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Editorial

Innovations

Dear Reader,

Technology is a defining aspect of modern
society. To fathom how much we depend on
individual technologies, we need look no
further than the manufacturing processes on
which we depend or the power-supply that
keeps our lights burning. The extent to which
tomorrow’s world will be different from today’s
will depend to a significant degree on the
technological progress and breakthroughs
that will emerge between now and then.
Through its research and development labs,
ABB is proud to play a central if not defining
part in advancing some of the contributing
technologies.

In this issue of ABB Review, 11 innovations
selected from ABB labs across the globe are
presented in short articles. Many of these are
additionally discussed in greater depth in this,
recent and upcoming issues of the journal.

One area that has led to huge changes in
recent decades is power electronics. Com-
pact and reliable semiconductor devices are
permitting electrical power to be converted
with an unprecedented degree of flexibility,
efficiency and controllability. ABB Review
dedicates three articles to drives and convert-
ers. One of these looks at the award-winning
ACS 2000 drive, ABB’s first transformerless
medium-voltage drive.

Motors are important to virtually all manufac-
turing processes, and are customized for
numerous different applications. One article
looks at ABB’s spark-free motors and their
significance in explosion protection. In
another article, we present ABB’s low-loss
synchronous motors. Zooming out to the
broader picture of energy efficiency, a
thought-provoking paper proposes that the
CO, reduction from raising the efficiency of
generating plants is equivalent to an alter-
native fuel, and shows how ABB products
can achieve this.

Process plants use myriad sensors and
actuators. Many of these require only small
amounts of energy to function, but ensuring
the continuity of this supply can present a
significant challenge. An alternative to wires
or batteries is extracting energy from their
environment (eg, from thermoelectric effects
or vibrations). ABB Review looks at this in an
article on energy harvesting.

In the domain of transmission and distri-
bution, ABB has played and is still playing

a major role in the development of the

IEC 61850 standard for substation com-
munication. ABB Review dedicates an article
to a significant milestone: the ongoing
upgrade of a series of substations in Austra-
lia, representing the first commercial imple-
mentation of IEC 81850-9-2 LE. This subsec-
tion of the standard represents an important
step forwards in digital communication in
substations. Further articles look at different
types of switchgear and at protecting
transformers against lightning.

| trust that the innovations presented in this

edition of ABB Review will raise your aware-
ness of their potential and inspire you to find
ways of putting them to good use.

Enjoy your reading!

: > —
—éz/é/\)’__/—\

Peter Terwiesch

Chief Technology Officer
ABB Ltd.
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INnNnovation

highlights

The 11 best innovations for 2011

ABB is continuously seeking to further strengthen and
expand its product portfolio. Across the world, the
company’s research and development labs are hard at
work creating the technologies, products and solutions
that will further raise the productivity, efficiency and
flexibility of its customers’ operations. The successes

The slender-armed
welder

ABB has added a new model to its
mid-range IRB 2600 robot family:
the IRB 2600ID. The ID in the name
stands for integrated dressing,
meaning the arc-welding hose
package is routed inside the robot’s
upper arm and wrist.

Integrated dressing is about more
than smart looks. Because swinging
cables must no longer be taken into
account, the robot’s movement is
totally predictable. This makes the
robot easier to program and permits
faster movements. With its slim arm
and wrist, the robot can enter restrict-
ed spaces, taking on challenges such
as circular welds without compromis-
ing on quality or speed.

With all hoses and cables firmly
secured and protected, exposure to
weld spatter is also reduced, increas-
ing the lifetime significantly. Purchas-
ing and exchange costs are reduced

ABB review 1111

scored every year are numerous, and selecting the
most notable of these is no easy task. The current
selection is a cross section of recent successes. Many
of these, as well as other technological achievements,
are discussed at greater length in this and forthcoming
issues of ABB Review.

by up to 75 percent and up to three
production stops per year can be
eliminated. Complete weld packages,
tailored for the IRB 2600ID, are avail-
able from several major arc-welding
process equipment suppliers including
Fronius, Esab, Binzel and SKS.

The IRB 2600ID has a very small
footprint. Its swing base radius is only
337 mm and its base width 511 mm.
For arc-welding applications, the
reduced risk of interference with other

robots allows for productive, high-
density installations with 50 percent
more robots, and up to 50 percent
higher output from a production cell.

For more information on robots from ABB, please
visit www.abb.com/robotics



First commercial
IEC 61850-9-2 LE
installation

IEC 61850 is a standard that sup-
ports both communication between
devices and data sharing in substa-
tion automation. The IEC 61850-9-2
section of the standard describes
the sharing of analog values on

the process bus. ABB is currently
installing the world’s first implemen-
tation of a process bus according
to this section.

A process bus is the communication
network between primary equipment
(such as instrument transformers)
and secondary equipment (such as
protection and control devices) of

Speed and safety
in switchgear

The technologies from ABB’s well-
known and fast-acting vacuum
interrupter and the world’s fastest
limiting and switching device, the
Is-limiter, have been cleverly com-
bined to form an arc-fault protection
system for new (internal arc classi-
fied) and older generation medium-
voltage switchgear that operates in
the ultrafast range.

The system operates on the principle
that the uncontrolled release of energy
from an internal arc fault is prevented
by rapid metallic 3-phase earthing.
Characterized by a significantly low
impedance, this type of connection
causes the short-circuit current of an
arc fault to commutate immediately to
the fast-acting and innovative earthing
switch and extinguish the arc.

The new ultrafast earthing switch
(UFES) contains three complete

a substation-automation system.

It transmits analog data to the
secondary equipment, where it is
used for efficient protection and
control of the entire substation. Prior
to the emergence of the new stan-
dard, this communication would
typically have required extensive
copper cabling.

IEC 61850-9-2 LE has numerous
advantages. As the bus is optical,
risks caused by high voltage are
reduced. Maintenance is also simpli-
fied as electronic components can be
exchanged without having to shut
down the entire system. The intro-
duction of IEC 61850-9-2 LE is being
accompanied by the introduction of
a powerful testing and diagnosis
toolbox.

Vacuum
device

Drive

primary switching elements (each con-
sisting of a two-part vacuum chamber
embedded in epoxy resin), and a
quick release electronic unit for the
rapid and reliable detection of fault
currents and arc light intensity in the
compartment. With an extremely short
switching time of less than 1.5ms,
this device will ensure all arcs are
extinguished almost immediately.

In technical terms, system availability
and operator safety are greatly
enhanced for rated voltages up to
40.5kV and rated short-time with-

For more information, see “Sharing values” on
pages 73 of this issue of ABB Review.

Epoxy insulator

Fixed contact
Ceramic insulator

Membrane

Moving contact pin
Rupture joint

Piston

Cylinder

Moving contact system

Micro gas generator (MGG)

stand currents (1s) up to 63 kA. From
an economic point of view, downtime
and repair costs resulting from faults
will be drastically reduced while
system availability will increase.

For more detailed information about ABB’s ultrafast
earthing switch, please see “S3 — Speed, safety and
savings” in ABB Review 2/2010, pages 84-87.

Innovation highlights



8

Compact and
green GIS

ABB has launched its 72.5 kV ENK
series of gas-insulated switchgear
(GIS). Notable attributes include a
25 percent smaller footprint com-
pared with existing products with
similar performance, and a 50 per-
cent reduction in the amount of SF,
gas used.

The ENK series features advanced
plug-and-switch technology and an
intelligent secondary interface to meet
future smart grid requirements.
Further notable new features include
its greater ease of operation, such as
ready access to the operating mecha-
nism from the front panel, and the
current transformers located outside
the gas compartment.

Wireless and
autonomous

In the process industry, sensors
relay information that is used to help
maximize reliability and availability.
Sensors require wiring for power
and communication, a factor that
adds to the cost and complexity of
installation. While batteries are used
to power many wireless devices,
exchanging them at regular intervals
may offset the savings of having
wireless sensors in the first place.
Here energy harvesting (EH) can
provide a solution.

EH is the process by which energy
derived from sources external to the
device is captured and converted into
electrical energy to supply low-power
electronics. Typical energy sources
include hot and cold processes, solar

ABB review 1111

With its plug-in
busbar connec-
tions and shipment
of complete, facto-
ry-tested bays, the
ENK GIS can be
easily and quickly
installed on-site.

It is rated for a
nominal voltage

of 72.5kV, is
available for up

to 2,500 A rated
current and 40kA
short circuit in
versions conform-
ing to IEC and
|EEE standards.

The compactness and modularity of
GIS makes it ideal for installation in
locations where space is constrained,
such as in cities. Even indoor installa-
tions are possible. ABB also offers GIS
for offshore and mobile applications.
The company pioneered the first

radiation, and vibration and kinetic
energy from flowing media or moving
parts.

EH can be a discontinuous process

or there may be times when the EH
system supplies more energy than is
actually needed. In any case buffers
(eg, special capacitors, primary or
secondary cells) are needed to over-
come times when the harvesting device
is unable to supply enough energy for
the sensor node. An appropriate power
management system is also required
for a truly autonomous power supply.

Research at ABB has realized a
complete autonomous temperature
transmitter using a fully integrated EH
system. Thermoelectric generators
have been integrated into the device,
which also includes a smart energy
management solution when the
process temperature is insufficient

to generate enough energy.

high-voltage GIS in 1965 and is the
global leader in high-voltage GIS
technology, with more than 20,000
bays installed and in operation around
the world.

For more information about energy harvesting
please refer to “Harvest time” on page 47 of this
issue of ABB Review.



System 800xA
version 5.1

Since being first released in 2004,
ABB’s Extended Automation System
800xA has been adopted by more
than 6,000 customers. The system
has improved operator effective-
ness, achieved seamless control
solutions and integrated diverse
and usually separate systems.
Version 5.1, released in 2010,
introduces further enhancements,
improving performance, usability
and operator effectiveness.

One area where Version 5.1 presents
notable advantages is in engineering
and change management. The Task
Analysis Tool permits the evaluation of
an application prior to its download-
ing, showing, among others, latency
and conflicts. The Detailed Difference
Report highlights modifications made
in control applications and graphics.

The new version also includes a new
member of the AC800M controller

eVolving breakers

New and advanced technologies are
enabling the development of highly
integrated and versatile products.
One such device, the eVD4 auto-
matic circuit breaker, enables easy,
flexible and reliable medium-voltage
switchgear projects. This breaker is
a major step forward in terms of
performance, simplicity (it is charac-
terized by a small number of highly

Vi

family, the PM891, with approximately
three times the clock speed (450 Mhz)
and four times the memory of its
predecessor, making it the most
powerful controller in its class. Virtual-
ization reduces the physical number
of PCs by as much as 75 percent.
This significantly lower footprint also
reduces energy consumption and
maintenance requirements.

Improvements in alarm-management
capabilities include new alarm shelving
and analysis features and improvements
in alarm share functionality. Security
and connectivity are also enhanced.

These changes reflect but a small
part of the overall improvements
introduced to System 800xA with
Version 5.1.

System 800xA Version 5.1 will be discussed
in greater depth in an upcoming edition of
ABB Review.

network. The technology used to
develop the sensors has helped to
reduce equipment size, improve

performance and increase standard-

ization. This combination of sensors
and IED enables the accurate and
reliable monitoring and registering
of network parameters while provid-

ing better protection for both operat-

ing personnel and the substation
equipment.

The eVD4 circuit breaker is fully

reliable components and can be
customized with a wide range of
easily and rapidly installed accesso-
ries) reliability in a vast range of
applications, safety and cost
effectiveness.

circuit breaker, and features the
specially designed Relion®-based
RBX615 intelligent electronic device
(IED) as well as modern current and
voltage sensors. The RBX615 unit
guarantees the general protection of
overhead and cable lines and distribu-
tion substation busbar systems, and
is suitable for any radial distribution

compliant with the IEC 61850 stan-
dard and GOOSE functionality, which
in turn ensures compatibility with new
substation communication systems.

For more detailed information about the eVD4
breaker, please see “The smart eVolution” on

page 18 of this issue of ABB Review.
The eVD4 is based on ABB’s VD4

mechanically actuated vacuum MV

Innovation highlights



ABB’s DC
fast charger

DC (direct current) fast chargers are
becoming widely acknowledged as
a key enabler for e-mobility. Unlike
AC charging, which relies on a
smaller charging converter inside
the car and is suitable for charging
overnight, DC fast chargers move
the charging converter out of the
car and into the infrastructure where
it can be shared between many
vehicles. This allows high-power
charging without burdening indi-
vidual vehicles with significant
additional weight and cost, and has
the added benefit of several means
to manage the utility grid impact.

ABB'’s activities in e-mobility infra-
structure took a significant step
forward with the successful certifica-
tion of ABB’s CHAdeMO-compliant
DC fast charger in early November
2010 and the subsequent installation
at the first pilot site, the Hong Kong
Science and Technology Park, with
utility partner China Light and Power.

The power plant
for at home

ABB has already established a
market presence for inverters that
connect large photovoltaic arrays to
the grid. But what about smaller
facilities, such as panels fitted on
the roofs of residential and commer-
cial buildings? ABB’s new string
inverter combines an easy-to-use
interface and simple installation with
high performance and advanced
protection, enabling users to not
only contribute toward their own
electricity needs, but also to feed
power into the grid.

An inverter installed at home must
be so simple that all members of the

10 ABB review 1/11

The CHAdeMO standard is the most
widely accepted for DC fast charging.
It has been endorsed by numerous
large vehicle manufacturers, and the
first mass-market DC fast-charge-
capable vehicles based on the stan-
dard were released in 2010, with more
to come in 2011 and 2012.

ABB worked together with CHAdeMO
certification engineers from the Tokyo
Electric Power Corporation to achieve
this milestone. Through this group
effort, certification was achieved in
record time, and the pilot installation
completed only two days later.

household can understand it. ABB’s
string inverter comes with an intuitive
remote display unit. This starts with
the very simple sun symbol whose

ray count reflects the brightness of
the sun, permitting the inverter’s
activity to be verified instantly and

at any time. For the investment-minded
user, the unit can display histograms,
logging production over time.

The new ABB DC fast charger proved
its performance immediately as the
primary fast-charging point for the
vehicles of the Hong Kong EV parade
following EVS-25 (the World Electric
Vehicle Symposium and Exposition)
in Shenzhen, fast charging seven

of China Light and Power utility’s
Mitsubishi “i MiIEV” vehicles in a row.

For more information on electric vehicle
charging, see “Dawn of a new age” on page 77
of ABB Review 2/2010.

Qutput Today 21.10.2009
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A third level of complexity is made for
engineers and reports on numerous
technical details. The string inverter
comes with state-of-the-art surge
protection and a very compact design.

ABB's string inverter will be presented more fully
in an upcoming issue of ABB Review.



The low-loss
motor

The streamlined rotor structure of
ABB’s synchronous reluctance
motors eliminates rotor cage losses,
therefore increasing efficiency and
compactness. The possibility of
achieving standard power and
torque levels at merely a low class-A
temperature rise (60 K) improves the
lifetime of the motor insulation, and
lengthens the bearing lifetime or
greasing intervals.

Synchronous motors controlled by
variable speed drives are increasing
the energy efficiency of many indus-
trial applications. What most applica-
tions have in common is the need

for their motor to be as efficient as
possible and to have the longest
possible lifetime while simultaneously
not increasing maintenance demands

Busch-icelLight

In the same way that lighting affects
a photograph, so too can lighting
affect the mood of a room. Equipped
with innovative LED technology and
a host of options for light direction
and intensity as well as color tem-
perature and appearance, Busch-
Jaeger has, in collaboration with the
renowned architect and designer
Hadi Teherani, developed a new
lighting system for both residential
and office buildings.

Busch-icelLight is a modular, versatile
lighting system that can be used as an
information or orientation light or to
create ambience in a room. Small as a
light switch and using the same style
plates as light switches and power
outlets, the system can be adapted to
match the look of existing electrical
installations.

or failures. ABB’s synchronous
reluctance motors (often called a
SynRM) employ the magnetic principle
of reluctance. They are physically
smaller in size, helping machine
builders to design smaller, lighter, and
more efficient equipment. The motor
is inherently safe in operation since,
without magnets, no back-EMF
voltage is induced, and over-voltage
protection of the converter becomes
superfluous. Additionally, the possibil-
ity of high speed operation helps to
eliminate mechanical power transmis-
sion elements such as gearboxes.
This eventually enables the integration
of the motor and the load equipment.

For more information, see “Motoring ahead” on
page 56 of this edition of ABB Review.

The lighting element can be adjusted
in five different directions to precisely
define the light direction and beam.
Two settings are available for the color
temperature of the light, ie, warm
white or neutral white. And light
intensity can be switched to either
100 percent or 25 percent intensity
using a 350mA / 5W converter or a
40mA / 0.15W night-light converter.
As a directional orientation light or an
illuminated building information

system, Busch-icelight ensures
comfort and safety. Numerous
high-quality design sheets and special
pictograms are available, making the
system adaptable to users’ needs.

Busch-Jaeger is a member of the ABB Group.

Innovation highlights 11



CLEEN
innovations

H JUKKA TOLVANEN, TERO AHONEN, JUHA VIHOLAINEN - In the past, innova-
H Oow CO | |abo rat on tions like the light bulb and the telephone often originated from individ-
IS SU p po r‘t| N g AB B ’S ual people like Thomas Alva Edison and Alexander Graham Bell. Today,
innovations still need innovative people to surface, but rather than a
reSGaFCh aﬂd one-man show, cooperation and consortiums of various competences
are often required for the development of new ideas. Within ABB, there
development work

is already a huge technical competence, and the potential to utilize
global presence combines with knowledge of customer needs world-
wide. ABB also benefits from cooperation with companies and univer-
sities in the development of new technology and services.

12 ABB review 1/11



ccording to the well-known

saying, “two heads are better

than one.” In the fields of

engineering and technology,
development of new ideas may require
diversity of know-how and therefore
cooperation between different compa-
nies and organizations. For instance, in-
novations on how to improve the energy
efficiency of electrical systems clearly
require technical expertise, but also eco-
nomical and social expertise in order to
obtain totally new and feasible products
and services.

Respectively, technical expertise may be
required from several areas of engineer-
ing, requiring the participation of several
companies. As a single company may
hold world-class competence only in
certain areas, cooperation between dif-
ferent companies and organizations can
be the most feasible approach for new
ideas and innovations, which may cover
several different business segments.

Consortium provides foundation for
research

Even though cooperation can be feasi-
ble, certain rules need to be fixed before-
hand. For instance, intellectual property
(IP) and financial issues need to be clear
from day one in order to ensure sustain-
able and mutually beneficial cooperation.

One solution to deal with these issues is
to have a common research center or
community to manage R&D activities. In
Finland, the strategic center for science,
technology and innovation in the energy
and environmental sector (CLEEN Ltd.)
has been founded to catalyze interna-
tional and cross-industrial cooperation in
the energy and environmental technolo-
gy fields. As a limited company owned
by global companies and the most rele-
vant national research institutes and uni-
versities, CLEEN facilitates cooperative
knowledge building and the creation of
innovative solutions, technology and ser-
vices that are beyond the R&D capabili-
ties of a single company or area of indus-
try [1]. Two-thirds of CLEEN’s 44 owners
are private companies including several
global technology and market leaders,
like ABB, Metso and Wartsila. ABB is
one of the founders and an active mem-
ber in CLEEN’s operations that has pro-
vided new possibilities for cooperative
research with other companies, organi-
zations and research institutions.

This kind of joint venture also improves the
possibility of receiving external funding,
which is often essential for wide research
consortiums  exe-

universities and research institutions. It
works as a network through which the
participating international companies
can conduct R&D work gaining new
knowledge on a faster and deeper basis
than would be possible by acting alone.

Jacobson explains that cooperation is
more strategic for the companies involved
when they allocate their own R&D human
resources for several years and are willing
to share their results, rather than just
allocating funding for outsourced propri-
etary R&D. Such industry involvement
also ensures wide interfaces for knowl-
edge transfer, innovations and guidance.

An effective way to develop the pro-
grams has been found: First the compa-
nies define the theme that they consider
important for their future businesses and
for which they would be willing to allo-
cate their own resources and share the
deliverables. Then the universities and
research institutes respond to this mar-
ket pull with their research initiatives,
creating a reciprocal science push. Ja-
cobson points out that this also saves
resources at the universities as they do
not have to waste time on completing

cuting  long-term
(eg, three to five
years) research. In
Finland, the main
public sponsor is
the Finnish Funding
Agency for Tech-
nology and Innova-
tion (Tekes). Tekes
supports a consor-
tium of companies and research institutes
with its new innovation program. This kind
of support enables a change in the inno-
vation culture from a one-company show
to network-based open innovation.

Modern cooperation between
companies and universities

CLEEN is part of a major overhaul of the
Finnish innovation system. To advance
this goal the Finnish government has ini-
tiated six centers for strategic science,
technology and innovation that are ex-
clusively owned and run by industry and
academia. CLEEN is the one that con-
centrates on energy and environment.

According to Tommy Jacobson, CEO of
CLEEN, the company strives to enhance
open innovation between companies,

CLEEN Ltd. has been found-
ed to catalyze international
and cross-industrial coopera-
tion in the energy and envi-
ronmental technology fields.

research applications that typically have
a low success rate, but instead receive
feedback that is immediate, interactive
and iterative.

One major research area focuses on the
energy markets and smart grids. Here
the main contributors are Nokia Siemens
Networks and ABB. Other areas on the
agenda are, for instance, efficient energy
use and distributed energy systems.

Smart grids and energy markets

A smart grid delivers electricity from
many suppliers to consumers using two-
way digital technology and an intelligent
monitoring system that keeps track of
the electricity flows in the system. Smart
grids enable controllable multidirectional
power flows on both a local and long-

CLEEN innovations 13



1 Smart grids and energy markets (SGEM)

Research Partners
39.2%

Industrial Partners 60.8%

- ABB Oy 6.3%

- Aidon Oy 0.1%
Areva T&D Oy 1.4%
Empower Oy 4.5%
Emtele Oy 1.5%
Fingrid Oy 2%

- Fortum Séhkoénsiirto Oy 5.1%

Helen Sahkoverkko Oy 1.8%
Nokia Siemens Networks Oy 29.9%
Tekla Oyj 3.7%

The Switch Engineering Oy 1.9%

Vantaan Energia Sahkdverkot
Oy 0.9%

Vattenfall Verkko Oy 1.8%

Industrial Partners
60.8%

Research Partners 39.2%
- Helsinki University of Technology 5.0%
- University of Kuopio 1.0%
Lappeenranta University of Technology 8.4%
MIKES 0.4%
Tampere University of Technology 12.5%
Univerity of Vaasa 2.8%

[
- VTT 9.2%

ABB is one of the
founders and an
active member in
CLEEN'’s opera-
tions.

