the plant.
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monitoring, thermography inspection, ultra-
sound, and vibration monitoring. 

Lubrication monitoring is one of the funda-
mental condition monitoring programs as lubri-
cation decreases friction, reduces wear, protects 
from corrosion, and absorbs heat. According to 
SKF, over 40% of maintenance costs are related 
to poor lubrication. 

In the Abqaiq Plants oil samples are monitored 
for 89 equipment items. Physical and chemical prop-
erty analysis is performed quarterly to look for issues 
such as bearing particles in the oil. Failure modes of 
lube oil samples are categorized as follows: oil mixing, 
degradation, and contamination. 

Thermography inspection incorporates a mul-
tifunction noncontact application that can be 
applied for different condition monitoring pro-
grams (electrical system faulty electrical connection 
and overload, mechanical equipment abnormal 
heat, fluid systems line blockage, and temperature). 
The Abqaiq plant monitors two hundred items 
through thermography technology. 

For example, thermography was used to detect 
a mechanical seal cooling blockage for a 500 HP 
pump. The team noticed low temperature on one 
side of the mechanical seal flushing line after the 
cyclone separator. This gave an indication of low 
flow on the pipe. The pipe was opened for inspec-
tion, finding dirt accumulated on the circulation 
line of the mechanical seal. This would cause a 
mechanical seal failure due to low f low, which 
would then lead to mechanical seal face damage. 
The cost avoidance of this case was $27,000  
(without considering man hours). 

Ultrasound is used on 400 equipment items on 
a monthly basis at the Abqaiq Plants. Although it 
can be used to predict different failures, such as 
passing valves, steam trap defects, and a lack of 

lubrication on rotating equipment, it is mainly uti-
lized to monitor the lubrication condition of the 
rotating equipment, especially bearings that are 
lubricated with grease. In most cases, ultrasound 
can determine the lack of lubrication before vibra-
tion occurs. A baseline (dB) must be determined for 
each bearing, and this can be a challenge. In ideal 
conditions, the dB should be set based on newly 
installed bearings. If not possible, set it by compar-
ing the dB reading of sister machines with the 
same species. 

Vibration monitoring is used on equipment 
that lacks an online monitoring system. More 
than 1,100 equipment items are monitored on a 
monthly basis at the Abqaiq plant.

Asset management can reduce downtime, 
unplanned failures, and maintenance costs while 
improving asset life, prioritizing maintenance 
activities, and increasing the effectiveness of main-
tenance management. ■

Key Performance Indicators

INSTRUMENT TAG NORMAL VALUE ALLOWABLE RANGE JUL

Steam Turbine - LP/HP Compressors Speed (RPM) 5089 4275 - 5344 4941

LP Compressor Flow (MMSCFD) 63.4 52 - 69.4 64

LP Compressor Discharge Temperature (F) 267 230 - 280 264

LP Compressor Discharge Pressure (PSIG) 74.9 65 - 75 64

LP Compressor Suction Temperature (F) 120 (summer)  
100 (winter)

110 - 130 
90 - 110 117

LP Compressor Suction Pressure (PSIA) 15.2 15 - 75 15.55

HP Compressor Suction Temperature (F) 142 (summer) 
105 (winter)

135 - 150  
90 - 120 141

HP Compressor Flow (MMSCFD) 57.5 50.8 - 61.5 51

HP Compressor Suction Pressure (PSIG) 69.9 60.3 - 72 59

HP Compressor Discharge Temperature (F) 318 258 - 350 311

HP Compressor Discharge Pressure (PSIG) 480.3 350 - 485 408

Lube Oil Header Temperature (F) 120 110 - 135 107

Sultan Al-Shneiber is a Reliabil-
ity Engineer with Saudi Aramco, 
Abqaiq Plants. He is driven by 
the knowledge of Mechatronics 
Engineering from California 
State University Chico. He 
supports operation and mainte-

nance in different tasks such as trip investigations, 
overhauling equipment, troubleshooting, evaluate 
new technologies, MTBF analysis, 
assessments and studies on 
rotating equipment.  
 
Rami Al-Shneiber is a Reliability 
Engineer at Saudi Aramco.
For more information, visit  
Aramco.com
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SPINNING RESERVE
Commonwealth Chesapeake Gives LM6000s Double Duty
BY DREW ROBB

T urbomachinery International recently 
visited the Commonwealth Chesapeake 
Power Plant on Virg inia’s Eastern 
Shore. Located at the edge of the town 

of New Church near the Virginia/Maryland 
border the plant consists of 7 GE LM6000 
aeroderivative gas turbines.

The facility began operation in 2000 with 
three LM6000s, with four more on order. Each 
operates in simple cycle mode. A year later, the 
other four units were added (for a combined 
plant capacity of 315 MW). In the interim, 
though, things changed on the regional grid.  

The grid operator is the PJM Interconnec-
tion regional transmission organization (RTO). 
PJM originally served Pennsylvania, New Jersey, 
and Maryland, but now also encompasses all or 
part of Delaware, Illinois, Indiana, Kentucky, 
Michigan, North Carolina, Ohio, Tennessee, 
West Virginia, and District of Columbia. As one 
of the largest competitive wholesale electricity 
markets in the world, it boasts 65 million cus-
tomers and 180 GW of generation capacity.

PJM decided to allow the presence of gen-
erators outfitted with clutches that could dis-
connect from their turbines to enable them to 
operate as synchronous condensers and pro-
vide spinning reserve. The last GE four tur-
bines, therefore, were fitted with clutches from 
SSS Clutch. These clutches required a slightly 
larger footprint than the original LM6000s. 
To allow enough clearance for the clutch 
between the turbine and generator, the foun-
dation and footing had to be expanded a few 
feet and shaft couplings had to be added. 

As a result, the plant could sell spinning 
reserve services to PJM. When requested, that 
generation capacity had to be available online. 
During this period, PJM pays the plant to 
have that power on standby. But once the 
power is required, it must be on the grid 
within 10 minutes. This enables the RTO to 
quickly respond to generation or transmission 
outages elsewhere on its network. Control soft-
ware is used to bring the turbine rapidly up to 
near-synchronous speed in order to engage or 
disengage the turbine. When disengaged, the 
generator continues to spin (thus, the ancillary 

service known as spinning reserve). The reve-
nues earned from spinning reserve paid for the 
clutches within a few years. 

PLANT MAINTENANCE
The ownership of the plant has shifted over 
the years. The original owner TECO Energy 
sold it to Tenaska Capital Management who, 
in turn, sold it to Tyr Energy in 2008. Tyr 
Energy brought in NAES to operate and 
maintain the facility. A total of eight operators 
are involved, split in to four teams to cover all 
shifts and allow for time off. Four employees 
remain from the team that began in 2000, one 
of which is Paul Bernard, Operations & Main-
tenance (O&M) Manager at the Common-
wealth Chesapeake Plant.

The Commonwealth Chesapeake Power Plant provides standby power to the local 
grid as well as offering spinning reserve availability to the region. 

Units 4, 5, 6 and 7 were 
outfitted with clutches to enable 
these LM6000s to provide 
spinning reserve. 
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“As we are a spinning reserve site, we have 
to maintain 24-hour coverage,” said Bernard. 

He explained that turbines 1, 2, and 3 are 
direct coupled to the generator and are only 
used for power generation when required. Units 
4 to 7 with clutches are fired up if assigned in 
the spinning market. He said their mode of 
operation has changed litt le over the last 
twenty years.

The grid on the Eastern Shore’s lower pen-
insula doesn’t have to serve a large population. 
However, in the event of grid maintenance, the 
Commonwealth Chesapeake facility might have 
to power the entire lower peninsula of Virginia.

As well as the turbines, Bernard and his 
team look after inlet air chillers, demineralized 
water and raw water chemical injection skids, 
and a lube oil storage locker. The facility is cur-
rently working with the county to reduce well 
water usage as part of NOx control. Although 
it does not utilize potable water onsite, ground-
water is always under consideration in the area. 

One of the duties of the team is ensuring 
the supply of liquid fuel for the turbines. Ultra-
low sulfur diesel fuel has to be trucked onsite. 
Dozens of tankers per day would be required 
if all seven turbines were asked to run simul-
taneously. These tankers travel two hours 
south on Route 13 from northern Delaware/
Southeast Pennsylvania refineries. As well as 
being expensive, it opens the door to safety 
issues and adds to the carbon footprint of the 
plant. A natural gas pipeline would be a more 
environmentally sensible solution. 

Pre-dating the construction of the plant, 
there have been discussions about bringing a 
natural gas pipeline to the area that could pro-
vide fuel for the site. Such talks have continued 
sporadically and progress appeared to have 
been made recently in bringing a natural gas 
pipeline down the peninsula into Somerset 
County, one of the poorest areas of Maryland. 
A license was recently granted to enable drill-
ing under a river to feed a pipeline further 
south. If that work moves forward, that could 
take a pipeline within a few miles of the Com-
monwealth Chesapeake Power Plant. It seems 
unlikely that such a pipeline would fail to tie 
into the plant.

UPGRADES? 
GE offers a wide variety of upgrades for the 
LM6000. These include improved combustors, 
fans, fire protection panels, controls, fast start 
technology, repowers, asset performance man-
agement, and more. With a close eye on main-
taining profitability, Commonwealth Chesa-
peake has not seen the need to make major 
changes to its seven turbines.

“We’ve kept up with the service bulletins 
issued by GE, but no major enhancements 
have been implemented,” said Bernard. 

SPRINT (SPray INTercooling) was consid-
ered as a way to increase the power output of the 
LM6000 gas turbine. By cooling the combustion 
air, greater mass flow travels through the Low 
Pressure Compressor (LPC) and the High Pres-
sure Compressor (HPC). However, that would 
have raised water usage. In any case, the existing 
chillers were deemed sufficient. Similarly, Ber-
nard said that there is no need to add clutches to 
the other three units. Four, he said, are enough 
to meet spinning reserve requirements. 