14 ABB review 1/11

distance scale. Compared with tradition-

al electric grids, smart grids enable more

efficient use and control of distributed

electricity generation, and the intelligent

use of electric car batteries as a part

of the electrical distribution system.

Research topics in the smart grids and

energy markets (SGEM) program are:

— Future infrastructure of energy
systems

— Intelligent management and operation
of smart grids

— Customer gateways

— Development of energy and emission
services allowed by the smart grid
technology

The goal of the SGEM research consor-
tium is to develop international smart grid
solutions that can be demonstrated in a
real environment utilizing Finnish R&D
and innovation infrastructure. At the
same time, the benefits of an interactive
international research environment will
accumulate know-how of the world-lead-
ing information communication technolo-
gy (ICT) and smart grid providers. This
consortium program has several partici-
pants from industry, research institutes
and universities as shown in-=>1. The
industrial participants cover the areas
of electricity generation and distribution,
telecommunications and information
technology. The research partners con-
sist of five Finnish universities and two
research institutes (MIKES, VTT). The
time frame of this project is five years.

Efficient energy use
The efficient energy use (EFEU) program
focuses on the development of methods
that can improve the energy efficiency of
devices and systems. The target sectors
are industry and service where approxi-
mately 60 percent of the total produced
energy is consumed. The primary goals
of the research program are to:

— Develop new methods, business
processes and systems that help to
achieve radical improvements in
energy efficiency

— Develop new methods that produce
significant energy efficiency improve-
ments with minor investments

— Create a national R&D network for
energy efficiency development

Due to the cross-scientific nature of the
topic, the expertise and active participa-
tion of different parties — such as the
manufacturing industry, device manufac-
turers, service companies, engineering
companies, universities and research or-
ganizations — is required. The time frame
of the research work is three to 10 years
before the product phase or service
phase. The main results of the research
will be innovative system concepts, di-
mensioning rules, methods for measur-
ing and evaluating the system’s energy
efficiency, and energy-efficiency-related
solutions and services. The research
ideas will be piloted in demonstrations
and will be later used in more applica-
tion-oriented development work.



2 Research facilities at LUT for pumping systems

L

Innovations via academic research
Besides consortium programs, direct col-
laboration between industry and universi-
ties can be a fruitful source of innovation
and new technology. Often cooperation
between universities and industry pro-
vides synergy for both parties, as univer-
sities may have and suggest interesting
research topics, and product manufactur-
ers may benefit in the form of innovative
R&D and testing of new ideas with univer-
sities’ test facilities. This kind of coopera-
tion has been successfully carried out
between ABB and Lappeenranta Univer-
sity of Technology, Finland (LUT) in the
field of electric motors and variable-speed
drives (VSDs), which are an essential so-
lution to improve the energy efficiency of
rotating machinery.

Founded in 1969, LUT provides educa-
tion and research in the areas of engi-
neering and economics. The university's
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industrial processes, and expertise in
Russian business and industry related to
the above areas [2].

As the university has test facilities for
pumping systems and electric motors,
and strong expertise in the energy effi-
ciency of these appliances, LUT has
been able to carry out academic re-
search, which has also helped with the
R&D of new ABB products. Both direct
torque control (DTC) of permanent mag-
net synchronous machines (PMSMs) and
sensorless flow rate estimation for cen-
trifugal pumps have been studied at
LUT = 2[3,4]. These research topics have
resulted in several patent applications,
scientific publications and also direct
feedback to ABB’s R&D team for drives.

Consequently, the research expertise
of LUT has provided a good basis for
cooperation with ABB on electric motors

and variable-speed

Direct collaboration between
industry and universities can
be a fruitful source of innova-
tion and new technology.

areas of strength include energy efficien-
cy and the energy market, strategic
management of business and technolo-
gy, scientific computing and modeling of

drives. In practice,
the cooperation
has been carried
out at the Carelian
Drives and Motor
Center  (CDMC),
which is a part of
the electrical engi-
neering depart-
ment of LUT. For ABB, this approach al-
lows the development of innovative ideas
with researchers in academia, and also
the testing of upcoming products.

For CDMC, this cooperation has provided
an excellent source of new research top-
ics and the possibility of extending its ex-
pertise in the area of energy efficiency of
electric motors, VSDs and rotating ma-
chinery. The cooperation has allowed
CDMC research staff to be innovative par-
ticipants in the research and development
process of new products and services.
Depending on the project, the results of
the research can also be published as
PhD theses and journal articles, or in the
form of patent applications. The research
projects have been related to the control
methods of VSDs, efficiency improve-
ments of electric motors, and the control
and diagnostics of rotating machinery
such as centrifugal pumps.

Cooperation with other companies and
universities often brings new and innova-
tive ideas. One example of this can be
seen in the following article “Audit bene-
fits.” R&D collaboration therefore should
not be overlooked, as more extensive
research projects can be formed and
expertise from different areas can be
utilized in the research. Whether this is
reached through consortium research
with other companies and research insti-
tutes or through direct collaboration with
universities or research institutes, there
are benefits for all concerned.
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Audit benefits

ABB and Lappeenranta University
of Technology are collaborating on
an energy audit project for more
efficient and durable pumping
systems.

The energy audit project (EAP) at
Lappeenranta University of Technol-
ogy (LUT) was started in autumn
2008. An energy audit is an analysis
of the energy consumption of a given
process or a system = 1. The clients
are energy consumers mainly in
industrial fields. The auditing process
concentrates on finding inefficiently
operating applications with rotating
electrical machinery and such cases
usually involve pumps.

The EAP is funded by ABB and run
by LUT’s Institute of Energy [1]. This
project is the result of a long-lasting
cooperation between ABB and LUT,
especially in the field of researching
the efficiency of pumping systems.
The project has provided special
knowledge about the energy efficiency
of pumping applications. In addition,
specific simulation tools to determine
the energy efficiency of pumping
systems were developed during this
project.

Auditing industrial energy usage
The main goal of this project was to
create an easy-to-use method for
auditing from which all participants
could benefit. The aim of the audit is
to obtain information about the energy
consumption of the system in its
present state and to identify the
factors affecting it. The second step is
to identify the economic opportunities
for improving the efficiency of the
system and achieving cost savings.
The end product of the audit is an
action plan on how to achieve
improved energy efficiency.

Significant results in research
and development for pumping
applications

The advanced use of variable-speed
drives (VSDs) in the diagnostics of
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centrifugal pumps has been studied at
LUT since 2005, when accuracy of the
sensorless flow calculation function
available in ABB'’s industrial drives was
tested in laboratory facilities. Test
results were then published in World
Pumps journals in 2005 and 2006.

As VSD are capable of estimating
motor operation without sensors on
the motor shaft, they can also be
used to estimate the operation of a
pump or other load of the motor.

For instance, the sensorless flow
calculation function available in ABB’s
industrial drives utilizes the internal
rotational speed and shaft power
estimates of the drive to inform the
user about the pump flow rate without
additional sensors on the pump. This
function can be used in an application
where the pump flow rate is required
information, but it is not applied for
revenue metering.

Research projects have also been
carried out to find new ways of
detecting cavitation' and for energy-
efficient control of parallel-driven
pumps. These studies permit the main
causes of pump failures to be elimi-
nated, and the total energy consump-
tion of pumping systems to be
substantially decreased.

More durable and energy-efficient
pumping systems

The sensorless detection of cavitation
is based on the intelligent analysis of
the converter estimates to determine

RO

Significant energy
savings could

be achieved
using advanced
variable speed
control with
parallel-connec-
ted pumps.

Footnote

1 Cavitation is the formation of gas bubbles in
flowing liquid due to the pressure of the liquid
falling below its vapor pressure. Shock waves
caused by the rapid collapse of such bubbles
can damage surfaces.



1 The LUT energy audit procedure
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the abnormal operation of the pump.
In the case of centrifugal pumps,
cavitation is one of the widely known
reasons for decreased pumping
efficiency and pump failures. Because
of this, several methods to detect
cavitation have been developed.
However, they are typically based

on additional measurements that
decrease their feasibility in several
cases. The installation of sensors may
be costly and the amount of pumps
that should be monitored may be so

As VSD are
capable of esti-
mating motor
operation with-
out sensors on
the motor shaft,
they can also be
used to estimate
the operation

of a pump or
other load of the
motor.

high that it is reasonable to have a
condition monitoring system for only a
few pump drives. For this reason,
sensorless cavitation detection can

provide real benefits to the user, as
there is no need for additional sensors
and installations [2].

In the case of parallel-connected
pumps, their intelligent control by
VSDs can provide substantial cost
savings due to the lowered energy
consumption. As parallel-connected
pumps are often operated by applying
the off/on control method, there is a
huge savings potential by operating the
required amount of centrifugal pumps
at a lower rotational speed compared
with the traditional off/on control
method. This has been verified by test
measurements carried out at LUT.

Several real-life research cases have
also been conducted in industrial raw
water pumping applications, power
plants and municipal water stations.
The results have shown that significant
energy savings could be achieved
using advanced variable speed control
with parallel-connected pumps. One
example of how the VSD can reduce
specific energy consumption of two
parallel operating centrifugal pumps is
shown in = 2. With the variable-speed
control for both pumps, specific
energy consumption can be minimized
at lower flow rates [3].

Results of these research projects
demonstrate the benefits of collabora-
tive research and development: By
combining the expertise of project
participants, new solutions allowing
efficiency improvements and cost

savings can be more easily developed
than by acting alone.
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The smart
eVolution
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eVD4 b rin g S Sl m p | lC Ity CEREDA - Over the last decade, medium-voltage distribution networks
an d rel |ab| I I-ty -to .have experienced si.gnifica?nt chf':lnges th.a\nks to the. c.ontinuing evoluti.on
in technology. ABB is leading this evolution by providing customers with
med | um —VOltage new products, such as Relion® protection and control devices, current
' ' ' and voltage sensors, and vacuum circuit breakers with embedded poles,
d |St rl b Ut 1on N etWO rks all incorporating state-of-the-art ABB technologies. ABB has used

these technologies to create an automatic circuit breaker that features
onboard sensors and the RBX615 protection and control unit. Known as
the eVD4, it enables simpler switchboard design and specification,
faster installation, higher reliability and reduced maintenance needs and
life-cycle costs, while increased standardization contributes to less
complex switchgear and systems.
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ecently, the medium-voltage

(MV) world has seen a strong

trend toward the evolution of

new technologies that are en-
abling the development of new solutions
to meet the present and future needs of
distribution networks. The IEC 61850
standard, for example, is driving inno-
vation in energy distribution devices,
enabling new functionalities and new
architectures for MV switchgear while
increasing standardization. Products
featuring a higher degree of integration,
component standardization and greater
overall versatility are now available on
the market. Not only do they improve
reliability, but they also reduce the time
and effort needed for installation and
maintenance.

ABB has pioneered many of these new
technologies in its quest to develop new
products and product series for the MV
primary distribution environment.

One such product series, the innovative
eVD4 automatic circuit breaker family
(see title picture), has been specifically
developed to enable easy, flexible and
reliable MV switchgear projects, from the
specification, tendering, engineering and
production phases right through to the
installation, commissioning, testing and
maintenance phases.

1 PCMG600 is IEC 61850 compliant, which simplifies IED engineering and enables information
exchange with other IEC 61850-compliant tools.

k

W

Pole with vacuum interrupter
Relay signals
Sensor: Rogowski coil or combisensor
Truck for the withdrawable circuit breaker
RBX615 control and protection relay
Opening push button
Operating mechanism charging lever
Open/closed mechanical signaling device
Operating mechanism spring charging
geared motor
j Plug for auxiliary circuits

(withdrawable circuit-breaker only)
k  Closing push button
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| Charged /discharged spring mechanical ¢}
signaling device

m Mechanical operation counter p

n Mechanical operating mechanism q

Racking-in and racking-out geared motor (withdrawable
circuit-breaker only)

Circuit-breaker open-closed proximity sensor

Charged /discharged spring proximity sensor

The eVD4 series combines innovative
ABB technologies in the field of mechan-
ics, electronics and sensors. The result
is a highly integrated device that com-
bines measurement, protection and con-
trol capability with primary power dis-
connection, switching and interruption
technology.

Innovation and a sound foundation

of proven technology

The eVD4 is based on ABB’s VD4 me-
chanically actuated vacuum MV circuit
breaker and the

The RBX615 protection and control unit
based on ABB’s Relion technology is an
intelligent electronic device (IED) dedi-
cated to the protection, control, mea-
surement and supervision of utility sub-
stations and industrial electrical systems.
It is installed into the chassis of the eVD4
as a plug-in device via a docking unit.

The RBX615 unit guarantees the general
protection of overhead and cable lines
and distribution substation busbar sys-
tems, and it is suitable for any radial dis-

new Relion® prod-
uct and sensor
technologies = 1.
Since its introduc-
tion in 2003, the
VD4 has a global
installed base of
over 250,000 units,
and is character-
ized by its excel-
lent reliability and versatility in a vast
range of applications.

The innovative eVD4 auto-
matic circuit breaker family has
been developed specifically to
enable easy, flexible and reli-
able MV switchgear projects.

tribution network regardless of the
grounding principle. The digital inputs
and outputs (I/0Os) and the communica-
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2 Comparing a fully automatic eVD4 breaker with a standard MV circuit breaker in all stages

of the product life cycle

Specification

The high level of flexibility of the eVD4

simplifies specification requirements.

In other words:

— There is no need to define any sensor
parameters; the rating of the sensors is
derived from the rating of the circuit breaker,
whereas the type of sensors (only current or
combined current and voltage version) is
derived from the protection profile.

— Al RBX615 preconfigurations can be
customized to provide the best match to
the network requirements.

Supply management

Rather than a number of separate orders, just
one single order and one unique reference is
required to ensure the delivery of a complete
MV switchgear solution.

Fast delivery

The highly technical production line combined
with component standardization enables ABB to
guarantee the same delivery time for the eVD4
as for a standard circuit breaker.

Installation

The eVD4 is a ready-to-install solution. As the
sensors are an integrated part of the complete
unit, no wiring or additional work is needed; all
the relay wiring is instantaneously connected
by the circuit-breaker plug.

Reduced effort and time for engineering

and wiring

As an integrated solution, a large proportion of
the switchgear wiring is built into the circuit
breaker, which results in a more standardized
product. The amount of wiring destined for the
low-voltage compartment is limited and the risk
of wiring errors is significantly reduced. This in
turn makes a complete switchgear solution faster
and easier to engineer.

Reduced effort for factory acceptance test
(FAT) with increased safety and reliability
A fully tested and integrated solution with
fewer switchgear wires reduces the effort
needed to complete compulsory FAT tests.

Easy maintenance, the optimization of spare
part stocks and reduced mean time to

repair (MTTR)

The eVD4 is built from standard components that
can be used across a wide range of applications.
In addition, with just a few variations, all circuit
breaker models within the eVD4 family are
covered and so only a small number of spare
parts need to be kept in stock. All accessories
are readily available and can be easily main-
tained. This integrated solution allows fast
system recovery in case of failure, and all the
core components of the switchgear will be
replaced by simply replacing the eVD4.

The RBX615 pro-
tection and control
unit is integrated
into the eVD4 and
performs the moni-
toring, control and
diagnostic func-
tions.
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tion channels, which are available within
switchgear’s low-voltage (LV) compart-
ment, can be accessed through the cir-
cuit-breaker plug that is connected to
the LV compartment socket.

The sensors, mounted on the circuit-
breaker poles, measure the currents and
voltages needed for protection and con-
trol in MV power systems. The technolo-
gy used to develop the sensors has re-
sulted in a reduction in equipment size,
improved equipment performance and
an increased level of standardization.
This combination of sensors and IED (the
RBX615) enables the accurate and reli-
able monitoring and registering of net-
work parameters while providing better
protection for both operating personnel
and the substation equipment.

The advantages of a fully automatic
eVD4 breaker over a standard MV circuit
breaker in all stages of the product life
cycle are given in = 2.

The eVD4 covers most common MV
circuit-breaker ratings: Nominal voltage
up to 17.5kV; nominal current up to

2,500A; and breaking capacity up to
40kA. The RBX615 relay can be ordered
with five different protection profiles,
each of which correspond to a particular
set of protection functions that require
both current and voltage measurements.
Because it is integrated into the eVD4,
the design of the relay has been opti-
mized specifically so that it can perform
the monitoring, control and diagnostic
functions of the eVDA4.

eVD4 structure overview

The design of the new eVD4 vacuum
circuit breaker more than satisfies the
requirements of simplicity (it is character-
ized by a small number of highly reliable
components and can be customized
with a wide range of easily and rapidly
installed accessories) and safety (a stur-
dy metal frame fixes the poles and the
operating mechanism are fixed).

Operating mechanism

The operating mechanism contains a
spring to store the energy needed for the
mechanical opening and closing releases
and dedicated interlocks. Correct opera-
tion requires the immediate availability of
stored energy, which can (in the case of
the eVD4) be low because of lightweight
interrupter contacts and reduced contact
travel for switching. This limits the wear
on the system and makes the circuit
breaker practically maintenance-free. Up
to 30,000 open/close operations are
possible over the lifetime of the eVDA4.

Proximity sensors

Proximity sensors allow the eVD4 to de-
termine the status of its moving parts
with high reliability. For example, these
sensors detect the breaker’s open/close
status, the spring’s charge/discharge
state and the position of the truck. This
information is then sent to the RBX615
relay via a dedicated wire link.

An enhanced auxiliary circuit plug

The eVD4 plug has to provide a reliable
connection not only for the circuit break-
er's auxiliary circuits but also for the
relay connections, ie, the communication
channels, the I/0 signals and the residual
current sensor connections = 3. This is
achieved using an enhanced plug com-
prising 58 pins, plus separate communi-
cation channels (two electrical Ethernet
ports are shown on the right of the plug).



3 The enhanced auxiliary circuit plug of the eVD4 circuit breaker

4 The RBX615 relay is based on ABB’s Relion® technology

The eVD4 has been designed to fully
exploit the potential of the IEC 61850
standard and generic object-oriented
substation events (GOOSE) technol-
ogy, including the horizontal high-speed
relay-to-relay communication, by means
of an inter-panel bus. However, when
required, a traditional point-to-point
hard-wired connection to the RBX615
relay is possible through 12 digital inputs
and eight digital outputs in the plug.

To enable easy installation of the eVD4, a
dedicated panel socket accessory has
been designed.

The RBX615 and HMI

The RBX615 is a general purpose relay
based on ABB’s Relion® technology and
is designed specifically for operation in
the eVD4 - 4. The shape and pin layout of
the relay have been optimized to enable
a straightforward plug-in interface to the
breaker using a dedicated docking unit.

It is available with five different preconfig-
ured protection profiles, three of which
focus on feeder protection and the re-
maining two are mainly intended for mo-
tor protection = 5. The preconfigurations
can be fully customized by the protection
and control IED manager tool, PCM600 *,
and the application configuration tool
(ACT), a graphical tool that enables the

Footnote

1 PCMB600 is IEC 61850 compliant, which
simplifies IED engineering and enables infor-
mation exchange with other IEC 61850-com-
pliant tools.

easy and simple modification of applica-
tion logic. Several logic blocks are avail-
able to meet every substation need. Mod-
ifying the parameters of the protection
and control logic provided in the precon-
figurations can also be carried out via a
human machine interface (HMI) located
on the relay front panel - 6.

This interface shows the single-line dia-
gram (SLD) on the left with the relay
menu on the right. The SLD can be edit-
ed using the graphical display editor tool
inside the PCM600. The symbols indi-
cated are dynamically linked to the relat-
ed object (eg, circuit breaker, circuit-
breaker racking gear, earthing switch,
line disconnector) and their status is
shown in the display. Moreover, the sta-
tus of these objects can be easily con-
trolled from the HMI.

The Ethernet port on the HMI facilities
a point-to-point connection between
the relay and a PC. With such a connec-
tion, the HMI is automatically displayed
in the Web browser, allowing the user to
modify the parameters of the protection
functions as well as download distur-
bance records and several other fea-
tures. No additional software needs to
be installed on the client PC to commu-
nicate with the protection and control
device. Two communication channels
allow the relay to communicate with
the process system. Even though the
RBX615 is IEC 61850 compliant it also
implements  Modbus® TCP/IP. Other
communication protocols will be avail-
able in the future.

The eVD4 fully ex-
ploits the potential
of the IEC 61850
standard and
GOOSE technol-
ogy, including the
horizontal high-
speed relay-to-re-
lay communication.
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5 The RBX615 relay can accommodate five different preconfigured

protection profiles

6 The parameters of the protection and control logic provided in the

preconfigurations are modified using the relay HMI

Description Configuration
Nondirectional overcurrent protection and
) . " . Feeder 1 (F1) a Application
nondirectional earth fault protection functi
unction keys
Nondirectional overcurrent protection and 2 g:;::]?gg
directional earth fault protection based on Feeder 2 (F2) d Escape
measurement of the phase voltages e Left
f Down
Directional overcurrent protection, directional E ;ph
. ight
earth fault protection based on measurement . 9
i Feeder 3 (F3) i Key
of the phase voltages, and undervoltage and i Confirm
overvoltage protection k Local/Remote
| LED page key
Motor protection based on the current m  Cancel
measurement Motor 1 (M1) n Single-line diagram
o Menu
Motor protection based on the current
i Motor 2 (M2)
and voltage measurements
Sensors there is no iron in the Rogowski coil and

Two types of sen-
sors are used in
the eVD4: current
sensors (based on
the Rogowski coll
principle) and a
combined current
and voltage sensor
known as a combi-
Sensor.
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The latest and most advanced sensor
technology is used in eVD4 automatic cir-
cuit breakers. Two types of sensors can
be installed on board the eVD4 — current
sensors (based on the Rogowski cail
principle) and a combined current and
voltage sensor known as a combi-sen-
sor = 7. The choice of sensor depends
on the protection profile of the RBX615.

The sensors are used to:

— Convert large currents and voltages in
the primary circuit of the network to
an appropriate signal for secondary
circuit equipment (ie, the protection
relay RBX615)

— Insulate primary and secondary
circuits from each other

— Protect secondary equipment from
the harmful effects of the large
currents and voltages that might
occur on the primary side during a
short circuit in the network

The entire range of currents and voltages
is covered with just three sensor sizes,
which extend up to the maximum rated
current and voltage of the circuit breaker.
A broken circuit or a short circuit in the
signal cable is not dangerous and will
cause no damage.

The current sensor consists of a
Rogowski coil, a uniform winding on a
closed circular support with a constant
cross section and no ferromagnetic
core = 8. The voltage induced in the
winding (the transmitted signal) is direct-
ly proportional to the variation in the let-
through current. These sensors are char-
acterized by the absence of saturation
and hysteresis phenomena because

this guarantees excellent linearity. The
current sensors for the eVD4 breaker
output measurements are linear up to
the maximum value set for the protection
thresholds.