Turbine operation is cyclic, largely depen-
dent on regional weather conditions. He said 
the presence of an approaching cold front, for 
example, may see anywhere from one to all 
seven units called upon to provide power. 

Maintenance for the site as a whole is min-
imal. The O&M Manager said the SSS clutches 
have proven to be robust and are running well 
with no significant issues experienced over their 
two decades of operation. External and internal 
inspections are conducted in the spring and fall. 

His advice to others contemplating the spin-
ning reserve market is to retrofit the turbines 
with clutches to ensure the turbines are con-
stantly available when needed. He said that it is 
common to receive notice to be available within 
an hour. Units have to be synchronized in that 
time. And online in a spinning reserve state 
with the turbine offline. 

“From that moment on, if we have a PJM 
spin event, we have 10 minutes to get to base-
load for turbines,” said Bernard. “If another 
unit somewhere else trips, they bring us online.” 

AGING TURBINES
The Commonwealth Chesapeake Power Plant 
on Virginia’s Eastern Shore may serve as a 
model on what utilities can do with aging gas 
turbine plants. With politicians, grid opera-
tors, and utilities being subjected to propa-
ganda about the perils of fossil fuels, some are 
considering shuttering these facilit ies and 
replacing them with wind, solar, or battery 
storage. Those following that course may live 
to regret any haste in divesting rotating assets. 

Older gas turbines have an important role 
to play in maintaining grid stability and inertia, 
providing reactive power, and in markets like 
PJM, providing spinning reserve as an ancil-
lary service. These units can provide standby 
power where needed, and otherwise can offer 
the synchronous condensing and spinning 
reserve services that are likely to be in high 
demand as a greater percentage of renewable 
assets come online. ■

The Commonwealth Chesapeake 
Power Plant is maintained by an 
operations and maintenance 
team provided by NAES.

The footprint had to be 
expanded by several feet to 
allow enough space for the SSS 
clutch to be positioned between 
the turbine and the generator.
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MONITORING  
STEAM TURBINES
Condition Monitoring Of Steam Turbine Generator 
Governing Systems
BY RAY BEEBE 

T he governing and control system of a 
steam turbine generator controls the entry 
of steam during starting up to service 

speed and provides close speed control for syn-
chronization to the electric power system. Once 
synchronized, the governing system controls 
the output of the machine. It also provides 
machine protection, typically using various 
devices to initiate a trip in emergency condi-
tions. Here, we focus on a system with the tur-
bine generator in normal loaded service.

WEAR LEADS
These systems can include several mechanical 
linkages and wear can lead to erratic load per-
formance in service. An example was a 200 MW 
machine that showed unacceptable load varia-
tions of ±25 MW. On this machine, the speed 
governor sleeve movement from zero to full load 
is 3.6mm. Off-load, 750µm of slack was mea-
sured. This explained on-load variations.

Experience has demonstrated the impor-
tance of sharp edges on the piston-type spool 
valves used in these systems. A turbine with 
erratic governor performance was found to 
have its governor output spool valve piston 
edges slightly rounded, as well as having a 
small nick, presumably from overhaul work. 
Replacement with the spare resulted in satis-
factory performance.

These variations in performance can usu-
ally be smoothed out by using an over-riding 
control (typically called a load limiter). How-
ever, this negates the machine’s response to fre-
quency variations. All other machines on the 
system would take more than their share of the 
increased load. 

The overall speed regulation of the govern-
ing system can be found with a load rejection 
(or load throw-off ) test. The machine should 
settle at a speed corresponding to its regulation. 
However, this test does not reveal how well the 
machine responds to frequency variations 

during normal loaded service. On-load tests 
should be done to show how incremental regu-
lation is obtained.

In normal loaded operation, the machine’s 
governing system responds to variations in sys-
tem frequency, caused by such incidents as 
another large set tripping off-line. It is import-
ant for electric power system stability that each 
machine responds in the expected manner 

Figure 1: Hysteresis test on a governor valve
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according to the intended incremental regula-
tion of the machine. Somewhat similar behav-
ior occurs with a domestic motor lawn mower. 
When more heavily loaded, operating speed 
drops. The governor responds and opens the 
throttle so that speed is recovered. 

OFF-LOAD HYSTERESIS TEST
Hysteresis is the phenomenon in which the 
value of a physical property lags behind 
changes in the effect causing it; for instance, 
when magnetic induction lags behind the mag-
netizing force. A hysteresis test is applicable to 
any control system with mechanical parts. 
Starting from a convenient setting, the input 
control signal is increased in steps in the 
upwards direction, without reversing the direc-
tion of the input. When full range is reached, 
the input signal is reduced in steps until the 
minimum setting is reached. The signal is then 
increased until the original setting is obtained. 
At each step, the matching output is measured.

A plot of input versus output reveals the 
presence of hysteresis and allows its extent to be 
measured, usually as a percentage range. In 
governing systems, the input signal is usually a 
control oil pressure which is given from the 
speed governor. 

The steam control valve position is the out-
put and can be obtained with suitably mounted 
mechanical dial gauges. The valve stem itself 
may not be accessible and movement of an 
operating servo may have to be measured 
instead. Displacement transducers and elec-
tronic pressure transducers of suitable ranges 
can also be used. These enable data to be col-
lected using a datalogger and computer. 
Another way using an XY plotter is shown in 
Figure 1. Valve movement is shown on the ver-
tical scale. The horizontal scale is the control 
oil pressure. Hysteresis here was negligible.

This test was performed after maintenance. 
The up- and down-range plots coincide, as 
would be expected. Test measurements can be 
made manually. But on large machines, it 
requires careful coordination of readings if 
those taking them are not in sight of each other. 

ON-LOAD TESTING 
Once synchronised, the speed of a turbine gen-
erator varies by very small amounts, according 
to the system frequency.  Most sets have 2-pole 
generators, and in countries with 50Hz systems, 
operate at 3000 r/min. System frequency is 
kept within close bounds such that a mean 
value of 50Hz results. Variations normally do 
not exceed ±0.2Hz due to sudden load changes 
(e.g. because of a generator tripping offline) and 
the mean frequency is normally recovered 
within no longer than a second or two.

Also known as droop, steady state speed 
regulation is the permanent change in speed as 
a percentage of rated speed, when the loading 
is reduced to zero without changing the speed/
load changer setting. Base-loaded, fossil-fired 
sets will typically have 4% regulation, while 
peaking hydro sets can be set at 2% for greater 
relative response. In today’s market environ-
ment, a machine could be set at a higher regu-
lation, say 7%, to reduce its response and min-
imize output variation. Electronic governing 
systems can have the setting changed easily 
online, but mechanical governing systems need 
linkages to be adjusted. 

Incremental regulation (also called incre-
mental droop) is the rate of change of steady 
state speed with load, at any given speed and 
load. As this can be hard to visualize as apply-
ing over the very small system frequency vari-
ations of typically only 0.1Hz in either direction 
from rated frequency, another way is to express 
it as the amount of load change per 0.1Hz of 
speed variation.

CASE STUDIES
All machines showed extremely high values of 
incremental regulation. An unexpected out-
come was that one machine did not respond at 
all at one load setting. Incorrect original wiring 
of the control systems was found and rectified.

Another example concerns the testing con-
ducted on a 350 MW machine with mechanical 
governor and hydraulic servos. With the load 
limiter control wound out of effect, load was 
reduced gradually then returned to maximum. 

Figure 2:  Load vs Speeder /Load Changer travel on test of a large steam turbine 
generator. Results are shown with gradients of regulation for 3%, 4% and 5%.  
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Controls were adjusted in the downwards direc-
tion until minimum output was reached, then 
load was raised upwards. Note that hysteresis 
cannot be identif ied and isolated unless this 
procedure is followed. At each step, the load is 
stabilized while readings are taken. 

On this turbine, movement of the speed 
governor results in movement of a piston-type 
valve inside a sleeve. The sleeve has drain ports 
connected to the control oil system, such that 
changes in relative displacement between the 
piston and sleeve directly change oil pressure. 
This pressure, in turn, positions the steam con-
trol valves. This relative port displacement can 
be obtained by speed governor operation, or 
once machine speed has reached the speed con-
trol range when starting up, by the operator 
moving the speed/load changer (speeder). Once 
the turbine generator is synchronised, speed is 
held at system frequency, and speeder move-
ment changes the output of the machine.

During manufacture, the characteristics of 
the speed governor are tested and the fly-weight 
springs adjusted to give the design output of 
axial movement with speed change. This 
machine should have had a speed regulation of 
4%, which corresponds to 5% load per 0.1Hz 
of speed variation. Speed change of 4% for a 
3000r/min machine is 120 r/min, which corre-
sponds to a load from zero to full output. Over 
this relatively small speed range, the output of 
the governor is closely proportional to speed.  

For this design, a 4% speed change corre-
sponds  to a governor sleeve travel of  7.4mm. 
Using this approach for other selected values 
of speed regulation, lines of constant speed 
regulation can be constructed and drawn on 
axes of speeder travel versus output, as shown 
on Figure 2.

On test from 250 MW to 360 MW, the 
speeder travel was measured using a Linear 
Variable Displacement Transformer (LVDT). 
Other transducers were connected to measure 
displacements of other linkages and servo relays 
in the system, control oil pressures, inlet steam 
pressure and other variables. A connection was 
also made to the main output metering. A data 

logger was used to record the data at ten-second 
intervals. Earlier in the life of the machine, these 
tests were done initially and satisfactorily using 
manual measurements, but errors can be made 
when reading small distances with a micrometer 
under the stress of test conditions (hot and noisy).

The measured load values were corrected to 
the load expected at standard terminal condi-
tions of steam pressure and temperature. With 
a printout of data at each 10 seconds, sets of 
readings can be selected at rated values of tem-
perature and pressure, thus avoiding the need 
for any corrections. 

The variation in incremental regulation with 
load can be seen by comparing gradient sections 
of the test curve with the calculated lines of con-
stant regulation (3, 4 and 5 in Figure 2). Incre-
mental regulation can be seen to be close to the 
design value of 4%, with departure at higher 
loads. If desired, it can also be read off at uni-
form intervals of load and drawn versus load. 
Hysteresis can be observed, measured and 
expressed as a percentage range: 0.06Hz maxi-
mum is desirable.

SUMMARY
Incrementa l regulat ion is an important 
parameter in the performance of the govern-
ing system of a steam turbine generator. Sim-
ple tests can derive this value on load and 
reveal any hysteresis in the governing system. 
Off-load hysteresis tests can be used to exam-
ine the relationship between individual com-
ponents in the system to localize areas requir-
ing maintenance attention. ■

Ray Beebe, OAM MEngSc 
FIEAust CPEng (ret) worked in 
fossil-fueled power stations for 
28 years in Australia and UK 
prior to joining academia. He is 
the author of Steam Turbine 
Performance and Condition 
Monitoring. For more 

information, contact r.beebe@federation.edu.au   
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EXPANDER BOOSTS 
ETHYLENE RECOVERY
Unconventional Expander – Expander – Magnetic Bearing 
Generator Design For Ethylene Recovery
BY JOHN VITT & TREVOR MAYNE 

In a joint effort, the Australian chemical 
company Qenos and turbomachinery 
bui lder At las Copco Gas and Process 

designed and built an expander – expander – 
magnetic bearing generator for the cryogenic 
section of an ethylene plant. 

The Qenos SCAL (steam cracking Altona) 
1 cracker, located in Altona, just outside Mel-
bourne, Australia, produces around 210 kilo 
tons of ethylene a year for polyethylene man-
ufacturing. The final tail gas is a mixture of 
hydrogen, methane, and ethylene.

Upstream, the equipment is a set of distil-
lation columns that recover ethylene. The pro-
cess design challenge revolved around the final 
recovery step of that ethylene process, which 
previously had relied on a f inal let-down of 
pressure via a Joule-Thompson valve. The 
plant was losing around 4,000 tons of ethylene 
to fuel gas every year due to insufficient cryo-
genic refrigeration (as a basic rule, the lower 
the temperature, the lower the ethylene loss).

CRYOGENICS
The Qenos ref inery is the only polyeth-
ylene-producing plant in Australia: It takes pre-
dominant ly ethane feedstock and puts it 
through a furnace with temperatures that reach 
up to between 800°C and 900°C, sufficient to 
“crack” it into ethylene, hydrogen, and other 
by-products. These gases are cooled then sepa-
rated via dist i l lat ion processes requiring 
extremely cold temperatures. For SCAL 1 to 
achieve the best possible ethylene yield, it means 
reducing temperatures down to cryogenic levels.

The process of reaching those low tem-
peratures works via compression-expansion 
refrigeration cycles. With ethylene as the 
refrigerant f luid, this usually only provides 
temperatures of around -100°C. An extra 
refrigeration stage is required for cryogenic 
temperatures to be attained, and the rest of 
the ethylene to be recovered.

One option was to consult expander-com-
pressor manufacturers and choose the best 
solution for plant conditions. For reasons of 
cost, a traditional expander-compressor or a 
methane-compression/expansion refrigeration 
loop were out of the question. 

This assembly contains a permanent magnet, brushless DC generator/motor with 
magnetic bearings within the center section. The housing assembly creates a 
hermetic pressure barrier (boundary) between the process gas and the atmosphere. 
Pressurized process gas is directed through the inlet guides to the expander wheels. 
KEY: A = Support Base Skid, B = High pressure expander inlet, C = High pressure 
expander discharge, D = High pressure expander housing, E = Outer pressure 
containing barrel, F = Inlet guide vane actuator, G = Expander housing cover, H = Low 
pressure expander housing, , I = Low pressure expander inlet, J = Low pressure 
expander discharge, K = Cooling gas exit port , L – Magnetic bearing power & sensor 
pressure barrier feed through.
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Based on the fact that high-pressure gas 
remained in the f inal refrigeration stage at 
SCAL 1, an alternative solution was con-
ceived: designing an extra process stage that 
made use of the high-pressure gas to drive a 
wheel via a shaft and generator to expand the 
gas. In theory, it had the potential to provide 
the desired extra -30°C and hit the optimal 
cryogenic temperature (around -130°C). 

Expanders are thermodynamically efficient 
machines that extract work and provide refrig-
eration by using pressure drop to spin a tur-
bine wheel. After the gas enters the turbine, it 
encounters a set of peripherally mounted noz-
zles that use approximately half of the pressure 
drop to create high velocity jets of swirling 
gas. This gas flows radially inward to encoun-
ter the turbine wheel, causing it to rotate at a 
peripheral speed matching the high gas veloc-
ity. The remaining pressure drop takes place 
through the wheel, resulting in shaft torque/
power and lower outlet temperatures than a 
J o u l e  T h o m p s o n  e x p a n s i o n  v a l v e 
could achieve. 

The type of expander system Qenos pro-
posed had to be able to produce the same 
effect, and reliably function from ambient to 
extremely cold temperatures. The envisaged 
extra stage in the refrigeration process com-
prised an expander wheel at one end of a shaft, 
another wheel at the other end, with a gener-
ator in between – expander – expander –  
magnetic bearing generator. It had never been 
done before.

Process engineers also wanted to avoid any 
possibility of oil contamination, which can lead 
to fouling in cryogenic heat exchangers. That 
meant magnetic bearings had to be employed. 

The team adapted the core of an Atlas 
Copco high-speed oil-free air compressor. 
Instead of the usual motor driving compressor 
wheels to take gas from a lower pressure to a 
higher one, high-pressure gas was used to 
drive wheels and generate power to lower out-
let gas temperature. As well as functioning 
reliability at around -130°C, further specifica-
tions included: a thrust balance system to pre-
vent the fast-spinning shaft driving towards 
one end or the other; the expander had to fit 
into a small space, within a Cryogel insulation 
blanket; and the expander had to be stable 
and reliable from start-up, and through the 
full range of operating conditions. 

After successful ly passing a feasibil ity 
study, an order was placed for the expander 
with Atlas Copco Gas and Process. The mag-
netic bearings and shaft, custom-built wheels, 
seals, variable nozzle assembly, thrust balance 
control loop and sensors were all housed in a 

pressure vessel. Supplementary SCAL 1 plant 
construction work included a hydrogen chiller, 
seal gas heater and hydrogen rejection drum. 
Qenos also found a way to use electricity from 
the generator in another process stream, in a 
cooling-water heat exchanger, where the high 
frequency electr ic power is dissipated by 
a resistor bank.

The expander unit has been operating for 
more than a year. It provides the SCAL 1 
Altona cracker with an extra -21°C on average, 
although tests demonstrate -33°C is possible. 
An additional 1,500 tons of ethylene was recov-
ered in the first six months of operation. ■

The power center section houses the magnetic bearings, generator, position feedback 
sensors, and shaft. The expander wheels are attached to the shaft ends. The process 
gas pressure is let down through the expander wheels, thus driving the shaft rotation, 
while the generator supplies shaft loading for the expansion process.  
Key: (A) = Magnetic bearing electrical connections, (B) = Magnetic bearing center section, 
(C) = Expander wheel.

The expander unit inside the 
Qenos SCAL 1 cracker plant near 
Melbourne (Australia).

A B C

John Vitt is an Aftermarket 
Applications Manager at 
Atlas Copco Gas and Process 
(California, USA). For 
more information, visit  
atlascopco-gap.com 
 

Trevor Mayne is Olefins Lead 
Machinery Engineer at 
Australian chemical company 
Qenos. For more information, 
visit qenos.com 
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KOBE STEEL
Centrifugal, Screw And Reciprocating Compressors  
For Various Operating Conditions
BY HIROAKI TANAKA

K obe Steel, also known as Kobelco, manu- 
factures centrifugal, screw and recipro-
cating compressors. It supplies rotating 

machinery that serves a wide range of indus-
tries and operating conditions. This includes: 
integrally geared centrifugal compressors for 
high-pressure applications and large ones for 
air services; large dry screw compressors and 
screw compressors for LNG carriers; and recip-
rocating compressors for LNG carriers.

INTEGRALLY GEARED COMPRESSORS
In recent years, the demand for compressors 
with greater capacities has been increasing as 
plants become larger. Kobelco’s integrally 
geared centrifugal compressors (IGC) cover 
various applications where large capacities are 
needed. Typical examples are air separation 
plants and high-pressure applications such as 
carbon capture and storage (CCS). Integrally 
geared centrifugal compressors are gaining in 
popularity due to their energy-saving features.

The main air compressors used for air sepa-
ration applications (Figure 1) account for much 
of the total power used in a plant. As a result, 
IGCs are increasingly being used for these appli-
cations. Recently, the size of plants has increased 
to improve operational efficiency. Larger IGCs 
are required with high flow coefficient impellers 
offering high reliability. In terms of mechanical 
reliability, it is important to evaluate blade 
strength against the centrifugal force and the 
external excitation force when using unshrouded 
impellers due to the height of the blades.

Large impellers with a high blade height are 
used for large capacity applications, where vibra-
tory stress of the blades must be correctly 
assessed and verified (Figure 2). Measurement 
results reveal that the actual vibratory stress in 
the various operating points, including the blade 
resonance and the surge, are at sufficiently low 
levels when considering the material strength. 
This confirmed its ability to deal with such stress.

An integrally geared CO2 centrifugal com-
pressor (2,900 psiG/20 MPaG discharge pres-
sure level) was designed, manufactured and 
evaluated for fluid dynamic performance and 

rotor stability. Full-load and full-pressure tests 
were carried out using real CO2 gas (Figure 3). 
Compressor fluid dynamic performance was 
excellent even at high pressure supercritical gas 
conditions at the high-pressure stages of the 
compressor. Rotor vibration remained low even 
at high pressure.