The voltage sensor uses a capacitive
divider for voltage indication = 9. In other
words, a cylindrical metal electrode is
molded into the sensor and faces the
circuit-breaker bushing. The output sig-
nal is a voltage directly proportional to
the primary voltage. As with the current
sensors, the voltage sensors are char-
acterized by the absence of ferroreso-
nance phenomena and insensitivity to
the effects of DC components.

The advantages of using integrated
sensors in the eVD4 breaker include
linear measurements and versatile pro-
tection; safety; small power comsump-
tion; and that they are an environmen-
tally friendly solution.

Linear measurements and versatile protection
With no resonance and hysteresis phe-
nomena the sensors exhibit good dy-
namic performance and are linear right
up to the highest currents and voltages.
As a result, they ensure high protection
performance and enable multisided dis-
turbance analysis.

Safety

The nominal value of the transmitted sig-
nal is low enough to be harmless to both
people and secondary equipment, even
when the highest currents and voltages
occur on the primary side. A break or
short circuit in the signal cable poses no
danger and will cause no damage.



7 The choice of current or voltage sensors
depends on the relay protection profile

Small power consumption

The efficiency of a sensor is high com-
pared with that of instrument transform-
ers. In addition, there are no losses in the
secondary cabling. These savings con-
tribute to increasing the life span of the
equipment, and in a utility such savings
are significant.

Environmentally friendly
In constructing the sensors, fewer raw
materials are needed and power con-
sumption is negligible.

The eVD4 is a
major step forward
in terms of perfor-
mance, simplicity,
reliability, safety
and cost effective-
ness.

Taking MV switchgear into the future

ABB’s new eVD4 automatic circuit break-
er is a key element for the creation of
simple, reliable and safe MV switchgear.
Full compliance with the new IEC 61850
standard and GOOSE functionality as-

8 The current sensors are based on the Rogowski coil principle

Rogowski coil

The transmitted signal is a voltage:
di,
Vou =Mz~

For a sinusoidal current
under steady state conditions the voltage is:
Vo =Mj-ol

The signal is a sinusoidal voltage, proportional
to the current, with 90° phase shift (lead).

In all cases, even if the primary current is non-
sinusoidal, a signal reproducing the actual
primary current waveform is obtained by
integrating the transmitted signal.

9 The voltage sensors use a capacitive divider for voltage indication

Capacitive divider

out

Transmitted signal from a voltage divider:
The transmitted signal is:

V., = ——=V_  (capacitive divide
=G 1c, (capacitive divider)

In all cases, the transmitted signal reproduces
the actual primary voltage waveform.

sure compatibility with new substation
communication systems. The entire
switchgear life cycle is optimized by
the adoption of the eVD4. Starting from
easier specification and ordering, to the
drastically reduced complexity of the
switchgear in terms of engineering, wir-
ing and testing, to the commissioning
and maintenance of the panel, the eVD4
is a major step forward in terms of per-
formance, simplicity, reliability, safety
and cost effectiveness.
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Title picture

The title picture shows ABB’s eVD4 automatic
circuit breaker with HMI for medium-voltage
switchgear projects.
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A selsmic
SWItC

C tf d _t h RENATO PICCARDO, ANNUNZIO REGANTINI, DAVIDE CATTANEO, LUCIANO
ertrie SWILC gear DI MAIO - A nuclear power plant must be able to manage an enormous
amount of energy in extremely safe conditions. All system functions
for N UC| ear power must be controlled with absolute reliability and guaranteed operation.
plaﬂts IS prOV| d | ﬂg a The equipment used must be able to withstand degradation over time
- . . caused by exposure to environmental extremes of temperature, pres-
Crltlcal ||n k N the sure, humidity, radiation and vibration, including earthquakes. ABB has
Cha| N developed the UniGear ZS1 medium-voltage certified switchgear with

the aim of satisfying all critical requirements.
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eople working on nuclear proj-

ects know that attention to de-

tail and only using equipment

that has been certified is cru-
cial: It is never acceptable to turn the key
of a nuclear plant until it is certain that
every component playing a safety func-
tion has been fully tested and certified.
Detailed parameters for certification are
specified in American IEEE" and Euro-
pean |[EC? standards.

The qualification process

Every supplier of products for the safety
chain of a nuclear power plant (NPP)
must go through a specific qualification
process, the purpose of which is to verify
and certify complete reliability of system
components.

Some of the equipment in a NPP may
also be required to operate under very
intense conditions. This is why the main
purpose of a qualification process is to
verify the ability to operate during various
and well-defined environmental settings.

The critical scenario is the possibility of a
seismic event: The system must be able
to continue functioning during a so-called

Footnotes
1 Institute of Electrical and Electronics Engineers
2 International Electrotechnical Commission

1 Example of required response spectrum (RRS)
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operating basic earthquake (OBE) or, in
case of a very strong earthquake, it must
be able to shut down the reactor, known
as a safe shutdown earthquake (SSE). An
additional requirement is verifying the
functionality of each component under
very intense environmental conditions in
terms of temperature/humidity and after
a thermal/radiation aging process.

According to both IEEE and IEC stan-
dards the following methods can be
used to qualify system components
(alone or in combination):

— Type testing: A type test subjects a
representative sample of equipment,
including interfaces, to a series of
tests, simulating the effects of
significant aging mechanisms during
normal operation.

— Operating experience: Performance
data from the equipment in question
or from equip-

and vibration, can hasten common-
cause failures of qualified equipment. For
this reason it is necessary to establish a
“qualified life” for equipment with signifi-
cant aging mechanisms. Qualified life is
the period of time before the start of a
design basis event for which equipment
has demonstrated that it meets the de-
sign requirements for the specified ser-
vice conditions [1].

Climatic qualification (cyclic damp heat)

The purpose of climatic qualification is to
prove that the switchgear will continue to
perform its safety function before, during
and after variation of the humidity and
temperature levels in the environment
where the equipment will be installed. The
test determines the suitability of equip-
ment under conditions of high humidity
combined with cyclic temperature chang-
es and production of condensation on the

ment of similar
design that has
successfully
operated under
known service
conditions may
be used in
qualifying other
equipment
under equal or
less severe
conditions.

— Analysis:
Qualification by
analysis requires a logical assessment
or a valid mathematical model of the
equipment.

Degradation over time, along with expo-
sure to environmental extremes of tem-
perature, pressure, humidity, radiation

The system must be able to
continue functioning during
a so-called operating basic
earthquake (OBE) or, in case
of a very strong earthquake,
it must be able to shut down
the reactor

surface of the equipment being tested.
In medium-voltage (MV) switchgear, con-
densation produced during humidity-tem-
perature cycles can cause a reduction in
the isolating properties.

A seismic switch 25



2 The climatic testing cycle of the Doel NPP qualification
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The ABB Compe-
tence Center
located in Dalmine,
ltaly, has several
recent references
for medium voltage
switchgear for
nuclear plants in
Europe: Tihange
and Doel in Bel-
gium, Cernavoda
in Romania, Oskar-
sham in Sweden
and Leibstadt in
Switzerland.
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Seismic and airplane impact test qualification
|EC 60980 [2] and IEEE 344 [3] standards
represent the two main reference stan-
dards for the seismic qualification of
safety electrical equipment for nuclear
power stations. The response spectra
are not defined in either standard, since
they can vary depending on the geo-
graphic area and building structure. They
are therefore normally defined in techni-
cal project specifications.

A time-history seismic test usually con-
sists of a tri-axial independent multifre-
quency test performed on the basis of
time histories (plots of the acceleration
as a function of time) artificially synthe-
sized from a given required response
spectrum (RRS). The RRS takes into ac-
count the characteristics of the geo-
graphic location and of the supporting
structure or building = 1. The time-his-
tory method is considered the best way
to simulate seismic loads during the
qualification of equipment.

During the seismic test the following
earthquakes are simulated:

OBE/S1: an earthquake that produces
accelerations where features for contin-
ued operation without risks to public
safety are designed to remain functional.
SSE/S2: an earthquake that produces
accelerations for which certain struc-
tures, systems and components neces-
sary to ensure the integrity of the reactor
coolant pressure boundary as well as the
capability to shut down the reactor and

maintain it in a safe shutdown condition,
are designed to remain functional.

EMC qualification

The equipment must also be qualified to
ensure full availability of the safety func-
tion in case of high electromagnetic
stress, which may occur during accident
conditions. Two types of testing, which
reproduce the actual configuration of the
instrumentation and control (1&C) devic-
es installed in the primary equipment,
including wiring, are performed on all of
the equipment.

Immunity testing: Electromagnetic com-
patibility (EMC) qualification tests are
performed in order to verify the level of
immunity of the equipment from electro-
magnetic disturbance in a broad fre-
guency range.

Emission testing: Electromagnetic emis-
sions radiated and conducted on the wires
by each piece of electrical equipment are
measured over a broad spectrum.

Detailed functional tests are performed on
all of the I&C functions, such as protec-
tion or control functions integrated into a
single piece of equipment. The software
qualification process follows IEC stan-
dards specifically developed for NPPs;
these are described in IEC 60780 [4].

The ABB answer

ABB has the products, the expertise and
the technical means to ensure that all
NPP requirements are met. The ABB
Competence Center located in Dalmine,
Italy, has several recent references for
MV NPP switchgear in Europe: Tihange
and Doel in Belgium, Cernavoda in Ro-
mania, Oskarsham in Sweden and Leib-
stadt in Switzerland. For each of these
projects, ABB’s products underwent a
rigorous qualification procedure. This
process verified equipment functionality
in the case of seismic events and severe
environmental conditions.

In addition to ABB’s own products, labo-
ratories and know-how, the company also
can rely on a dedicated partnership with
state-of-the-art laboratories located near-
by containing, for example, a triaxial
shake table; in addition, ABB can call on
a team of experts on structures for seis-
mic events. Software simulations of seis-
mic events can provide many advantages
for nuclear projects since no prototype is



3 Seismic test arrangement on UniGear ZS1
during Doel NPP qualification

needed, therefore achieving shorter
scheduling times and a reduction in costs.

In 2009, Areva NP, an engineering, pro-
curement and construction (EPC) leader
in NPPs, certified that the ABB Compe-
tence Center satisfies the conditions for
“planning and production of medium volt-
age switchgear for nuclear power plants.”

MV Switchgear — UniGear ZS1
Medium-voltage switchgear is one of the
most important links in the power distri-
bution chain. ABB has developed the
UniGear ZS1 switchgear with the aim of
satisfying all users’ requirements. Uni-
Gear ZS1 is a combination of consoli-
dated solutions and innovative compo-
nents from ABB. The MV switchgear is
suitable for indoor installations. Metal
partitions segregate the compartments
from each other and the live parts are
air-insulated. The range of apparatus for
UniGear ZS1 switchgear is the most
complete available on the market, and
includes vacuum and gas circuit break-
ers and vacuum contactors with fuses.

Industry applications

Doel is one of two large-scale NPPs in
Belgium. The Belgian energy corporation
Electrabel, part of the GDF SUEZ group, is
its largest stakeholder. In 2009 ABB sup-
plied MV switchgear comprising 18 Uni-
Gear ZS1 panels with 12kV / 1,600A /
50kA ratings and equipped with ABB HD4
SF, insulated circuit breakers. ABB equip-

4 Example of numerical evaluation of the struc-
ture used for analytical seismic qualification

5 Example of amplified deformation on
UniGear ZS1 structure

ment is used for distribution of energy
supplied by diesel emergency generators.

The equipment supplied was qualified
according to IEEE 323 and 344 stan-
dards and customer specifications,
which included a request for climatic and
seismic tests » 2. A specimen switch-
gear was identified so that all of the char-
acteristics that were part of the supply
were included. A qualification program
was implemented on these proto-
types = 3, achiev-

piece of equipment that has voltage
transformers fitted onto removable
trucks. As required in the contract, the
replacement of all circuit breakers and
VT trucks took place within 2010; the
site activity was performed along two
years, during the annual routine mainte-
nance shut-downs.

The qualification process was conceived
in two different steps. Industrial and
nuclear qualifications were based on IEC

ing a successful
outcome.

The Tihange Nu-
clear Plant is the
other large-scale
NPP in Belgium.
The primary stake-
holder in the plant
is again the Bel-
gian energy com-
pany  Electrabel.
The plant has three
pressurized water ABB
reactors  (PWRs),

has a total capacity of 2,985 MWe and
makes up 52 percent of the total Belgian
nuclear generating capacity.

ABB has retrofitted 344 breakers made
by CEM Gardy, with HD4 SF_ breakers.
On site there are 354 circuit breakers
(including 35 spares) and 34 VT trucks
(including seven spares). A VT truck is a

Medium-voltage switchgear
IS one of the most important
links in the power distribution
chain. ABB’s UniGear Z51
switchgear is a combination
of consolidated solutions and
innovative components from

and |EEE standards for MV apparatus
and switchgear, as well as on the cus-
tomer’s technical specifications. Seismic
tests were performed according to IEEE
standards at CESI-ISMES laboratories.

The Oskarshamn nuclear power station

is one of ten active nuclear power sta-
tions in Sweden. With three reactors, the
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ZS1 switchgear

In addition to
ABB’s own prod-
ucts, laboratories
and know-how,
the company also
can rely on a dedi-
cated partnership
with state-of-the-
art laboratories.
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plant produces about 10 percent of the
electricity needs of Sweden and its reac-
tors use boiling water reactor (BWR)
technology.

In 2009 ABB supplied four MV switch-
gear installations, each of them com-
prising seven UniGear ZS1 panels with
a 12kv / 1,600A / 50KA rating and
equipped with ABB HD4 SF, breakers.
As at Doel, ABB equipment is used for
power distribution supplied by diesel
generators for emergencies and the
equipment supplied was qualified ac-
cording to IEEE 323 and IEEE 344 stan-
dards, as well as the customer’s speci-
fications, which  required  seismic
qualification.

Seismic qualification of the MV switch-
gear was performed by both analytical
and testing methods. Both of these
were carried out in collaboration with the
CESI-ISMES laboratories located a few
kilometers from the ABB MV switchgear
factory = 4, - 5.

Modernization of existing NPPs
Retrofitting is the implementation of
modern components (primary switching
devices and digital protection/control
technology) in existing MV installations.
The aim of this modernization is to
replace only those components that are
planned for replacement according to
their expected life cycle.

Because circuit breakers operate open-
ing and closing currents, as opposed to
other switchgear components that are
static, in most cases breakers are the
equipment most prone to aging. There-
fore breakers are the components that
are generally in the worst condition and
replacing them with new ones is the best
solution.

ABB has already performed retrofits on
its own as well as competitors’ breakers.
The most extensive job was performed
at the Tihange NPP where ABB retrofit-
ted 344 CEM Gardy breakers with HD4
SF, breakers.
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Driving valu

Sophisticated ring-geared mill drives
from ABB (Part 1)

MARCO RUFLI, MAARTEN VAN DE VIJFEIJKEN - The latest
generation of ABB medium-voltage frequency converters
provides excellent opportunities to improve the grinding
process used in the minerals industry. Thanks to the
development of several dedicated and advanced opera-
tional functions for the ring-geared grinding mills used in
the industry, this generation of drives ensures smooth,

safe and reliable operation with minimum stress on the
mechanical equipment, as well as the highest possible
availability of the mill. Part one of this two-part series will
explains the operational benefits of implementing these
functions, while part two will focus on the practical experi-
ences gained with this kind of sophisticated ring-geared
mill drive system.
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he demands of grinding mills

can be split into operational,

maintenance and protection:

For smooth and safe opera-
tion, it is important that critical situations
are avoided as much as possible; main-
tenance functionality must be quick and
easy to execute; and protection of the
system is important under all operating
conditions.

In ring-geared mill drives (RMDs) and
especially dual-pinion systems = 1, the
mechanical stress added by the motors
can be significant. Therefore the control
concept between the two motors must
be fast and accurate to avoid any addi-
tional stress to the pinions and ring gear.

These demands can not only be reached
but exceeded with ABB’s latest genera-
tion of medium-voltage (MV) frequency-
converter drives, which contain new and
dedicated mill functions. The addition of
an extra controller (ie, a mill controller)
not only permits the inclusion of a lot of
application related functionality and pro-
tection, but it also simplifies the interface
between the mill drive system and the
customer’s distributed control system
(DCS). The drives feature direct torque
control (DTC) technology = 2, which is
known as the most advanced control
method for AC drives in which the motor
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1 Dual-pinion high-speed mill drive and dual-pinion low-speed mill drive

With gearbox

Without gearbox

2 A simplified overview of a dual-pinion high-speed mill drive and dual-pinion low-speed mill drive
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With gearbox

variables (torque and flux) are directly
controlled by inverter switching. Opera-
tional- and maintenance-related func-
tionality can only be added by using
variable-speed drives and the accurate
control that is part of the drive design.
In addition, all inherent features of a
frequency-converter drive benefit the
system and provide greater flexibility in
the control of the complete grinding pro-
cess. These benefits include very accu-
rate current and torque measurements,
power-drop ride through and earth-fault
and short-circuit protection.

On larger ring geared mills where the
length of the pinion and ring-gear teeth is
gradually increasing, the perfect align-
ment of the pinion and ring gear (and
gearbox in some cases) is pivotal. How-
ever, experience has shown that it can
be difficult to achieve and maintain per-
fect alignment; therefore, it is essential to

Without gearbox

avoid rough starts and torque spikes, in
particular in larger mills. During all opera-
tion conditions (ie, starting, normal grind-
ing operation, stopping) a mechanically
friendly system is required.

The electric drive system configuration
discussed in this article consists of a
converter transformer, an ABB ACS 6000
multidrive MV frequency converter and
two ABB AMIB30 four-pole squirrel-cage
asynchronous motors. The following
sections explain the drive system perfor-
mance during start, operation and stop
sequences and how the sytem helps to
improve overall mill operation.

Mill starting and stopping

The mill start sequence is completely
controlled by the electric drive system;
the customer’s DCS (or an operator-con-
trolled local control panel close to the
mill) only needs to send a simple start



command and the desired operation
speed reference. To perform a smooth
and safe start, the drive system first
ramps up to the predefined starting
speed (typically about 10 percent of
nominal speed) where it is maintained
and the torque and mill angle monitored.
Normally the material in the mill cas-
cades before the mill has turned 90 de-
grees. However, if the charge is locked
or “frozen,” it will drop from the top of the
mill after it has turned 180 degrees. This
could severely damage the mill and its
bearings, resulting in an extensive and
unscheduled shutdown. This situation
can be avoided with ABB’s sophisticated
drive control technology which only re-
leases the drive to follow the customer’s
DCS speed reference if the mill controller
measures cascading of the material by a
decreasing torque before the critical an-
gle is reached - 3. From then on the
drive is under the customer’s control,
which means it will accurately follow any
speed change requested by the DCS.

During startup there is a potential risk
of a dropping frozen charge, which can
seriously damage the mill shell, bearings
and other equipment. ABB’s mill control-
ler completely eliminates this risk, and no
further actions like creeping are required
before giving a start command, even
after a long downtime. If a frozen charge
really does exist in the mill, the drive will
trip and perform a coast stop before the
critical angle is reached. In short, starting
is extremely smooth for the mechanical
components, such as the gearbox, pin-
ion and ring gear as no huge torque
spikes occur.

A section of the starting area shown
in = 3 is magnified in = 4. The very first
small torque peak (in maroon) demon-
strates the breakaway torque after which
the motor speed is ramped up slowly
and gently while the torque increases
with the mill rotating angle. At an angle of
approximately 30 degrees (the first main
torque peak is roughly 94 percent of
rated torque, and the second and maxi-
mum torque peak is approximately
118 percent of rated torque), the material
starts to cascade. Once the cascading
charge has been detected, the mill is re-
leased to continue running at low speed
until continuous cascade is reached, as
illustrated by the constant torque mea-
surements. At an angle of approximately
200 degrees the system is running sta-

3 A complete start/stop sequence
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ble, finally enabling the mill controller to
release the drive so that it can follow the
DCS speed reference.

The maximum possible motor torque can
be limited in the drive with separate
starting levels (higher torque limitation,
such as 130 percent of rated torque) and
for normal operation after starting (lower
torque limitation, such as 110 percent of
rated torque).

As well as being mechanically friendly,
the starting process barely affects the
electrical supply network because, as
the motor is decoupled from the network
via the ACS 6000 converter, there are no
high starting currents as is typical with
direct-online motors. Therefore, the cur-
rent drawn from the network during
starting is (at the maximum peak of
118 percent rated torque) only about
12 percent of the rated current.

Operation area

Once the mill controller releases the
drive, the speed can be adapted by
the operator according to the process

In ring-geared

mill drives (RMDs),
the mechanical
stress added by
the motors can be
significant, and

the control concept
between them
must be fast and
accurate.
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requirements. The electrical drive system
can deliver constant torque over the en-
tire speed range. It is also possible to run
above nominal speed but with reduced
torque (constant power operation area).

In = 5, the operator slowly ramps up to
the reference speed. After remaining at
two-thirds of the nominal speed for more
than a minute, the mill is ramped up to a
top speed of almost 1,500rpm (motor
rated speed). Though it jumps slightly
during the ramp-up (the acceleration
torque is about 7 percent of nominal
torque), the torque remains fairly con-
stant over the entire speed range.

Stop sequence with controlled rollback

When a stop command has been issued
by the DCS, the mill controller will as-
sume full control of the stop sequence.
To avoid the unnecessary and long back-
ward and forward rocking of the mill
caused by a coast stop, ABB has imple-
mented a function called “controlled roll-
back,” which quickly brings the mill into a
torque-free position in a controlled way.

For fast, easy and
safe maintenance
of the mill, ABB
has implemented
dedicated mainte-
nance functions in
the mill controller.

It works by ramping the speed down to
zero. When it reaches zero, the drive
system then proceeds slowly in the re-
verse direction in order to roll back the
mill until no torque remains in the sys-
tem = 6. During this time the motor acts
as a generator by reclaiming the poten-
tial energy left in the system due to the
presence of material in the mill with a
certain angle.

In this type of drive system — which in-
cludes a diode bridge rectifier that elimi-
nates the possibility of feeding energy
back into the network - the negative
speed available to roll back the mill is
relatively low. This is because the gener-
ative power is limited by the losses in
the drive system (ie, the motor and in-



verter/DC link of the frequency convert-
er). ABB also offers the option of a truly
four-quadrant drive system with an ac-
tive rectifier unit, which enables braking
energy to be fed back into the network.
This option significantly reduces the time
required to roll back the mill.

A close-up of the controlled rollback area
(from - 6) is shown in - 7. When the mill
speed has been ramped down and the
mill is in an unbalanced position, the
motor first creates a positive torque that
just about holds the mill with the charge
unbalanced. Slightly reducing the torque
changes the direction of rotation, which
then causes the mill to gently roll back
until the charge is balanced. The data
in => 7 clearly show that the torque (ap-
plied to the pinion teeth) is always positive
during the complete procedure, meaning
there can be no backlash between the
pinion and ring gear, and contact between
the two is always maintained. If backlash
were to happen, it would be shown by a
drop in torque to zero or below.