Further tests were conducted. The direct 
rotor excitation method experimentally inves-
tigates rotor stability. With this technique, 

Figure 1: Main air compressor for an air separation plant

Figure 2: Kobelco established an evaluation method for dynamic blade stress using 
optical spot sensors for non-contact blade vibration measurement of the compressor.
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measurement of actual rotor natural frequen-
cies and the damping ratios (log decrement) 
during high pressure operating conditions pro-
vided more precise results than the conven-
tional casing excitation method. 

These results clarified that measured natural 
frequencies agreed with calculations. Also, the 
measured damping ratios of the rotor forward 
modes were higher than the calculated values. 
The effects of increasing damping methods using 
squeeze film damper bearings were also investi-
gated during this test. Fluid dynamic character-
istics and mechanical reliability were assessed as 
acceptable including the supercritical gas condi-
tion of CO2 gas. Conclusion: The improved reli-
ability and efficiency of IGCs make them an 
attractive choice for high-pressure and air service 
applications. And with these compressors saving 
on space and energy, adoption is increasing.

SCREW COMPRESSORS
Large-capacity, oil-free screw compressors are 
widely used in the petrochemical, petroleum 
ref ining and gas processing industries. The 
most popular application for these compres-
sors is in the styrene monomer process in pet-
rochemical plants. Since this application needs 
high capacity, Model KS63 (rotor diameter of 
approximately 63 cm) is often adopted.

In response to market demands for even 
larger machines, Model KS80 (rotor about 
80 cm) was developed (Figure 4). Since the rotor 
is heavy, the casing is split horizontally to pro-
vide easy maintenance. Water injection to the 
compression chamber controls discharge tem-
perature. The rotor and casing are stainless steel.

To increase capacity, compressor speed is 
increased. With higher compressor speeds, 
however, the pulsation level at the discharge 
side is higher. To reduce pulsation and decrease 
acoustic energy inside the discharge piping, dis-
charge silencers are usually provided on the 
suction and discharge nozzles. The pulsation 
level and its frequency depend on various 
parameters such as gas composition, pressure, 
and temperature. Model KS80 compressors 
can be equipped with silencers designed to 
meet a variety of requirements.

LNG COMPRESSORS
Reciprocating and screw compressors are often 
specified for LNG carriers. Shipping firms fac-
ing tightening environmental regulations grav-
itate to low-speed dual-fuel engines such as the 
ME-GI and X-DF (Figures 5 & 6). 

In the ME-GI system, boil off gas (BOG) of 
3.0 – 5.0 t/h generated from the LNG tank is 
boosted by reciprocating compressors at atmo-
spheric pressure to 30 MPa. It is then supplied to 

the ME-GI engine for propulsion of LNG carri-
ers. Surplus gas from the intermediate stage 
(15 MPa) goes to the re-liquefaction system.

In the X-DF system, BOG generated in the 
LNG tank is boosted to about 1.5 MPa by a 
screw compressor. Surplus gas is boosted to 
15 MPa by a reciprocating compressor and sup-
plied to the re-liquefaction system. These com-
pressors often include a combined fuel gas con-
trol/management system to optimize fuel gas 
supply to the X-DF engine and re-liquefaction 
gas to the LNG tank. 

Taking into consideration the need for 
compressors mounted in LNG carriers, a ver-
tical compressor has been developed that is 
suitable for installation in the limited space on 
ships. It saves space compared with horizon-
tal compressors.

A re-liquefaction system liquefies excess gas. 
However, oil contained in the gas can condense 
inside the heat exchanger in the cooling process, 
causing a decrease in efficiency. To resolve this 
issue, a piston ring capable of boosting the pres-
sure to 15 MPa without lubrication was devel-
oped. A 30 MPa non-lubricated piston ring has 
also been completed and will undergo trials. ■

Figure 3: Overview of the prototype high-pressure CO2 compressor and test facility

Figure 4: Kobelco compressor 
unit Model KS80

Hiroaki Tanaka, General Manager, 
heads the Rotating Machinery 
Engineering Department in 
the Compressor Division, 
Machinery Business at Kobe Steel, 
Ltd. For more information, visit 
kobelco.co.jp/english

Figure 5: Kobelco screw 
compressor unit for the X-DF 
engine application

Figure 6: Kobelco reciprocating 
compressor unit for ME-GI 
engine application
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TURBOMACHINERY 
SYMPOSIUM
Virtual Event Struggles To Replace The Live Show
BY RORY PASQUARIELLO & DREW ROBB 

T he Annual Turbomachinery & Pump 
Symposium is regarded by many as the 
premier turbomachinery event. Tradi-
tionally set in Houston, TX, the live 

event was cancelled due to Covid-19. Organiz-
ers at Texas A&M’s Turbomachinery Labora-
tory valiantly battled to provide a virtual ver-
sion in December of 2020. However, there is 
nothing like the real thing.

A wealth of sessions made up for the lack of 
a buzzing exhibition f loor. Topics covered 
included hydrogen compression, seals, gas tur-
bine (GT) performance, combustion, additive 
manufacturing, turbomachinery in refineries, 
and operations & maintenance.

HYDROGEN COMPRESSION 
Rainer Kurz, Manager of Systems Analysis at 
Solar Turbines, walked attendees through the 
performance of the compressor, the combustor 
and the turbine section during a tutorial ses-
sion. Also discussed were control concepts for 
single-shaft and two-shaft machines driving 
generators, compressors, and pumps.

GT performance characteristics depend on 
ambient and operating conditions. Consider-
ation must be given to site elevation, ambient 
temperature, relative humidity, speed of driven 
equipment, fuel, and load conditions. 

Kurz introduced data analysis methods and 
detailed the impact of degradation on compo-
nent performance, engine performance, and 
approaches to mitigation.

His takeaways: Applications for industrial gas 
turbines will change but will be with us for a very 
long time. “With or without hydrogen, natural 
gas will play a key role in the transition towards a 
more sustainable energy future,” said Kurz. 

As engineers seek to adjust turbomachinery to 
hydrogen service, challenges will inevitably mate-
rialize. One such challenge, hydrogen induced 
cracking (HIC), was the topic of another session.

Centrifugal compression is dependent on 
gas molecular weight. Aerodynamic head is 

developed by increasing the gas velocity to raise 
kinetic energy levels, then by converting the 
kinetic energy to potential energy through dif-
fusion. The resulting impact is an increase in 
static gas pressure. The amount of kinetic 
energy imparted into the gas is a function of gas 
velocity and molar mass. To achieve high gas 
velocities, an increase in impeller rotational 
speed is required. This imparts higher stress on 
centrifugal impellers, which can exceed guide-
lines provided by American Petroleum Institute 
(API) Standard 617, eighth edition (2014). 

To utilize the benefits of higher rotational 
speed, therefore, new strength limits for the 
application of materials in hydrogen gas com-
pression are required. Svenja Haarmann, Head 
of Chemistry at Siemens Energy delivered a 

The good old days at the 2019 Turbomachinery & Pump Symposium
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talk on the HIC resistance of common impeller 
alloys. She compared them, utilizing National 
Association of Corrosion Engineers (NACE) 
standard test method TM0177. The goal was to 
determine a test procedure and validate high-
er-strength materials suitable for hydrogen 
compression environments. Chemistry, micro-
structure, mechanical properties, and heat 
treatments were examined to explain the 
results observed and seek predictors for high-
strength materials in hydrogen service.

“HIC can occur in highly stressed materi-
als,” said Haarmann. “High rotational speed is 
required in hydrogen centrifugal compression 
to achieve a reasonable head rise per stage, 
leading to high impeller stresses.”

She noted that, per industry standards, the 
maximum yield strength for all materials used 
in hydrogen service is limited to 120 ksi. Test 
results indicate that this number is overly con-
servative. Testing reveled that some alloys 
could perform well at 145 ksi and another as 
high as 160 ksi. Such alloys, therefore, have 
high potential for hydrogen environments. 
Updating industry standards to allow higher 
impeller stress will allow smaller, faster run-
ning compressors in hydrogen service.

SEALS
Many sessions at the conference were devoted 
to seals and especially dry gas seals (DGS). 
Pipeline sealing, for example, is challenging as 
you often don’t know what is coming down the 
pipeline. Therefore, operators are looking for 
increased reliability and better control of leak-
age or lost product, during normal opeation 
and catastrophic seal failures. 

Jim Wasser, Global Director of Design 
Engineering and John Morton, Product Line 
Director, Advanced Wet Sealing Solutions, 
John Crane, said most operators use single seals 
of various kinds on crude duties. When they 
have to deal with NGLs, seal technology can 
vary greatly. In North America, for example, 
conditions can vary between -25°C to +30°C 
and viscosities from around 2 to in excess of 
3,000 centistokes (cSt). Seal chamber pressures 
can be up to 1,200 psi. 

Two years ago, John Crane introduced non-
pusher secondary sea l ing technology to 
improve seal performance on crude services. 
That same technology has now been developed 
into a family of seals capable of handling non-
crude liquid hydrocarbon applications. 

“Non-pusher secondary sealing technology 
brings about no change in seal balance in high 
or low pressure applications, unlike seals utiliz-
ing a full convolution elastomer bellows,” said 

Wasser. “It can flex along the balance diameter 
and is capable of 0.8 mm shaft axial movement.”

He added that it is robust enough to handle 
high startup torque and shaft misalignment. No 
hard coating is required on the sleeve as there is 
no movement of the secondary sealing element.

Several discussion groups at the show took 
up seals. Stefan Cich, a Group Leader in the 
Machinery Section at Southwest Research 
Institute, led a discussion group on DGS sys-
tems. He took attendees through their history, 
starting in 1970 as a response to the need for a 
less complex and hazardous system than float-
ing ring oil seals.

DGS are used as low-leakage shaft end seals 
for many centrifugal compressors and other 
turbomachines. Such sealing technologies help 
limit leakage. As governments and companies 
continue to limit carbon emissions, leakage  
mitigation grows in importance. 

DGS configurations include single seals, 
tandem seals (sometimes with an intermediate 
labyrinth seal), said Cich. He also covered fun-
damentals, turbomachinery applications, and 
design considerations for reliability.

Seal testing can ensure design conditions 
are met. Test rigs can study off-design condi-
tions such as transients or contaminant injec-
tion. In addition, he offered insight into failure 
modes speci f ic to heat generat ion from  
liquid contamination.

COMBUSTION COMPONENTS AND 
ADDITIVE MANUFACTURING 
Additive manufacturing (AM or 3D printing) 
is particularly suitable for making small, com-
plex parts and components, especially within 
the GT combustion system. Gianni Panfili, AM 
Manager and Kevin Sheehan, Head of Design 
for AM, at Siemens Energy, discussed how 
these methods are being used to improve the 
reliability and thermo-mechanical fatigue resis-
tance of select parts by eliminating potential 
crack initiation points at braze locations. They 
touted benef its such as rapid prototyping, 
reduced part lead times, and lower repair and 
lifecycle costs.

“Non-pusher secondary sealing technol ogy brings 
about no change in seal balance in high or low 
pressure applications, unlike seals utilizing a full 
convolution elastomer bel lows,” said Jim Wasser, 
Global Director of Design Engineering at John Crane.
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AM is particularly suited for combustion sys-
tem and hot gas path components, which are 
complex and function in harsh operating condi-
tions. Combustion systems in gas turbines need 
to provide the necessary flow dynamics for effi-
cient combustion and environmental control. 

The speakers presented several use cases 
where AM methods were used to fabricate parts 
for GTs. AM burner heads were produced for a 
conventional dual-fuel injector on a 38 MW 
aeroderivative GT model. Siemens replaced the 
head portion of the burner with a single AM 
piece welded to the rest of the burner, simplify-
ing the manufacturing and repair process.

In another example, AM was used to man-
ufacture the central fuel injector of a dual-fuel, 
dry low emissions (DLE) variant for a 38 MW 
GT, commonly used in offshore applications. 
The component was manufactured as a single 
printed part, optimizing some features to 
enhance functionality, particularly the combus-
tion noise signature at low power.

TURBOMACHINERY FOR  
REFINERY APPLICATIONS
A group of experts from Elliott Group hosted a 
session on compressors, expanders, steam tur-
bines, and GTs used in refinery applications. 
Speakers covered ref inery processes, design 
conditions, and challenges. 

Fluids pose aerodynamic and material chal-
lenges due to corrosive, flammable, and some-
times toxic elements. Therefore, ref ineries 
require a wide range of durable turbomachin-
ery that must operate flexibly under harsh, fluid 
conditions. These requirements make the 
design, packaging, controls, application, and 
operation of turbomachines in refineries com-
plex and challenging.

Speakers discussed operational and techni-
cal details of turbine and compression applica-
tions such as gas boost, refrigeration, hydrogen 
recycle, blow gas compression, coke gas com-
pression, reformer recycle compression, steam 
turbine drivers, and GT drivers.

ROTOR VIBRATION
Siemens Energy provided another tutorial on 
aerodynamically induced forces acting on cen-
trifugal compressors that can cause rotor vibra-
tion. There are several sources of non-synchro-
nous forced vibration of centrifugal compressor 
rotors. Many of them are aerodynamic phe-
nomena, created within the gas flow path of the 

compressor. Phenomena such as impeller stall, 
diffuser stall (with and without vanes), and flow 
instabilities caused by impeller to diffuser mis-
alignment, are all characteristic f low distur-
bances that can cause forced vibration. How-
ever, the only indications of these phenomena 
may be found via rotor vibration signals. CFD 
analytical results and dynamic pressure trans-
ducer test data can be used to verify the pres-
ence of these phenomena.  

Another discussion group zeroed in on 
operations and maintenance. Subjects discussed 
included LNG plant maintenance, continuing 
to maintain turbomachinery even if offline for 
an extended period, water washing, aging tur-
bines, and condition monitoring.

CO2 COMPRESSION
During commissioning of a new eight-stage 
CO2 pipeline compressor, higher than expected 
seal vent flows were detected from carbon ring 
seals in the high pressure (HP) stages. The 
machine could not meet design performance. 

Patrick Smith, Principal Engineering Asso-
ciate at Air Products & Chemicals, laid out this 
case study. He described the design of the car-
bon ring seals, the history of the problem, the 
results of a root cause analysis, conclusions and 
corrective action taken. 

The HP section of the eight stage, 4-pinion, 
integrally geared centrifugal compressor was 
running 11% short of capacity. It ran wet in the 
first five stages and dry in the others. The com-
pressor was driven by a 13 MW (17,500 HP), 
1,800 rpm motor. Pinion shaft seals were nitro-
gen-buffered carbon ring seals. The number of 
rings differed depending on pressure. While 
these kind of carbon rings can last many years, 
they operate with very tight clearance to con-
trol leakage. 

The problems encountered applied to the 
stage 6 to 8 seals. In response, Air Products 
added a manual valve to the HP vent header to 
allow throttling and increasing back pressure. 

“The root cause was found to be deforma-
tion of the seal support plates due to axial forces 
from differential pressure across the seal rings,” 
said Smith. “In response, we strengthened the 
seals by increasing the number of support ribs.” 

From 11% below capacity prior to the out-
age, the new design reduced the HP section 
capacity to only 3% short of design capacity. 
The user reports no additional problems with 
the HP vent flow since this upgrade. ■



“ATPS is an excellent platform for pump and turbomachinery practitioners to learn and share experiences. 
The technical sessions are enriching. I can’t wait to attend the next edition of ATPS.”

- Shamsul Nahar Awang, Principal Engineer, ATPS 2018 Delegate
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WHAT ARE THE VARIOUS PROS AND 
CONS OF OPERATING BLACK BOXES 
FOR COMPRESSORS?
The main advantage of purpose-built black 
box controllers is that field-proven logic and 
algorithms are packaged and protected into 
one control ler. Thus, the r isk is great ly 
min imized of poorly des igned log ic or 
a lgor it hms resu lt ing in random plant 
shutdowns. Also, they provide users with a 
level of security, where plant personnel cannot 
routinely access it and accidently cause a 
system failure and process/plant shutdown. 
Their main d isadvantage i s that i f  the 
customer desires to modify it in the interest of 
improving plant processes, they either cannot 
or are severely limited in doing so.

WHY SHOULD THOSE WITH BLACK 
BOXES UPGRADE?  
End-users typical ly switch from an older 
black-box based controller to more open con-
trol platforms such that they have the capabil-
ity to modify it in the interest of improving 
their eff iciency, uptime, or plant processes. 
The latest compressor control systems offer 
greater visibility into key performance and 
diagnostic information, allowing users to more 
accurately understand the health of their com-
pressor package.

Compressor size, complexity, and appli-
cation are all factors which plant owners use 
to determine i f  a compressor packages 
should be purchased with a purpose-built 
closed and protected (black box) controller 
or an open, custom, user-conf igurable/pro-
grammable controller. Smaller simpler com-
pressor packages used for plant air or blower 
applications are typical ly purchased as a 
complete skid or assembly with the black 
box controls included. However, larger pro-
cess critical compressors which may require 
modif ication during plant commissioning or 
in the future are typica l ly ordered with 
open controllers.

WHAT TRENDS HAVE YOU OBSERVED?
End-users are migrating away from the old 
black-box compressor controllers. This trend is 
forcing compressor control manufacturers to 
offer more open architectures and provide the 
ability for plant engineers to modify and 
improve control algorithms, and failure fall-
back logic to optimize plant processes.

WHAT IS VERTEX?   
Woodward’s new line of controllers, including 
Vertex, allows customers to view and modify 
control logic, interface with other plant control-
lers, and modify and expand hardware input/
output signals. Woodward’s Vertex-based Core 
Software Module (CSM) includes an applica-
tion program and Graphical User Interface 
(GUI) program. Users can easily modify both 
to meet their functionality requirements. 
Optionally, users can upload the application 
and GUI programs into one of Woodward’s 
control platforms (Flex500 or MicroNet). With-
out modification, it is ready to be configured to 
operate and protect 1- or 2-stage compressors.

The Vertex controller enables standardiza-
tion on one compressor control platform across 
an entire plant. Standardization of controllers 
and related software can save thousands in 
spare parts costs and expenses for personnel 
training. The Vertex controller allows users to 
configure it to function as a stand-alone control 
to manage and protect isolated plant compres-
sors or control critical, multi-function compres-
sor packages with more input and output sig-
nals and integral network connections to the 
plant distributed control system (DCS). 

HOW LONG WOULD AN UPGRADE 
TAKE FROM A BLACK BOX TO VERTEX? 
Depending on the complexity of the compressor 
and process, we have customers that were able 
to physically replace their old compressor con-
trol with Vertex in one day then spend the fol-
lowing day adjusting its dynamic response set-
t ing s to opt imize cont rol  and process 

Rich Kamphaus, Global Sales 
Director for Steam Turbine & 
Compressor Markets at 
Woodward, discusses recent 
trends in turbomachinery 
controls, how black boxes and 
open controllers differ, and 
which users should switch to 
open controls.

SHOULD YOU USE A 
BLACK BOX OR AN 
OPEN CONTROLLER?
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performance. Note that Woodward’s adaptive Opti-
Tune PID controller allows the controller to learn 
and calculate the system’s dynamic settings ensuring 
best performance and reducing commissioning 
times. With more complex compressor controllers 
which include many input and output signals, mul-
tiple functions (anti-surge, decoupling, performance 
control), and multiple HMIs (human machine inter-
faces), it may take four or f ive days to physically 
replace the old controller. Add two or three days to 
optimize algorithms.

WHAT PERCENTAGE OF YOUR  
CONTROLS ARE FOR NEW MACHINES 
VERSUS RETROFITS? 
This percentage is continually changing. Currently, 
approximately 60% of Woodard’s compressor con-
trollers are used by compressor OEMs. About 40% 
are used by OEMs and system integrators to upgrade 
old obsolete or deactivated control systems.