In this particular configuration, the motor
speed during controlled rollback is only
12.8 rpm, which is about 0.85 percent of
nominal speed! In other words, the mill is
smoothly rolled back in a controlled
manner at a speed of about 0.1rpm.
Even at this very low speed, the system
still runs stable thanks to ABB’s ad-
vanced DTC technology. In addition, the
time between reaching zero speed and
zero torque (ie, mill stopped and no over-
shooting) takes about 55 seconds. While

The latest genera-
tion of ABB MV
frequency convert-
ers provides excel-
lent opportunities
to improve the
grinding process
used in the miner-
als industry.

this is significantly faster than a coast
stop, the use of a converter setup with
four quadrant capabilities would reduce
this figure even further.

8 A coast stop (rocking mill)
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By looking at the angle curve (in = 7), it
can be observed that the mill was rolled
back by 30 degrees, from about 178
degrees to approximately 148 degrees
(ie, the angle curve decreases once the
mill speed becomes negative at approxi-
mately 630 seconds). This matches per-
fectly with the measured cascading
angle during the startup in = 4.

Coast stop (rocking mill)

To fully appreciate the distinct benefits of
variable-speed operation and therefore
controlled rollback, a coast stop from
nominal speed was tested on the same
mill. The test showed that the time taken
for the mill to reach a complete stand-
still, (ie, when the backward and forward
rocking of the mill had ceased) after the
“stop” command was received was
about 180 seconds - 8.

On closer inspection of the motor speed
signal (measured by a tachometer on the
motor) in = 9, there is evidence of back-
lash (shown by the arrows) between the
teeth of the pinion and the ring gear. The
cause of this is as follows: The ring gear
drives the motor, which has to be accel-

erated and decelerated due to its inertia.
During the deceleration process, the
tooth of the ring gear hits the tooth of the
pinion several times to break the motor
speed. Not only does this cause back-
lash, but it also severely stresses the
gear teeth.

Maintenance functions

For fast, easy and safe maintenance
of the mill, ABB has implemented dedi-
cated maintenance functions in the mill
controller.

Creeping

Creeping, a common maintenance func-
tion for mills, is nothing more than turn-
ing the mill at very low speeds for main-
tenance purposes, such as the visual
inspection of bearings or manual posi-
tioning for a liner change. In general mills
using fixed-speed motors for the main
drive system need an auxiliary motor
with a reduction gearbox to perform
creeping. ABB’s mill drive systems can
provide high torque at low speed, there-
by ensuring creeping is possible with the
main drive.
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10 A creeping routine
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The automatic
positioning function
allows operators

to accurately turn
the mill by any
desired angle or
number of liner
rows.
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Preferably, the creeping command should
be initiated from a local control panel
close to the mill, but it can also be acti-
vated remotely from the DCS. The start
procedure is completely controlled by
the mill controller and frozen charge pro-
tection is activated when creeping mode
is selected. Creeping speed is typically
5 percent of nominal speed but can be
adjusted to between 1 and 10 percent
after a successful start.

A complete creeping sequence is shown
in > 10. The creeping speed is set at
48 rpm or 3.2 percent of nominal speed;
cascading is detected at a mill angle of
23.5 degrees and a torque of 73 per-
cent of nominal torque. The operator
keeps the mill running at this speed for
420 degrees before initiating a stop
command, causing the mill controller to
ramp down the speed and perform a
controlled rollback until there is no torque
remaining in the system before stopping
the drive.

Automatic positioning sequence

The automatic positioning function al-
lows operators to accurately turn the mill
by any desired angle or number of liner
rows. In fact it is a very helpful function
during liner replacement because it helps
to reduce downtime and increase avail-
ability. Initiated by a local control panel or
the DCS, the operator preselects the
positioning mode, direction of rotation
and desired angle or number of liners.

An automatic positioning function re-
questing a 180-degree turn is illustrated
in = 11: The material cascades at 27 de-
grees; the drive keeps running at low
speed for a certain time before ramping
down; at zero speed the mill has turned
209 degrees at which point the torque
value is 94 percent of nominal torque
(meaning the mill is fully loaded); and the
drive then runs in reverse, slowly reduc-
ing the torque. By the time the drive
stops (101.6 seconds later), the mill has
turned 179.2 degrees, which translates
into an inaccuracy of only 0.5 percent!
The optimum positioning speed for this
example was set at 158 rpm, which cor-
responds to 10.5 percent (10 percent is
typical) of nominal speed. At this speed,
the angle inaccuracies were below 1 per-
cent for all tests.

Deformation protection

Deformation protection is an automatic
positioning sequence with a fixed angle
reference of 180 degrees. Even if defor-
mation is not a real problem for grinding
mills in the minerals industry, the function
can still be used during longer mill stops
(eg, maintenance) to prevent a frozen
charge from occurring. Operators need
only preselect a deformation protection
mode and the preferred direction of rota-
tion before issuing a start command. The
mill controller then takes care of the
180 degree turn in exactly the same way
as that illustrated in = 11.

Frozen charge remover

Frozen charges have been known to occur
mostly on ball mills. After one has been
detected, the frozen material needs to be
removed; this is normally done manually
and can result in significant downtime.

ABB’s dedicated mill functionality not
only protects the mill from a dropping fro-
zen charge, but it also offers a patented
function called frozen charge remover,
which is available in the mill controller



12 Frozen charge remover with controlled rollback
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and can only be initiated manually from a
local control panel or from the DCS. The
frozen charge remover function tries to
loosen the material by applying torque
steps to the system. The optimal ampli-
tude and duration of these steps are
found and set during commissioning. The
amplitude of the torque steps are defined
in a way that adds a certain percentage

function can be applied in both positive
and negative directions.

A complete frozen charge remover se-
quence with a positive direction of rota-
tion and controlled rollback is shown
in =12 and a close-up of the initial part
of the sequence is given in->13.
Torque steps, also reflected by speed

changes, are ap-

ABB’s dedicated mill functions
are capable of adding signifi-
cant value to grinding mills in
terms of efficient operation

and maintenance.

of the actual torque to the system, while
the protection functions, such as torque
and current limits, operate as if the mill
was performing under normal conditions.
This means the mechanical equipment is
never exposed to stress levels exceeding
the values that can occur during normal
operation. The frozen charge remover

plied to the system
soon after a mill
breakaway and are
implemented by a
sequence of ac-
celerating and de-
celerating phases,
which try to loosen
the frozen charge.
The amplitude of
the steps is a fixed relative value of the
actual torque added to the system and
can be adjusted during commissioning.

With reference to =13 the maximum
amplitude of the biggest torque step is
19.2 percent of nominal torque. Because
torque and speed are always positive

and operation takes place in the same
(ie, first) quadrant, no backlash phenom-
enon can occur between the pinions and
ring gear.

To be continued ...

ABB’s dedicated mill functions are ca-
pable of adding significant value to grind-
ing mills in terms of efficient operation
and maintenance. But this drive system
is also available for dual pinion mill drives,
ie, when two motors are mechanically
connected via the mill ring gear and
operating together to turn the mill. This
obviously requires accurate load sharing.
Part two of this article will show, using
field measurements, the amazing accu-
racy of a 2 x 5MW dual pinion mill drive
system.

Marco Rufli

Maarten van de Vijfeijken
ABB Switzerland Ltd.
Baden-Dattwil, Switzerland
marco.rufli@ch.abb.com

maarten.vijfeijken@ch.abb.com
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[1] Ravani von Ow, T., Bomvisinho, L. (2010).

Use of the latest technology to overcome the
demands of mill operation. Paper presented at
the 42nd Annual Canadian Mineral Processors
Operators Conference, Ottawa, Canada.
Ravani von Ow, T., Gerhard, B. (2010).
Ring-geared mills operated with frequency
converter (much more than just variable speed).
Paper presented at the SME annual meeting,
Phoenix, Arizona, United States.

[2

Title picture

The latest generation of ABB medium-voltage
frequency converters are used in Boliden’s Aitik
copper concentrator plant in Sweden.
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Onshore and
onboard

LOO kl N g at t h es h ore- LUTZ THURM, ISMIR FAZLAGIC, THORSTEN HARDER, KNUT MARQUART -

. . . The environmental footprint of port areas is under scrutiny. Governments,
S| d € an d S h I pS I d e ’[GC h - port authorities and shipowners have explored different solutions to

I duce emissions from ships while they are engaged in port operations.

nologi nd th “e

O Og es a d t e Case One solution to this problem has been identified as connecting ships in
fo r Staﬂ d ard |Zat IoN 1IN port to an onshore power supply, where electricity from the shore-based

. grid is used to power ships’ infrastructure used for hosting crew and

S h ore- t O-S h | p p ower passengers while docked, and for cargo-handling activities. With the

impending standardization of shore-to-ship power, implementation of the
solution is sure to expand, helping port authorities and shipowners to
reduce portside emissions.
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case has been made for

shore-to-ship power sup-

ply = 1: The environmental

profile of electricity generat-
ed by power plants on land versus ships’
diesel engines running on bunker fuels
is one of the main advantages of this
technology. Through shore-based pow-
er ', regulators can respond to a specific,
local problem (pollution) with a specific,
local solution (power connection from
shore). For ports, the ability to supply
power to ships at berth enables them to
establish a more efficient and powerful
overall electrical supply as a utility. In ad-
dition, the investment in infrastructure is
sustainable over decades with long-term
revenues. For the port area community,
there is an additional benefit of reduced
noise and vibration in harbor areas. And
with standardization of shore-to-ship
power supply, investment in the technol-
ogy becomes more worthwhile.

Shoreside technology

The technology required to provide on-
shore power to ships at berth is not
novel equipment. Engineers today can
use proven technology in order to devel-
op a reliable infrastructure to transfer the
power, with rigorous technical attention
to issues such as safe cable manage-
ment. Costs for the equipment vary
widely, depending on the specific needs

1 General overview of shore-to-ship power supply

1a Transformer and switchgear

of the port and the power it will provide.
Additional investments stem from con-
struction and installation at the quay and
potential needs related to strengthening
the port’s electricity grid.

Power supply in ports is typically equiva-
lent to that of a small factory, with elec-
tricity needed to power shoreside load-
ing and unloading infrastructure such as
cranes, belts and gantries, cooling, heat-
ing as well as incidentals. Most ports
have access to

1b Converter 1c Connector

onboard power system. These allow sev-
eral vessels to be connected simultane-
ously and enable the supply of 50 and
60 Hertz power regardless of the local
grid frequency. They also comprise the
connecting cables and berth terminals.

For each shore-based power connection
point, the port or terminal must have a
dedicated transformer, which serves two
purposes. First, it provides the required
galvanic separation (a nonmetallic direct

enough power to
run these consum-
ers, with an addi-
tional 2 to 3MW for
secondary needs.
Given that a ves-
sel’s power needs
while in port may
be as much as
10MW depending
on the type of ves-
sel, the electrical
infrastructure at many ports will be insuf-
ficient to handle significant shore-to-ship
power connections without a major im-
provement to their grid. This may involve
investing in a new substation or installing
a new incoming power line with more
power; both of these actions would in-
volve negotiation with the port’s power
provider.

Onshore power solutions often comprise
the entire chain from the incoming sub-
station and include transformers and
frequency converters to match the grid
power voltage and frequency to the ship’s

Power supply in ports is
typically equivalent to that
of a small factory, with
electricity needed to power
shoreside loading and
unloading infrastructure.

connection between the onshore power
supply grid and the ship’s internal sys-
tem), so that an earth fault in the ship’s
electrical system will not endanger the
port grid or vice versa. Second, the
transformer steps down the power sup-
ply from a voltage level optimized for dis-
tribution (eg, 20kV) to one of the two
voltage levels standardized for shore-to-

Footnote

1 Shore-to-ship power is also known as cold
ironing, onshore power supply, alternative
maritime power (AMP) or shore connection,
among others.
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2 ABB's static frequency converter portfolio for shore-to-ship power applications ranges from

120kVA (PCS100) to multiple MVAs (PCS6000).

a ABB’s PCS100 static frequency converter

ship power connections: 11 or 6.6kV as
required by the ship.

Each shore-based power connection
point also requires medium-voltage (MV)
switchgear with an automated earthing
switch. In essence, the switchgear inter-
rupts the power supply and the switch en-
sures that there is absolutely no power in
the cables between the ship and shore
while they are being handled and connect-
ed. As the highest risk associated with
shore-based power connections is injury
to personnel manipulating the cables and
systems, this switchgear is critical.

A static frequency converter is required
for most shore-based power connec-

b ABB’s PCS6000 static frequency converter

solution with one converter may serve
multiple ships and berths. Thanks to
their small footprint, the converters can
fit into any substation building or con-
tainer along with the compact switch-
gear and transformers. In addition, the
frequency converters improve the overall
power quality of the port grid by improv-
ing the power factor and stabilizing
voltage and frequency. Depending on
the project requirements, low-voltage
PCS100 or medium-voltage PCS6000
converters are used- 2.

Finally, the shoreside infrastructure for
a shore-to-ship power connection must
include an automation and communica-
tions system, which allows personnel

to coordinate the

Many of today’s ships with
shore connection equipment
have been retrofitted rather
than built with the equipment

installed.

tions = 2. The majority of ships operate
with a 60 Hz supply, whereas local power
grids in many parts of the world use
50Hz - 3. As a result, most shore-based
power connections will require a fre-
quency conversion. Static frequency
converters provide an economical solu-
tion to connect any ship to any grid inde-
pendent of the required frequency. De-
pending on the port’s layout, a centralized
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connection of ca-
bles and synchro-
nize the ship’s
electrical load to
the shoreside sup-
ply. This is possi-
ble with two RTUs
(remote  terminal
units) — one on-
board and one on-
shore - that have Ethernet communica-
tion via a fiber-optic cable.

The shore-based power connection sys-
tem need not occupy much precious
quayside space. The incoming substa-
tion can be conveniently located as far
as 10km from the quayside transformer
and MV panels that directly supply the
vessel with electricity. At the quayside,

there is only a small and secure room-
sized container that houses the power
transformer, the MV switchgear with an
automated earthing switch, protection
and control devices, and the operator in-
terface. The major benefit of a compact
shoreside infrastructure is that it ensures
smooth dockside operations and can
also be made mobile.

Shipside technology

To use power from the shore-based elec-
tricity grid, ships must be either built or
retrofitted with equipment that enables
the connection to shore, synchronizes
the power changeover from shore to ship
and connects the incoming power sup-
ply to the ship’s auxiliary power system.
Ships can be safely retrofitted in a rela-
tively short time while in operation or dry
docking, without major interruption of
operations.

First, the shore-based power must get
onboard via cables = 4, 5. In some cas-
es, particularly with container ships and
roll-on/roll-off car carriers, the cable is
installed on the ship and lowered via a
spool or drum to the quay, where it is
connected. On cruise ships, the cable is
always shoreside, with a small integrated
hydraulic arm to guide it.

When the cable-management system is
onshore, the electrical connection is re-
ceived shipside by a shore connection
panel = 6. This panel must generally be
located close to the hull and in con-
venient reach of the heavy shoreside



3 Frequencies throughout the world. Such differences necessitate frequency converters for

shore-to-ship power.

4 Connection cables on Holland America
Line’s Vista-class ms Oosterdam vessel

50 Hz
60 Hz
50/60 Hz

cables. The shore connection panel con-
tains a circuit breaker, a protection relay,
the physical electrical connection (plugs
and grounding cable), and a control in-
terface with the ship’s integrated auto-
mation system, or power management
system. These systems allow the incom-
ing power to be synchronized with the
ship’s diesel auxiliary engines before the
load is transferred. ABB shore connec-
tion panels include two cabinets, the di-
mensions of which vary depending on
the power rating. This MV equipment
must be installed in a dedicated room.

On ships that use conventional mechani-
cal propulsion (in which the diesel en-
gines directly power the ship’s propellers,
as opposed to diesel electric propulsion),
the ship’s low-voltage auxiliary power
system — typically 400 to 690V - requires
a transformer to receive the 11 or 6.6 kV
power supply from shore. This transform-
er is relatively large and bulky, but — un-
like the shore connection panel — it can
be installed in the engine room or any
other suitable location onboard.

The process of connecting and discon-
necting a ship to the shore-based power
supply takes between five and 30 min-
utes. Onboard, the chief engineer or a
trained staff member experienced with
the ship's power management system
handles the power transfer. Cable man-
agement can be done either by ship or
shore personnel with adequate training
in handling MV equipment. At least one
company has begun investigating an
automated system for plugging the

cables into the ship to improve safety
and save time.

Currently, the majority of ships equipped
with the infrastructure to receive shore-
based power are container vessels, and
many ship designers are either including
this infrastructure in their designs or are
setting aside space for it. Many of today’s
ships with shore connection equipment
have been retrofitted (ie, the equipment is
added to an existing vessel), rather than
built with the equipment installed.

While little of the technology installed on-
board ships for onshore power supply is
new, usually the entire system must be
engineered on a case-by-case basis for
each installation. Even if the connection
is standardized, ship design is not,
meaning that questions of space, acces-
sibility, interfacing with the power man-
agement system and the diesel engines
all need to be surveyed and assessed
prior to installation. ABB has developed
turnkey solutions covering the entire
scope of delivery, with minimal inter-
ruption of ship operations.

Standardizing shore-to-ship power
connection systems

In order for shore-to-ship power supply
to make sense for ports and shipowners,
the nature and arrangement of power
connections must be standardized. Nei-
ther a port owner nor a shipowner can
justify investment in expensive equip-
ment to enable a shore connection sys-
tem without assurance that such a sys-
tem will be functional across many

The IEC, ISO

and |IEEE joined
forces to create

a standard that will
enable onshore
power connections
to effectively have
a water-tight global
basis.
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5 ABB shore-to-ship power connection in Gothenburg, Sweden

jurisdictions and for a defined period of
time.

Work on a common standard for onshore
power supply for ships at berth began
early in 2005. Major players in this effort
have included technology suppliers, gov-
ernments, port authorities, shipowners
(particularly cruise line, tanker and con-
tainer ship companies), classification so-

Through shore-
based power
supply, regulators
can respond to a
specific, local
problem (pollution)
with a specific,
local solution
(power connection
from shore).

cieties and others. The IEC, ISO and
IEEE 2 joined forces to create a standard
that will enable onshore power connec-
tions to effectively have a water-tight
global basis.

The standard applies to the specification,
installation and testing of onshore power
systems and plants and addresses:
— The onshore distribution system

Footnote

2 |EC is the International Electrotechnical
Commission; ISO is the International Organiza-
tion for Standardization; IEEE is the Institute of
Electrical and Electronics Engineers.
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6 ABB shore connection panel

— The shore-to-ship connection

— Transformers/reactors

— Semiconductor converters and
rotating converters

— Ship distribution systems

— Control, monitoring, interlocking and
power management systems

The purpose of the standards work was
to define requirements that “support,
with the application of suitable operating
practices, compliant ships to connect
quickly to compliant high-voltage shore
power supplies through a compatible
shore-to-ship connection” [1]. This should
eliminate the need for ships or port
operators to adapt or adjust their infra-
structure to enable connections.

The initial goal of creating a single, global
connection standard for all ships at all
ports was abandoned out of necessity.
The power needs and capacities of ships
differ so much that a single standard
would be unfeasible. As a result, four
separate, but linked, standards were
created — one for ro-ro ships, one for
container ships, one for cruise ships and
another for tankers. In addition, there are
two main standard voltages for connec-
tion — 11kV and 6.6 kV.

With a global standard in place, invest-
ment in shore-to-ship power connection
systems by ports and shipowners is due
to take off. The final standard is on the
verge of ratification.

Lutz Thurm
ABB ship solutions

lutz.thurm@us.abb.com

Ismir Fazlagic
ABB shore solutions

ismir.fazlagic@se.abb.com

Thorsten Harder
ABB frequency converters
thorsten.harder@ch.abb.com

Knut Marquart
ABB Marketing and Customer Solutions
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The Holland America Line cruise ship ms Zuiderdam
(page 36) is equipped with shore-to-ship power
technology, helping to make residential life in
harbors more liveable.



The five-level
converter

ANPC-5L technology and the ACS 2000 drive

FREDERICK KIEFERNDORF, MICHAEL BASLER, LEONARDO
SERPA, JAN-HENNING FABIAN, ANTONIO COCCIA, GERALD
SCHEUER - Modern power electronics have revolutionized the
delivery and usage of electrical power. In the area of drives,
the ability to arbitrarily select and even continuously vary the
output voltage frequency and amplitude of an inverter has
permitted significant gains in energy efficiency and con-
trollability. Inverters synthesize AC voltage by switching
between different levels of DC voltage at a high frequency
using semiconductors. The waveform created thus differs

from an “ideal” sinusoidal waveform because of this rectan-
gular switching pattern. The difference can be sufficient to
bar the use of drives from many applications requiring a
higher “quality” of AC voltage. One way to make the energy-
efficient advantages of drives available to a broader range of
applications is to increase the number of DC voltage levels
available. ABB’s ACS 2000 breaks beyond the commonly
used three voltage levels and works with five. Furthermore,
through its ingenious topology, it avoids many of the issues
that otherwise make five-level converters complex.
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n inverter (a circuit that con-

verts DC to AC) works on the

principle of switching be-

tween different levels of DC
voltage. The output is thus not a sine-
shaped AC wave but a pattern of high-
frequency rectangular pulses that are
made to resemble the sine wave as ac-
curately as possible = 1c. One analogy
would be to consider a digital photo-
graph taken at low resolution. The photo-
graph does not accurately resemble the
object it depicts because the low number
of pixels limits the level of detail that can
be represented. The ability to approxi-
mate an ideal sine wave with rectanglar
pulses is similarly restricted by the num-
ber of available voltage levels. In contrast
to the photograph, however, the differ-
ences are not just an aesthetic problem:
The non-ideal sine shape causes har-
monics (currents and voltages at higher
frequencies) that can have repercussions
ranging from stress on the insulation and
bearings of motors to interference with
other equipment. Harmonic filters can be
used to smooth the output by absorbing
problematic harmonics, but these are
both a cost factor and a cause of addi-
tional losses. To deal with the effects of
these harmonics, either motors must be
designed to handle the extra stresses
(which then excludes the use of many
standard catalog motors) or such con-
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verters cannot be added to existing
applications. There is therefore a strong
case for a converter that can produce a
more ideal sine output.

Inverter levels

The simplest inverter is the two-level con-
verter. It is called two-level because it can
apply only two voltage levels: the DC sup-
ply voltage and the reverse of that volt-
age. The three-level neutral-point clamped
(NPC) converter is an extension of this
concept that can additionally apply the
neutral point voltage - 1a and produce
switching patterns of the type shown
in=1c.