Compressor owners upgrade the controllers for 
many reasons. Typically, they wait until the war-
ranty period for their OEM-provided compressor 
package is past before doing so. Many compressor 
owners simply wait until the controller is no longer 
supported, which can be 10 to 15 years. A recent 
trend shows compressor owners upgrading their con-
trollers sooner to improve plant integration, access 
more diagnostic information, and or make it simpler 
to start, stop, and operate.

WHAT OTHER TRENDS HAVE  
YOU OBSERVED? 
One of the main trends in the compressor market is 
users are requiring access to more information within 
and around the compressor package. They use this 
information to improve process performance, diagnose 
compressor package health, and predict future system 
failures. Plant-wide standardization is another trend 
we are experiencing, where plant owners desire to stan-
dardize on one control platform throughout their 
plants and compressors. Also, as more plants and sys-
tems are connected to the internet and the cloud, a 
related trend is the requirement for compressor controls 
to include cybersecurity protection and certification.

As cyber threats to critical infrastructure con-
tinue to increase, we believe that cybersecurity cer-
tification levels will be required on all controllers 
being installed with large industrial plants and refin-
eries including compressor controllers.

With more data available, smarter software pro-
grams and user service tools will have to evolve to 
allow both local and remote experts to segment and 
sort this data based on the specific decision and or 
analysis being performed. As more remote users 
gain access to plant information and networks, tur-
bomachinery software will also be required to 
include multiple layers of user-access security and 
multiple layers of cyber security. ■

Q&A
United States Postal Service
STATEMENT OF OWNERSHIP, MANAGEMENT, and 
CIRCULATION
Required by 39 USC 3685

1. Publication Title: TURBOMACHINERY INTERNATIONAL
2. Publication Number: 871500
3. Filing Date: 9-30-20
4. Issue of Frequency: Bi-monthly with extra handbook
5. Number of Issues Published Annually: 7
6. Annual Subscription Price: Free with qualified
7. Complete Mailing Address of Known Office of Publication (Not 

Printer): MULTIMEDIA HEALTHCARE LLC, 2 Clarke Dr, Suite 100, 
Cranbury, NJ 08512-3619 

8. Complete Mailing Address of Headquarters or General Business 
Office of Publisher (Not Printer): MULTIMEDIA HEALTHCARE LLC, 
2 Clarke Dr, Suite 100, Cranbury, NJ 08512-3619

9. Full Names and Complete Mailing Addresses of Publisher, Editor, 
and Managing Editor - Publisher: Michal Tracey, MULTIMEDIA 
HEALTHCARE LLC, 485F ROUTE 1 S STE 210, ISELIN NJ 
08830-3072; Editor: Drew Robb, MULTIMEDIA HEALTHCARE LLC, 
2757 Via Cipriani #1122A, Clearwater, FL 33764; Managing 
Editor: Drew Robb, MULTIMEDIA HEALTHCARE LLC, 2757 Via 
Cipriani #1122A, Clearwater, FL 33764

10. Owner - Full name: MULTIMEDIA HEALTHCARE LLC, LLC, 
2 Clarke Dr, Suite 100, Cranbury, NJ 08512-3619

11. Known Bondholders, Mortgagees, and Other Security Holders 
Owning or Holding 1 Percent or More of Total Amount of Bonds, 
Mortgages or Other Securities: None

13. Publication Title: TURBOMACHINERY INTERNATIONAL
14. Issue Date for Circulation Data Below: September 2020
15. Extent and nature of circulation

Average No. 
Copies Each Issue 
During Preceding 

12 Months

No. Copies of 
Single Issue 

Published Nearest 
to Filing Date

a. Total number of Copies 
(Net press run)

9,576 8,595

b. Legitimate Paid and/or 
Requested Distribution

(1)   Outside County Paid/
Requested Mail Subscriptions 
stated on PS Form 3541.

5,039 4,160

(2)    In-County Paid/
Requested Mail Subscriptions 
stated on PS Form 3541.

0 0

(3)  Sales Through Dealers 
and Carriers, Street Vendors, 
Counter Sales, and Other 
Paid or Requested Distribution 
Outside USPS

0 0

(4)   Requested Copies 
Distributed by Other Classes 
Mailed Through the USPS

10 5

c. Total Paid and/or Requested 
Circulation [Sum of 15b 
1,2,3,&4]

5,049 4,165

d. Nonrequested Distribution 
(By Mail and Outside 
the Mail)

(1) Outside County 
Nonrequested Copies stated 
on PS Form 3541

4,452 4,340

(2) In-County Nonrequested 
Copies stated on PS 
Form 3541

0 0

(3) Nonrequested Copies 
Distributed Through the USPS 
by Other Classes of Mail

0 0

(4) Nonrequested Copies 
Distributed Outside the Mail

0 0

e.  Total Nonrequested 
Distribution (Sum of 15d (1), 
(2), and (3)

4,452 4,340

f.  Total Distribution (Sum of 15c 
and 15e)

9,501 8,505

g.  Copies not Distributed 75 90

h.  Total (Sum of 15f and 15g) 9,576 8,595

i.  Percent Paid and/or 
Requested Circulation

53.14% 48.97%

16. If total circulation includes electronic copies, report that circulation on 
lines below

a.  Requested and Paid 
Electronic Copies

0 417

b. Total Requested and Paid 
Print Copies + Requested/
Paid Electronic Copies

5,049 4,582

c. Total Requested Copy 
Distribution + Requested/Paid 
Electronic Copies

9,501 8,922

d. Percent Paid and/or Requested 
Circulation (Both print & 
Electronic Copies)

53.14% 51,36%

17. Publication of Statement of Ownership – Will be printed in January 
2021 issue of this publication.

18. I certify that all information on this form is true and complete. 
Signature and title of Editor, Publisher, Business Manager, or 
Owner – Jonathan Severn, Circulation Director, 9-30-20



COMPANY PROFILE

www.turbomachinerymag.com January/February 2021 • Turbomachinery International36

The World Turns to Elliott.
C O M P R E S S O R S  |  T U R B I N E S  |  C R Y O D Y N A M I C S®  |  G L O B A L  S E R V I C E

Customers choose Elliott for unmatched 
performance and reliability, supported by a 

renowned global service network and regional 
response. Who will you turn to?

n Learn more at www.elliott-turbo.com

Turn to 
Elliott Group 

for a partnership 
you can trust.

Atlas Copco Gas and Process

Find out how Atlas Copco Gas and Process can help you handle the pressure at atlascopco-gap.com

Great ideas transform industries. At Atlas Copco Gas 
and Process, we help customers prepare for tomorrow 
by designing, building and servicing turbomachinery for 
the industrial gases, power generation and hydrocarbon 
industries. Our passionate people are dedicated to help-
ing customers handle today’s pressures while creating a 
sustainable future.

Solutions include:
• Process centrifugal compressors
• Process and energy recovery expanders
• Process screw compressors
• Aftermarket solutions and upgrades

We are a division of the Compressor Technique business 
area, headquartered in Cologne, Germany, with additional 
production centers in the United States, China and India.

Atlas_Company_profile_2021.indd   1Atlas_Company_profile_2021.indd   1 2/4/21   11:51 AM2/4/21   11:51 AM

Atlas Copco Gas and Process

Find out how Atlas Copco Gas and Process can help you handle the pressure at atlascopco-gap.com

Great ideas transform industries. At Atlas Copco Gas 
and Process, we help customers prepare for tomorrow 
by designing, building and servicing turbomachinery for 
the industrial gases, power generation and hydrocarbon 
industries. Our passionate people are dedicated to help-
ing customers handle today’s pressures while creating a 
sustainable future.

Solutions include:
• Process centrifugal compressors
• Process and energy recovery expanders
• Process screw compressors
• Aftermarket solutions and upgrades

We are a division of the Compressor Technique business 
area, headquartered in Cologne, Germany, with additional 
production centers in the United States, China and India.

Atlas_Company_profile_2021.indd   1Atlas_Company_profile_2021.indd   1 2/4/21   11:51 AM2/4/21   11:51 AM

Atlas Copco Gas and Process

Find out how Atlas Copco Gas and Process can help you handle the pressure at atlascopco-gap.com

Great ideas transform industries. At Atlas Copco Gas 
and Process, we help customers prepare for tomorrow 
by designing, building and servicing turbomachinery for 
the industrial gases, power generation and hydrocarbon 
industries. Our passionate people are dedicated to help-
ing customers handle today’s pressures while creating a 
sustainable future.

Solutions include:
• Process centrifugal compressors
• Process and energy recovery expanders
• Process screw compressors
• Aftermarket solutions and upgrades

We are a division of the Compressor Technique business 
area, headquartered in Cologne, Germany, with additional 
production centers in the United States, China and India.

Atlas_Company_profile_2021.indd   1Atlas_Company_profile_2021.indd   1 2/4/21   11:51 AM2/4/21   11:51 AM



COMPANY PROFILE

 www.turbomachinerymag.comTurbomachinery International • January/February 2021 37

Mitsubishi Heavy Industries Compressor International 
Corporation (MCO-I) combines highly efficient 
turbomachinery meticulously manufactured in Japan 
with fast, fine-tuned local services in the Gulf Coast 
region. The Pearland Works 26-acre campus, located 
just south of Houston, TX, now boasts a PTC 10 Type 
2 Compressor Test Stand, and is the first facility in 
the Americas dedicated to the packaging, testing, 
service and storage of Mitsubishi and other OEM’s 
turbomachinery backed by local sales, engineering 
and operation experts. Our after-sales service team 
offers an extensive portfolio of proactive and reactive 
service solutions for mechanical drive steam turbines, 
integrally geared compressors and centrifugal 
compressors of all makes and models. We work 
around the clock to complete emergency repairs 
fast and efficiently to mitigate risk. For more routine 
maintenance, our outage management expertise and 
critical path scheduling keep projects moving quickly 
from shutdown to start up. Planned or unexpected, 
our teams mobilize to your sight to provide a variety 
of customized services designed to mitigate your risk, 
improve performance, and reduce outage time frames.
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Waukesha Bearings® is a global leader in the design and manufacture 
of engineered hydrodynamic bearings, active magnetic bearing 
systems and brush seals for high-performing turbomachinery. 

Our engineering expertise has earned us a strong reputation for 
achieving lasting performance. Our comprehensive range of oil- 
and process-lubricated bearings are engineered for low power 
consumption, low bearing temperatures and the highest reliability. 
Our magnetic bearing systems address the requirements of rotating 
equipment from 50 kW to 80 MW and have achieved 99.9% availability. 

Through ongoing research and development, Waukesha Bearings 
continues to expand bearing capabilities and improve performance. 

Waukesha Bearings is a proud part of Dover Precision Components.

CUSTOM BEARING SOLUTIONS

a company

www.waukeshabearings.com 
info-wb@doverprecision.com

What if you could get a like new high performance 
coupling for less?

Kop-Flex High Performance couplings are engineered to API 671 guidelines 
for each application and designed for the life of the connected rotating 
equipment. However, couplings subjected to stresses during operation 
beyond their design criteria can result in a shortened service life. Since 
safety, performance and reliability are priorities for turbomachinery in the 
Oil & Gas Industry, it is important to inspect high performance couplings 
during scheduled turnarounds. Not doing so could result in unplanned 
downtime costing tens of thousands of dollars. At Kop-Flex® recertification 
facilities worldwide, we have the equipment and expertise to recertify your 
worn high performance couplings to “like new” for 50-60% of the cost of 
a new one. In two to six weeks, Kop-Flex engineers and field specialists work 
with you to understand your application, make recommendations to improve 
life, create inspection reports and provide a specific recertification proposal. 
The coupling recertification process is completed with a full hardware 
replacement and an original factory warranty.

For information about how we can help recertify your high 
performance coupling to like new, call 800-626-2120 or visit us at 
regalbeloit.com/KopFlexRecert. 
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CONDITION MONITORING 
SENSOR
Bentley Nevada released a condition 
monitoring sensor, the Ranger Pro. It 
provides, online condition monitoring 
data to predictive maintenance pro-
grams. The Ranger Pro can be used to 
gather machine health data from a 
range of machinery across multiple 
industries. These sensors read velocity, 
acceleration, and temperature plus time-
base waveforms, spectra, and Peak 
Demod spectrum on machine assets.
bakerhughesds.com

SHELL ECOSAFE  
TURBINE FLUIDS
Shell EcoSafe Turbine Fluids deliver 
equipment protection, extended f luid 
life, and oxidation and varnish control 
for plants operating under tough condi-
tions. The fluids are designed to provide 
long-term performance and reliability, 
even under severe operating conditions.

EcoSafe Turbine Fluid S5 X 25 
(Formerly EcoSafe TF-25) was devel-
oped to meet the lubrication demands 
of turbo-compressors, heavy duty gas 
turbines and combined cycle systems.

EcoSafe EHC S3 DU 46 (formerly 
EcoSafe EHC 46) is a fire-resistant, bio-
degradable synthetic fluid formulated for 
electro-hydraulic control (EHC) valve 
service in steam and gas turbines and 
other power generation applications.

EcoSafe Revive is a synthet ic- 
based solvency enhancer designed to 
improve the solubility of existing tur-
bine fluid and prevent varnish forma-
tion and product instability.
shell.us

IOT PLATFORM
Speedcast, a communication and IT ser-
vices provider, launched an Internet of 
Things (IoT) platform to simplify connec-
tivity, provisioning, and device manage-
ment through a single console. Designed 
for onshore and offshore customers, the 
Speedcast IoT Center is deployed on 
Amazon Web Services (AWS) to increase 
computing power and interoperability 
with a variety of customer applications 
required by IoT solutions.

Users can choose from cellular, satel-
lite, and low-power wireless options. It 
monitors the health and status of the IoT 
ecosystem, including the devices, the com-
munications network, the IoT platform, 
and the end user application. IoT Center 
is protocol-agnostic and able to ingest real-
time data from any device, then applying 
cloud-based translation of device data. 
speedcast.com

Bentley Nevada remote condition  
monitoring sensor

ASSET PERFORMANCE  
MANAGEMENT 
Johnson Controls released Smart 
Connected Fire Sprinkler Monitor-
ing. As par t of Johnson Controls 
OpenBlue suite of digital solutions, it 
delivers real-time insights into f ire 
sprinkler system health.

Leveraging monitoring, sensor and 
data transfer technology, Smart Con-
nected Fire Sprink ler Monitor ing 
gathers pressure, temperature and 
water presence data to measure the 
health of the sprinkler system. This 
information is relayed to the customer 
dashboard via the cloud. When col-
lected data ind icates a potent ia l 
adverse system condit ion, such as 
freezing pipes, pressure imbalances or 
pipe leaks, a notification is sent to the 
building manager.
johnsoncontrols.com

FUEL GAS BOOSTERS
Sundyne is releasing enhancements to 
its centrifugal compressors used as fuel 
gas boosters for turbines generating 
electricity at refineries, chemical plants, 
hospitals, universities, and other cogen-
eration facilities. Interstate gas pipelines 
usually transport gas at pressures rang-
ing from 30 to 125 psig, but most cogen-
eration power plants require gas pres-
sures in the range of 250-750 psig. Sun-
dyne compressors are used to boost 
pressures up to required levels.

A high-speed digital control system 
integrates all compressor control func-
tionality in one system and can be cus-
tomized into multiple configurations. 
Sundyne fully integrated compressor 
trains include auxiliary systems such as 
air/water cooled gas heat exchangers; 
nitrogen generators; valve skids, and all 
the associated monitors & controllers. 
The company also manufactures units 
to meet stringent API 617 standards.
sundyne.com

LABYRINTH SEAL
Greene Tweed, a manufacturer of 
high-performance elastomers, thermo-
plastics, composites, and engineered 
components, released the Arlon 4020 
labyrinth seal. It uses proprietary ther-
moplastic technology, has controlled 
thermal expansion over a range of tem-
peratures, and a long-lasting tooth pro-
file. Test results show up to a 1.5% gain 
in eff iciency compared to traditional 
seals. Non-contacting labyrinth seals 
reduce leakage in centrifugal applica-
tions by restricting flow through a series 
of chambers formed between the rotat-
ing element while the teeth control the 
passage of the media.
gtweed.com Greene Tweed labyrinth seal

Sensonics proximity sensors
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INGERSOLL RAND  
COMPRESSOR
Ingersoll Rand released a centrifugal 
compressor with variable speed and 
multi-stage inlet guide vanes. The 
MSG Centac C700 set operates in the 
med iu m- s i ze  (4 0 0  to  70 0  kW ) 
compressors market.

The C700n is equipped with one 
integral inlet guide vanes on each 
stage to ensure a wide regulation range 
and low power consumption at partial 
loads. It also has an on-board PLC 
panel based on Siemens S7-1200 with 
a software and control mode devel-
oped by Ingersoll Rand, including a 
9” touch screen TFT color display 
with graphing and trending capability.

The company said these features 
can provide an increase in throttling 
range of up to 50%, a reduction of 
minimum load f low and minimum 
load power of up to more than 30%, 
and an up to 8% reduction in power 
consumption in throttled conditions 
compared to standard inlet guide 
vanes on the first stage only.
irco.com

RENEWABLE BALL VALVES
Conval Camseal metal-seated, in-line 
renewable, top-entry forged severe ser-
vice ball valves are available in ½” 
through 4” sizes with socket weld, butt 
weld, and flanged ends. The ball valves 
are supplied in pressure classes from 
ASME 900 through 4500. In-line 
renewability is typically accomplished 
within 30 minutes. The cartridge is 
removed for in-situ parts replacement 
and reassembly. No valve removal, 
welding and PWHT are required.

Camseal ball valves feature zero 
body, seat and stem leakage on manual 
and actuated valves. Each valve is 
manufactured to MEET qual it y 
standards including ASME, ISO 9001 
and CE. They offer reliable and long 
service life.  
conval.com Ingersoll Rand MSG Centac C700n with variable 

speed control and multi-stage inlet guide vanes

Camseal with stem position indicator disk  
and actuator

NEW PRODUCTS AD INDEX

CYBERSECURITY 
PROTECTION
Valley Forge & Bolt released the UHF 
Band RTM Meter (Remote Tension 
Monitoring), a wireless bolt monitoring 
system. It operates in 433/868/915 
MHz frequencies and is part of the 
company’s SPC4 load indicat ing 
technology. This wireless sensor detects 
and collects the tension level in a bolted 
joint read by the SPC4 fastener to relay 
to a condition monitoring/SCADA 
system. Users can program it to take 
measurements at prescribed intervals 
and send alerts if a bolted joint falls out 
of chosen tension parameters.
vfbolts.com

PROXIMITY SENSORS
Senson ics PR I Ser ies prox imit y 
sensors offer a single probe assembly 
featuring direct processed outputs to 
el iminate the need for a separate 
driver. Proximity probe systems are 
usually made up of a calibrated probe, 
extension cable and driver. The PR 
l04 has these elements contained in the 
probe body. Utilizing the eddy current 
principle, this combination forms a 
tuned circuit with the target material 
and variations in probe face to target 
distance are detected by the driver, 
prov id ing v ibrat ion and relat ive 
positional measurements.
sensonics.co.uk

Atlas Copco - Gas &  
Process Division                                       CV4 
atlascopco-gap.com

ATS symposium                                           33 
conference.thoracic.org

Concepts NREC                                            13 
conceptsnrec.com

Elliott Group                                              CV2 
elliott-turbo.com

Franke-Filter                                                   5 
franke-filter.com

Mitsubishi Heavy Industries  
Compressor International (MCO-I)        15 
mhicompressor.com/en/mco-i

Mitsubishi Hitachi Power Systems            9 
power.mhi.com

Praewest                                                          5  
praewest.com

Regal Beloit America, Inc.                           7 
regalbeloit.com

Sohre Turbomachinery                             13 
sohreturbo.com

Waukesha Bearings                                CV3 
waukbearing.com
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MYTH: COMPRESSOR 
BEARING TEMPERATURE 
MUST BE BELOW 200°F
BY KLAUS BRUN & RAINER KURZ

Over the last few years, compressor man-
ufacturers have invested significant 
research funding in an attempt to 

decrease bearing and lube oil temperatures in 
their machinery bearings by a few degrees. 
Sometimes hundreds of thousands of dollars 
have been spent to lower temperatures by just 
single digit numbers. These expenditures are 
driven by the need to meet recent generic indus-
try standards for rotating machinery bearings 
that are being strictly enforced by several oper-
ators. Let’s review the origin of these standards 
and discuss when and where the strict applica-
tion of these standards makes sense and when 
they are over-simplistic or overly conservative.  