Converters have been designed that
take a step beyond this and output five
voltage levels. However, such circuits of-
ten come at the price of far higher com-
plexity. For example, if the DC supply
were to be built with five rather than
three voltage levels, it would require ad-
ditional clamping diodes and capacitors
and the corresponding control and
charging circuitry. An alternative ap-
proach is to connect converters in se-
ries. This again adds to the complexity of
the DC supply circuit due to the need for
galvanic separation of the supplies and
thus costly transformers. Such solutions
may be acceptable at high power levels,
but the lower end of the medium-voltage
drive range calls for simpler solutions.

ABB set out to address these issues,
and found a solution that can output five
power levels without adding complexity
to the DC supply. A three-level DC sup-
ply alone cannot supply five voltage
levels, and so the circuit does require an
additional capacitor per output phase.
But the solution ABB created ingeniously
keeps this capacitor charged without the
need for dedicated control circuitry.

The ANPC-5L

The basics of the active neutral point
clamped five-level (ANPC-5L) converter
are shown in = 2a. The phase capacitor
Cph is kept charged to half the voltage of
the capacitors in the DC link, ie, one
quarter of the total DC-link voltage. The
overall principle of the circuit can be con-
sidered as a three-level NPC converter
plus an additional capacitor. This phase
capacitor is switched in series with the
three-level converter as required and
provides two additional intermediate
output levels.

1 The basics of an NPC converter
(only one phase shown)

+DC 1

vncl — C

1b Circuit

- Converter output
- Fundamental frequency

1c Voltage waveform (sample)

The ANPC-5L
requires only one
more capacitor
per phase than a
NPC three-level
converter.



The DC supply is identical to that of a
three-level NPC converter. Cell 1 in = 2b
is clearly similar in its topology to a NPC
three-level converter - 1b. Similarly to
such a circuit, the IGBT (insulated gate y l
bipolar transistor) switching devices in *
cell 1 are rated for half the DC link volt-

age. Because the additional capacitor is
charged to a quarter of the DC-link volt- l=
age, the IGBTs in cells 2 and 3 are rated -

2 Principle of the ANPC-5L converter (only one phase shown)

Shared Cell 1
DC link S

******

Cell2 Cell 3

for this lower voltage. This use of devices DG ¢

with lower ratings contributes to the s m---~— .. === e
plicity of the converter. The elegance of

the design becomes even more apparent  2a Principle of operation 2b Circuit

when it is considered that it requires only The capacitor C, is kept charged to half the voltage of a DC-link capacitor.
one additional capacitor per phase than
does an NPC three-level converter. The
converter provides full four-quadrant
functionality (power can be converted in

3 Phase states of ANPC-5L converter

. ; Cell 3 Cell 2 Cell 1 Output Phase Effect on Cph Effect on Vnp Switching
both directions). S4 Snp2 Snpl S1  S32 S21  S31 S22  level output i>0 i<0 i>0 <0 vector
voltage

. 1 0 1 0 1 0 1 0 -2 -V 0 0 0 0 VO
Operation of the ANPC-5L i S i i & 7 e i =
The switching devices in cell 1 (of = 2b) Y o 1 10 3 Vo i S Vo
are operated in complementary fashion, i 0 1 0 o 1 0 1 0 0 0o o = & V8
with S1 and Snp2 being operated to- S el LN g O/ 9L S va
. . 0 1 0 1 1 0 0 1 +1 V/2 - + - + V5
gether (and likewise S4 and Snp1). The B By s o e 5 . e =
devices in cell 2 are operated in opposi- o 1 o 1 0o 1 0 1 +2 v 0 0 0 V7

tion as are those in cell 3. The total num-
ber of switching states per phase is
shown in = 3. In total, eight states are
possible. As the converter has only five
output levels, some states are redun-
dant. However, rather than implying that VoG
certain converter states are never used, T

the study of = 3 reveals that for two of
the three redundant state pairs, ie, V1/V2
and V5/V6, opposite effects can be
made on the charging of the phase ca-
pacitor. = 4 compares V5 and V6, and

4 Two different current paths both producing the same output voltage.

oy

Az

NP ¢ Voo/2 3= )y PH —+ , PH

shows how V6 subtracts V, /2 from the BEEEN B
DC-link voltage whereas V5 adds it to

the neutral point voltage. As a result the Voo NPANT: Voo ! NN

current through the phase capacitor is in

the opposite direction. This feature can  4a Switching state V6 from > 3 4b Switching state V5 from - 3

be used to maintain the required voltage The opposite direction of the current in Cph permits the charge of this capacitor to be maintained.

in the phase capacitor without any fur-
ther charging circuitry.

The ACS 2000

The ACS 2000 drive uses two five-level
converters in a back-to-back (B2B)
configuration. The basic layout of the
ACS 2000 is presented in - 5.

Mechanical design

The transformerless ACS 2000 - 6, is
designed to maximize uptime through its
modular construction. Components are
sized to fulfill the expected lifetime and
easy front-side access is provided for all
critical components. The drawer design

The five-level converter 43



5 Basic configuration of ACS 2000 drive

6 800kW 6kV transformerless ACS 2000
drive

Power supply

‘ Control H Auxiliaries

Auxiliary power supply

ACS 2000

Control unit

Power unit

«F [
KF |

"
| 3

B

ANPC-5L
rectifier

Input Input
reactor filter

DC link ANPC-5L

inverter

S

7 ACS 2000 phase module

8 Voltage and current of drive input showing unity power-factor operation

Current and voltage at supply PCC

6000

4000

/\

- Current
150

Voltage
L 100

The transformer-
less ACS 2000
drive is designed to
maximize uptime
through its modular
construction.
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and safe replacement in case of faults.

A key component of the modular con-
cept is the phase module = 7. The mod-
ule comprises the main components of
one phase leg of the converter (as shown
in = 2b), including the power semicon-
ductors, the gate unit and the phase ca-
pacitor. The module additionally contains
an interface board to the upper-level
control as well as current and voltage
measurement equipment. This allows a
simple interconnection as only a power
connection and a fiber-optic link need to
be established. The current-carrying con-
nections are realized as contact plugs.

Thanks to this simplicity, the end user
can replace a module within minutes.

The ACS 2000 was tested in a B2B con-
figuration. Two ACS 2000 drives were
installed: the DUT (device under test)
and a load inverter. Both drives were
supplied from a common three-phase
network connection and were connected
to their respective electric machines
(which were on a common shaft). One
practical result of this interconnection is
that only the losses in the drive system
have to be covered by the supply. As
both drives (DUT and loading inverter)
were ACS 2000, it was possible to ob-
serve the motoring and regenerating
modes simultaneously. Long-term B2B
tests were also performed to verify the
high reliability of the drives.

Input and output performance

The rectifier performance is illustrated
in > 8. The five-level inverter delivers a
nine-level phase-to-phase voltage to the



9 Voltage waveforms from measurements
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9a five-level waveform (phase to neutral point)

motor. Typical voltage and current wave-
forms are shown in = 9. The new five-level
inverter produces an output that is pleas-
ingly close to sinusoidal and meets the
requirements for driving motors that were
designed for direct-on-line (DOL) connec-
tion without needing to derate them.

Riding through outages

The combination of multilevel ANPC-5L
technology and the dynamic perfor-
mance of direct torque control can be
used to prevent a trip of the drive, even
in the case of a mains power outage last-
ing several seconds. Operation can also

9b nine-level waveform (phase-to-phase)

load is fed back through the inverter to
compensate the losses and maintain the
DC-link voltage. The ride-through mode
can be maintained as long as the rotating
mass has sufficient energy to supply
these needs. When the main supply volt-
age is restored, the acceleration of the
machine back to the desired speed com-
mences immediately.

Field measurements made on an actual
customer installation are illustrated
in > 10. The grid power outage lasted
one second. = 10a shows the grid volt-
age and input current dropping to zero.
In = 10c, the motor
torque regenerates

The combination of multilevel
ANPC-5L topology and the
dynamic performance of
direct torque control can be
used to prevent a trip of the
drive, even in the case of a
mains power outage lasting

several seconds.

continue when certain auxiliary supplies
fail for a limited time. The maximum sus-
tainable duration of a power outage
depends on the load, the machine and
the operating point before the occur-
rence of the outage.

During ride-through operation, the volt-
age of the DC link is kept at a specified
level to maintain the magnetization of the
machine. For this purpose, energy from
the rotating mass of the motor and the

during the outage
to maintain the DC-
link voltage = 10b.
When the grid volt-
age returns, the
torque quickly re-
verts to motoring
mode.

Applications and
success

The ACS 2000 is
designed for di-
verse fields of ap-
plication in various
industries within the general purpose
drives market as shown in = 11.

Award winning drive

In December 2010, the consultancy
company, Frost and Sullivan, recognized
the ACS 2000 with the 2010 European
Medium-Voltage Drives New Product In-
novation Award. Frost and Sullivan said
“the product offers benefits such as flex-
ible line supply connections, lower har-
monics, reduced energy consumption,

The new five-level
inverter produces
an output that
meets the require-
ments for driving
motors that were
designed for direct-
on-line (DOL) con-
nection without
needing to derate
them.
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10 Surving a short power outage: measurement of ride-through mode

Rectifier ridethrough performance
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11 Target industries and applications of the ACS 2000

Industries

Applications

Cement, mining and minerals

Conveyors, crushers, mills, fans and pumps

Chemical, oil and gas

Pumps, compressors, extruders, mixers and blowers

Metals

Fans and pumps

Pulp and paper

Fans, pumps, refiners, vacuum pumps and chippers

Power generation

Fans, pumps, conveyors and coal mills

Water

Pumps

Other applications

Test stands and wind tunnels
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ease of installation and commissioning,
high reliability and lower cost of owner-
ship. The only drive with voltage source
inverter (VSI) topology, transformerless
design and patented multi-level IGBT
control, ACS 2000 marks a milestone in
the medium-voltage (MV) drives segment
[...] The product offers a range of value
added features, including simple installa-
tion, commissioning and operation. Such
attributes are critical from the end-user
perspective.”

Frederick Kieferndorf

Leonardo Serpa

Jan-Henning Fabian

Antonio Coccia (formerly with ABB)
ABB Corporate Research
Baden-Dattwil, Switzerland
frederick.kieferndorf@ch.abb.com
leonardo.serpa@ch.abb.com

jan-henning.fabian@ch.abb.com

Michael Basler
Power Electronics and Medium Voltage Drives
New Berlin, WI, United States

michael.basler@us.abb.com

Gerald Scheuer
Power Electronics and Medium Voltage Drives
Turgi, Switzerland

gerald-a.scheuer@ch.abb.com

Further reading

The technical part of this article is based on a paper
presented at a symposium in Pisa in June 2010.
Due to space constraints, the present article was
shortened considerably with respect to the original
paper and readers interested in further details are
recommended to read the original version [1].

The authors would like to acknowledge the
contributions of current and former colleagues in the
development of this technology: P. Barbosa,

N. Celanovic, M. Winkelnkemper, F. Wildner,

C. Haederli, P. Steimer, J. Steinke, and many others.
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Drives are ubiquitous in plants and industries and
come in all power classes ranging from small fans
to large crushers. The cover picture shows the
Torrevaldaliga Nord power plant in Italy.



Harvest time

Harvesting energy to create truly autonomous
devices for industrial processes

PHILIPP NENNINGER, MARCO ULRICH - In an effort to further seem like a suitable solution. However, exchanging batteries
reduce downtime and maximize reliability, operators need at regular intervals may very well offset the savings of

to know more about the health of a plant’s assets. This having wireless sensors in the first place. Another solution
information is mostly supplied by sensors. Additional is known as energy harvesting. Energy harvesting is the
sensors mean extra wiring to power them and hence process by which energy (ambient, motion, wind, light),
increased installation costs. Eliminating these wires would derived from external sources, is captured and stored to

not only reduce costs but also the complexity of the entire supply power for low-energy electronics. Ambient energy is
process. Because the power consumption of many indus- available in abundance in the process industry and it is here
trial sensors is quite modest, the use of batteries would that energy harvesting is beginning to make its mark.
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ireless technology has

had a significant impact

on society over the past

15 years or so, and tech-
nological developments in the meantime
mean it is gradually being accepted in
the process industry, especially for asset
monitoring.

Process automation plants usually have
an operating lifetime of about 20 years,
and to maximize return on investment
during this time, plant utilization should
be as high as possible. Since a plant can
only be operational if all the necessary
assets are functioning correctly, high
component reliability is a must. This can
be achieved through asset monitoring,
an option to detect possible defects
in equipment before they occur and to
allow the root cause to be eliminated in a
scheduled manner. In order to do this,
additional sensor information is required.
This information can come either from
sensors already installed and capable of
providing the required measurements,
such as ABB'’s differential pressure trans-
mitters used for plugged impulse line
(PIL) detection or from additional sensors
positioned in other locations of the pro-
cess. If additional sensors are required,
installation costs should be kept as low
as possible in order to maximize the ben-
efit of having them. But since wiring and
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installation can amount to almost 90 per-
cent of the total cost of the device, it
makes financial and technological sense
to explore the possibility of using wire-
less devices.

Wireless solutions are by no means a
new concept in the process industry; In
fact they first came to prominence in the
1960s. However, these solutions have
been applied mainly in specialized prod-
ucts for certain markets such as ABB'’s
AquaMaster, an electronic commercial
water-flow meter, and flow totalizers in
the oil and gas industry. ABB’s Totalflow,
a remote measurement and automation
system, is one such example.

As is the case with fieldbus technology,
any wireless protocol that aims at achiev-
ing critical mass requires a global stan-
dard, which is supported by all device
manufacturers. One such standard does
exist and is called WirelessHART. Wire-
lessHART is the

dundant channels between two nodes in
the network by relaying messages over
different routes. This in turn increases
the fault tolerance of the communication
and allows a well-designed network to
become tolerant of both communication
link and routing device failures. In addi-
tion, the spatial redundancy of mesh net-
working ensures reliable communication,
even in industrial, scientific and medical
(ISM) bands. Of course the relaying of
messages (as a consequence of mesh
networking) together with the require-
ment of constant security impacts the
power budget, which has to be offset by
achieving low-power optimization.

There are some major differences be-
tween wired and wireless devices when it
comes to low-power optimization, and
ABB’s “wired” industrial temperature
transmitter, the TTH300, will be used
to illustrate this point. The TTH300 de-
vice is powered by the 4-20 mA current

first international
wireless  stan-
dard which was
developed spe-
cifically for the
requirements of
process field de-
vice networks.

Network reliabil-
ity is one of
the main focus
points in process automation An aspect
of wireless networks that has influenced
reliability is the area of meshed network-
ing. Mesh networks provide spatially re-

Because wiring and installa-
tion can amount to almost

90 percent of the total cost of
a device, it makes sense to
explore the possibility of using
wireless devices.

loop and measures, for example, the
resistance of a 4-wire Pt100 (and thus
the temperature at the sensor tip) at
very short time intervals, which, depend-



Solar radiation

ing on the sensor type and configura-
tion, could be every 100ms. Because
the 4-20 mA loop continuously provides
up to 40mW of power, the device is
limited by the power it can draw, while
the energy consumed by the device is
irrelevant.

A wireless sensor on the other hand does
not have to measure temperature several
times per second because most indus-
trial wireless networks for the process in-
dustry do not usefully support such short
update intervals. Between measurements
the transmitter only has to fulfill its net-
work duty of relaying messages for other
nodes. The rest of the time the electron-
ics can be in a so-called low-power mode
during which no computations or mea-
surements take place and only a fraction
of the power is consumed.

In low-power mode, the power con-
sumption of the device can be approxi-
mated by considering the power con-
sumed in active and low-power mode
and the duty cycle of the device. For the
wireless device described above the
duty cycle roughly correlates to the time
needed for the sensor to update. If the
self discharge of the battery is not con-
sidered, a rough estimate for the battery
life of a battery-powered transmitter can
be given. This estimate for an ideal de-
vice is shown in

Exchanging batteries on a regular basis
is not always an option since this could
— depending on the plant setup — offset
the savings of using wireless devices.
Instead, energy harvesting (EH) is seen

as a possible solution that overcomes
this issue to create truly autonomous
devices. EH converts the energy avail-
able in the process into usable elec-
trical energy, which in turn is used to
power wireless devices. Typical energy
sources include hot and cold processes,
solar radiation, and vibration and kinetic
energy from flowing media or moving
parts. The most prominent mechanisms
are solar radiation, thermoelectric and
kinetic converters.

Solar radiation

Although photovoltaics is nowadays a
robust and established technology, its
application indoors is rather limited.
While the outdoor intensity can reach ap-
proximately 1,000 W/m?, typical indoor
values lie in the region of 1W/m? [1]. In
other words, the amount of energy that
can be harvested is restricted.

Thermoelectric

Thermoelectric generators (TEG) harvest
electrical energy from thermal energy (ie,
the temperature gradients between hot
or cold processes and the ambient) us-
ing the Seebeck effect ' [2]. While the ef-
ficiency of TEGs is rather low — typically
below 1 percent — the technology is quite
robust and stable. Often large tempera-
ture reservoirs are present especially in
the process industry. Hence a lot of heat
is available and the power that can be
delivered by commercially available TEGs
is sufficient to maintain a variety of wire-
less sensor nodes in different scenarios.

Energy harvesting
converts the energy
available in an
industrial process
into usable electri-
cal energy.

Footnote

1

Discovered by Thomas Johann Seebeck in
1821, the Seebeck effect is a phenomenon in
which a temperature difference between two
dissimilar electrical conductors or semiconduc-
tors produces a voltage difference between the
two substances.
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Source: Micropelt GmbH

Kinetic converters

The direct conversion of mechanical

movement, such as vibrations, into elec-

trical energy can be achieved with differ-
ent transducer mechanisms:

— Electromagnetic mechanisms use a
flexible mounted coil, which moves
inside the static magnetic field of a
small permanent magnet. This
induces a voltage as described by
Faraday’s law.

— Piezoelectric transducers are based
on piezoelectric materials. By means
of a proof mass supported by a
suspension, kinetic movement results
in a displacement of this mass, which
induces a mechanical stress on the
piezoelectric material.

— Electrostatic transducers are based
on a charged variable capacitor.
When mechanical forces are applied,
work is done against the attraction of
the oppositely charged capacitor
plates. As a result, a change in
capacity induces a current flow in a
closed circuit.

In short, all kinetic converter principles
are based on a mechanical resonator,
and the systems can only deliver a rea-
sonable power output if the resonance
frequency of the harvesting device
matches the external excitation frequen-
cy. The use of variable-frequency drives
in the process actually limits the applica-
tion of vibration harvesting systems.

System components and architecture

Energy harvesting can be a discontinu-
ous process: For example, in the case of
outdoor photovoltaic applications, day-
night cycles will lead to unstable power
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Process temperature distribution of 80°C (red)
An ambient temperature of 25°C (blue)

sources; plant downtimes can lead to
different process temperatures, which
may influence the energy delivered by
TEGs; and variable-frequency drives can
lead to varying power yields of vibration
harvesters. In contrast there may be
times when the energy harvesting sys-
tem supplies more energy than is actu-
ally needed.

The power consumption profile of typical
wireless sensor nodes is also discontinu-
ous: Depending on the duty cycle and
update rate of the sensor, peak loads
may occur which have to be buffered be-

ABB has devel-
oped a complete
autonomous tem-
perature transmitter
using a fully inte-
grated EH system.

cause EH systems are not able to sup-

port these high short-term currents.

Essentially every EH system needs a buf-

fer to overcome times when the harvest-

ing device is unable to supply enough
energy for the sensor node. Typical buf-
fers include:

— Special super or hybrid-layer capaci-
tors. These capacitors tolerate high
peak currents.

— Rechargeable secondary cells.

— Conventional primary cells. These
cannot store an excessive amount of
energy coming from the EH system

but they can be used to provide
power at times when the system
cannot.

— Typical industrial primary cells. These
cells have a very long shelf life with
low self-discharge rates and are a
very reliable buffer alternative.

Conventional lithium-ion based second-
ary cells suffer from a limited amount of
discharge/charge cycles.

Harvesting devices and buffers need an
appropriate power management (PM)
system for a truly autonomous power
supply. The PM has two major functions:
— To adjust the characteristics of the
output voltage and current of the
EH system to the input requirements
of the electrical consumer.
— To switch smoothly between energy
buffers and the different EH sources.

Research in ABB has developed a com-
plete autonomous temperature transmit-
ter using a fully integrated EH system.
Thermoelectric generators have been in-
tegrated into the device in a way that the
handling, stability and form factor of the
transmitter stays the same while its life-
time and functionality are considerably
enhanced. The device also includes a
smart energy buffer solution for occasions
when the process temperature is insuffi-
cient to generate enough energy.

The overall size of the selected tempera-
ture transmitter prevented the integration
of conventional TEGs, which normally
have macroscopic dimensions around



Fully autonomous devices will help engineers to better control industrial processes

10 to 20cm?. Instead novel micro-ther-
moelectric generators (micro-TEGs), pro-
duced with a wafer-based manufacturing
process [4], were used - 4. The major
challenge of integrating these two de-
vices was ensuring that the stability and
robustness of the transmitter was main-
tained.

used to allow for faster update rates, for
example.

Future outlook

The EH-powered temperature transmit-

ter solves a central issue of wireless

sensor nodes: The regular exchange of

primary cells is no longer necessary, and
this in turn can

Fully autonomous devices can
help to better understand and
control industrial processes

and therefore make them more

profitable.

In most cases the process is warmer
than the ambient air temperature and so
the hot side of the TEGs needs to be
coupled to the process with the most
optimal thermal conductivity. Extensive
numerical simulations were carried out to
maximize the heat flow through the
TEGs - 5. The other (or cold) side must
be cooled and is therefore coupled to the
ambient air with a heat sink. The heat
sink needs to be positioned at a suffi-
cient distance to allow for applications
where the process pipe is covered with a
thick insulation layer.

With a minimum difference of about 30K
between the process and ambient tem-
peratures, the system is able to generate
sufficient energy to supply both the mea-
surement and wireless communication
electronics. At temperature gradients
greater than 30K, more energy is gener-
ated than is needed, which could be

help reduce the
total cost of own-
ership. While EH is
not possible for all
sensors in  every
circumstance, it is a
viable energy sup-
ply for a wide
range of devices.
Fully autonomous
devices can help to better understand
and control industrial processes and
therefore make them more profitable.

Philipp Nenninger

Marco Ulrich

ABB Corporate Research
Ladenburg, Germany
philipp.nenninger@de.abb.com
marco.ulrich@de.abb.com
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Spark-free
safety

GORAN PAULSSON, JOHAN KARLSSON, JUSSI RAUTEE - Electrical motors
Syn C h ronous an d and generators are the backbone of our industrial society, driving
in d u C‘t | onm Oto s compressors and pumps and generating electricity. But because these

. appliances are electrical, they pose enormous risks when used in

an d g ene I’atO rs W|t h situations where explosive gases are present. The oil and gas extraction

industries are one example. A spark, a hot surface or a high electrical
g Uaraﬂteed Spark—free field such as a corona (the buzzing sound that sometimes can be heard
@) pe ra‘t | on under a high-voltage power line) are all potential threats to safety in an

explosive gas-rich environment. ABB’s large synchronous and induction
motors and generators are certified according to the latest and most
stringent of safety requirements - the IEC international standards -
guaranteeing spark-free operation.

52 ABB review 1111



s
:L'H*.l* |

'["Iq ? | I_' ;

4 Wi

1 e - e g cwsRel —— g EEERCT

or years, ABB has taken design

and manufacturing steps to ex-

ceed official standards of quali-

ty and safety, both of which are
paramount for its customers. In 2010, all
of its large synchronous motors and gen-
erators were certified according to the
most stringent international standards
(IEC 60079-15:2010 and IEC 60079-
7:2008); now, the company’s complete
range of low- and high-voltage motors
and generators are certified for operation
in hazardous areas - 1.

Customers using equipment that is not
tested or certified usually equip the
motor with a pressurizing system. This
means investing in high-capacity air
compressors, piping and a ventilation
control unit. By testing and certifying its
motors, ABB helps customers streamline
their risk assessment processes.

Benefits of the ABB approach include
reduced initial capital expenditure, lower
operating costs and faster motor start-
ing. Reliability also improves, as no ad-

ditional components are required. Certifi-
cation can greatly impact costs. For
example, in a refinery, ventilating a motor
for even 30 minutes costs enormous
amounts of money in downtime and lost
production. Using ABB’s certified equip-
ment makes it pos-

The design and
certification

of ABB’s large
high-voltage
synchronous
and induction
motors brings
faster startup
times and reduced
maintenance
requirements.

tional Electrotechnical Commission (IEC),
an over 100-year-old organization that
focuses on international regulations and
standards - 3. Over the years, the orga-
nization’s standards and tests have be-
come something like a license for the

sible for customers
to avoid such ex-
penses.

The development
of IEC 60079 stan-
dards began after
several serious ex-
plosive incidents,
which were related
to motors operating in hazardous areas
in and around North Sea oil and gas
fields, occurred in the 1980s and
1990s - 2. Together with the German
national institute; Physikalisch-Tech-
nischen Bundesanstalt (PTB) and Shell,
ABB presented a paper [1] at a large
IEEE PCIC' Europe conference in 2008.
The standards they presented in the
paper were developed by the Interna-

Despite great advances in
automation, making an electric
motor that weighs up to

80 tons is still a manually
intensive job.

electrical motor manufacturing industry
to produce and sell electrical motors that
are safe and efficient to use.

Footnote

1 IEEE PCIC are the Institute of Electrical and
Electronics Engineers and the Petroleum and
Chemical Industry Committee
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Principles of explosion protection

a0 “ar

2 Protection types “n” and “e

The atmospheres in which operations in the
chemical, oil and gas industries are carried
out are categorized as either hazardous or
nonhazardous. Hazardous environments
contain potentially explosive constituents
such as gases, vapors, mists or dust.
These atmospheres are classified into risk
categories, based on the presence and
concentration of explosive substances:

— Zone 0 - An explosive atmosphere is
present continuously.

— Zone 1 — An explosive atmosphere is
present less than 1,000 hours/year.

— Zone 2 — An explosive atmosphere is
present less than 10 hours/year.

For a machine placed in a hazardous area,

a different kind of protection is needed to
prevent ignition of any explosive gas that may
be present. International standards define the
types of protection that make industrial
operations possible in two zones — zones 1
and 2. The aim of all protection is to avoid
potentially explosive sources, which are
typically hot surfaces and sparks.

One of the most
important consid-
erations when
placing the coils
inside the stator
is to allow enough
space between
them to avoid

corona discharges.
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IEC 60079-15:2010 specifies requirements
for the construction, testing and marking for
Group I electrical equipment with protection
type “n” (nonsparking), intended for use in
explosive gas atmospheres in zone 2. This
standard applies to electrical equipment
where the rated voltage does not exceed
15kV rms AC or DC.

IEC 60079-7:2006 specifies the requirements
for the design, construction, testing and
marking of an electrical apparatus with
protection type “e” (enhanced safety),
intended for use in explosive gas atmo-
spheres in zones 1 and 2. This standard
applies to electrical apparatus where the
rated voltage does not exceed 11kV rms

AC or DC.

3 IEC standards

On September 15, 1904, delegates to the
International Electrical Congress in St. Louis,
Missouri, USA, adopted a report that included
the following sentence: “Steps should be
taken to secure the cooperation of the
technical societies of the world by the
appointment of a representative commission
to consider the question of the standardiza-
tion of the nomenclature and ratings of
electrical apparatus and machinery.”

Accordingly, the IEC was officially founded in
June 1906 in London. Since then, the IEC
has been involved in developing standards,
safety guidelines, testing and specification of
components for the world’s electrotechnical
industries. The group’s mission includes
everything from capacitors, resistors,
semiconductors, radio communication and
electrical equipment to electric motors.

In 1930, the IEC was instrumental in
establishing the Hertz (Hz) as a unit of
frequency, the gauss (G) as a unit of magnetic
flux density and the gilbert (Gi) as a unit of
magnetomotive force, among other units.

In 2005, the IEC published a multilingual
dictionary of more than 20,000 electrotechni-
cal terms in 13 languages.

ABB and standards

ABB produces two types of high-voltage
electrical motors - synchronous and
induction — at factories in Sweden, Fin-
land, Italy, South Africa, China and India.
A synchronous electric motor is an AC
motor distinguished by a rotational
speed proportional to the frequency of
the AC-voltage power supply; ie, the
motor is running synchronously. The
magnetization of the rotor is normally
done by an external unit. These motors

4 Cross section of an insulated high-voltage
coil

5 Wound and impregnated stator ready for
further assembly

can be designed to run continuously in
zone-2-rated atmospheres, classified as
“Ex nA, non-sparking machines.”

An induction or asynchronous motor is
an AC motor in which the rotor is magne-
tized by means of electromagnetic in-
duction, but its rotational speed is slight-
ly below the synchronous speed; ie, the
motor is running asynchronously. These
motors can be designed to runin zone 1,
also known as “Ex e, increased safety
machines.”

On January 28, 2010, new IEC stan-
dards, for equipment placed in an explo-
sive atmosphere, came into effect.
Based on previous development and
testing, the majority of ABB’s product
range of synchronous and induction HV
motors and generators were compliant
with these standards. The rest were
made fully compliant during 2010.



6 The test

Compliance with the IEC 60079-15: 2010
standard for nonsparking motors and generators
requires a three-minute test of the stator in an
explosive gas environment. The test is mandatory
for motors with a rated voltage of more than

1kV operating in environments where there is a
presence of, for example, hydrogen, ethylene or
acetylene, and above 6.6 kV for motors working in
environments where there are traces of propane,
diesel fuel, acetone, ethane, ammonia or any of a
dozen other explosive gases and vapors.

During the test, a stator winding is covered with

a layer of plastic, which is then filled with an explo-
sive gas such as hydrogen mixed with air, as
shown in the picture on the right. The stator is
then subjected to varying and increasing voltages
(sinusoidal) up to the specified test level. If a gas
explosion happens, caused by a small spark in the
stator winding, the plastic will break and let the
pressure wave escape. The specified test voltage

is 1.5 times the rated voltage. To pass the test,
ignition of the explosive gas mixture must not
occur.

According to the test performed in Germany at the
Physikalisch-Technischen Bundesanstalt (PTB) in
2004 and 2009, ABB's stators are spark-free up
to and including 13.8KkV for hydrogen (representa-
tive for gas group IIC) and 15kV for both ethylene
and propane (representative for gas groups IIB
and llA).

For an induction motor with a cage rotor, the rotor
is also tested in an explosive gas environment for
possible sparking from the rotor bars. Such a rotor
ignition test is not needed for a synchronous rotor,
due to its different construction.

The same standard, IEC 60079, also specifies
the respective test for induction motors of the
enhanced safety protection type.

Despite great advances in automation,
making an electric motor that weighs up
to 80 tons is still a manually intensive job.
At the ABB factory in Véasteras, Sweden,
for example, about 200 motors and gen-
erators are tailor-made each year to cus-
tomers’ precise specifications. There,
workers use a machine to painstakingly
bend index-finger-sized strands of mica-
insulated copper into the required exact
shape = 4. In the next step, the ready-
formed coils are insulated with an addi-
tional layer of mica before being placed
in the stator.

The physics of electrical motors are rela-
tively basic and are well understood by
many; where it gets tricky, however, is in
the insulation of the copper coils that are
wound into the stator and tied together
with fiberglass rope. The whole stator is
subsequently impregnated with an epoxy
resin, called a vacuum pressure impreg-
nation, or VPI. After impregnation, the
stator is cured in an oven to get its final
electrical and mechanical properties = 5.

This Micadur®-Compact Industry (MCI)
insulation system ensures sealed and
homogenous insulation, resulting in low
dielectric losses, high electrical and
mechanical strength and excellent heat
transfer inside the stator. While this insu-
lation is a tried and proven system, one
of the most important considerations
when placing the coils inside the stator is
to allow enough space between them to
avoid corona discharges. If the coils are

too near each other, there is risk of a co-
rona buildup. Having enough air between
the coils and optimizing the way they are
laid out enables maximum use of the ma-
chine. The use of corona-suppressing
materials is also essential.

The design and certification of ABB’s
large high-voltage synchronous and in-
duction motors brings faster startup
times and reduced maintenance require-

On January 28,
2010, new IEC
standards came
into effect. Based
on previous devel-
opment and test-
ing, the majority
of ABB’s product
range of HV motor-
sand generators
were compliant.

ments. While faster payback time and
reduced maintenance costs are certainly
beneficial, what is essential is that ABB’s
certified motors also offer proven safety,
as testing represents the only way to
verify that equipment really is safe - 6.

Géran Paulsson
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Jussi Rautee
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An oil and gas platform is an environment with strict
spark prevention requirements. The motors used
must pass a demanding certification.
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Motoring ahea

Synchronous motors controlled by variable-speed drives are
bringing higher efficiencies to industrial applications

HEINZ LENDENMANN, REZA R. MOGHADDAM, ARI TAMMI,
LARS-ERIK THAND - Electric motors in industrial applica-
tions account for approximately 60 - 65 percent of
consumed industrial electricity. Using energy effectively
by increasing motor efficiency is at the center of contin-
ued motor optimization. Major energy savings are also
gained through the use of variable speed drive systems
and today this technology is adopted in as many as

30 - 40 percent of all newly installed motors. Sustainable
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use and investment also demands increased reliability
and lifetime of a motor. The streamlined rotor structure
of ABB’s synchronous reluctance motors eliminates
rotor cage losses therefore increasing efficiency and
compactness. The possibility of achieving standard
power and torque levels at merely a low class-A tem-
perature rise (60 K) improves the lifetime of the motor
insulation, and lengthens the bearing lifetime or greasing
intervals.



lectric motors are used in a

wide range of industrial appli-

cations. What most applica-

tions have in common is the
need for their motor to be as efficient as
possible and to have the longest possi-
ble lifetime while simultaneously not in-
creasing maintenance demands or fail-
ures. ABB’s synchronous reluctance
motors are physically smaller in size,
helping machine builders to design
smaller, lighter, and more efficient equip-
ment. Additionally, the possibility of high
speed operation helps to eliminate me-
chanical power transmission elements
such as gearboxes. This eventually en-
ables the integration of the motor and
the load equipment which is an increas-
ingly common request.

To answer the need for a motor that is
more efficient, smaller, with a long life-
time and low maintenance needs with a
new motor type, which would also be
perfectly adapted to variable speed drive

(VSD) operation, ABB radically rethought
all technology options. Starting a VSD
motor is very different compared to the
direct line connection start. This, and
other changes in boundary conditions,
highlighted potential opportunities to
simplify the motor design and improve
efficiency. One well known approach is
the utilization of synchronous motors
(SM). SMs with a 4-pole rotor operated
at 50Hz rotate in synchronism with the
supply at exactly 1500rpm. The corre-
sponding induction motor (IM) however,
has slip losses and rotates only at
1475rpm for a chosen 30kW example.
In modern IMs with a short circuit rotor
cage, the losses associated with the ro-
tor amount to 20 — 35 percent of the total
motor losses. Synchronous rotation
eliminates most of these associated
losses.

The elimination of these slip losses
leads to an efficiency increase of about
~0.6 percent (220kW motor) to 8 per-

The possibility

of high speed
operation helps
to eliminate
mechanical power
transmission
elements such

as gearboxes.

cent (3kW), as well as a 20 — 40 percent
increase in power and torque density for
the same insulation temperature class.

Synchronous motors come in different
variants: as field wound with brushless
exciters; as permanent magnet (PM) mo-
tors; or as motors based on the principle
of magnetic reluctance (often called a
synchronous reluctance motor or Syn-
RM). A SynRM rotor has neither a con-
ducting short circuit cage as with the IM,
nor permanent magnets, nor a field exci-
tation winding. Instead, the magnetic
principle of reluctance is utilized.

The synchronous reluctance motor

Magnetic reluctance is the magnetic
equivalent of the resistance in electrical
circuits. The rotor consists of one direc-
tion of least possible magnetic resistance
(d) and a perpendicular direction (g) with
a high magnetic reluctance or good
magnetic “insulation” = 1. Torque is pro-
duced, as the rotor attempts to align the
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1 Synchronous reluctance rotor and torque principle

2 Innovation timeline in LV motors
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magnetically conducting direction to the
stator field. The strength of the produced
torque is directly related to the saliency
ratio, ie the inductance ratio between the
two magnetic directions of the rotor.

The invention of the synchronous reluc-
tance motor concept dates back to 1923.
However, the motor type was not indus-
trially adapted primarily due to the lack of
a direct online starting capability. Now,
with the use of variable speed controllers,
this obstacle has been removed - 2.

In 1982 NdFeB based permanent mag-
net materials were discovered. The re-
sulting new permanent magnet (PM)
motor technology was adapted for ser-
vomotors and is now emerging in many
industrial specialty applications, such as
gearless low-speed torque motors [1].
Again, less attention was paid to the
unpretentious SynRM.

In addition, not all earlier published work
on SynRM succeeded in demonstrating
superior torque performance or reaching
higher efficiency than the IM, as was ex-
pected from the calculations: a fact cited
by experts and academics as to why the
SynRM is not used more often today.
Presumably these early results were due
to less optimized converter control. In-
deed some publications show very
promising results, and have addressed
the electromagnetic design aspects in
great depth [2], [3]. It is important to note
the contrast of the SynRM to the
switched reluctance, or stepper motor,
with an entirely different stator, winding
concept, and non-sinusoidal current
waves; a motor often considered unsuit-
able for industrial use, due to high noise.
A cited disadvantage of the SynRM is a
higher current need for the same torque
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compared to the PM motor, since the ro-
tor must be magnetized through the sta-
tor. However, the power factor as seen
from the network is determined by the
power converter and is near unity in all
operating modes, even for the SynRM.

The industrial motor for VSD systems
In ABB’s SynRM rotor designs and drive
control, the motor current, proportional
to the inverse of power factor and effi-
ciency, (e 1/(m*cos(p)) is actually lower
than for a small size induction machine
at the same torque and speed. This is
primarily due to the significant gain in ef-
ficiency. Only for large motors is the con-
verter current higher than with an IM at
the same torque. In general, the ABB
SynRM operates with the same frame
size for the drive (e.g. ACS850) as the IM
at the same power and torque level, al-
beit at the increased power density and
higher efficiency than the IM. The motor
efficiency increase translates to a nearly
identical energy saving at the drive sys-
tem level.

One other key advantage of ABB'’s
SynRM is the plain rotor structure. With-

superfluous. Finally, rare earth materials
for permanent magnets are relatively ex-
pensive and may be in limited supply for
some markets, due to geographic con-
centration of the common raw materials
suppliers.

Elimination of most of the rotor losses,
and the streamlined rotor structure, re-
sults in a number of benefits for this mo-
tor and its connected load equip-
ment = 3. A motor with this technology
can be operated at the IEC standardized
power level for the given frame size. In
this case, the VSD efficiency gain ranges
from more than 5 percent units for single
kW machines to about 0.5 percent for
the largest motors (frame 315). Conse-
quently, where an IM would have run at
class-F temperature rise (105K), the
ABB SynRM operates merely at class-A
temperature rise (60K) = 4. In compari-
son for a specific compressor at
4500rpm, the associated ABB SynRM
features still lower bearing temperatures
when run at true class-H rise (125K),
than the larger IM run at class-F rise
(105K). The motor was thus also called a
“CoolMotor” - 5. This low temperature
operation improves the lifetime of the

out magnets and without cage, the
rotor construction
is more robust than
either IM or PM FOI’ Sma”

machines. In addi-
tion, no risk of per-
manent loss  of
performance exists
due to potential
demagnetization in
case of failure or
overheating situa-
tions. The motor is inherently safe in op-
eration since, without magnets, no back-
EMF voltage is induced, and over-voltage
protection of the converter becomes

motors at 3 or

4 kW level, as much as

60 percent more power can
be obtained for the same
temperature rise.

motor insulation, and lengthens the
bearing lifetime or greasing intervals.
Motor bearings in particular require regu-
lar servicing and according to some



3 Loss distribution and efficiency
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studies bearing failure is the root cause
of approximately 70 percent of all un-
planned motor outages. The lower bear-
ing temperature directly translates into
longer greasing intervals, reduced main-
tenance and higher reliability. Even if a
bearing eventually needs replacing, hav-
ing no magnetic forces, unlike a PM
motor, the bearing change is as easy as
for an IM.

The technology enables good torque uti-
lization at higher speeds. In another utili-
zation of this technology, the operation is
maintained at the conventional tempera-
ture often B- or F-class. Since losses on
the rotor are arduous to cool, compared
to stator losses, its near elimination has
a particularly high impact on the torque
performance. For small motors at 3 or
4kW level, as much as 60 percent more
power can be obtained for the same
temperature rise. For a 60 kW motor the
gain is in the 40 percent range and for a
220kW motor in the 20 percent range
compared to an IM. In most cases, the
same power can be obtained from a
motor by one, or sometimes two, frame
sizes smaller than an IM. The reduction
of the footprint is appreciable for all
applications that can utilize lower frame
heights and smaller motors. An addition-
al gain is the reduced heat load on near-
by parts, particularly in closed cabinets.
Even at this vastly increased power den-
sity, a further important advantage re-
sults from the removal of the losses on
the rotor side: since much of the heat
conduction through the shaft is elimi-
nated, the bearing temperature, particu-
larly on the drive-end, is reduced. Com-
paring an ABB SynRM with an IM at
6kW, this can be as much as a 30K
reduction, with an approximately 15 to
20K reduction typical over the entire

range. This effect is particularly pro-
nounced at higher speeds, as well as for
operation at higher temperature classes.
The generally high efficiency is main-
tained even at this high output. Further-
more, the ABB SynRM has the excellent
partial load efficiency curve which is typi-
cal of synchronous machines, ie the effi-
ciency remains high even at partial load,
a feature particularly appreciated in VSD
drives for fans and pumps.

Finally, these rotors feature about 30 —
50 % percent reduced inertia due to the
lack of cage and magnets. In highly dy-
namic applications such as cranes, this
reduction implies further benefits in en-
ergy efficiency as well as faster lift cycles
due to higher speed ramp rates.

Rotor construction and reliability
Most technical aspects of drive systems
with ABB’s SynRMs are directly based
on existing technology. The housing,
connection box, stator, winding design
and technology, and bearing options are
identical to IMs. As the 3-phase currents
are sinusoidal, the same drive products
can control this motor type, provided the
firmware is optimized and includes this
motor type. Only the rotor is different.

The rotor is less complex than in both
IM and PM. Laminated electrical steel
sheets are fitted to the shaft. Instead, the
complexity, is in the design. Extensive
finite element simulations (FEM) were
used to design the cross-section care-
fully, in terms of electrical and mechani-
cal properties. Important design choices
are the number of magnetic segments
and the exact shape of the air barriers.
This determines the torque production
and the magnetization current of the mo-
tor. Minimizing this reactive current was

The low tempera-
ture operation
improves the life-
time of the motor
insulation, and
extends the bear-
ing lifetime or
greasing intervals.
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4 Temperature classes

Ambient temperature is the temperature of the air
surrounding the motor. This is the threshold point
or temperature the motor assumes when shut off
and completely cool.

Temperature rise is the change within a motor
when operating at full load. The difference
between the motor’s starting temperature and its
final elevated temperature is the motor’s
temperature rise.

The standard method of measuring temperature
rise involves taking the difference between the
cold and hot ohmic resistance of the winding.
This averages the temperature change of the
whole winding, including the motor leads, end
turns, and wire deep inside the stator slots.
Since some of these spots are hotter than
others, an allowance factor uses the average
temperature to indicate what the temperature

probably is at the hottest spot. This is known as
the “hot spot” allowance.

Insulation classes group insulations by their resis-
tance to thermal aging and failure. The four com-

mon insulation classes are designated as A, B, F,
or H. The temperature capability of each class is

the maximum temperature at which the insulation
can operate to give an average life of 20,000 hr.

Operating a motor at a lower temperature rise
than allowed by the insulation class can change
the motor’s thermal capacity, allowing it to handle
higher than normal ambient temperatures. In
doing so, the motor’s life is extended.

The graph below shows the temperature ratings,
temperature rise allowances and hot spot
allowances for various enclosures of standard
motors.

°C
180
15
155 70
130
Hotspot temperature margin 10
120
105
5]
Permissible temperature rise
60 80 105 125
40
Maximum ambient temperature 40 40 40 40
0
Insulation class A B F H
Maximum winding temperature 105 130 155 180

Drive conditions
of pumps, fans,
compressors, and
mining and crane
applications were
emulated using
methods for highly
accelerated stress
testing (HAST).
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crucial to maintain a favorable drive rat-
ing. The exact placement of the seg-
ments along the periphery is essential to
create smooth torque during rotation,
keeping the motor noise as low as in
conventional motors. One result of this
complex optimization using FEM, analyti-
cal and genetic algorithms, was that a
4-pole configuration is most suitable for
the entire speed range up to 6000 rpm.

To verify the reliability of this new rotor, ex-
tensive motor and drive system testing
was conducted throughout development
(see title picture, pages 56-57). Drive
conditions of pumps, fans, compressors,
and mining and crane applications were
emulated using methods for highly accel-
erated stress testing (HAST). HAST cycles
were developed specifically for this motor
to ensure robust lifetime performance. For
example, one successful experiment con-
ducted at high repetition rate motor starts
and stops into speeds above catalog per-
mitted values. The cycle count and over-
load conditions were dimensioned to cor-
respond to more than a 20 year lifetime of
rated operation.