The function of bearings in a turbomachine 
is to support and center the rotating shaft against 
static and dynamic radial and axial forces. In 
most industrial compressors, steam turbines, and 
gas turbines, these bearings are of the tilting-pad 
fluid film type, using either a mineral or synthetic 
oil to cool and lubricate the bearings. There are 
clearly some fundamental physical limits on the 
lowest possible lube oil temperature in a bearing 
that is achievable based on the energy that is 
transferred from the rotating shaft to the station-
ary fluid film and the heat load that the oil can 
absorb, transfer, and transport for a given oil heat 
capacity and flow rate. Beyond these basic phys-
ical limitations, there are many design choices 
such as type of bearing, pad size, aspect ratios, 
thrust equalizing, oil injection points, angle of 
load variation, and a host of other complex geo-
metric and operational parameters that affect the 
lube oil temperature.

American Petroleum Institute (API) stan-
dards had traditionally required bearing tem-
peratures below 200°F for slow-running 
machinery such as pumps and motors. Until 
2014, API standard 617, 7th edition for centrif-
ugal compressors, allowed bearing and lube oil 
temperatures up to 212°F. But the 8th edition 

lowered this requirement to 200°F to be in line 
with other API machinery standards. Most 
machinery built and operated prior to 2014 
seemed to operate just fine at the slightly higher 
lube oil temperatures. However, this change 
resulted in a rush by most machinery manufac-
turers to find methods to lower their bearing 
metal temperatures regardless of the actual ben-
efit it provides to the bearing load carrying 
capability, or to the machinery unbalance 
response and stability.  

Rather than blindly following specifications, 
one should always ask what the true limitations 
of a physical process are to make sure a specifi-
cation makes sense for a given application. In 
this case, the limiting factors and critical param-
eters are: (i) the bearing pad hot spot metal tem-
peratures, (ii) the temperature at which the lube 
oil starts degrading rapidly, and (iii) the tempera-
ture at which the viscosity of the lube oil is too 
low to provide a consistent pressure gradient film 
on the pad to support the required shaft loads.

With respect to hot spot metal temperatures, 
the material that is of concern is tin-based bab-
bitt surface material. In principle, the failure 
mode is a function of the temperature, shear 
rate and hydrodynamic pressures, which are 
heavily application dependent. Tin-based bab-
bitts can operate at temperatures exceeding 
300°F. But since material strength degrades rap-
idly with temperature, practical limits are about 
265°F for a tilting pad bearing as specified by 

The machinery operator should always evaluate 
previous manufacturer experience, specific design/
application considerations, and operating/test data 
prior to insisting on a fixed temperature limit from 
a generic industry specification.
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most bearing and turbomachinery OEMs and 
240°F as specified by most gear OEMs and 
AGMA specifications. 

And yet, the temperature targeted by the 
most recent API standard is specified as 200°F 
inclusive of all hydrodynamic bearings, both 
fixed geometry and tilting pad; and over a wide 
range of applications, from slow moving motors 
and bull gears to high speed pinions, compres-
sors, and turbines. In order to meet this require-
ment, other margins may be impacted whether 
it be critical speed separation margin or stability 
such as by reducing the journal diameter to 
decrease surface speed or by using a longer 
bearing thereby increasing the rotor bearing 
span. While still meeting standards, additional 
margins might be reduced in areas where they 
might be more preferred.

 For lube oil degradation, a 230°F metal 
temperature is discussed by the American Soci-
ety of Testing and Materials (ASTM D4304-17) 
as a criterion to switch from standard Type 1 
and Type 2 mineral oils to a more high per-
forming ASTM Type 3 oil, which is generally 
formulated for heavy duty gas turbine or com-
bined cycle applications. 

The other commonly mentioned require-
ment, albeit not apparently anchored in any 
industry standard, is that the bulk temperature, 
either from a common drain or reservoir, should 
stay below 180°F. This requirement is mainly 
based on operational experience and the basic 
rule of thumb that the oxidation rate of turbine 
oils generally doubles for every 18°F above 
140°F bulk temperature. Finally, while lube oil 
viscosity is non-linear (mostly logarithmic) across 
machinery operating temperatures, a tempera-
ture increase from 200 to 212°F will not lower 
the viscosity below what is required to provide 
adequate viscosity for pressure film stability in 
tilting pad and fixed geometry bearings.  

The other question that has an implication 
on the validity and value of the lube oil tempera-
ture criteria is the actual measurement location 
and associated sensor accuracy to measure the 
true metal and lube oil temperatures. In most 
turbomachines, film temperature of the bearing 
lube oil film is measured with RTDs or thermo-
couples below the babbitt surface at the assumed 
hot spot. This measurement is an indirect indi-
cation of the bearing surface temperature since 
the temperature sensors are recessed from the 
pad surface, and the hot spot angular position is 
variable especially for fixed geometry bearings 
typically used in motors. Furthermore, the hot 
spot is along the axial center of the bearing, but 
measurements are allowed to be taken off the 
center line if the bearing is long. 

So, measuring temperature in fixed geome-
try bearings or offsetting the temperature trans-
ducer from the center line in long bearings will 
generally mean that the measurement is not at 
the hot spot and place a bearing at risk for fail-
ure at a low temperature, the kind of events that 
lead to lowering of temperature standards. On 
the other hand, when properly implemented, 
this measurement is an excellent and fast indi-
cator to determine if the bearing is operating at 
excessive temperatures with possible hot spots. 
Thus, bearing pad metal temperatures should 
still be used for alarm and shutdown controls of 
the machine.

The bulk lube oil temperature is usually 
measured in the bearing (individual and com-
mon) drain, and the reservoir. These measure-
ments provide a good indication of bulk tem-
peratures and can be useful as an indicator 
whether the lube oil degradation temperature 
has been exceeded. But they are not useful to 
determine the actual temperature condition 
inside the bearing or, because of the measure-
ment delay, as an  alarm or shutdown.  

While the 200°F bearing and lube oil tem-
perature limit has become the accepted reality 
in the turbomachinery industry, it does not 
always make sense. It is not achievable for some 
applications. Simply enforcing this limit for all 
machines is an over-simplification that leads to 
expensive design conservatism and not necessar-
ily a better bearing or better machine. The 
machinery operator should always evaluate pre-
vious manufacturer experience, specific design/
application considerations, and operating/test 
data prior to insisting on a fixed temperature 
limit from a generic industry specif ication. 
(Brian Pettinato provided technical input for 
this article.) ■

Klaus Brun is the Director of 
R&D at Elliott Group. He is also 
the past Chair of the Board of 
Directors of the ASME 
International Gas Turbine 
Institute and the IGTI Oil & Gas 
applications committee.

Rainer Kurz is the Manager for 
Systems Analysis at Solar 
Turbines Incorporated in San 
Diego, CA. He is an ASME 
Fellow since 2003 and the past 
chair of the IGTI Oil and Gas 
Applications Committee.
Any views or opinions presented in this article are solely those of the 
authors and do not necessarily represent those of Solar Turbines 
Incorporated, Elliott Group, or any of their affiliates.
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For more than 30 years, Waukesha Magnetic Bearings®  
has provided life-cycle cost savings for turbomachinery –  
by eliminating auxiliary equipment, lowering energy consumption, 
minimizing maintenance, and maximizing reliability. 

Our Automated Commissioning function and remote connectivity 
have allowed customers to speed up commissioning, monitor and 
tune machine performance, and reduce specialist services, all while 
spending less time on-site. 

Now, our continued technological advances are increasing the 
scalability of magnetic bearing systems and making these savings 
available to more customers than ever before. 

Magnetic Bearing Efficiencies Are Within Your Reach

LOWER YOUR TOTAL 
COST OF OWNERSHIP

Waukesha Magnetic Bearings is a proud part of Dover Precision Components

Waukesha Magnetic Bearings introduces 
an industry-first on-skid controller.
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Find out how Atlas Copco Gas and Process can help  
you handle the pressure at atlascopco-gap.com

27 MW Mixed-refrigerant Compressor

PROCESS CENTRIFUGAL 
COMPRESSORS

Expander Compressor for NGL recovery

PROCESS AND ENERGY 
RECOVERY EXPANDERS

+ AFTERMARKET SOLUTIONS AND UPGRADES

Gas Screw Compressor

PROCESS SCREW 
COMPRESSORS

Handle  
the Pressure
Tight budgets. Shrinking timelines. Growing expectations. 
They challenge us to transform industrial ideas into 
solutions that help you thrive under pressure. Depend 
on Atlas Copco Gas and Process to design, build and 
service turbomachinery for the industrial gases, power 
generation and hydrocarbon industries.

What sets us apart

Reliability  
& availability
8,000+ reference machines 
running in process gas 
applications worldwide. 

Flexibility  
& efficiency
10–15% efficiency 
increase, thanks to 
advanced technologies 
perfectly matched to 
your process needs. 

Custom aero,  
standard package
CAPEX and OPEX savings 
with our standardized 
solutions that offer 
optimized aerodynamics 
and pre-engineered 
package components. 
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