Drive converter and control
Conventional ABB drive technology used
for IM and PM motors, with standard di-
rect torque control (DTC), was adapted
to include the SynRM as a new motor
type. Despite sharing many similarities
with the PM motor, except for zero rotor
flux, strong development focus was
given to optimizing the torque production
through maximum torque per Ampere
(MTPA) control. This ensures that the
drive current is kept minimal in each
operating point. The control also in-
cludes capabilities for the field weaken-
ing range, ie the speed range above the
nominal rated speed. A maximal rated
speed of as much as 1.5x nominal can
be reached for much of the motor range.
This drive control is a particularly im-
portant ABB result which enables this
SynRM to reach appreciably higher
torque densities than IMs.

The installation and operation of the
power electronic drive for this motor is
indistinguishable from driving VSDs with
IM or PM motors. Standard features
include automatic parameter identifica-
tion based on name plate values and
sensorless operation. The motor does
not need any speed sensors but never-
theless can maintain perfect speed



5 Temperature scans from a thermal imaging camera
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6 Performance of motor drive system for piloting
The performances of the new motor drive system are given for three IEC motor frame sizes.
Motor, temperature rise class F Drive, 400 V
Size PN nN PN nmax Eff N MM Type code IN Noise Frame MD
mm kW r/min kW r/min %(1/1) Nm kg ACS-850-04 A dBA size kg
100 4 1500 4 2250 84.3 25 22 010A-5 10.5 39 B 5
100 7.5 3000 7.5 4500 88.7 23 22 018A-5 18 39 B 5}
100 13 4500 13 6000 90.5 27 22 030A-5 30 63 C 16
100 17.5 6000 17.5 6000 91.3 27 22 044A-5 44 71 C 16
160 26 1500 26 2250 91.7 165 180 061A-5 61 70 D 23
160 50 3000 50 4500 94.0 159 180 144A-5 144 65 EO 35
160 70 4500 70 5300 94.6 148 180 166A-5 166 65 B 67
280 110 1500 110 1800 96.0 700 640 260A-5 260 65 E 67
280 130 1800 130 2200 95.9 689 640 290A-5 290 65 E 67

For full specifications check ABB web pages at www.abb.com/motors&generators

accuracy, as well as a high torque dy-
namic. The drive can even be dimen-
sioned for specially requested overload
and cycle load capability.

permanent magnets, featuring smaller
motors, with less heat generation, and
highest efficiency for VSD systems is
being achieved. A standard IM fitted

with a new rotor,

An additional gain is the
reduced heat load on nearby
parts, particularly in closed

cabinets.

Performance preview

Since this motor, like the PM motor, al-
ways requires a VSD drive, matched
pairs of motor and ACS drives are given
as the standard recommendation for a
range of power and speed levels - 6.

As a response to the key market trends
of higher output, higher efficiency, longer
service intervals, and footprint reduction,
a radical new motor uniquely suited for
VSD systems is now available. Increased
power density by 20 — 40 percent when
compared to an IM, with a rotor con-
struction without short circuit cage nor

combined with a
standard drive with
new software, re-
sults in a high out-
put, high efficiency
VSD system. The
output and efficien-
cy performance is
comparable to a
PM motor drive, but using technologies
associated with the robust induction
motor, bring the best of both worlds to
users, and with additional benefits as a
bonus.
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The motor and drive system undergoing highly
accelerated stress testing (HAST)
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fuel

Energy efficiency is a critical part
of a sustainable energy policy for many
power plants

WERNER JANIK, JOSEPH LAUER - As the global population continues to grow, so
too does its hunger for energy. The long-term consequence of this will be a
diminished supply of fossil fuels, currently the world’s primary energy source.
However, fossil fuels are also responsible for much of the CO, emissions pro-
duced today which severely impact the world’s climate. Therefore as long as
there is a continued reliance on fossil-based energy production this “catch 22”
situation will remain. Of course it has long been known that renewable energy
sources are the solution to this predicament. However, although rapid progress is
being made to substitute thermal power plants with renewable energy sources,
many issues still need to be resolved before renewable sources can effectively
contribute to the overall energy mix. Unfortunately time is running out for planet
Earth as it waits for further developments in renewable energy sources or the
long expected break-through in nuclear fusion. In parallel to this work, action
needs to be taken to protect the planet and to preserve its assets and biosphere
for future generations; this can be achieved by the application of already devel-
oped energy efficiency methods and technologies.
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he majority of the electrical

energy produced today is

based on the combustion of

fossil fuels. In fact coal fuels
more than 40 percent of the world’s elec-
tricity supply, making electricity genera-
tion the single largest and fastest grow-
ing contributor to CO, emissions. The
growth rate of renewable energy genera-
tion is high, and the correlation between
energy use and emissions could effec-
tively be reduced by the application of
renewable energy sources. Unfortunately
the contribution of renewable energy in
the overall energy mix is still quite small
and research is ongoing to efficiently
integrate greater amounts of renewable
energy.

Planet earth does not have the luxury of
time on its side and therefore other im-
provements need to be made in parallel if
the pattern of global energy use and the
correlated carbon footprint is to be im-
proved.

Projections by the International Energy
Agency (IEA) show that using energy
more efficiently has a greater potential
to curb CO, emissions over the next
20 years than all the other options put
together. The application of energy effi-
ciency technology, methods and behav-
iors can immediately affect (ie, lower) the
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1 A demand growth comparison of primary and

electrical energy

European Union and
North America

25%

Israel) and Africa

6% Il

Latin
America

61% Il

89%

- Primary energy demand

Electricity demand

Middle East (incl.

128%

Source: values calculated by ABB from IEA Current Policies Scenario

2008-2035 data in World Energy Outlook 2010

correlation between economic growth
and energy use. In the field of power
generation, in thermal power plants in
particular, technology and methods re-
quired to achieve this are already avail-
able from ABB.

Today’s energy challenges

In all regions of the world the demand for
electrical energy is rising twice as fast as
the demand for primary energy = 1. This
trend is particularly noticeable in the ex-
panding economies of the Middle East,
India and China where demand is ex-
pected to be between 140 and 261 per-
cent compared with between 89 and
116 percent for primary energy.

However, satisfying demand is really
about striking the correct balance be-
tween the production and consumption
of electrical energy. Hence the global
target for energy efficiency will be to
generate as much electrical energy as
is possible out

Energy efficiency - the other
alternative fuel

The chain of electrical energy production
and energy consumption usually con-
tains losses, the biggest of which are
illustrated in = 2. It shows that from pri-
mary energy sources, such as gas or oil
right down to the industrial user or pri-
vate households, about 80 percent of
energy is being lost. The majority of
these losses occur during the generation
process in power plants mainly because
of the thermodynamic fundamentals of
the process itself. For example, a con-
ventional coal-fired power plant that can
produce 500 MW of gross electrical en-
ergy is considered. The plant is around
25 years old with a typical thermal plant
efficiency of 34 percent at a net heat rate
of 10.2 BTU/kWh'. Even though the
plant was originally designed for base
load operation, this philosophy has
changed to ensure the plant is capable
of meeting the more fluctuating demands

of the available
fossil fuels, and
at the same
time consume
as little of this
energy as pos-
sible. By doing
this every bar-
rel-equivalent of
saved electrical
energy can be
considered as
“additional alternative fuel”
available for other purposes.

In the chain

which is

of electrical

energy production and con-
sumption, up to 80 percent
of energy can be lost, the
majority of which occurs
during generation.

of today’s grids, ie, the annual capacity
factor has been reduced to about 70
percent with lots of part-load operation



between 50 and 90 percent. This prac-
tice has become more or less standard
in many of today’'s power generation
facilities, and it inherently has the poten-
tial to generate an “alternative fuel,” ie,
energy efficiency.

But before any power plant invests in
energy efficiency improvements, three
fundamental questions must be con-
sidered:

— Who has the know-how and
technology to implement cost-
effective energy efficient methods?

— What kind of savings can be
generated?

— How can it be achieved?

The first two questions can be answered
in one sentence: Methods and technolo-
gies developed by ABB enable an im-
provement in energy efficiency of be-
tween 8 and 10 percent. Looking at it
another way, the amount of additional
fuel available and savings possible (per
annum) from the reference coal-fired
500 MW power plant example presented
above are:
— Original fuel consumption:
1.4 billion kg (8 billion pounds)
— Additional energy to grid: 21.25 MWh
— Energy saved: 22.5 million kWh
- Reduction in CO, emissions:
260,000 tons
— Equivalent additional alternative fuel:
340 million pounds (enough to run
approximately 850 cars for one year!)

In terms of the economic feasibility of
implementing energy efficiency methods
and technologies, ABB’s experience has
shown that an average payback period
of between two and three years is all that
is required to achieve these targets.

ABB’s energy efficiency improvement
methodology

ABB’s approach to energy efficiency
improvement consists of a three-phase
methodology:

— Phase 1: Opportunity identification

— Phase 2: Master plan

— Phase 3: Implementation

The accompanying tools and techniques
used in this methodology have been de-
veloped through the experiences gained
from working on a wide and varying
range of energy generating and consum-
ing processes at many customer sites
over several years. Each step of the
energy efficiency improvement method-

2 Losses of up to 80 percent can occur along the entire energy value chain

Primary energy

Transport

Generation

Available energy

80 % of energy
is lost

Transmission
and distribution

Industrial
processes Industrial

production

3 ABB'’s opportunity identification study provides a comprehensive assessment of a

wide range of energy management aspects

Technology and control

Identification of improvements through process

control, equipment modification or alternative

energy efficient technologies, typically covering

the following energy systems:

— Fired equipment (gas turbines, furnaces,
heaters, etc.)

— Steam boilers, turbines and systems

— Electricity generation and equipment

— Major pump, fan and motor systems

— Electrical systems — high-voltage and site
medium-voltage/low-voltage users

— Compressed air and industrial gases

— Heating, ventilation and air conditioning
(HVAC)

— Industrial refrigeration and chilling systems

Behaviors and practices

Assessment of behaviors and practices relating
to energy efficiency across site processes and
utility operations through a comprehensive
review versus best practice including:

— Energy strategy and policy

— Energy management methods

— Capital investment

— Information technology

— Operational management

— Operational planning and performance

— Training and development

— Maintenance practices and strategies

— Staff motivations

ology aims to deliver precisely the infor-
mation needed to enable power plant
operators to move forward with confi-
dence and eventually complete a pro-
gram of improvements that will deliver
real and sustainable energy savings.

Opportunity identification

The first phase is concerned with an
energy efficiency assessment, which
aims to: identify specific opportunities to
deliver improvements by confirming how,
where and why energy is used; identify
areas of inefficiency; and compare cur-
rent performance with established indus-
try best practices. A wide range of ener-
gy management aspects are outlined
in - 3.

Within a typical coal-fired power plant
similar to the 25-year old one described
previously (ie, 500 MW gross electrical
energy, production, plant efficiency of
34 percent, net heat rate of 10.2 BTU/
kWh, annual capacity factor of about
70 percent) the aspects that would form
components of the opportunity identifi-
cation study are given in = 4.

Projections by
the IEA show that

using energy more

efficiently has a

greater potential to

curb GO, emis-

sions over the next

20 years than all
the other options
put together.

Footnote

1

The British thermal unit (BTU) is a traditional

unit of energy equal to about 1.055 kilojoules.
It is approximately the amount of energy needed

to heat 0.454 kg of water 0.556°C.
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Steam turbine performance and control

— Thermodynamic performance

— Condenser performance (where applicable)

— Optimization of extraction/back-pressure
steam control

— Turbine control — as individual units and global
control of fleet for optimum heat rates

Gas turbine (GT) performance and control

— Thermodynamic performance

— GT predictive maintenance

— Performance degradation

— GT control — as individual units and global
control of fleet for optimum heat rates

Boiler performance and control

— Thermodynamic performance

— Feed-water conditions

— Boiler control — as individual units and global
control of boilers for optimum heat rates

— Steam distribution systems

Electrical balance of plant

— Motors and drives (pumps and fans)
— Transformers

— Switchgear

— Field devices

— Compressed air system

Energy management system(s)

— Energy metering, monitoring and recording

— Extent of KPI analysis and ongoing perfor-
mance assessment

— Integration within energy management policy

Panel board equipment
— Data acquisition system
— Alarm systems

— Auxiliaries

Overall plant heat rate
— Opportunities to further optimize

— Optimization of coal handling

— Improvement of ID and FD fan flow control

— Improvement of boiler feed water
pump control

— Implementation of high efficiency
motors and drives

— Optimized turbine controls

— Advanced steam temperature control

— Stabilization of firing rate and combustion
optimization

— Excess oxygen reduction for boiler
combustion

— Improved feed water pressure and
level control

— Electric power system improvement
(gsu’s and auxiliary transformers)

— Reduction of leakages

— Reduction of thermal losses

— Thermal optimization of chiller operations

high

ID-00103

Plant Area A1
Project Considered

ID101 PXXQ (Dys Chassess)
3.2.1 VSD Installation on 1 x pump

medium

ID-00104

ID102 PXXW (Dys Agitation)

3.2.1 VSD Installation on 1 x pump
ID103 PXX Pressure control

3.2.1  Pumping system pressure
ID104 PXX Pumping system

3.2.1 VSD Installation on 1 x pump

Potential savings estimate

ID-00110

ID-00101# ID-00105°

ID-00107
ID-00102

low

ID105 PXX, PXY, PXZ pumps

ID106 VSD Installation on 1 x pump

ID108 VSD in each above pumping system
3.2.1

ID107 PXX Pumping system

3.2.1  VSD Installation on 1 x pump

low medium

Cost investment estimate

ID109 SX Cooling tower

3.2.1 Reduce ‘overcooling’ - elevate
CW temperature

ID110 SX Cooling tower

3.2.1  VSD Installation on fans

high

By assessing each of these aspects,
ABB would be able to describe the na-
ture and scale of the energy saving op-
portunities and make clear recommmenda-
tions about what further steps to take to
realize additional potential benefits. After
finalization of the energy efficiency as-
sessment out of a comprehensive port-
folio of identified project opportunities,
the most promising ones are executed.

Another way of determining which indi-
vidual measures should be realized is by
using a generated payback chart which
presents a qualitative overview of the
identified energy saving opportunities
with respect to the expected energy sav-
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ings and likely investment costs Or
to put it another way, the payback chart
visually presents a basic interpretation of
opportunity payback. This graphical
evaluation helps to quickly identify which
measures (normally those above the
orange line) have the potential to give a
good return on investment.

For the coal-fired power plant example,
the measures finally identified as worth
the investment for energy efficiency im-
provements and which are very typical
for such examples are given in

It is not only technical measures that will

improve the energy efficiency of power

plants; improving operational practices

both on the plant management and

operator levels also has a significant im-

pact. Examples for improvement poten-

tial can be found in lots of power plant

operations:

— The manual shutdown of devices that
are not needed

— The increased isolation of walk downs
frequency

— The development of an effective
lighting-replacement policy

— The establishment of a device-re-
placement policy based on a life-cycle
cost assessment (LCA)

— The development of a policy for
predictive maintenance

— The establishment of an energy
efficiency targeting program

Master plan

In this phase the opportunities identified
in the assessment phase are developed
into a detailed implementation plan. The
master plan takes the form of a suite of
improvement projects, each with well
understood and calculable benefits. The
master plan is generally developed by
ABB together with the client, and at
the end of the phase a clear roadmap,
including detailed project specifications,
are developed to allow the most eco-
nomic implementation of the energy sav-
ing opportunities. Some of the quick and
easy measures can already be imple-



7 Energy cost assessment using ABB’s three-phase methodology

8 Certain areas of a power plant contribute more to the overall

plant energy consumption

Current plant
Energy cost $ l l
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mented by the client during this phase
without the assistance of ABB. While
many opportunities can be implemented
with ABB’s core technologies, those that
are not based on these technologies
may be implemented by third parties.

Implementation

The implementation phase covers the
execution of the implementation projects
and is generally carried out by ABB and
the client together, or depending on what
is needed to achieve the defined targets,
by ABB with the appropriate technology
partners or other original equipment
manufacturers.

Measuring success

All implemented methods for energy effi-
ciency improvement are effectively use-
less if the benefits cannot be seen on a
daily basis. Therefore it is essential to
implement proper tools to record and
show the achieved improvement in all
relevant areas of the plant. This informa-
tion is needed for all implemented mea-
sures either in plant technology and con-
trol, monitoring and targeting or in
behaviors and practices.

Success, especially for coal-fired power
plants strongly depends on the opera-
tional mode of the plant; plants operated
in steady-state mode have little potential
for optimization while those with signifi-
cant part-load operational modes are
ideally suited to energy efficiency im-
provement identification exercises = 7.

In the 500 MW example mentioned in
this article, a heat-rate improvement of
about 8 percent can be achieved. Green-
house gas emissions can also be re-

duced by 8 percent relative to the in-
creased plant power output. This value is
more or less distributed between the dif-
ferent plant areas, depending on the in-
fluence of each area to the plant para-
sitic load - 8.

These results can be achieved thanks to
ABB’s strength and flexibility in finding
the best possible solution to improve
energy efficiency in power plants.

Werner Janik
ABB Power Generation
Mannheim, Germany

werner.janik@de.abb.com

Joseph Lauer
ABB Process Automation
Montréal, Canada

joseph.lauer@ca.abb.com

Title picture

Even though the growth rate of renewable energy
generation is high, research is ongoing to efficiently
integrate greater amounts of renewable energy.

In all regions of
the world the
demand for electri-
cal energy is rising
twice as fast as
the demand for
primary energy, a
trend that is par-
ticularly noticeable
in the expanding
economies of the
Middle East, India
and China.

The other alternative fuel 67



Surviving
a strike

ABB helps distribution transformers survive
rapid voltage transients

WOJCIECH PIASECKI, MAREK FLORKOWSKI, MAREK FULCZYK, transients and can suffer permanent damage if no additional
PAWEL KLYS, EGIL STRYKEN, PIOTR GAWAD - A lightning strike  protection is used. Studies show that despite each piece of
is not a pleasant experience under any circumstances. For equipment being designed to withstand typical surges, as
electrical equipment it is not just the voltage peak that can many as 35 percent of total dielectric failures in power
cause damage, but also the sudden and rapid voltage rise. equipment may be caused by such surges [1]. One solution
In some cases the voltage transients are far steeper than is to totally redesign equipment to better cope with such
those that occur in typical situations covered by common transients. A simpler approach involves adding a compo-
standards - they can surge by megavolts in the space of nent that protects the equipment from surges without
microseconds. The insulation covering the windings of affecting normal everyday operation. ABB has developed
transformers and motors is not normally designed for such precisely such a component.
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he high-frequency components

in the spectrum of a voltage

surge = 1 result in a highly non-

uniform voltage distribution.
This causes local stresses on the insula-
tion system, going far beyond those
encountered during normal operating
conditions. Furthermore, the complicated
internal structures of electric apparatus
can act as multiresonant circuits. High fre-
quencies can therefore additionally cause
local amplification. The resulting stresses
on the insulation system can significantly
compromise the equipment’s lifetime, and
often leads to internal short circuits.

The voltage impulse the insulation mate-
rial can withstand strongly depends on
the impulse rise time. This is normally
taken into account when choosing insu-
lation for electric motors. Of special con-
cern is dry type insulation on rotating
electric machines when these machines
are fed by drives that use solid-state
switching devices at high frequency.
Manufacturers of such machines often
provide guidelines regarding the limits of
surge voltage amplitudes and corre-
sponding front times. Of special concern
are surges whose rise time is typically
below 1us [2], resulting in a nonlinear ini-
tial voltage distribution along the wind-
ing. This initial uneven voltage distribu-
tion produces high-voltage insulation

1 Transients in power networks

Transients in power networks are consequences of:
- External events (eg, lightnings)
— Events within power networks (switching, faults)
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Fast and very fast transients affect
the equipment by:
— Overvoltages

oscillations
overvoltage /\
An

— High dV/dt

- High frequency oscillations /

dv/dt

Transients in power networks result in overvoltages and oscillations superimposed on the phase

voltages and currents.

stress and can lead to breakdowns,
corona and partial discharges - 2.

The increasing demand for a higher with-
stand level is also observed in distribu-
tion transformers. This is being met by
nonconventional designs of windings
that are increasing both design and man-
ufacturing costs. Of special concern are
transformers exposed to frequent atmo-
spheric discharges. Operators of such
networks often request compliance with
a highly demanding norm, requiring the
testing of transformers with a steep-
fronted impulse. The Finnish standard
SFS 2646 prescribes a voltage rise
(dV/dt) of 2 MV/us [3]. This norm requires
that the transformer should be protected
against overvoltages by a spark gap in
its proximity. As a spark gap is relatively
slow to react, the voltage at the trans-
former terminals may (under test condi-
tions) rise to levels largely in excess of
the basic insulation level (BIL) deter-
mined by the oper-

The common solution is to apply a spe-
cial winding design comprising additional
elements (electrostatic screens) equaliz-
ing the initial potential distribution. Such
a solution helps avoid local overstressing
of the insulation by high dV/dt values,
but it adds complexity to both the design
and the manufacturing process of the
transformer. Furthermore, the peak over-
voltage nevertheless reaches the trans-
former winding and thus the insulation
must be dimensioned to withstand over-
voltages in excess of the standard BIL.

SmartChoke - series-impedance-
based protection

ABB has developed an alternative to
such a special transformer design by
providing a series-connected filtering el-
ement (referred to as a choke) upstream
of the protected equipment. The basic
principle of the series element is to pro-
vide an appropriate impedance-frequen-
cy characteristic » 4. This makes the

ating voltage of the
equipment. In addi-
tion, the high dV/dt
of the waveform
results in a highly
nonlinear initial
voltage distribution
in a conventional
winding, leading to
local overstressing
of the insulation
system = 3. Exper-
imental results confirm this and indicate
that a spark gap may not provide suffi-
cient protection for distribution trans-
formers [4] of standard design.

Of special concern are
surges, whose rise time is
typically below 1us, resulting
in the initial voltage distri-
bution along the winding
being nonlinear.

device practically transparent at 50 or
60Hz while suppressing very high fre-
guency components.
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2 Initial, nonlinear distributions of electrical
potential along the transformer winding

4 ldealized representation of the frequency characteristic of the impedance of the

series choke
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3 Impact of a front-chopped lightning surge
on a transformer

\
i 2MV/ps
vDeak
VB\L
1.2 ps t
- V= 2MV Lightning impulse

chopped at front by a spark gap

- V.. = Voltage at transformer
Protected with spark gap

reference — BIL level for a standard
transformer

The standard BIL waveform (green line) is a
reference.
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Experiments have demonstrated the ef-
fectiveness of this method in reducing
the dV/dt resulting from transients asso-
ciated with reignitions and prestrikes in a
circuit breaker. The externally installed
series choke element combined with a
small shunt capacitor reduced dV/dt to a
safe level and also eliminated the high-
frequency oscillations that would other-
wise have followed such a transient [5].

The successful mitigation of switching-
induced dV/dt transients raised the
question of whether a similar approach
could be used to mitigate the lightning-
induced chopped dV/dt transients to
which pole-mounted distribution trans-
formers are frequently exposed. Further-
more, ABB sought to integrate the de-
vice within the transformer itself.

The series choke element can be regard-
ed as an alternative to specially designed
winding described above that uses elec-
trostatic screens for the equalization of
potential distribution at high frequencies.
The series choke element forms a low-
pass filter when

The frequency response of such a filter
can then be optimized by appropriate
selection of the R and L parameters. It
must furthermore be ensured that the
choke behaves correctly under normal
operating conditions and is able to with-
stand the short-circuit test.

Depending on the relation between the
R, L, and C values, the circuit response
can be either aperiodic, or it can addi-
tionally contain oscillatory components.
If the resistance value is lower than the
critical value Rc, the periodic terms are
equal to zero and the output voltage is a
combination of exponential functions.

Therefore, selecting an appropriate value
for the damping resistance is extremely
important in order to achieve the highest
possible reduction in dV/dt, while still
preventing overshoots and oscillations of
the voltage downstream of the choke
element > 5.

In this approach, the capacitance C is
the equivalent phase-to-ground capaci-

combined with the
self capacitance of
a transformer (at
high frequency the
transformer wind-
ing’s characteristic
can be represent-
ed by its surge ca-
pacitance). This
capacitance varies
depending on the
type and size of
the device. For oil-filled transformers it
can be between a single and a few nano-
farads per phase.

teristic

The choke is series-connect-
ed upstream of the protected
equipment. lts basic principle
IS tO provide an appropriate
impedance-frequency charac-

tance of the transformer. Since, as men-
tioned above, the limits of this capaci-
tance are known for a given class of
transformer, the optimization of the R



5 Concept of series device protecting the 6 Transformer bushing with integrated
distribution transformer against high dv/dt SmartChoke filter
:,r' IMV/LS [ <IMVAS

peak

7 Experimentally measured reduction in the overvoltage and dV/dt

LNt

V, without
SmartChoke

V, with SmartChoke
bushing

and L values can be achieved to cover all
typical transformers of a certain catego-
ry. Considering the idealized situation
of = 3, in which a 2MV lightning impulse
is chopped with a spark gap, the unpro-
tected equipment (eg, pole-mounted
transformer) would experience the
phase-to-ground voltage at a peak
above 270KV (characterized by a dV/dt
of 2MV/us). With the series choke ele-
ment installed upstream of the protected
device, the dV/dt is not only lower, but
the peak value of the voltage surge
reaching the transformer is also reduced.

SmartChoke-protected transformer

The described series choke element
concept has been implemented in new
ABB distribution transformers, giving
them a superior protection against high

Selecting an
appropriate value
for the damping
resistance is
extremely impor-
tant in order to
achieve the highest
possible reduction
in dV/dt.

dv/dt transients. The SmartChoke ele-
ment is integrated within the transformer
bushing = 6 and thus the filtering of the
high dV/dt transient takes place before it
reaches the winding.

The parameters of the choke element
embedded within the epoxy-cast trans-
former bushing are selected so that the
same bushing can be used to protect all
typical sizes of distribution transformers
working in pole-mounted substations in
distribution networks.

Experiments performed have shown that
a reduction in dV/dt exceeds a factor of
two with respect to the standard trans-
former bushing. A significant reduction in
peak overvoltage was also observed = 7.

A transformer featuring the SmartChoke

bushing = 8 has been certified according
to the SFS 2646 standard at the HV
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9 Comparison of different protection scenarios

/ dV/dt of incoming surge

L dV/dt unchanged
VP >> VB\L
BIL
A

/ dV/dt of incoming surge
! dV/dt reduced

// dV/dt of incoming surge

/ dV/dt unchanged

// dV/dt of incoming surge

", dv/dt reduced

1. Spark gap and
conventional bushing

- Very high dV/dt and V,
exceeding standard BIL

— Non-standard winding
design needed

2. Spark gap and
SmartChoke bushing

- dV/dt reduced and V,
within standard BIL
— standard winding design

3. MOV and conventional
bushing

- Very high dv/dt and V,
below standard BIL

— Non-standard winding
design may be needed

4. MOV and
SmartChoke bushing

V, < Vg, - dV/dt reduced and V,
below standard BIL
- standard winding design
AN

Experiments

have shown that

reduction in

dV/dt exceeds
a factor of two
with respect

to the standard

transformer
bushing.
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laboratory of the Helsinki University of
Technology in Espoo, Finland. It was
demonstrated that the transformer using
a standard winding design and that
has protective chokes embedded in
the bushings as well as a 2x40mm
spark gap could be safely exposed to a
2 MV/us lightning impulse.

Successful protection

The use of a choke upstream of the
equipment to be protected has been
shown to represent an attractive alter-
native to complex redesigning of the
equipment itself. Although chokes re-
duce dV/dt and consequentially also the
peak value of the front-chopped wave, it
should be pointed out that the primary
function of the protective device is the
reduction in dV/dt of a transient caused
by a lightning surge. It is therefore com-
plementary to the standard overvoltage
protection provided, for example, by pro-
tective spark gaps or metal oxide arrest-
ers - 9.
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Lightning strikes are a cause of steep voltage
transients that can damage electrical equipment.
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Sharing values

ABB is implementing the first commercial installation of
IEC 61850-9-2 LE process-bus technology

STEFAN MEIER - The introduction of the IEC 61850 standard
represents a great step forward in substation automation -
and the process is continuing. One example is the applica-
tion of the standard’s subsection, IEC 61850-9-2, for the
sharing of sampled analog values using Ethernet. By
integrating this technology into its substation automation
systems, ABB has combined over 10 years of experience in
producing non-conventional instrument transformers for

current and voltage measurement with the latest communi-
cations technologies. It is now possible to connect primary
(high-voltage) equipment to ABB’s field-proven substation
protection and control devices more effectively, improving
the reliability and availability of optimized substations.
Combining these vital technologies in the world’s first
commercial implementation of IEC 61850-9-2 LE, ABB is
refurbishing a substation it first commissioned in 1999.
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a pioneer in the fields of

NCIT " and process bus tech-

nology, ABB began commis-

sioning a series of six out-
door substations with process bus and
NCIT technology in 1999. The mixed
technology, or “hybrid” substations sup-
plied to the Australian utility, Powerlink
Queensland, were based on ABB’s intel-
ligent plug-and-switch system (iPASS).
Electronic modules integrated into the
drives of the circuit breaker, disconnec-
tor and earthing switch of the iPASS
modules could communicate using a
proprietary optical process bus. Further-

control IEDs?) of a substation automa-
tion system. This optical communication
network is used to transmit analog data
(such as current and voltage measure-
ments). The network can also be used to
transmit binary data (such as the switch-
gear’s position indications) and trip-and-
close commands (to operate the circuit
breakers and disconnectors), but this is
not part of current process bus imple-
mentations. In today’s conventional sub-
stations, this information is exchanged
through extensive parallel copper ca-
bling. The use of fiber-optic networks not
only eliminates vast parts of the copper
cabling, it also increases operational
safety by isolating the primary from the
secondary process = 1.

The ELK-CP sensor families are based
on redundant sets of Rogowsky coils?®
for current measurement and two inde-
pendent capacitive dividers for voltage
measurement. As it contains no oil,
this equipment is both environmentally
friendly and extremely safe. The fully re-
dundant design of the sensors (including
the associated electronics) permits ap-
plication of two completely independent
and parallel protection systems, boost-
ing the availability of the secondary
system. As sensor electronics can be
replaced independently and without re-
quiring a shutdown of the entire pro-
tection system, repair activities require
less time and, because no live parts
need to be handled, thee activities are
also much safer - 2.

ABB installed more than 300 such elec-
tronic sensors in Powerlink’s substations.
Notably, in more than 10 years of ser-

vice, none of the

The publication of IEC 61850,
began a new chapter in
describing substation func-
tionality and communications.

more, the iPASS modules were equipped
with ABB’s ELK-CP sensor for voltage
and current measurement, also connect-
ed to the process bus.

A process bus is the communication net-
work between primary equipment (such
as instrument transformers) and second-
ary equipment (such as protection and
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primary converters
ever failed. Based
on experience val-
ues, the mean time
between  failures
(MTBF) of the sen-
sor electronics is
almost 300 years.
This demonstrates
the extreme reliability and high availabili-
ty of the sensors, even under the very
demanding environmental conditions of
the Australian climate.

The upgrade

Powerlink launched an upgrade project
that involved replacing secondary equip-
ment in the hybrid substations, including

1 Station and process bus in substations

‘;'E

Remote control
TT

Station bus

Process bus

the process-oriented electronics that
connect to the process bus. A central re-
quirement of this upgrade is its full com-
pliance with international standards, es-
pecially the implementation of the process
bus for sampled analog values, which has
to comply with IEC 61850-9-2 LE - 3.

Powerlink awarded the contract for up-
grading the first iPASS substation to
ABB. This project represents the world’s
first commercial implementation of a pro-
cess bus according to IEC 61850-9-2 LE.
Its implementation is now well under way.

Process bus according to

IEC 61850-9-2 LE

The publication of the international stan-
dard for communication networks and
systems in substations, IEC 61850, be-
gan a new chapter in describing substa-
tion functionality and communications.
For the first time, there is now a standard
supporting true interoperability between
devices from different vendors, along
with a future-proof design. The standard
has rapidly gained market acceptance*.

Footnotes

1 NCIT: non-conventional instrument transformer

2 |ED: intelligent electronic device

3 The Rogowski coil is a device used to measure
alternating current. It comprises a toroidal wind-
ing. The current-carrying conductor is arranged
to pass through the center of the toroid. The
output of the sensor is a voltage, which is
proportional to the derivative of the current.

4 See also ABB Review Special Report IEC 61850



ABB played an important part in the
creation of the standard and continues
to be a driving force in its maintenance
and further development. Since install-
ing the world’s first multivendor project
in 2004, ABB has gone on to deliver
more than 1,000 systems with an
IEC 61850-compliant station bus to sites
in about 70 countries.

Following the successful introduction of
IEC 61850 at the station level, its impor-
tance in process-oriented communica-
tion using process bus is increasing rap-
idly. Completing the standard’s ability to
define all necessary time-critical signal
exchanges between the process and bay
levels, the standard’s part 9-2 focuses
on the exchange of sampled analog val-
ues through an Ethernet network.

IEC 61850-9-2 requires that analog sam-
ples are transmitted by so-called merg-
ing units (MUs). The MU time correlates
and merges analog data from individual
phases or measuring points in the sub-
station before transmitting them via the
Ethernet network, from where the data
can be accessed by protection and con-
trol devices. With the introduction of the
CP-MUP, ABB is the first company to of-
fer a conformance-tested, UCA-certi-
fied ® merging unit.

IEC 61850-9-2 has made it possible to
exchange signals from NCITs in a stan-
dardized way, supporting the eminent
advantages of NCIT technology. These
include the highest levels of accuracy
throughout the complete measuring
range, a space-saving design and dra-
matically improved safety compared to
conventional equipment.

To facilitate implementation of part 9-2 of
the standard, and to simplify its applica-
tion, the UCA International Users Group
has developed an implementation guide-
line for IEC 61850-9-2. The guideline
provides additional information on how
to implement the standard and defines a
subset of the same. This document is
referred to as IEC 61850-9-2 LE (for
light edition) and is predominant among
today’s 9-2 implementations.

Because the NCIT merging units are
tailor-made for a specific type of NCIT,
they form a single entity that can be
jointly developed and type tested, per-
mitting the behavior of the complete

2 ELK-CP3 combined current and voltage NCITs with IEC 61850-9-2 LE merging unit

3 Standardization of transient performance and communication interfaces

Classes
TPX, TPY, TPZ
., IEC 60044/IEC 61869
Current transformer Protection device Internal
- Principle: ——————> Sampling data exchange Protection
X magnetic ————> A/D conversion algorithm
o= T filtering

NCIT with related merging unit

IEC 61850-9-2
Current transformer Merging unit T‘V”“'"‘j”" I Protection device
Principle: Sampling L"‘ 1 . Protection
X magnetic, optical, ————> A/D conversion ———————— > algorithm
| NCIT- MU etc. filtering
Independent transformer and merging unit
IEC 61850-9-2
-~ Current transformer Stand-alone MU Transmission  protection device
I o " of valt "
Principle: —— > Sampling L"\‘ o ' G Protection
X magnetic —————> A/D conversion ————————" algorithm
Q—@, — ——— filtering

Transient/dynamic
behavior?

Standard under preparation
by IEC technical committee
TC38

measuring chain at the IEC 61850 port
to be defined.

This is in contrast to stand-alone merg-
ing units (SAMUs), which interface to
conventional CTs® and VTs’. SAMUs
sample the analog signals and supply
them to the process bus. Inevitably
the conversion of analog values to
digital samples influences the transient
response of the measuring chain. This
dynamic behavior of the SAMU is not
covered by the IEC 61850 standard. Ac-
tivities to address this are ongoing in the
relevant IEC and Cigré technical commit-
tees and working groups. The definition
will be incorporated in a future release of
IEC 61869, the international standard for
instrument transformers - 3.

Using fiber optic
networks not only
eliminates vast
parts of the copper
cabling, it also in-
creases operational
safety.

Footnotes

5

The UCA International Users Group is a
not-for-profit corporation focused on assisting
users and vendors in the deployment of
standards for real-time applications for several
industries with related requirements.

CT: current transformer

VT: voltage transformer
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4 Substation automation system for a 12 breaker switchgear with one of two redundant

protection systems
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ABB played an
important part in
the creation of
the IEC 61850
standard and
continues to be

a driving force

in its maintenance
and further devel-
opment.
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Extension of proven sensor technol-
ogy with state-of-the-art process bus
In the upgrade project for Powerlink,
ABB is building on its extensive experi-
ence with NCITs and will replace the
originally installed proprietary process
bus with IEC 61850 technology. The new
IEC 61850-compliant system will handle
communications at both the station and
process levels.

In the Powerlink Queensland project,
ABB will use its SAS600 substation auto-
mation system, protection and control
IEDs from its Relion® 670 series and its
REB500 decentralized busbar and break-
er-failure protection system. All protec-
tion and control devices in the system will
connect to the IEC 61850-9-2 LE pro-
cess bus and receive sampled analog
values from ABB’s CP-MUP merging
units. The MUs will interface with the ex-
isting combined current and voltage sen-
sors through new sensor electronics. In
this way, modifications to the primary ap-
paratus can be kept to a minimum = 5.

A substation automation system for a 112
breaker arrangement, similar to that
used for the secondary system upgrade
in Australia, is shown in = 4. Using the
embedded redundant design of ABB’s

NCITs, a second fully independent sys-
tem of merging units and protection IEDs
is used to meet the customer’s redun-
dancy requirements.

To demonstrate the suitability of compo-
nents and prove the concepts to be used in
the Powerlink project, additional measures
to verify the new technology were taken.

A series of pilot installations featuring
NCITs and IEDs connected to the pro-
cess bus were commissioned to gain ex-
perience with the new technology in real-
life substation environments. Among
these was the upgrade of a feeder at one
of Powerlink’'s 275kV substations with
new sensor electronics, merging units
and protection IEDs from ABB’s Relion®
range. Besides helping customers to
gain important experience and confi-
dence, the pilot installations are also de-
livering vital information on the long-term
stability and behavior of the pilot equip-
ment compared with conventional or
non-conventional devices.

All ABB protection and control equipment
undergoes rigorous product and system
verification testing in ABB’s own UCA-
certified system verification center®. In
addition, a concept test was performed
for the Powerlink secondary system
upgrade project in ABB’s test field with
experts from both companies. Special
attention was paid to the behavior of the
system under various fault conditions.

The system behaved reliably, as speci-
fied, and under no condition did it over-
react or issue incorrect tripping signals.
Such erroneous signals could, in a real-
life situation, lead to blackouts in the
power network.

During the simulation of the various po-
tential failure conditions, permanent and
detailed supervision of all system com-
ponents proved its importance in en-
abling the fast and accurate identifica-
tion of faults. Continuous system
supervision drastically reduces the need
for periodic maintenance activities and
tremendously simplifies maintenance by
guiding substation personnel to the pre-
cise location of faults.

Footnote

8 See also “Verified and validated: ABB has
its own verification and validation center” on
pages 23-28 of ABB Review Special Report
IEC 61850.



5 One of Powerlink’s iPASS substations with NCITs

Testing and maintenance of process
bus installations

The replacement of copper wires by fiber
optic cables and the description of the
transferred information according to
IEC 61850 open new opportunities for
intelligent testing tools that support the
commissioning and maintenance of sub-
station automation systems.

ABB was quick to release the integrated
testing toolbox, ITT600°, containing a
comprehensive suite of tools to help us-
ers fully benefit from the advantages of
IEC 61850.

ITT600 masks the underlying complexity of
the IEC 61850 standard and provides test-
ing and maintenance personnel with a
clear view of the data available in the sys-

6 ABB IEC 61850-9-2 analyzer

toolbox. This is particularly important in a
scenario where measurements are pro-
vided by NCITs using an optical connec-
tion to the merging units. In such a situa-
tion, all conventional CT and VT terminals
are rendered obsolete and all analysis is
done on the IEC 61850-9-2 network.
Drawing on its extensive experience with
the integration of IEC 61850 and the de-
velopment of testing tools, ABB is devel-
oping a feature-rich analyzer for sampled
analog values - 6.

The advantage of analyzing values on the
process bus versus conventional current
and voltage measurement begins when
the measurement points need to be
accessed. With the values available on
the process bus network, it is no longer
necessary to access live components

and no CT ter-

All ABB protection and
control equipment undergoes
rigorous product as well as
system verification testing to
in ABB’s own UCA-certified
system verification center.

tem. For example, it facilitates the verifica-
tion of consistency of the installation with
the station configuration description (SCD),
and helps to analyze communication be-
tween IEDs and the station-level system.

Since the introduction of the process bus
for sampled analog values, the corre-
sponding tools have been added to the

minals need to
be short-circuit-
ed and opened.
By connecting the
Ethernet port of
the analysis tool
the process
bus network, or
directly to the
merging unit, the
maintenance en-
gineer can easily
access all sampled value streams. In
contrast to analysis by amp- or volt-me-
ter, the 9-2 analyzer readily displays data
that were previously not directly avail-
able. These include views of current and
voltages of all phases at once, phasor
diagrams and in-depth information on
the transmitted telegrams. This last infor-
mation gives vital insights into the sys-

tem’s health and can, for example, indi-
cate that parts of the system are
undergoing testing.

Future trends

Using the full potential of the process
bus concept and its definition in
IEC 61850, binary data can also be
transmitted through the optical commu-
nication network between primary pro-
cess and protection and control IEDs. By
placing binary input and output modules
close to the primary process, virtually all
copper cabling can be avoided, resulting
in additional advantages such as the
ability to electrically isolate process- and
bay-level systems, and the continuous
supervision of all signals.

By combining its cutting-edge applica-
tion of IEC 61850 technologies on the
station as well as the process level with
vast experience in the field of NCIT tech-
nology, ABB is building intelligent, future-
proof offerings to meet customer de-
mands for more reliable, efficient and
safe solutions, maximizing the benefits
and value of their assets.

Stefan Meier
ABB Power Systems
Baden, Switzerland

stefan.meier@ch.abb.com

Footnote

9 See also “A testing environment: ABB’s
comprehensive suite of software testing and
commissioning tools for substation automation
systems” on pages 29-32 of ABB Review
Special Report IEC 61850.
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The results are In

ABB Review readership survey

The ABB Review team and everyone at

1 Do you read ABB Review articles that are 2 Would you recommend ABB Review to a
ABB Group R&D and Technology would outside your area(s) of expertise? colleague?
like to thank you for taking the time to
complete the ABB Review readership
survey this past fall. Your feedback is :; 2;

helping to steer the direction of the
journal. We are particularly glad to see
that most readers read articles that are
outside their area of expertise and have
multiple uses for the journal - this Yes 92% Yes 97%
shows the applicability of ABB Review
across many different technology areas.
Although the survey was published in
five languages and was available

worldwide, all five of our raffle winners

were nevertheless from the Far East

and Southeast Asia! Congratulations 3 How satisfied are you with the level of 4 How satisfied are you with the length of
) 9 technical content in ABB Review articles? the articles?
and thank you to Gary-Hua Guan
(China), Barton-XingPing Liu (China), 60 70
Giridhar Sharma (India), Sheng Zhang 50 60
(China) and Feni-Nurdiana Masrani 5 40 _. 50
3 &
(Malaysia)! They will each receive a = 80 5 X
. 2 o 30
solar-powered flashlight and a 4 GB S 20 S 2
. o o
USB stick. 10 10
0 0
Usually Some- Technical Some- Usually Usually Some- Length Some-  Usually
not times  content times too too times is times too
technical  not is good too  technical short too good too long
enough technical technical short long
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5 How do you use ABB Review? (multiple responses permitted) 6 Beginning with issue 1/2010, ABB Review was redesigned to reflect

ABB’s new brand strategy. How satisfied are you with this new look?
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c = 30
8 200 =
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Total respondents: 494
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Preview 2[11

Oil and gas

According to estimates by the US Energy Information Adminis-
tration (EIA), oil accounts for about 36 percent of primary energy
consumed on the planet and is the single largest source of
primary energy. Natural gas takes third place (behind coal) and
accounts for about 23 percent. Between them these energy
sources cover almost 60 percent of mankind’s energy needs, or
the equivalent of over 100 million barrels a day. The continuity of
the oil and gas supply is of prime importance for the economy,
for industry and for countless aspects of human activity. Despite
growth in the fields of alternative energies and nuclear power,
and progress with energy efficiency, the volume of oil and gas
required will in all likelihood continue to increase for many years
to come.

ABB provides numerous technologies that strengthen the value
chain of oil and gas. These support the industry in almost all its
activities, ranging from exploration and extraction to processing
and transportation. Issue 2/2011 of ABB Review will take a
closer look at some of the contributions the company is making
to this fascinating industry.
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Electricity generated by water, sun and wind is most abundant in remote areas
like mountains, deserts or far out at sea. ABB’s leading power and automation
technologies help renewable power reach about 70 million people by integrating
it into electrical grids, sometimes over vast distances. Our effort to harness
renewable energy is making power networks smarter, and helping to protect
the environment and fight climate change. www.abb.com/betterworld
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